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A COMPARISON OF SOME APPROACHES TO THE RECOGNITION PROBLEMS IN
CASE OF TWO CLASSES

Yurii |. Zhuravlev, Yuryi Laptin, Alexander Vinogradov, Aleksey Likhovid

Abstract: We consider an improved model of the empirical risk minimization problem and its continuous
relaxation. The continuous relaxation of the formulated problem is compared with the mathematical model used in
the support vectors method. The results of numerical experiments comparing different models for problems with
linearly inseparable sets are presented.

Keywords: cluster, decision rule, discriminant function, linear and nonlinear programming, nonsmooth
optimization

ACM Classification Keywords: G.1.6 Optimization - Gradient methods, 1.5 Pattern Recognition; 1.5.2 Design
Methodology - Classifier design and evaluation

Introduction

Mathematical models of problems of constructing linear and non-linear classifiers and methods of constructing,
based on these models, have been considered in many papers (see, e.g. [1-3]). In the present time the method of
support vectors machine (SVM) is the most widely used.

For such problems it is convenient to represent mathematical models in the form of convex optimization
problems. In [7] the technique using effective methods of non-smooth optimization for solving these problems was
considered. The results of computational experiments were given for special large-scale test problems with
linearly separable sets. A comparison was carried out with well-known program implementation LIBSVM of the
method of support vector machine.

In this paper the models and approaches proposed in [4, 5] are further developed. We formulate an improved
model of the empirical risk minimization problem and its continuous relaxation. The possibilities and complexity of
the development of approximation algorithms to minimize the empirical risk are discussed. The continuous
relaxation of the formulated problem is compared with the mathematical model used in the support vectors
method. The results of numerical experiments comparing different models for problems with linearly inseparable
sets are presented.

1. A brief description of problems of constructing classifiers

Let there be given a linear function f(x,)=(w,x)+w,, where x<€ R" is a vector of features,

W=w,wy)e R"™ 1 is a vector of parameters. Function a(x,W’) of the following form is called linear
classifier:
1, if f(x, W) >0,

2, if f£(x,W)<0. @

a(x,W) ={

Classifier a(x,W’) refers each point x € R" to one of the two classes of {1, 2} :
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Consider a set of finite non-overlapping sets (training sample) that consists of points of R”

Q.:{xf: tef} . i=12, 7= UT; .

1
The problem of constructing (training) classifier a(x, W) is to determine the values of the parameters W
based on the training sample Q,, i=1,2.

It is said that the classifier a(x, W) correctly separates the points of Q;, i=12, if a(x,W) =i for all
xeQ;, i=1,2.Classifier gap at a point x'is the following value

t .
gt(W)_{ f(x ;W), i 17, “
—f(x" W), if tel;.

The value g(W) = min{gt(W): te T} is called a gap of classifier a(x,W’) on the collection of sets
Q;, i=1,2. Classifier a(x,W) correctly separates the points of the sets Q;, i=1,2 if g(W)>0.

The sets ©;, i =1,2 are called separable in the class of linear classifiers, if there is a linear classifier, correctly
separating the points of these sets.

Classifier a(x,W) is invariant with respect to the multiplication function f* (vector /') by a positive number,
the gap g(W)is linear with respect to this multiplication. The value of g(#) can be used as a quality criterion
for classifier a(x,W) (the larger the value of g(W'), the more reliable the points of Q;, i=1,2 are
separeted), but we must also take into account some normalization of the vector W', which we denote n(/)
and will call the norm of the classifier a(x, W) .

We consider the problem of constructing an optimal classifier (determination of the values of parametres W) for
the sets, Q;, i =1,2, which are separable in the class of linear classifiers, in the following form: to find

g = max{g(W) W) <1, W e R”+l} (5)
w

As the norm of the vector W we use the function n(W) =

Problem (5) can be rewritten in the equivalent form
= mVin{n(V) g2 1,V e RL} )

N = mVin{n(V) g V)2 1LteT,V e RL} (7)

This equivalence is understood in the sense that if /7™ is an optimal solution of problem (5), then for optimal

%
solutions V™ of (6) or (7) the equalities yt=W / £ n* = /* are satisfied [8]. Note that g* > (0 for the
g g

sets which are separable in the class of linear classifiers.

2. Minimization of Empirical Risk

In the case of linearly inseparable samples the natural criterion for the choice of the classifier is the minimization
of the empirical risk, i.e. number of points of training sample which the classifier separates incorrectly.
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We assume that parameter & > 0 of the reliability of separating points of training sample €2;, i = 1,2 is given.

The points x', t € T are separated by classifier a(x, W) unreliably if the gap g’ (W) < & . Empirical risk with
the reliability [5], defined by parameter o, equals to the number of points of training sample, which the classifier
separates incorrectly or unreliably.

The problem under consideration is to determine the minimum number of points which should be excluded from

the training sample that the remaining points are separated reliably. It is natural to require that after excluding in
each class at least one point is remained. This is possible if

§<max{ xt=x*

:z‘eTl,seTz} (8)

Further we will assume that this condition is valid. It can be shown that there are sufficiently large positive
numbers Bt, t €T (in[5]it was assumed that all Bt are the same) for which the empirical risk minimization
problem with the reliability can be represented as the following: to find
0" = min{Z y,} ©)
WV ter

subject to constraints

gt(W)ZS—Bt-yt, teT (10)

<w,w>£1 (11)

>y |-, i=1,2 (12)
teT,

0<y <LteT (13)

y,€{0,1},teT (14)

Variable y, determines whether a point x" is taken into account in the formulation of the problem. We say that

numbers Bt , 1 €T satisfy the correctness condition if in case of y, =1 the point x' is excluded from the
training sammple, i.e. constraints (10) are satisfied for all feasible values of the other variables of the problem.
Constraints (12) define the condition that at least one point from each set Ql. should be included in the problem.
The problem (9) - (14) is NP -complete. In this regard, approximate algorithms for solving such problem must be

developed for practical use. For small values of the problem dimension the existing general purpose optimization
software can be used (the possibility of such approach will be considered in Section 4).

As approximate algorithms one can consider the algorithms based on the ideas of directed enumeration
(sequential analysis of variants, the branch and bound methods), local search methods. Developing such

algorithms it is essential to have effective procedures for calculating lower bounds for Q™ and the construction of
feasible solutions of the problem (9)-(14). To implement these procedures we will use continuous relaxation of
(9)-(14). It is clear that all integer formulations of the problem (9)-(14) for sufficiently large values BZ (satisfying

the correctness condition) are equivalent. However, the continuous relaxation of the problem and the value of the

lower bound for Q* essentially depend on the values of Bt, since with increasing Bt the range of feasible

solutions of continuous relaxation of the problem (9)-(14) is expanding. To obtain the best estimate for Q* you

must use the lowest possible values for B, .
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letteT,selj, reT,,s,T#t.Consider the problem

. =maX{5—gt(W)} (15)
g/ W)=s, j=s1 (16)
(w,wy<1 (17)
Denote
Bt*:max{BfT:seTl,reTz,s,rit},teT (18)

Theorem 1. Numbers Bt , t €T satisfy the correctness condition for problem (9) - (14) if
B, >B/,teT (19)

Proof. Let an index ¢ € T' be fixed. The point x" is excluded from training sample in case of y, =1 when the
constraint (10) for this index is valid for any feasible values of the remaining variables.

Denote y =(y,, 7 €T), Y - the set of all y satisfying the constraints (12), (14), D(») - the set of all
vectors W satisfying the constraints (10) and (11) for a given value of vector y . Consider the vector y € Y

suchthat y, =1. Let
B, (») =min{e:g’(W) >5-0, W eD(y)} :max{és-gf(W) W eD(y)}.

Denote B; =max {B,(»): y €Y, y, =1} . It is evident that the inequality B, >p; is the condition of
exclusion of the point x* from the training sample when v,=1.let sely, teT,, s,r#t. Denote
y*r :(y,,teT, ¥5=0,,=0,p; =1, j¢s,r). It is easy to see that for any y €Y such that
ys=0,y,=0 D(y)c D(y**) is performed, ie. B, (»)<B,(»°") . Hence

B; = max{Bt (" ):sel,tely,s,1# t} . Taking into account that B, (y°) = B;",ie. B, =B; , we

obtain the statement of the theorem.

Let ¢ € T; . Consider in more detail the problem (15) - (17).Taking into account (4), we can rewrite this problem

as
=omin{{n) 0 o) 2
<w,xs>+w028,seTl 1)
—<w,x‘>—w025,reT2 (22)
(ww) <1 (29)

If the system of constraints (21) - (23) is inconsistent, then Bft = —oo. This occurs if § > ||x* —x"||. By (8)

there is always a pair s, 7 such that & <|[x* —x°

It is easy to see that in the optimal solution of problem (20) - (23) constraints (21), (23) must be satisfied as
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equality, and constraint (22) can be either active or inactive. Consider the case when the constraint (22) is
inactive in the optimal solution. Using the Lagrange multiplier rule, we obtain for optimal solutions

S t
X —X

—’H , W0:8—<w,xs>, ;=

w =

x' —x H For the resulting vector (w, wy) constraint (22)
x* —x

should be satisfied. If this constraint is not satisfied, then the optimal solution should constructed on the fact that
the constraint (22) is active. The obtained relations allow relatively easy to determine the values of B,* ,teT.

Consider the problem (9)-(13) - the continuous relaxation of the problem of minimization of the empirical risk.

1
Denote d’ (W) = max (O, E(S —-g (W))j and fix some values of the variables I . Itis easy to see that if
z

for these values W a solution of problem (9) - (13) exists, then y’ =d' (W) . Hence we obtain the problem of
minimization in the variables W : to find

g" =min ) d' (W) 24)
w teT
subject to

<w, w> <1 (25)

t .
Y d'wy<|n|-1,i=1,2 26)

teT;

d'W)<LteT (27)

Value ¢” is a lower bound for the minimum value of the empirical risk O and the vector ¥ obtained by

solving the problem (24) - (27) defines an approximate solution of the problem (9) - (14). d’ (W) - convex

piecewise-linear functions. To solve the problem (24) - (27) it is appropriate to use effective methods of non-
smooth optimization [6].

3. Method of Support Vector

In the method of support vectors (SVM) for the case m = 2 the following problem is solved: to find

n* = min {(v, v> + CZ Ff} (28)

VYo teT
subject to
<v,xf>+v021—gf, (eT, (29)
—<v,x’>—v021—§f, teT, (30)
g >0,teT (31)

The method of support vector (SVM) is used for finding an optimal classifier for linearly separable classes, and
also for the classes which are linearly inseparable.

Note that constraints (29) and (30) correspond to the constraint gt(V) >1, teT. Inthe case of linearly
separable classes it follows from theorems of non-smooth penalties (see, for example, [6]) that for a sufficiently
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large value of C the problems (7) and (28) - (31) have the same solution. In the case of linearly inseparable
classes the problem (28) - (31) is interpreted as some regularization of the empirical risk minimization problem.
We will show that there are certain relationships between the problem (28) - (31) and the continuous relaxation
(9) - (13) of empirical risk minimization problem.

Relax the constraints (10), setting B, = B := max B;‘ and exclude the constraint (12). We obtain the following
T

problem:
g = min{Z yt} (32)
WY teT

subject to
<w,xf>+woza—3-y,, teT] (33)
—<w,xt>—w028—B-yt, teTl, (34)
(w,w) <1 (35)
y,>0,teT (36)

Here, the constraint (11) is replaced by the equivalent pair of constraints (33) and (34). It is clear that g~ < ¢~ .

B
Letmake a change of the variables w = 8v, w, = dv,, &' = %, t € T, UT,. The problem takes the form

7 =% min {sz} (37)

vt |/
subject to
<v,xt>+v021—Ef, teli (38)
—<v,xt>—v0 >1-¢, tel (39)
< Vo o)
£,>0,teT (41)

Let a>0 be a dual variable for constraint (40). Consider the Lagrangian function
)
L(o,&,v) = 2 Z g +a- (<v, v> — ygz) and Lagrangian relaxations of the problem (37) - (41): to find
telT
(p(O() = min L((X, E.mu) (42)

V,Vo,

subject to (38), (39), (41).

Since @(at) is the optimal value of the Lagrangian relaxation of (37) - (41), then @(ct) < g for any o >0

(see, e.g., [6]). Given a penalty factor C in (28) - (31), choose o from the condition iB = C. We obtain
o
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i.e. the problem (42), (38), (39), (41) is equivalent to (28) - (31) with accuracy to an additive constant and a fixed
factor in the objective function value for the above choice of the dual variable.

Thus, the problem (28) - (31), which is solved by the method of support vectors can be obtained as a result of
relaxing constraints of (24) - (27), which in turn is a continuous relaxation of the problem of minimization of the
empirical risk.

4. The results of numerical experiments

The quality of solutions obtained by using the empirical risk minimization model (9) - (14), the continuous
relaxation of (9) - (13) and the model SVM (28) - (31) is compared in the computational experiments. Quality
criterion is the error of classification - the number of training sample points that are classified incorrectly. The well-
known software package CPLEX is used to solve the generated problems. Points in the training sample for each
class were generated on the basis of a uniform distribution in the unit cube. These cubes are shifted relative to
each other in the first coordinate so that the distance between them is 0.1. Family of linearly inseparable sets is
formed iteratively, by moving at the current iteration a single point of each class to the opposite one.

Model (9) - (14) is NP-complete, so problems of low dimension were generated for numerical experiments. Fig. 1
shows the results for the case when |Qi| =25,i=1,2, (Q; - points of the training sample for the class i) n =

5 (n - dimension of the feature space R™). For 25 iterations all points of a class move to the other, and vice
versa. On X-axis the number of moved points of a class is indicated, the vertical axis - the classification error,
MER - empirical risk minimization model (9) - (14), RMER - the relaxed model of minimization of the empirical risk
(9) - (13). The complexity of the exact solution of the empirical risk minimization problems (9) - (14) for the family,
shown in Figure 1, reached 90 min. Solving problems of larger dimension we obtained the messages of the
package CPLEX for failure of computing resources.

30
25 A
20
MJ —+—SVM
15 —= RMER
// MER
10

4

0 T T T T T T T T T T T T T T T T ™

123 4567 8 91011121314 151617 18 192021 22 23 24 25

Figure 1. The dependence of the classification error on the number of displaced points 7 =5,
Q| =25,i=1,2.
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In this regard, the comparison for the large-scale problems was realized only for the relaxed model of
minimization of the empirical risk RMER and model SVM. Fig. 2 shows the results for the case

|QZ~| =100, i=1,2, n = 30. It is essential to analyze the possibilities of the different models for the problems in
, i =1,2 are significantly different. For this case it is necessary to estimate the value of the

Q,]=200, n=

which the value |Q;

error of classification separately for each class. Fig. 3 shows the results for the case |Ql| =30,

30. The number of iterations for constructing a family of problems is 30.

Conclusion

The paper discusses various approaches to solving the problems of classification in the case of two classes. For
linearly inseparable sets a mixed-integer model of the problem of minimization of the empirical risk and the
continuous relaxation of the model are considered. It is shown that at weakened constraints of the proposed
continuous relaxation the mathematical model used in the method of support vectors can be obtained.

The results of numerical experiments comparing approaches considered for the case of linearly inseparable sets
are given. Classification error obtained by using the model of minimization of the empirical risk is much smaller
than the error obtained when using continuous relaxation of this model and SVM method. This comparison was
made for the problems of low dimension due to NP-completeness of the first model. Comparison of the second
and the third models was also performed for large-scale problems. The resulting classification errors were about
the same.

From the obtained results one can make a conclusion that it is appropriate to develop the approximate algorithms
for solving the problem of minimization of the empirical risk based on the ideas of directed enumeration
(sequential analysis of variants, branch-and-bound methods), local search methods, to improve the quality of
generated classifiers.

90

70

60 |
50
40 7

30

—e—SVM
—=—RMER

20

10

0 IRRAEEANIEENEA NN RN N NN R RN R R RN N R R R R R R NN R RN R R

1 7 13 19 256 31 37 43 49 55 61 67 73 79 8 91 97

Figure 2. The dependence of the classification error on the number of displaced points #n = 30,
;| =100, i=1,2.
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35
30 4 /—b—.—.—.—.—.—b—Y—Q
25 \
20 | ——SVM 1
—a—RMER 1
SVM 2
15 RMER 2
10
4
5 /
0 7_."‘\'“\’ T T T T T T T T T T T T T T T T T =

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Figure 3. The dependence of classification error on the number of displaced points for each class, n =30
|| =30, |, =200, SVM 1 - a model of SVM, set Q;, SVM 2 - a model of SVM, set ©, , RMER 1 - the
relaxed model of minimization of the empirical risk, set ©; , RMER 2 model RMER, set Q, .
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ADAPTIVE FUZZY PROBABILISTIC CLUSTERING OF INCOMPLETE DATA

Yevgeniy Bodyanskiy, Alina Shafronenko, Valentyna Volkova

Abstract: in the paper new recurrent adaptive algorithm for fuzzy clustering of data with missing values is
proposed. This algorithm is based on fuzzy probabilistic clustering procedures and self-learning Kohonen’s rule
using principle “Winner-Takes-More” with Cauchy neighborhood function.

Using proposed approach it's possible to solve clustering task in on-line mode in situation when the amount of
missing values in data is too big.

Keywords: fuzzy clustering, Kohonen self-organizing network, learning rule, incomplete data with missing values.

ACM Classification Keywords: 1.2.6 [Artificial Intelligence]: Learning — Connectionism and neural nets; 1.2.8
[Artificial Intelligence]: Problem Solving, Control Methods, and Search — Control theory; 1.5.1 [Pattern
Recognition]: Clustering — Algorithms.

Introduction

The problem of data sets described by vector-images clustering often occurs in many applications associated
with Data Mining, but recently the focus on Fuzzy Clustering [Bezdek, 1981; Hoeppner, 1999; Xu, 2009], when
processed vector-image with different levels of probabilities, possibilities or memberships, can belong to more
than one class.

However, there are situations when the data sets contain missing values, the information that is lost. In this
situation more effective is to use mathematical apparatus of Computational Intelligence [Rutkowski, 2008] and,
first of all artificial neural networks [Marwala, 2009], that solve task of restoring the lost observations and
modifications of the popular method of fuzzy c-means [Hathaway, 2001], which solve the problem of clustering
without recovery of data.

Existing approaches for data processing with missing values [Zagoruyko, 1979; Zagoruyko, 1999], are efficient in
cases when the massive of the original observations is given in batch form and does not change during the
processing. At the same time, there is a wide class of problems in which the data that arrive to the processing,
have the form of sequence that is feed in real time as it occurs in the training of Kohonen self-organizing maps
[Kohonen, 1995] or their modifications [Gorshkov, 2009]. In this regard we introduced [Bodyanskiy, 2012] the
adaptive neuro-fuzzy Kohonen network to solve the problem of clustering data with gaps based on the strategy of
partial distances (PDS FCM). However, in situations where the number of such missing values is too big, the
strategy of partial distances may be not effective, and therefore it may be necessary, along with the solution of
fuzzy clustering simultaneously estimate the missing observations. In this situation, a more efficient is approach
that is based on the optimal expansion strategy (OCS FCM) [Hathaway, 2001]. This work is devoted to the task of
on-line data clustering using the optimal expansion strategy, adapted to the case when information is processed
in a sequential mode, and its volume is not determined in advance.
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Adaptive probabilistic fuzzy clustering of data with missing values based on the optimal
expansion strategy

Baseline information for solving the task of clustering in a batch mode is the sample of observations, formed from
N n -dimensional feature vectors X = {x,, X,,...,X,} c R",x, € X,k =1,2,...,N . The result of clustering is

the partition of original data set into m classes (1< m < N) with some level of membership U, (k) of k -th
feature vector to the g -th cluster (1< g <m). Incoming data previously are centered and standardized by all
features, so that all observations belong to the hypercube [-1,1]". Therefore, the data for clustering form array
X ={Zpseos Ko Xy} S R, R = (Kpseir Ko %0 ) 1< X, <1, 1<m<N,1<q<m,1<i<n,
1<k <N thatis, all observations X, are available for processing.

Introducing the objective function of clustering [Bezdek, 1981]
N m

E(U,(k),wy) =2 > U (K)D* (X, w,)

k=1 q=

1 1
m N

with constraints ZUq(k)z I, 0< ZUq(k)< N and solving standard nonlinear programming problem, we
q=1 k=1

get the probabilistic fuzzy clustering algorithm [Hoeppner, 1999;Xu, 2009]

where w, - prototype (centroid) of g -th cluster, B >1 - parameter that is called fuzzyfier and defines
"vagueness" of boundaries between classes, Dz()?k,wq) - the distance between X, and w/, in adopted metric,
7=0,1,2,... - index of epoch of information processing which is organized as a sequence of
wl” > U 5w — U — ... The calculation process continues until satisfy the condition

(7+1) _

(z)
[we - w;

<eVi1<qg<m,

(here & - defines threshold of accuracy) or until the specified maximum number of epochs Q (7 =0,1,2,...,Q).
Note also that when =2 and

5~ ~ 2
D (xk,wq)z“xk —WqH ,

we get a popular algorithm of Bezdek’s fuzzy c-means (FCM)[ Bezdek, 1981].

The process of fuzzy clustering can be organized in on-line mode as sequentially processing. At this situation
batch algorithm (1) can be rewritten in recurrent form [Bodyanskiy, 2005]
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(D*(%,,, W, (K)))'*

3 (D% (%4 W, (K)) 2
w, (k +1)=w, (k) + 7k + DU (k +1)(X,., —w, (K)),

U, (k +1)=

where n(k +1) - learning rate parameter, Uqﬁ (k +1) - bell-shaped neighborhood function of neuro-fuzzy

Kohonen network (Cauchy function), designed to solve the problems of fuzzy clustering [Gorshkov, 2009;
Bodyanskiy, 2012], based on the principle "Winner Takes More» (WTM) [Kohonen, 1995].

In the presence of an unknown number of missing values in vector images X, , that form array X, following
[Hathaway, 2001], we introduce the sub-arrays:

X, ={X, € X| X,- vector containing all components}
X, ={x,;,1<i<n1<k <N| values X,, available in )~(};
X, ={%X,=?,1<i<n1<k<N| values X, ,absent in X}.

The optimal expansion strategy consists in the fact that the elements of sub-array X are considered as

additional variables, which are estimated by minimization of objective function E . Thus, in parallel with clustering
(optimization E by U, (k)and w, ) estimation of missing observations is made (optimization E by X,; € X;).

In this case, the algorithm of fuzzy c-means based on the optimal expansion strategy can be written as the
following sequence of steps [Hathaway, 2001]:

1. Setting the initial conditions for the algorithm: #>0; 1<m<N; £>0; W ;1<q<m;

r=0,1,2,..,Q; XY ={-1<x¥ <1}, where X —N,(1< N, <(n-1)N) arbitrary initial estimates
x? of missing values X,;, € Xg;

2. Calculation of  membership levels by solving the optimization problem:

1

D (%) w )y~ X —wo
(k) = angrmin £(U, (kywio, oy = (DD (R -w )
Uq (k) b _7/;

q > (D (R W) i(ux

1=1

1
2)@

(here vector x!”) differs from X, by replacing missing values X, € X, by estimates X\ that are
calculated for the 7 -th epoch of data processing);
3. Calculation the centroids of clusters:

N
2 UK %
w( =argmin E(U (k) w,, X§) = £ ;

> Uy (k)Y

4. Checking the stop conditions:

If HW (7+1) W(r)
q

1<g<m or r =Q, then the algorithm terminates, otherwise go to step 5;

5. Estimation of missing observations by solving the optimization problem:
X5 = argmln EUF(k),wi™, Xg)
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or, equivalently

That leads to

i (7+1) r+|)
i(ug””(k))ﬂ
q=1

Information processing with this algorithm is organized as a sequence

(7+1) 7+1) 7+1)

—>U —)W —>U . —)W —)U b Xt —)Wé —>...—>Wf,°’

thus it is possmle to organize on-line clustering by type of procedure (2). For this purpose we introduce two time
scales: real time k=1,2,...,N,..., and accelerated computing time = =0,1,2,...,Q . Here we assume that

between two instants of real time k and k +1 implemented Q iterations of accelerated time.

Then we can write procedure

(%2 —w, ) )g

U (k+1) = ,
Z(HXM ~w, (k) )
S (US (K + 1)) w,y (K) ;
Ze) _ g ()
k+l,i — m ’

3 (U (k + 1))

q=1

w, (k +1)=w,(K)+ n(k + (U (k +1)) *
* (X2 - w, (Kk)),

which shows that the memberships and missing observations are calculated in accelerated time, and centroids -
in real time by WTM selflearning rule.

Of course centroids can be recalculated in accelerated time too:

Uém)(k 41 (kan - W (k + 1)” ,

Z(ka“ -wf* k)H
w (k +1)=w P (k),
Ok +1) =w((k+ 1)+ n(k + 1)U (k+ DY (X, —wi (k+1)),

3 (U (k+ 1YWl (k +1)

k+1,i — m )

Z(Ué”')(k +1))

q=1
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in this case anyway, both in (3) and (4) operation of summation about k is absent, that for large N can involve a
lot of memory.

Experiments

Experimental research conducted on two samples of data such as Wine and Iris of UCI repository.

To estimate the quality of the algorithm we used quality criteria partitioning into clusters such as: Partition
Coefficient (PC), Classification Entropy (CE), Partition Index (SC), Separation Index (S), Xie and Beni's Index
(XB), Dunn's Index (DI) [Xu, 2009].

We also compared the results of our proposed algorithm with other more well-known such as Fuzzy C-means
(FCM) clustering algorithm and Gustafson-Kessel clustering algorithm.

The proposed algorithm shown better results than the FCM and Gustafson-Kessel clustering algorithm.

Conclusion

The problem of probabilistic fuzzy adaptive clustering, containing a priori unknown number of gaps, based on the
optimal expansion of data strategy is considered. The proposed algorithms are based on the recurrent
optimization of a special type of goal functions. Missing observations are replaced by their estimates also
obtained in the solution of optimization problem. Centroids of recovered clusters are tuned using a procedure
close to the T.Kohonen WTM-rule with the function of the neighborhood (membership), having the Cauchian
form.

Acknowledgement

The paper is published with financial support by the project ITHEA XXI of the Institute of Information Theories and
Applications FOI ITHEA (www.ithea.org) and Association of Developers and Users of Intelligent Systems ADUIS
Ukraine (www.aduis.com.ua).

Bibliography

[Bezdek, 1981] J.C. Bezdek. Pattern Recognition with Fuzzy Objective Function Algorithms. Plenum Press, New York, 1981.

[Bodyanskiy, 2005] Ye. Bodyanskiy. Computational intelligence techniques for data analysis. Lecture Notes in Informatics.
Bonn: Gl, 2005, V. P-72, P. 15-36.

[Bodyanskiy, 2012] BodyanskiyYe., Shafronenko A., Volkova V. Adaptive clustering of incomplete data using neuro-fuzzy
Kohonen network. In “Artificial Intelligence Methods and Techniques for Business and Engineering Applications” —
Rzeszow-Sofia: ITHEA, 2012. - P. 287-296.

[Gorshkov, 2009] Ye. Gorshkov, V. Kolodyazhniy, Ye. Bodyanskiy. New recursive learning algorithms for fuzzy Kohonen
clustering network. Proc. 17th Int. Workshop on Nonlinear Dynamics of Electronc Systems. (Rapperswil, Switzerland,
June 21-24, 2009) Rapperswil, Switzerland, 2009, P. 58-61.

[Hathaway, 2001] R.J. Hathaway, J.C Bezdek. Fuzzy c-means clustering of incomplete data. IEEE Trans. on Systems, Man,
and Cybernetics, Ne5, 31, 2001, P. 735-744.

[Hoeppner, 1999] F Hoeppner, F. Klawonn, R. Kruse, T. Runker. Fuzzy Clustering Analysis: Methods for Classification, Data
Analysis and Image Recognition. Chichester, John Wiley &Sons, 1999.

[Kohonen, 1995] T. Kohonen. Self-Organizing Maps. Berlin: Springer-Verlag, 1995.

[Krishnapuram, 1993] R. Krishnapuram, J.M. Keller. A possibilistic approach to clustering. Fuzzy Systems, 1993, 1, Ne2,
P.98-110.



International Journal "Information Models and Analyses" Vol.2 / 2013, Number 2 117

[Marwala, 2009] T Marwala. Computational Intelligence for Missing Data Imputation, Estimation, and Management:
Knowledge Optimization Techniques. Hershey-New York, Information Science Reference, 2009.

[Rutkowski, 2008] L.Rutkowski. Computational Intelligence.Methods and Techniques. Berlin-Heidelberg: Springer-Verlag,
2008.

[Xu, 2009] R. Xu, D.C. Wunsch. Clustering. Hoboken, N.J. John Wiley & Sons, Inc., 2009.
[Zagoruyko, 1979] N.G. Zagoruyko. Empirical predictions. Novosibirsk, Nauka, 1979 (in Russian).
[Zagoruyko, 1999] N.G. Zagoruyko. Applied Data Analysis and Knowledge. Novosibirsk, 1999 (in Russian).

Authors' Information

Yevgeniy Bodyanskiy — Professor, Dr. — Ing. habil., Scientific Head of Control Systems
Research Laboratory, Kharkiv National University of Radio Electronics, 14 Lenin Ave., Office
511, 61166 Kharkiv, Ukraine; e-mail: bodya@kture.kharkov.ua

Major Fields of Scientific Research: Artificial neural networks, Fuzzy systems, Hybrid systems of
computational intelligence

Alina Shafronenko - Ph.D student in Artificial Intelligence dept., Kharkiv National University of
Radioelectronics Lenin Ave., 14, Kharkiv, 61166, Ukraine; e-mail: alinashafronenko@gmail.com
Major Fields of Scientific Research: neural networks, neural network processing of data with
| gaps, fuzzy clustering, clustering of data

Valentyna Volkova - Candidate of Technical Science (Ph.D.), Senior lecturer in Artificial
Intelligence dept., Kharkiv National University of Radioelectronics Lenin Ave., 14, Kharkiv,
61166, Ukraine; e-mail: volkova@kture.kharkov.ua

Major Fields of Scientific Research: neural networks, fuzzy clustering, clustering of data




118 International Journal "Information Models and Analyses" Vol.2 / 2013, Number 2

CROP CLASSIFICATION IN UKRAINE USING SATELLITE OPTICAL AND SAR
IMAGES

Nataliia Kussul, Sergii Skakun, Andrii Shelestov, Oleksii Kravchenko, Olga Kussul

Abstract: This paper presents first results of the use of optical and synthetic-aperture radar (SAR) satellite
images to crop classification in Ukraine. The study aims at optimizing SAR parameters to provide timely and
economically efficient crop maps/area estimates for Ukrainian landscape. Integration of EO-1 and RADARSAT-2
is done for crop classification using support vector machine (SVM). Classification is carried out per-field. The
results on using SAR data for summer crops classification look very promising enabling classification of major
summer crops with 10-15% of commission and omission errors under a typical Ukrainian landscape.

Keywords: crop classification, SVM, satellite images, SAR multipolarization.
ACM Classification Keywords: 1.4.8 [Image Processing and Computer Vision] Scene Analysis - Sensor Fusion.

Introduction

Space Research Institute of NAS Ukraine and SSA Ukraine (SRI, Ukraine) is actively involved in the Joint
Experiment for Crop Assessment and Monitoring (JECAM) activities of the Group on Earth Observations (GEO),
and established two JECAM test sites in Ukraine in 2011 [Kussul et al, 2012]. One of the main problems being
solved is crop identification and crop area estimation with the use of satellite optical and synthetic-aperture radar
(SAR) images.

Recently, many studies have focused on the estimation of crop acreage and proportions at global scale using
time-series of moderate resolution remote sensing images such as MODIS and SPOT-VEGETATION [Verbeiren
et al, 2008; Fritz et al, 2008; Pan et al, 2012; Wu and Li, 2012; Vintrou et al, 2012]. The use of synthetic-aperture
radar (SAR) images in combination with optical ones for crop acreage estimation and crop monitoring is
discussed in [McNairn et al, 2009a,b; Leichtle et al, 2012; Blaes et al, 2005; Skriver et al, 2011; Hoekman et al,
2011]. As to classification algorithms, decision tree (DT) [McNairn et al, 2009a,b; Vintrou et al, 2012; Boryan et al,
2008, artificial neural networks (ANN) [Verbeiren et al, 2008; Fritz et al, 2008; Gallego et al, 2012; Skakun et al,
2007; Kussul et al, 2012], support vector machine (SVM) [Gallego et al, 2012; Kussul et al, 2012; Pal and Foody,
2012], and maximum likelihood (ML) [Pan et al, 2012; Wu and Liu, 2012; Skriver et al, 2011] have been recently
the most widely used. In general, overall classification accuracy reported in the literature is 80% to 90%
depending on the available remote sensing images, complexity of landscape and extent of the region.

In 2010, SRI completed an EC-JRC contract “Crop area estimation with satellite images in Ukraine” within the
MARS and GEOLAND2 projects which showed particular difficulties in discriminating summer crops using
satellite optical images [Gallego et al, 2012; Kussul et al, 2012]. This was due to cloud cover, not optimal dates of
satellite image acquisition and inherent limits of optical data. Therefore, feasibility and use of satellite synthetic-
aperture radar (SAR) multi-polarized images need to be exploited.

This problem is addressed within the SRI project of the SOAR-JECAM program to acquire quad-polarized
RADARSAT-2 images. The project aims at optimizing SAR parameters to provide timely and economically
efficient crop maps/area estimates for Ukrainian landscape [Kogan et al, 2013; Shelestov et al, 2013; Kussul et
al, 2011; Kussul et al, 2010]. This paper discusses the results of integration of SAR and optical satellite images
for crop classification in Ukraine.
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Study area and data description

For exploring capabilities of satellite SAR imagery to discriminate summer crops in Ukraine, a test site of Vasylkiv
county in Kyivska oblast was selected (Fig. 1). The test site incorporates all major summer crops (maize, soy
beans, sunflower, sugar beet), and has total area of about 1,200 sq. km.
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Figure 1. The Vasylkiv county test site shown in red

The first RADARSAT-2 images over one of the test-site were acquired on 27 and 30 July 2012. Optical images
from EO-1 satellite were acquired on 28 July 2012 as well. Ground observations to support satellite images were
carried out on 4 August 2012 to collect in situ measurements (Fig. 2). In total, information on 271 fields was
collected. The following crop types were present (Table 1): maize, soy beans, sunflower, sugar beet, harvested
winter and spring crops, and minor crops like buckwheat.
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Figure 2. Boundaries of observed crop fields outlined in black over EO-1 VNIR image (a) and RADARSAT 2
quad-pol images (b). The test site area is shown in white. EO-1 Data are courtesy of the NASA Earth Observing
One (EO-1) mission operated by the Goddard Space Flight Center, 2012. RADARSAT-2 Data and Products ©
MacDonald, Dettwiler and Associates Ltd.(2012) - All Rights Reserved. RADARSAT is an official trademark of the
Canadian Space Agency.
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Table 1. Ground survey statistics

Crop Fields observed, % Total area (ha), %
Maize 63 (23.2%) 6264 (29.5 %)
Soy beans 46 (17.0%) 3553 (16.7 %)
Sunflower 19 (7.0%) 1722 (8.1 %)
Sugar beet 12 (4.4%) 1130 (5.3 %)
Winter and spring crops (already harvested) 79 (29.2 %) 6184 (29.1 %)
Non agricultural land and minor crops 52 (19.2 %) 2369 (11.2 %)
Total 271 (100 %) 21222 (100 %)

Classification method

SAR images were classified using a per-field classification approach. Many previous studies have shown that
efficiency of SAR classification can be improved using per-field approach due to the presence of speckle at the
pixel level [Blaes et al, 2005]. For each field, a median value of backscatter coefficient was estimated for each
polarization (VV, VH, HV, and HH), and was used as an input to classification algorithm. Classification was done
using the SVM classifier.

Support vector machine (SVM) became popular for solving problems in classification, regression, and novelty
detection [Bishop, 2006]. An important property of support vector machines is that the determination of the model
parameters corresponds to a convex optimization problem, and so any local solution is also a global optimum.
The SVM is a decision machine and, unlike ANNs, does not provide posterior probabilities. Also, processing new
datasets could be resource consuming comparing to the ANNS.

Classification results

Collected data was used for preliminary analysis of the discriminating power of optical, SAR and a combination of
them both by visual interpretation and supervised classification. In contrast to optical images visual interpretation
of SAR images allows distinguishing maize, soy beans and combined sunflower & sugar beet crops due to
different canopy architecture and different scattering processes. Sugar beet and sunflower could not be
discriminated.

Numerical analysis was performed using a Support Vector Machine (SVM) classifier. Classification accuracies,
commission and omission errors were estimated using a five-fold cross-validation procedure. Special care has
been taken to prevent over-fitting of cross-validation procedure due to spatial correlation in collected data. Three
different data sets were examined: combined EO-1 and RADARSAT-2, EO-1 only and RADARSAT-2 only data
(Table 2).

Total accuracies appear similar in all datasets because they are heavily influenced by winter and spring crop
class that is classified equally well by optical and SAR data.

The difference between datasets lies in per crop classification errors. All summer crops are better classified using
SAR data rather then optical data. The most profound effect is observed on soy beans that is the second major
summer crop after maize in the given area. Using SAR data instead of optical allows decreasing omission error
for soybeans from 34% to 13% while maintaining similar level of commission error.

Combined dataset shows gradual decrease of errors for most crops 5% to 10%. Sunflower + sugar beet class is
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the most beneficial as combined data allows decreasing classification errors in 1.5-2 times in comparison with
optical or SAR data alone. This result is explained by complementary roles of SAR and optical data for
discriminating sunflower at flowering phenological stages.

Table 2. Total accuracy, commission (CE) and omission (OE) classification errors
Crop EO1 + R2 EO1 R2

Total accuracy 91.4 % 84.8 % 88.9 %
CE,% OE,% CE,% OE, % CE, % OE, %
Maize 118% 48% 176% 11.1% 136% 95%
Soy beans 61% 184% 74% 342% 108% 132%
Sunflower + sugarbeet 20.0% 231% 393% 346% 280% 30.8%
Winter + spring 28% 14% 67% 14% 29% 42%

Conclusions

The first results on using SAR data for summer crops classification look very promising enabling classification of
major summer crops with 10-15% of commission and omission errors under a typical Ukrainian landscape.
Further research is required to ensure robustness of proposed approach on larger areas. Additional efforts should
be put on investigation of possibility to substitute quad-polarization SAR data with cheaper wide swath dual-
polarization data available from RADARSAT-2 and the upcoming Sentinel-1 satellites.
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USE OF INFORMATION VALUE IN AVO-POLYNOMIAL METHOD TRAINING

Alexander Dokukin

Abstract: A new approach for constructing an algorithmic basis for polynomial based recognition method is considered.
On the contrary to the previously used technical approach based on polynomial power minimization the new one
deals with information value of the items. The approaches are compared in AVO-polynomial framework over a same
set of recognition tasks.

Keywords: estimates calculating algorithm, information value, algebraic approach, pattern recognition.

ACM Classification Keywords: 1.5 Pattern Recognition — 1.5.0 General.

Introduction

The principles of achieving basic set of algorithms becomes important when using algebraic approach for solving
actual recognition tasks. It can be some technical approach, a polynomial power minimization for example, which
underlies the particular AVO-polynomial recognition method [Dokukin, 2009]. Or it can be recognition quality of
separate algorithms and so on.

In this work we offer a new approach based on information value optimization and then compare it to the well
studied one. Moreover we try several information value estimates for that purpose including some heuristics as well
as statistical and entropic ones.

The first part of the article will be devoted to recalling some necessary definitions and statements. That is standard
form of recognition task, estimates calculating algorithm (ECA) and so on.

Then we will describe ECA height minimization task and method from which we will derive information value
definition for ECA. In that part an AVO-polynomial method will be described also which correspond to a polynomial
over minimal height ECAs.

Finally a testing framework will be described based on AVO-polynomial modifications and the two approaches will
be compared by solving actual recognition tasks.

Definitions

The standard recognition task [Zhuravlev, 1977a] is stated as follows. Let us have a training sample {S1, . . ., Sm+q1
described by vectors of some nature S; = (a1, - - ., a;n). The sample is splitinto I classes K7, . .., K that can
overlap in general case. The training sample classification that is vectors ac; = (a1, . . ., ) is known. Here o;;
is the value of “S; € K;” predicate. It is required to construct an algorithm A that can calculate classification of a
new object S.

Estimates calculating algorithm (ECA or AVO in Russian) refers to a general family of recognition algorithms
described by Yu. I. Zhuravlev in 1970s [Zhuravlev, 1977b]. In AVO-polynomial a small subset of the family is used,
which corresponds to a case of a single supporting set and equal weights of training objects.

First, it is supposed that all the features are real numbers. A vector (¢4, ..., &,) of nonnegative e-thresholds is
used to define a proximity function of two objects B(Sy,, Sy):

17 |aui_avi| Sgi)i:]-a”'un)

0, otherwise.

B(Sy,Sy) = {
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Second, object estimates for different classes are introduced, which in the current case are transformed to the
following:

Ti(S)= > Bu(SSi).

Siekj

Here T';(:S) is an estimate of an object’s S belonging to a K, K; = {Si,...,S»} N K; and CK; =
{Sl, .. ,Sm} \ Kj.

Finally, a decision rule is applied converting real-value class estimates to a final decision. In the described case an
object is assigned to a class of maximal estimate.

The AVO-polynomial [Dokukin, 2009] method represents a polynomial over ECAs as it is supposed by its name.
Algebraic operations are applied to the class estimates before the decision rule. That is the essence of the algebraic
approach to recognition [Zhuravlev, 1977a].

This particular polynomial is build according to the following procedure. A set of objects {S*, . .., S?} is extracted
from the training sample which will be named a reference sample. As opposed to a testing one, the reference sample
is used in training too, but has a different role. Each member S of the reference set in combination with all the
remaining training objects is used for constructing one item of the polynomial B;. The following formula describes
the polynomial

B(S)= Y. D(S)BS).

Ste{sl’“.?SQ}

Here B, is an ECA achieved through training and D(.S) is another ECA multiplier penalizing remoteness from .S,
which make the construction a second degree polynomial.

To achieve the B; an auxiliary task is considered. For each remaining training object S; = (a1, . . . , ai) and the
St = (b, ..., b) anew oneis constructed S = (|a;1 — btll, ..., |a; — bn|). The object is assigned to a
class 1 if both ancestors belong to a same class and to a class 0 otherwise. Then the optimal hyper-parallelepiped
R (rectangle for short) is searched maximizing the difference between class 1 objects number and class 0 ones
(ECA height).

Information value

An introduction of the auxiliary task allows to consider the ECA items from a different point of view. Indeed, each one
of them is assigned 4 values corresponding to the number of objects in respect to the two predecates: “an object
belongs to the class 1” and “an object belongs to the rectangle”. Thus, corresponding ECAs can be characterized
by an information value similar to the logical regularities methods [Ryazanov, 2007].

A set of different information values estimates will be used further, which is taken from [Vorontsov, 2007], among
them some heuristics (norm, ratio, weighted difference), the statistical one, and the IGain.

Let’s denote by P and N a number of objects of classes 1 and 0 correspondingly. A number of them belonging to
a rectangle will be denoted by p and n. Let's cite the strict formulae of the target functionals used further.

1. Norm. )
fR) =
2. Ratio.
J(R) = n f— 1

3. Weighted difference.
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4. Statistical.
cLey
f(R) =—In (Cp+n :
P+N
5. I1Gain.
f(R):H(P,N)—H¢(P,N,p,n);
where
(P, N) = H( ) = ) | H{go,01) = o logs(d0) — a1 logs(a1)
) - P—i—N’P—i-N ) 4o, q1) = —qo 1085190 q11089(q1) ,
- p+mn - P+N—-p—n .
H, (P, N = H(P, N ——H(P —p,N — .
d)( ) 7p7n) P+N ( ? )+ P+N ( p? n)

In this notation the ECA height functional is defined as p — n.

Comparison

The comparison of different functionals for ECA optimization was performed using AVO-polynomial modifications
and real UCI-repository problems. On the first stage a fixed number of ECA items were constructed according to
the functional chosen. After that a polynomial was constructed in a same way for each test. Then, AVO-polynomial
recognition quality was tested. In each case the quality were averaged over 100 different random partitionings to
the training and testing subsets. The results are shown in the following table.

Table 1: Comparison results

Task Height _ .Informat_ion Value - .

Norm | Ratio | Weighted Difference | Statistical | IGain
Hepatitis 719 | 69.8 | 80.2 711 75.4 68.3
Credit 86.5 | 739 | 735 87.7 87.8 69.7
Echocardiogram | 66.9 | 588 | 61.6 67.5 4 61.9
Glass 80.6 | 79.1 | 81.9 82.3 75.6 70.7
Wine 957 | 95.3 | 97.1 97.3 96.2 920

Conclusion

1. In major part of tasks the height optimization performed better than average of other functionals even if leave
only the three leading ones.

2. Again for a major of tasks the height performace was comparable to a leading one yielding up to 1.5%
percent.

3. In some cases an alternative approach allowed improving the result up to 7%.

Thus, it is effectual introducing a new parameter to the AVO-polynomial training scheme corresponding to an
optimization functional.
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SHORT GRAPH-SCHEME OF A SUCCESSFUL SYSTEM IDEA

Nikolay Kosovskiy

Abstract: Notions of a successful system and an ecologically acceptable successful system are proposed. These
notions are convenient for formalization of a received inventive problem solution idea by means of TRIZ. This
name was proposed by G.S. Altshuller [1] as abbreviation of the Theory of Inventive Problem Solution. Such a
formalization is useful for training a creator of a successful system or an ecologically acceptable successful
system for the intensification of his creative efforts.
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Introduction

At our days a heuristic technology named in Russian TRIZ (Theory of Inventive Problem Solution ) is widely
spread. A mathematical model of an invention is introduced in this paper. Below the term “system” is used for a
description of inventive scheme idea aimed to the solution of a practical problem. For a formal description of the
result of a practical invention problem solution two notions are proposed: a successful system and an ecologically
acceptable successful system [2].

Preliminary considerations

A successful system is a pair (invention scheme; numerical characteristic of this scheme outcome). Every
successful system may be represented by a graph of relations between its elements names. Every element of a
successful system may be also regarded as a successful system. The term “successful sub-system” will be used
for such an element.

An ecologically acceptable successful system is a successful system with sufficiently precisely measurable
parameters and their bounds which are ecologically admissible for the nature.

A set of a system elements for which a numerical result of its work as well as its productivity may be pointed out
is called a successful sub-system.

A graph-scheme of system is a graph with nodes and edges marked by means of short names. A successful
scheme of system requires also the presence of sufficiently precisely measurable system output.

It is useful to point out actions (named fields in TRIZ) upon some system elements (named objects). Such a
graph-scheme of a system is called in TRIZ “OBACT” (as abbreviation of the words OBject and ACTion). In
Russian the term “VEPOL” is used instead of OBACT. So, a graph-scheme of a successful system uses two
sorts of elements: objects and actions.

Consider, for example, the problem of saving a skier who breaks thin ice not far from his fellows. The fellows
are on sufficiently stable ice. The skier in the water may be regarded as an object. The pulling by a stick may be
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considered as an action. Unfortunately such an action directly does not allow to pull the skier in wet clothes from
the polynia. The edge of stable ice and the weight of the skier prevent this.

The problem may be solved by means of an additional object which is the skier who put his hand with a stick and
HIS FOOT WITH A SKI on the stable ice. In such a case the foot with a ski allows the skier to get out on the
stable ice.

Here an action directly upon the object (which does not solve the problem) is replaced by an action upon an
additional object. So we replace one object by an additional one in OBACT.

While solving an inventive problem it is important to detect a key (the most important) conflict (contradiction).
Criteria of primari importance of a necessity may be used.

It is needed to mark that the design of OBACT is a creative one. The main essence of a successful system must
be represented in OBACT. Nevertheless the unnecessary detailing of some its sub-systems must be avoid. It is
convenient to consider such a sub-system as an object or as an action.

OBACT may be regarded as a set of atomic formulas i.e. predicates of objects which are the ends of oriented
edges beginning in an action. In such a case every predicate and every object is presented in OBACT only once.
Somebody can see in OBACT some similarity with a mathematical notion of category using objects and
morphisms. Another ones can consider OBACT as an ontological approach to the knowledge representation.

Algorithmic heuristic

As a sub-system and an above-system is considered simultaneously with a system, so it is useful to consider a
sub-object and an above-object simultaneously with an object as well as a sub-action and an above- action
simultaneously with an action.

The edges of scheme of system graph may be oriented and non-oriented, soft and strong, initial and final,
insufficient and excess, etc.

Comparison of two successful systems with each other may be done first of all on the base of the efficiency
(success) of their outputs.

In the opposite to the system of mathematical problem solving offered by G. Polya [3, 4] and aimed to stimulation
of appearance of ideas useful for the solving of a problem, TRIZ uses trends in the technical system
development. Such a trend must be formulated as a low, for example, the low of system transformation to a
micro-system.

The described here approach may be called an algorithmic heuristic. But such a name is rather conflicting. If an
algorithm exists then there is no place for heuristic. If it is only heuristic then we can't say about an algorithm.
More precise name for such an approach would be “an algorithmically organized set of heuristics on the different
levels of successful system creating and, first of all, on the level of its idea description” .

Namely, | speak about some ways of human creative ability intensification aimed to the improvement of a
successful system. The algorithmic heuristic helps to receive an answer for the question: "How to guess hidden
but sometimes evident solution of a problem?”. But such an “evidence” often becomes clear only after the solving
of a problem. The decreasing of heuristic exhaustive search may be done, in particular, by means of heuristics
structuring, set and making exhaustive search on the deeper level. | use also some modification of brain storming
in student seminars.

Briefly the described algorithmic approach may be characterized as one oriented to the nonstandard solving of a
practical problem for the improvement of successful system by means of exhaustive search of heuristics
organized as a hierarchy structure. It may be represented as a heuristic technology.
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More detailed exposition of educational technology for innovative solution of an inventive problem is presented in
[2].

Solving of mathematical problems

The notion of successful system may be extended to a mathematical proof. Detailed algorithm as well as every
other result received while solving a nonstandard mathematical problem beginning from the school level and up
to the university one. The term “nonstandard mathematical problem” is used for such a problem which has no
formal algorithm of its decision. For example, the main table from the book [3] has a two levels. The higher level
contains only four useful questions:

— Are you ready to understand more exactly the problem statement?

—  Are you ready to make a decision plan?

—  Are you ready to implement the formulated decision plan?

— Are you ready to investigate the received solution?

Below the sequence of useful recommendations helping to answer the second question is formulated. This
recommendations were formulated by me according to similar ones from different authors. The maximal degree
of recommendation and the maximal degree of creative application of recommendation are very importante while
using this sequence. The offered recommendations are the most useful for the solving of nonstandard problems.
The sequence of such recommendations may be named an algorithmic heuristic one.

As a rule, the solving of every problem is not an isolated process but is united with the previous experience. In
such a case the integrity of the solving process perception appears.

The first recommendation may be the following.

- Wait while the solution would come into your mind itself.
Only if you wait too long then you can go to the next recommendation.
The next step of decision making is a switch-over to an over-goal.

- Why | try to solve exactly this problem? May be it is better to read some other book or to go for a walk.
Then the following two alternatives are possible.

- Toleave alone this problem and to find a new one.

- Has the problem in such a setting some solution? Is it probable that | would find a solution?
If nevertheless you are planning to solve the problem then begin the decision with the end.

- Present obviously what must you do.
Use the next recommendation until you feel that it can bring some new idea of a decision.

- Use the language of draughts, formulas, algorithms or programs which allows to reformulate the
problem. What does become more clear after the reformulation?

- Simplify the problem.
Increase the volume of input.
Add an additional premise to the conditions.
Decrease the number of unknowns.
Weaken the conclusion.
Specialize the problem.

- Formulate an intermediate goal or problem. It is desirable that the intermediate one be sufficiently far
from the data and unknowns of the main problem.
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Actually such an intermediate problem is a “mathematical brick” named so by V.A. Ufnarovskiy [5].

Find an almost solved similar problem, a solved problem with similar output or conclusion, a solved
problem with similar input.

Sort the information about the problem according to its importance and usefulness.
Order the discovered difficulties according their significance.
Introduce auxiliary elements or new dimension, pass to an over-problem. Generalize!

Sometimes persistence in going to the goal does not permit to see slight circumstances which are key ones in
reaching the goal. Moreover, sometimes a key role of some circumstance is already in the subconsciousness.
Hence, there appear the next recommendation.

Fix the appeared thoughts. If you fill something like “This detail promises something”, then it is useful to
write down a short denotation of this detail and its connection with the proper of investigation.

As a rule it is not needed to make big efforts in this direction just now. Further sharpening of the direction may
appear itself.

Formulate the problem in metafora language! Search for analogy! It may lead to discovering new facts.
Make a list of the simplest particular and limiting cases. Order them according to their clarity and
studying!

Look for discovering of some often repeated fact or scheme.

Control your observation by means of a luck thought or idea.

Check your supposing by means of particular cases and facts that follow from it.

Use the symmetry of the problem. For example, use the principle of sufficient basis proposed in the book
[4].

Make the problem more precise! Or make it less precise! (Change the degree of precision.) Change
terms by their definitions!

Reduce the problem to the one from another mathematical theory. Formulate it in the language of logic,
algorithms, programs. In the language of variables and functions. Pick out a parameter and a proposition
for mathematical induction implementation.

Reduce the problem to itself. Use the recursion or the induction.

Reduce the problem to the conjunctive normal form only with universal quantifiers before it. Remove
surplus elementary disjunctions. Find locus for every elementary disjunction and then find an
intersection of all these loci. In the other words decide the problem as a search one.

Reduce the problem to the disjunctive normal form only with existence quantifiers before it. Remove
surplus elementary conjunctions. In the other words, try to decide the problem as a proof one. Locate
the main case (main elementary conjunction).

Beginning with the main case try to receive the general solution with the help of superposition of special
cases.

The decision of a search problem is provided by more formalized objects than a decision of an existence one.

Introduce a common notation for a sub-problem which appears at least twice (may be with different
parameters).

Apply trial and error method of G. Polya [4] for searching among small number of formalized objects with
easy enough checking if it is a solution.

Check a consistency of some conditions. Of all conditions!
Check an independence of every condition from the other problem conditions.
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- Sort out and use your knowledge.

- Sort out and use your abilities.

- Adapt abilities to the deciding problem.

- Ifyou have no idea of a decision then return to definitions (point 20).

Of course, there is a lot of problems which does not satisfy any of these recommendation. If you solve such a
problem try to formulate a new recommendation.

- Include the idea of the solved problem into your experience (base of tools, base of knowledge, base of
solution search).

What is the main sense of the problem?

What was the most important idea in the process of decision?

What was the main difficulty?

What could | do better?

This detail | have mist. What must be the peculiarity of an intellect permitting to see this detail?
Whether there is a method which | can use the next time in a similar situation?

What else approaches to this problem decision are there?
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ANALYSIS OF FEATURES AND POSSIBILITIES OF BANK FUNCTIONING EFFICIENCY BASED ON THE
METHOD OF STOCHASTIC FRONTIERS

Oleksandr Kuzomin, Vyacheslav Lyashenko

Abstract: Given paper shows the importance of analyzing the banks performance in the process of their
operation and development. The place and the role of researching of stochastic frontiers method for the banks
performance assessment have been defined. The features and the possibility of assessing efficiency of banks
activity with the usage of the of the stochastic frontiers method have been studied. The examples of performance
assessment of banks activity in the aspect of the credit extension have been given. The expediency of the
consideration of the multiple stochastic frontiers in the assessment of the effectiveness of the banks activities has
been proved.

Keywords: efficiency, stochastic frontier analysis, financial flows, loss function, technical efficiency, allocative
efficiency.

ACM Classification Keywords: G.3 Probability and statistics — Correlation and regression analysis, Multivariate
statistics; J.1 Administrative data processing — Financial, J.4 Social and behavioral sciences — Economics.

Introduction

Regularity of financial flows movement in the system of market interaction of inter-action between the different
economic entities (including such specific as the state) to a large extent supported by the banking sector of the
economy. This is due to the fact that the banking sector of economy contributes to the uncommitted resources
transfer, not only from one economic entity to another, but also from the people to the various sectors of the
economy by means of the savings transformation in investment re-source. Therefore, the investigation of the
efficiency of banks activity on the basis of the analysis of their financial flows movement is under direct interest of
researchers. The importance of the carrying out a relevant analysis is attributed not only to the possibility of
studying of the bank financial flows impact on the development of economic stability overall, but also on the Bank
and the banking sector development [Kuzemin, Lyashenko, 2009]. Thus, the performance analysis of banks can
be considered as one of the priorities in researches concerning the economic dynamics and economic growth.

Performance analysis of banks and method of stochastic frontiers:

When considering the effectiveness of the bank activities primarily are focused on the analysis of various
indicators of the operation results and the banks development in terms of the various financial flows movement.

For example, in the work [Collier, McGowan, Muhhamad, 2006] and in the work [Aarma, Vainu, Vensel, 2004] the
performance analysis of banks is made based on decomposition of return on assets and return on equity of banks
under study.

However, in the work [Williams, 2005] the performance analysis of banks is based on econometric methods. The
essence of this analysis consists of the consideration of the mutual influence of the various financial flows
movement on the assessment of the Bank activities. Given assessment reflects the various performance and
development indicators as unique bank, and whole sector.
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Stochastic frontier analysis (SFA) is one of the most prospective analyses based on econometric methods among
the approaches of the assessment of efficiency of banks activity. The essence of the SFA is described in works
[Farrell, 1957], [Aigner, Lovell, Schmidt, 1997], [Battese, Coelli, 1992] and based on:

An efficiency frontier construction with the methods of statistical analysis,
Positioning of studied economic process or object relative to the resulting efficiency frontier,

Effectiveness determining of the studied economic process or object to a function that describe the attainability of
constructed efficiency frontier.

The following model is used for of the efficiency frontier formalization [Aigner, Lovell, Schmidt, 1997]:
y=f(xp)+e, (1)
g=v-u, 2)
where ) — vector of outcomes of the of the studied object or process (in this case the results of banks activities),

X —a vector of the resources used to produce certain banks results;

f — a function of the banks efficiency frontier;

ﬂ — a vector of function parameters of;

& —a composite random element of the model;
Vv —a vector of random vibration of a model;
U - a vector describing the technical inefficiency of banks.

Then the effectiveness of a particular bank (i JI= ﬁ , [ - a total number of studied banks), or rather its

technical efficiency (7 El. ), can be calculated as follows [Johdrow, Lovell, Materov, Schmidt, 1982]:

7E, = ¢ () 3

b

where M(u; |g ) - a conditional mathematical expectation of at an estimated value of 8_1 In total
M(u | €)= r(e)is aregression vector of u by & .

Thus the construction of a function that describes the efficiency frontier of banks and the calculation of this
efficiency greatly depends on the following items:

Select of the model function form that describes the frontier of the bank effectiveness, there are various options
for preferences that take into account both economic substance and significance of the models,

Select of © — the distribution component of the bank technical inefficiency, & —a compound random element of
the model, where, as a rule is considered a half-normal, truncated and exponential distribution [Murillo-Zamorano,
2004]. Although in general, the distribution component can be of any kind, but must be taken into ac-count non-
negative.

It should be added that the loss function & selection in considering the model function form that describes the
efficiency frontier of the bank activity has a definite impact on the estimated value , and therefore on the value of
the individual components of the vectoru .

Assessment of the bank’s performance with different loss function selection in the description of the
functions model form that describes its frontiers:

Let make a performance analysis of Ukrainian banks in the area of the extension of credit recourses, as a specific
example that shows the effect of the loss function selection in considering model function forms that describes the
frontier of the bank activity. This is due to the fact that the credit activity is one of the main components of the
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banks functioning. The selection of the Ukrainian banks as objects for case study is associated with the following
facts:

On the one hand, the performance rating of Ukrainian banks on the basis of analysis of stochastic frontiers is not
considered in related studies,

On the other hand, crediting problems of real sector of economy are one of the vital issues of development of the
banking sector of the Ukrainian economy at the present stage of progress.

For further analysis let consider the production Cobb-Douglas function as a model function form that describes
the frontiers of performance of banks in terms of extension of credit recourses. The basic parameters of this
function are:

the value of total volume of credits to various business entities and the people (KR) is taken as a vector of
evaluation banks performance, the value of the volume of resources attracted from other banks (DB ), the value
of the volume of deposits attracted from economic entities and people (DO ), the value of the volume of
administrative and other operating expenses of banks (.42 ) are taken as separate components of the vector of
resources used to produce certain results of the bank. (DO ) represents the ability of banks to use financial

resources to extend credits, ( AZ ) displays the fact of labor resources usage for the banking activities

Then the form of the corresponding function model that describes the frontiers of the effectiveness of the banks
activities takes the following form in the aspect of the extension of credit resources:

Ln(KR) =B, + B, - Ln(DB) + B, - Ln(DO) + B, - Ln(AZ) + &. (4)
Appropriate values of the Ukrainian banks activities as of the date 01.04.2010 (the data for analysis were taken
from the site www.bank.gov.ua) have been examined with the purpose of researching the influence of the loss
function selection in considering forms of the model function that describes the frontiers of the bank effectiveness.
Two methods of the loss function calculation have been studied in given paper, they are ordinary least squares
and maximum likelihood method. In both cases, statistically significant models describing the frontiers of the
effectiveness of the banks activities in the aspect of the credit resources extension requested in accordance with
the Cobb-Douglas function have been obtained. Nevertheless, the results evaluating the performance of the
studied banks in terms of the credit extension are not identical.

The histogram of the assessment of the effectiveness of the credit assignment for the form of model function is
presented on the following picture. This histogram describes the limits of the efficiency of banks’ activity, where
the function of loss is calculated by the ordinary least squares method.

35 & Frequency, the number of banks 33 31

30 T 2J
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Next picture shows a histogram of evaluating the effectiveness of credit extension for the form of the model
function that describes the frontiers of the effectiveness of the banks activities, where the loss function is
calculated by the maximum likelihood method.
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As can be seen from the data presented on both histograms, evaluations of the performance of the banks under
consideration in terms of the credit extension are different. This is determined by the loss function used in
determining the parameters of the model function that describes the scope of performance of banks.

Thus objective question about the features of the method of analysis of the effectiveness of the banks, based on
method of investigation of stochastic frontiers there is raised. The answer to this question lies in the fact that
method for evaluation of the performance of banks for the application of stochastic frontier analysis may be
useful, first of all, to distinguish nature of determination of the appropriate ratings.

So when evaluating the performance of banks will be cover only a specific time slot and a specific form of the
model function that describes the frontiers of the effectiveness of the banks, the selection of the loss function
should be based on the most important statistical estimates in the model function that describes the boundaries of
performance of banks.

If the evaluation of the effectiveness of the bank will be conducted in a comparative aspect, it is natural to use the
same models, which determine the form of the function describing the frontiers of performance of banks for
different data. In such case, it is important to show the obtained statistical evaluation forms of the model function
that de-scribes the frontiers of the effectiveness of the banks when selecting a particular loss function. In other
words, the manifestation of the features of the method of analysis of stochastic frontiers to calculate estimates of
the effectiveness of the banks is primarily observed in a comparative analysis of the functioning of banks for
different data sets. But exactly a comparative analysis is the basis for making the right decisions on the
functioning and development of banks. Thus, for a comparative analysis for evaluating the performance of banks
is important to show the most significant forms of estimates of the model function that describes the effectiveness
of the frontiers of banks activities. At the same time, in order to obtain more reliable estimates of such a frontier a
collection of primary data used for analysis can be modified. Objective factors of such variation may be the
selection of particular set of banks used for further study.

In this case, the important fact is that some of the banks in different intervals can be either under the interim
administration, or deprived of licenses for certain activities, which imposes restrictions on the formation of a
sample of banks used for further studies. However, taking into account these factors can significantly affect the
degree of reliability and relevance of estimations in selecting the form of the model function that describes the
frontier of performance of banks.

The use of the stochastic frontiers set as an opportunity to expand the analysis of the effectiveness of
the banks:

It is also important to consider opportunities offered by the analysis of the effectiveness of the banks based on the
use of the stochastic frontiers set, along with its certain features.
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To our opinion, one of the key features of the use of the stochastic frontiers research, for analyses of the banks’
work, is to consider these assessments for a variety of functions describing the efficiency frontiers of banks work
with the accounting of the economic substance diversity.

In particular, from the point of view of providing of credit resources, such diversity involves not only the
consideration of the banks’ work effectiveness, but also the consideration of the amount of credits given to
business entities and people.

Then, along with equation (4) it is also appropriate to consider the following equations, which define the models
describing effectiveness frontiers of banks’ work:

Ln(KRS )= pBy; + B;; - Ln(DB )+ B,; - Ln(DO )+ B3, - Ln( AZ ) + ¢, (5)
Ln(KRN )= By, + ;5 - Ln(DB )+ B,, - Ln(DO )+ B3, - Ln( AZ ) + &, (6)

where KRS - the amount of credits given to various business entities, KRN - the amount of credits given to
people.

Own values of the effectiveness assessments are calculated, according to the models, that reflect certain
assignment of frontiers of banks’ work effectiveness.

Next picture shows a histogram of the assessment of the effectiveness of providing a credit to business entities
for the given form of the model function. This form describes the frontiers of the efficiency of banks’ work with the
function of the loss calculated by the method of maximum likelihood.
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Next picture shows a histogram of the assessment of the effectiveness of providing a credit to people, for the
given form of the model function. This form describes the frontiers of the efficiency of banks’ work with the
function of the loss calculated by the method of maximum likelihood.
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As can be seen from three previous pictures assessments of the effectiveness of the banks’ work in terms of
credit providing are different. Moreover, three previous pictures show that the effectiveness of the banks’ work in
terms of credit providing (for a certain period of time) is largely determined by the efficiency of credit resources
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given different business entities and to they are in a positive correlation. In this case, for considered banks, the
correlation between the efficiency of providing a credit in general and the effectiveness of providing a credit to
people is negative. The above allows making a conclusion about the possibility of establishing the relationship
between the models of functions, describing the effectiveness of the relevant frontiers of banks in terms of
providing a credit. In addition, for comparison of such correlation it is important to consider the transformation
between the technical and allocative efficiency, where the last reflects the efficiency of available resources
[Cooper, Seiford, Tone, 2007], that is especially important in terms of providing a credit.

It is based on the fact that the use of resources for providing a credit may not be effective in the case of
insufficient use of all available resources for crediting, and vice versa not appropriate resources can be used for
lending operations (such as time limits for applying the deposits), that leads to unreasonable providing of non-
existent resources.

In general, the effectiveness of the work of / researched banks in terms of credit providing in whole (T E 0)
and the effectiveness of the work of / banks providing a credit to different business entities (7£°) and to

people (T E" ) can be presented in its simplest form, in the form of a regression relationship:
o S n
where A — parameters of the regression model;
17 — random member of the model.

If we take into account the formulas (3-6), model (7) can also be written as follows:

e M(ulg) _ Ao+ A Lo M(ujler) + 2, Lo M(uzle) +7 (8)
At the same time, the ratio between the individual assessments of the bank’s work can be a reflection of the ratio
of the results of the bank activity, that exist during consideration of such assessments. In particular, in this case
above, the correlation between the estimates of the effectiveness of the bank in terms of lending to various
business entities and the public in some way reflects the existing ratio in the volume of loans as a business entity,
and the public. In particular, in the case above, the correlation between the assessments of the effectiveness of
the banks’ work, in terms of providing a credit to various business entities and to people, in some way reflects the
existing ratio in the amount of credits given to business entities, and people. This statement follows from equation

(3), considering that value & can be represented as a function which depends on the amount of credits in
accordance with equations (4) and (5).

Conclusion

Thus, some of the features and possibilities of the analysis of the effectiveness of the banks’ work based on
stochastic frontiers research were considered in this paper. These features and possibilities provide more
objective results. The selected features of the application of the method of investigation of stochastic frontiers of
the analyses of the efficiency of banks are considered by other authors. But it should be emphasized that, we
have focused on the account of such features in terms of the comparative analysis of the evaluation of banks’
work. Allocation of such direction in the analysis of the effectiveness of the banks’ work is chosen due to the fact,
that features of stochastic frontiers method appear precisely within the comparison. At the same time, mutual
consideration of several stochastic frontiers for the comparative analysis of the banks can be considered as a
new perspective of application and development of stochastic frontiers method in the practice of economic
analysis. It is important to find the correlation between the technical and allocative efficiency. It allows us to
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consider the overall economic efficiency of the researched events, processes and objects at a different level of
understanding of individual kinds of efficiency. he questions of formalizing relations between the assessments of
the efficiency of different banks from the point of their various activity directions aren’t less important. This
formalizing allows not only to extend the appropriate analysis, but also refines it. It helps to uncover and to take
into consideration the correlation of stochastic frontiers.
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PECULIARITIES OF LINKED DATA PROCESSING IN SEMANTIC APPLICATIONS

Sergey Shcherbak, llona Galushka, Sergey Soloshich, Valeriy Zavgorodniy

Abstract: Nowadays linked data popularity increases along with information description in the form of RDF-
triplets. Efficient implementation of users’ interaction with these kinds of data requires studying communication
procedures with triple stores. One of the main difficulties, that are currently unsolved, is the complexity of dynamic
querying procedures. We try to deal with this issue by creating query patterns and decreasing query complexity.
A unified search interface is developed, which enables visual querying the triple stores implemented through
OpenLink Virtuoso universal server. Visual queries are automatically converted into SPARQL query language,
which is used for accessing the triple stores. After the query is executed, a user gets the desired context with
triplets according to constraints for predicates and objects. Also the formal model is developed, which
mathematically describes linked data based on partially defined object schemas. Existing search model for
distributed environments is improved. The developed practical implementation for medical institution is under
stage of manufacturing application.

Keywords: linked data, RDF data management, query pattern, triple store, semantic application.

ACM Classification Keywords: E.2 DATA STORAGE REPRESENTATIONS (Linked representations),
1.2.4 Knowledge Representation Formalisms and Methods (Representation languages)

Introduction

The development of linked data standards (like “RDF Primer”, “RDF/XML Syntax Specification” “SPARQL
Protocol for RDF”, “SPARQL Query Language for RDF” and other W3C standards) and their support by
authoritative software development companies determine trends of evolution for the global network as a huge
data and knowledge storage, which provides means for accessing structured data through specialized search
interfaces [Ma, 2009]. Linked data are defined using Resource Description Framework (RDF) [Bizer, 2007]. This
definition takes place in a form of triplets (subject — predicate — object) or quads (named graph - subject —
predicate — object). For simplicity we shall use the term “triplet” to define triplets as well as quads, if it does not
lead to contradictions.

RDF model assumes distributed storage of objects along with their schemas (if such schemas exist) on different
web-servers. Such servers include integrated or external triple stores. SPARQL (recursive acronym for SPARQL
Protocol and RDF Query Language) is used for accessing triple stores. If we draw analogy with relational
database, SPARQL is alike to SQL in a way [DuCharme, 2011]. To use such a language of querying effectively,
one should possess some special knowledge and skills. It neither encourages SPARQL popularization, nor
increases triple store expansion.

Our goal is to increase the efficiency of search based on triple stores by means of decrease in complexity of
SPARQL dynamic querying and due to implementation of query patterns for further search interface
development. On our way fo it, we analyze current approaches and possibilities of linked data in the context of
search, modern user interface development techniques for linked data storages. In the next sections,
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formalization of linked data and search procedures are provided, architecture and unified search interface based
on SPARQL are described.

Search interfaces for triple stores

Linked data search is characterized by determination of objects that belong to some application domain. In case
of using such an approach, the content of documents is presented as a collection of objects grouped together by
certain context [Allemang, 2009]. To determine object context we shall use a term “graph” that belongs to a quad.
Information search assumes identification of named graph triplets and context identification that match user
specific criterions or restrictions.

Implementation patterns should be designed for efficient search implementation and friendly user interfaces
[Beck, 2008]. The patterns should provide visual querying to named graphs of triple stores without requiring any
knowledge or skills in SPARQL from users. Fig. 1 shows architecture of a typical application on triple stores and
SPARQL [Kalfoglou, 2009].

HTMLICSS
SPARQL User Interface Global Network
KMLISON
Server
Web-server Application Triple Store

PDOICDBC

Figure 1. Architecture of a typical application with a triple store

User's query on SPARQL is transmitted from web-application (with front end on HTML and CSS) to the triple
store, where queries are processed using interfaces PDO and ODBC. Processing results are sent back to users
in XML or JSON format. SPARQL queries are traditionally written by users. This requires some specialized
knowledge about SPARQL and structure of objects residing in triple store. One of applications, that realize such a
functionality, is ISQL web-interface from OpenLink used in Dbpedia. This application possesses universal data
accessing techniques, and it is characterized by operation stability.

Let take a look at the proposed solution which defines user interaction with triple stores through SPARQL (see
fig. 2). A user gains access to named graphs of triple store through visual SPARQL query builder. It gives an
opportunity to achieve information about graph topology automatically. This information includes predicates and
object data types. It can be used to create search request through determination of user restrictions (filters) on
data returned from a triple store.

Denote user restrictions as a set of rules with conditions for objects returned from a triple store. Object type
defines semantics of implemented comparison operation, i.e. the way query builder reacts on operation signs.
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The following basic operations can be used to return objects: “=" (equality), “>" (more), and “<” (less). Equality
sign for integer (xsd: integer) objects and float (xsd: float) objects, as well as equality sign for string objects (xsd:
string), means that the analyzed objects are equal. Signs “>" and “<” for integer and float objects have their
direct meaning also, whereas “>" and “ < ” signs for string objects mean that one object is a substring of another.

Graphs
SPARQL
query builder Predicates o
Data Types
User Restrictions
\ Operations

e

Figure 2. Schema of visual querying to triple stores

Consequently, a user may create rules to return content from a named graph of triple store. Typical SPARQL
query to triple stores can be created automatically according to obtained rules. Practical aspects of such querying
are observed in a section, and in the next section a formal presentation of triplets and linked data is given.

Formal model of linked data on partially defined schemas

Linked data can be presented in a following way:

t=<g,s,p,0>, (1)
where t is a triplet, g —named graph, s — subject, p — predicate, and 0 - object.

A collection of structures ¢, defined by formula (1), we denote as a triple store:

T={t}i=(n), (2)
where t; is the i -th triplet and n — the number of triplets in a store.

Context information is needed to be assumed for search operation. The context is considered to be identical for
all t; with the same g . The following formula can be used to define context:

G={g;},j=01m), (3)
where G is a set of all contexts from the store, g, — j -th context of triple store, and m — number of contexts

from the store.
Associate each context with the collection of tree elements (< s, p, 0 >) from formula (1). Consequently, the
context can be defined as follows:
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VgeG: g=<S,P,0 >, (4)
where S is a set of subjects, P —a set of predicates, O - a set of objects.
An object can be defined as follows:

VoeO: o=<T,L V>, (5)
where T —data type, L —language of presentation, V' - value.
Assuming linked data peculiarities (namely optionality to define schemas, data types, languages used for object
value presentation), we consider object elements optional, and object schema (according to formula (5)) is
considered as partially defined by formulas (1)-(4).
To implement search tasks on G, we shall modify formula (4) by adding new element F for a function set.
These functions may be performed on sets of context elements G .

vgeG: g=<S,P,0,F >, (6)

Practical aspects of function set implementation on SPARQL are described below. If it does not lead to
contradictions, terms “context” and “named graph” are further used as synonyms.

Practical aspects of search interface implementation

Typical application with a triple store (showed in fig. 1) and visual querying (showed in fig. 2) assume several
actions to be performed on SPARQL for dynamic return of named graph topology. Such actions include: returning
a list of named graphs from a triple store, returning a list of named graph predicates from a triple store, returning
predicate data type. These SPARQL queries may be more complicated, for instance queries that return some
named graph or group, which name equals (or partially corresponds) to a predefined criterion. Language tags can
also be used as user restrictions. In this case, a filter can be set to return objects from a graph in Russian.
Several restrictions can be used simultaneously to search for an object [DuCharme, 2011].

The proposed example of user interface is interesting as ontology integration on the user interface layer is quite a
novel field of research [Paulheim, 2011]. Fig. 3 shows search interface for the queries mentioned above. It is
implemented on PHP and tested on OpenLink Virtuoso server. OpenLink Virtuoso is chosen as a triple store,
reasoner, RDF generator and SPARQL endpoint. It supports direct mapping and many programming languages,
including C, C++, Python, PHP, Java, Javascript, C#, ActionScript, Tcl, Perl, Ruby, Obj-C [Segaran, 2009, Hitzler,
2009].

The proposed search interface provides users with additional information that can ease query building and
decrease time required for it. Query building procedure reduces to selection of named graphs (which are
interesting for users) and setting restrictions on predicates. Search results are grouped according to the subject in
a tabular style. Consequently, data are presented at a clients’ front end in a friendly way, and users may know
nothing about SPARQL query existence.

Although RDF language gives an opportunity to create graph structures of arbitrary level of complexity [Powers,
2003], there are several restrictions for communication with a triple store through ODBC (Open Database
Connectivity). Data in a triple store are structured according to object-oriented principles, i.e. named graph is a
container (class) for a set of objects belonging to it. The objects are uniquely identified by a triplet subject. This
restriction provides more possibilities for software developers that use relational databases. If we do not take
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these restrictions into account, the proposed method will work, but data generation sense will be changed. To
consider object restrictions, named graphs based on typical SPARQL queries are proposed to be created.

ttp://shcherbak net/grantname [

Figure 3. User interface with search results in a tabular style

Conclusion

The proposed architecture and example of visual SPARQL querying implementation is oriented on fast input of
queries to data stores and search quality perfection. It permits searching in conditions of partially defined object
schemas. Linked data model is offered for partially defined schemas. Search model for distributed environments
with partially defined schemas is extended. Technological recommendations are suggested for implementation of
user interfaces to triple stores with their automatic generation. After a query is executed, a user obtains context
with triplets that match to restrictions on predicates and objects set by this user.

Practical implementation is performed on PHP and tested on multi-model data server OpenLink Virtuoso. This
server is selected because of several reasons. First of all, it is cross-platform and can be used for relational data
management as well as RDF and XML data management, free text content management and full text indexing.
Secondly, it supports lots of programming languages and semantic web technologies, and thirdly, it is available
for free and commercial use. The proposed models and technologies are highly efficient in a sense of enterprise
market appeal from the point of basic principles suggested in [Wood, 2010]. They are also interesting from the
point of modern effective solutions for semantic applications.
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KEY FRAME PARTITION MATCHING FOR VIDEO SUMMARIZATION

Olena Mikhnova, Nataliia Vlasenko

Abstract: Summarization of video content is a complex task that requires feature selection and frame matching.
To extract meaningful frames, named key frames, we have proposed partitioning of frames with Voronoi diagrams
for further region matching throughout the video sequence. A unique partition metric has been used that takes
into account color and textural, structural and geometric properties of Voronoi regions. Feature set designed for
CBIR and CBVR has been analysed. The reasonable feature selection and incorporation into frame matching
process has permitted to obtain competitive results. All these actions have allowed revealing significant changes
in content while omitting slight deflections and repeats. Key frame extraction procedure has been described in
detail. The proposed method has been checked on different test samples and compared with existing methods for
precision and recall.

Keywords: key frame extraction, generator point detection, Voronoi diagram, partition metric, feature set.

ACM Classification Keywords: 1.2.10 Vision and Scene Understanding (Video analysis), 1.4.6 Segmentation
(Edge and feature detection)

Introduction

Multimedia utilization has greatly increased during the last decade, the amount of digital libraries had grown to
enormous sizes and users started requiring instruments to deal with these data. Video is the most informative
type of multimedia, as it consists of audio and graphical information simultaneously. Moreover, this information
dynamically changes in time, which is one of the main difficulties for processing and analysis. Video
summarization is among video recognition tasks that still lacks in performance and accuracy of computational
procedures [Sonka, 2007].

Video summarization techniques are engaged in archiving, browsing and searching, cataloging and indexing, as
well as improvement of information overload. It aids in maintenance of usability and accessibility to stored videos.
Summarization may be of two types: static and dynamic. The last one is usually called skimming. The product of
video summarization is a set of meaningful static images that depict video content, while the product of skimming
is a shortened video [Laganiére, 2008]. The subject of our research is the first type of summarization, static key
frames.

The origin of video summarization and skimming comes from movie editing, when a film director decides which
frames should be cut off. The relation of initial material to the resultant is usually not bigger than 20:1 [Rubin,
2005]. There are many movie editing techniques, but not a single rule of doing so. Acceptance of some frames
and omission of others is a point of individual, cultural, or even political taste of an editor [Goldman, 2007].
American film director and scenario writer, John Huston stated that video editing should omit identical frames, as
human brain recognizes graphical information by ignoring objects that have already been seen [Ward, 2008].

To address the issues mentioned above, video summarization has been attracting more research and
development efforts in recent years. Despite of variety of already released methods for video summarization, the
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main problem they face is the gap between information retrieved from video and semantic description required for
efficient summarization [Laganiére, 2008]. Another great challenge is that frames are obtained under different
exposure, lighting conditions, aperture, focus and focal length of camera. That is why several kinds of features
should be considered at the same time to obtain complete description and find similar frames. To create short
and simultaneously comprehensive overview of a video, meaningful visual features are described in section one,
and similarity measures for frame partitions are provided in section two. Experimental results are given in the third
section, and the last section presents our conclusions.

Feature Set for Frame Partitioning

Spatio-temporal features are usually calculated for salient points [Laganiere, 2008], local areas (detected objects
or regions of interest) [German, 2005], or the whole frame [Lin, 2013]. In order to find significant features, we
should look for parameters picked out by humans for visual information interpretation. Color, texture and context
features are three main components used by people for video understanding. These parameters are not
considered separately from each other, as they are closely related [Haralick, 1973].

Color features are traditionally analyzed with histograms that depict frequency of occurrence of one or another
color tone in the region of interest. Sometimes only one color channel with the most significant changes is taken
for analysis, sometimes an average, maximum or minimum value from a local range of a histogram is used. Color
features are often considered in a form of intensity which is the simplest way of image color presentation. It is
computed as an average from red r, green g and blue b component of an image with RGB color scheme

[Bezdek, 2005].
intensity =

(1)

Comparison of histograms H, and H, can be obtained from their intersection or by calculus of correlation

r+g+b
—

C(H,,H,) between them, where ,, and x, are average values for H, and H, respectively [Lin, 2013]. The
higher correlation is, the more alike two histograms are.

Z(H1 o )(Hz —,le)
1=H2)= . 2
\/Z(Hl_;ul)z\/Z(Hz_;uz)z ( )

Textural features contain information about spatial distribution of changes in color tone for the whole image or its
local part. In order to characterize texture, one may use any of 28 textural features proposed in [Haralick, 1973].
Though, it is important to note that they highly correlate with each other. Despite these features were proposed in
1973, many contemporary scientists turn towards them [Schonfeld, 2010]. Very often statistic degree of
randomness, called entropy, is chosen for texture analysis.

C(H

From the point of video analysis, entropy describes spatial relations between brightness of frame pixel pairs,
where p(i,j) is an element of normalized matrix that describes spatial distribution of color tones in a frame (or

local region) [Haralick, 1973].
E=—Zzp(i=f)|092(P(i,f))- (3)

High entropy indicates large scatter of pixel values, while low entropy says about pixel homogeneity (and details
consequently). Thus, entropy shows how much details consist in a local region, for which entropy value has been
calculated [German, 2005]. This hypothesis can be easily proved by taking the same image with different
resolution. The higher resolution is, the more details are visualized and the higher entropy value is (though such
entropy changes are not that significant for an image with the same content). Along with the mentioned above
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methods for texture analysis, there are methods based on auto-regression, Markov chains, mathematical
morphology, fractals, wavelets, etc. [Sonka, 2007].

Such features as brightness, estimation of object borders, area, shape (using geometric matching), absolute and
relative location, density and speed of motion, trajectory and many others are often used. Motion density and
speed are usually estimated by optical flow [Schonfeld, 2010]. Though, by application of optical flow we bulk
significantly the computational procedure compared with any other feature set. Trajectories of object motion are
calculated with the help of differential images which may not account direction of motion. To save information
about motion direction, cumulative differential image should be used. Such kind of images also enables to save
some other temporal properties of motion, motion of huge objects and slow motion [Sonka, 2007]. Another
interesting approach consists in analysis of structural features. Object shape is flooded with water-filling
algorithm, filling time and shape length are considered [Zhou, 2001].

Great success has been achieved during the past years at the level of image understanding. Despite this, many
questions remain undecided in context analysis, and researchers continue working on this field [Sonka, 2007].
Contextual features are referred to high level features, they include information from graphical data blocks around
the area of interest. Such image description assumes model development for each recognized object,
identification of regions with potential object samples.

High level description can be performed with low level features, assuming their absolute or relative spatial
location on images, or by application of artificial intelligence methods for their processing (such as fuzzy
production rules, heuristics, cluster analysis, neural nets, different filters, etc.) [Depalov, 2006; Zhang, 200;,
Schonfeld, 2010]. Examples of 44 systems, where such an approach is realized, are given at [Veltkamp, 2001].
Dominant colors, histogram analysis of separate regions and the whole frames, histogram correlation, coherent
color vectors, mean colors are used as color features here. Border pixel statistics, local binary patterns, random
field, elementary textural features, wavelet analysis and Fourier transformation are used as textural features in
CBIR systems. Ellipses and bounding boxes, Fourier descriptors, elastic models, different curves and patterns
are often used to define shape features.

Another approach to high level description lies in assignment of textual labels for different image classes by
construction of semantic nets based on thesaurus. Textual label correspondence to the particular image class is
defined by users who train a system. Such recognition algorithms search for similarity inside semantic networks
and consider integrated visual features [Carneiro, 2007; Divakaran, 2009].

Although, due to inability of full-scale recognition implementation (similar to human mental activity), it is used to
speak about mid level features that link semantic description with low level features [Boureau, 2010, Schonfeld,
2010]. For the purpose of frame partitioning we consider traditional color, textural and spatial features, taking into
account relative location of regions and their regional properties, which give us a chance to obtain meaningful
segments and extract key frames in future.

Matching of Frame Partitions

Frame partitioning is proposed to be performed with Voronoi diagrams. This method has been chosen because of
several reasons. First of all, frame partitioning into real objects is not reasonable because of their tremendous
changes in time. For now it is impossible to process all of them efficiently at the same time. And their changes
may cause fault detection and object mess. Secondly, this partition technique requires less computational
resources than real object segmentation and much less than motion analysis. And thirdly, Voronoi diagrams have
not been used yet for the purpose of video summarization, thus, we want to develop a novel method and check
its efficiency by comparing with existing ones.
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Voronoi diagrams were first mentioned by R. Descartes in 1644. Later, in 1850, they were declared by
P.G.L. Dirichlet, and further named after Russian mathematician G.F. Voronoi [Okabe, 2000]. To give formal
definition of a Voronoi tessellation, let us denote D=[a,b]x[c,d], a,b,c,d = const as a field of view. Let

{0, p,,...., p,} be a finite set of generator points selected by Harris method that takes into account pixel

intensity and relative location of regions. (Harris method [Sonka, 2007] has been chosen as one of the most
frequently used with good performance and relative simplicity.) Voronoi diagram is a field of view partition

V ={v(p,)ND,v(p,)ND,...,v(p,) N D} into convex polygons, s.t.

v(p)={zeR* :d(z,p,)<d(z p;) Vi # j} @)
where d(e,°) is a planar Euclidean metric [Okabe, 2000].

To define a key frame, let B,(z), z=(x,y)e D be the k -th frame from video sequence @ (here and
subsequently k =1,2,...,K is a discrete time). If 1</ < j<K and B/(z),B;(z)e® then we shall use

notation S,(i,j)=[B,(z), B;(2)], I =1,2,..., i,jeL,, XL, =K forascene thatis a set of sequential frames
obtained after temporal segmentation into meaningful segments, s.t. VI S,(i,j)= < , ®=U,,S,(i,]) ,

VI 1" S,(i,j)NS,.(i,j) =< . Forafixed /, define a key frame as an image B;(z) € S, (i, j) with property

r=argmin., (3, ..P(B,(2).B,(2)) (5)

where p(o,0) is a metric. After all the key frames are extracted, we obtain the set {B,(z)} of key frames for
video stream @ . In other words, we extract a frame (or several) per scene, and each key frame extracted is the
most representative one for its scene (or subscene).

Incorporation of matching procedure has not been done yet for Voronoi tessellations, except by Yukio Sadahiro
[Sadahiro, 2011]. He introduced different methods of visual and quantitative analysis, including *, Kappa index
and their extensions, area and perimeter of tessellations, their variance and standard deviation, spatial mean of
their gravity centers, etc. His idea was to implement granularity density measure and hierarchy relationships
(overlay, partial overlay and inclusion) to compare different Japanese administrative region division systems,
though the areal methods are quite ambiguous for video processing application, as objects may be shot at
different zoom. Different objects in images may possess the same area. Thus, video objects cannot be traced
with properties primarily based on area. In our case different attributes are needed to be considered. For our
purposes we used spatial, textural and color features which are among the main attributes used for CBIR and
CBVR.

To match frame partitions, consider two frames B'(z), B"(z) with generator points {p', p’,,..., p",} and
", p",, ..., p",} respectively, then spatial dissimilarity of frames can be approximately represented by
partition metric p,(V', V") [Mashtalir, 2006]

p,(V', V") =3 > card(v(p',)Av(p")) card(v(p’) Nv(p"))) (6)
i=1 j=1
where v(p')Av(p";)=(v(p’)\v(p",)U(v(p";)\v(p")) is symmetric difference that counts the number
of elements on which v(p';) and v(p";) differ [Yianilos, 1991].

The above distance measure shows how two diagrams match each other in terms of regions. To take into
account color and textural features, let us define two more metrics, p,(B'(z), B"(z)) and p,(B'(z), B"(z))
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respectively which are defined in common regions of partitions. By measuring similarity in color and texture we
observe changes between Voronoi regions of two frames being analyzed. Squared Euclidean distance has been
used to incorporate more weight for distant color objects. Manhattan distance has been chosen for textural
similarity measurement, as entropy values are calculated for the whole regions and they are presented by a
single float value per region, while similarity in color is taken from each pixel present in both frames.

0. (B2 B @)=Y 33 ooty B0 Y, ) =B v,V

=l j=1 Xq Yy,

(7)

B}
3

0,(B'(2), B"(2) =" s oy |[ECV(R' ) - E(v(p"))] -

i=1 j=1
where B'(x,,y, ) is intensity value for pixels in a region (v(p’;)Nv(p";), and E(v(p",)) is entropy value in
aregion v(p').

Thus, we have got non-normalized estimates. For this reason we offer to normalize formulas (6) and (7) to obtain
values ranging from 0 to 1. Conversion of the above metrics to bounded forms assumes application of a
function, named range compander [Yianilos, 1991], s.t. its combination with a metric still gives a metric which
satisfies non-negativity, reflexivity, symmetry and triangle inequality rules.

o o 1
P(B'2) B2 = ) ®

As non-negative linear combination of metrics is still a metric, we may propose the following resulting metric:

y=3
p(B'(z),B"(z)) = ap| + a,0y + a0y, D.a, =1, a, >0 )
y=1

where p(B'(z), B"(z)) shows similarity between frames, and a, shows the impact of each feature in use.

In order to extract frames with lowest level of proximity, we should compare consecutive frames pair-wise.
Tessellation matching algorithm for key frame selection is described below.

1. Determine homogeneity of video content. Calculate texture variance (dispersion of entropy) throughout the
video sequence, and set a threshold value according to the following rule:

1 | k=K | =K 2
1 HH [E(Bk(z))—Ekl E(Bk(z))j —>®
) | kK | kK 2
Threshold = 2 KO (E(Bk(z)) r E(B, (z))} —— ZE (B,(2)) (10)
3 | kK | =K 2
1 ﬁk I{E(B (Z))——k lE(Bk(Z))J -0

where E(B, (z)) is entropy for k -th video frame, K is a total number of frames in the video sequence.

A threshold value should be set according to video content. For videos with heterogeneous content and variety of
scenes (see fig. 2) this value should be less than % not to extract too much frames. On the contrast, for videos
with homogeneous content (see fig. 3) and small number of scenes (or even a single scene) this value should be

increased up to % to extract a bit more frames.
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2. Take the first (B, (z) ) and the second (B, ,,(z)) frames for comparison. Set k =1.

3. Frame matching. According to formula (9), compute p(B, (z), B,.,(z)) for two frames. If p(B, (), B,,,(z))

? k+1

is less than the predefined threshold value, then extract both frames B, (z) and B, ,,(z) as key frames B;(z)
and B;

r+1
4.Set B,(z)=B,.,(z), B,,,(z)=B,,,(z) and go to step 6.
5. Leave B,(z)=B,(z) andset B, ,(z)=B,.,(z).

6. Repeat step 3, until B,,,(z) <K .

(z) and go to step 4, otherwise extract only B, (z) as a key frame B;(z) and go to step 5.

7.Inter-scene key frame comparison. Thus, we have obtained a key frame per scene:
{B/(2)e S,(i,j)}...{B (z) € S,(i, j)} . Compare key frames pair-wise between scenes using frame matching
procedure, defined in step 3. Second identical key frame is to be deleted. Thus, the resulting key frame sequence
willbe {B/(2), ..., B/ (2)} .

Experimental Results

The proposed method has been tested on low resolution Trecvid video samples, several commercials of medium
resolution and self-made high definition videos. Key frames extracted from Chinese commercial about Mercedes
Benz C-Class automobile are shown in fig. 2. Examples of partitioning of frames (with homogeneous content and
high definition) using Voronoi diagrams are provided in fig. 3.

Test results have been compared with existing summarization techniques based on clustering, curve
simplification, and motion analysis. This comparison has shown good balance between high precision and recall
for the proposed procedure. The estimation has been performed by 10 respondents who knew nothing about the
name of frame extraction method they tested.

Figure 2. Key frames extracted from Chinese commercial



International Journal "Information Models and Analyses" Vol.2 / 2013, Number 2 151

Figure 3. Examples of frame partitioning using Voronoi diagrams

Conclusion

By analyzing the difficulties faced by researchers during video summarization, we have come to the conclusion
that the main problem lies in the gap between semantic content and low level frame presentation. To make an
attempt of overcoming this gap, we have proposed a new method of key frame extraction based on Voronoi
partitioning of frames, which assumes spatial features, color, texture, and relative location of regions.

The proposed method differs from existing ones in accuracy of results and computational uniqueness of matching
procedure. The accuracy of results is reached due to generalized procedure of region processing. Existing
algorithms reveal changes almost at each frame, though these changes may not be that important, while the
proposed method returns only key frames with significant changes in content. Shape changes are dramatic at
each frame, but Voronoi region is quite stable. It has been shown, that frames with identical content are
partitioned in a similar manner with Voronoi diagrams.

The proposed method takes into account video content homogeneity by setting the appropriate threshold value
before matching the frames. Key frames are compared with each other between video scenes, detected using the
technique proposed in [Bodyanskiy, 2012]. Duplicate key frames are removed with the second pass of the
algorithm.
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O MPUBIVMXEHHOM PELUEHUW 3A0AY BOCCTAHOBNEHUSA 3ABUCUMOCTEN C
NMOMOLLIbIO ANITOPUTMOB PACIMO3HABAHUA

Bnagumup PsizaHoB, AHTOH Lnyko

Abstract: [Mpednazaemcs nodxo0 K 80CCMAHOBMEHUIO 3asucuMocmeli, OCHOBaHHbIL Ha peweHuu 3aday
pacnosHagaHus (Kmaccugpukayuu ¢ yqumesnem). BbrucreHue 3HadeHus 3agucuMoll 8efuduHbl ceodumcs K
pacnosHagaHuK uHmepsana, Komopomy oHa npuHadnexum. 1o daHHbIM 06y4eHuUsi nocmasneHa 3adaqa noucka
onmumarssHo20 pa3bueHus obnacmu donycmuMbIx 3Ha4yeHul 3agucumoll 8enuYUHbl. 3adaya cghopmynupogaHa
8 gude OuckpemHoU onmumu3ayuoHHoU 3adayu. BblyucrieHue 3HadeHus onmumusupyemol yHkuuu mpebyem
peweHusi bonbwoeo yucna 0by4eHUs pacnO3HaBaHUK 8 PEeXUMe CKONMb3AWe20 KOHMpons. [ns HeckonbKux
modeneli pacno3HasaHus muna 8bI4UCTIEHUS OUEHOK Nosly4veHbl (hopmynbl bbicmpo2o nepeobyyeHusi npu
nepexode om 00HoU 3adayu pacno3HagaHusi k cocedHel. MMpusodsames pe3ynbmambi NPUMEHEHUS c030aHHOU
modenu U aneopumma 80CCMaHOBMEHUS 3HaYeHUs 3a8UCUMOU 8eNUYUHBI O PEWEHUs NpakmuUYeckux 3aday.

Keywords: eoccmaHogneHue 3agUCUMOCMU, Pe2peccusi, Knaccughukayus, anaopumm  pacno3HasaHus,
npeuedeHm, KyCoYHO-NOCMOSIHHAsS (DYHKUUS, NPU3HaK

BBeaeHue

MHorve 3agaum aHanmsa npeLeAeHTHbIX AaHHbIX YacTo 3a4aloTcs B Credylowem cTaHaapTHoM Bude. [laHa
Bbibopka {z,,X;},i=12,...,m , rae X, =(x,,X,,,...,X;, ) - NPU3HAKoBOe onucaHne obbekTa, z, € R ,
x; €M ; (M ;- N3BECTHOE MHOXECTBO OMYCTUMbIX 3HA4eHU MpusHaka Ne j). BekTop 3HadeHuit X, 3apaet
NCXOMHbIE XapaKTepUCTUKM 06beKTa, KOTOPble MOXHO BbIYUCAIUTL UK U3MepUTL. oaToMy Mbl Byaem HasbiBaTh
ero BEKTOPOM 3Ha4YeHW Hes3aBUCUMbIX napameTpos. [peanonaraercs, YTO BeNMYMHA z; , WU3BECTHas AnA

00bekToB 0byyatolen BblIGOPKM, SIBMSETCA CKPbITOA OT HabnpeHus rMaBHOM XapaKTEpUCTMKOM 0DbekTa,
KoTOpass MOXET ObiTb Bbl4MCNEHa MO BekTopy X, , T.e. z, = f(X,) . byaem ee HasbiBaThb 3aBUCUMOIL

BEnMuMHON. TpebyeTest ANs MPOU3BONBHOTO HOBOTO X = (X, X, ,..., X, ), X; € M ;, Bblmcuts z = f(x),

z € R | ycnonbays fanHble obyyatoLueit BbiBopku. B CTaTUCTUYECKO! NOCTAHOBKe [aHHas 3afaya M3BECTHA Kak
3ajava BOCCTAHOBMEHUS perpeccum - OYHKLUM YCIOBHOMO MaTeMaTUYECKOro OXUAaHus, npy NpeanornoXeHnn
CYLLECTBOBaHMSI YCMOBHOM MNOTHOCTM p(z|X) . B paHHO cTatbe He OymyT MChmonmb3oBaThCs Kakue-nnbo
BEPOSITHOCTHbIE MOAENN W NPEANONOXEHMS.

B HacToslee Bpems CywWecTBYIOT pasnuuHble MapaMeTpuyeckne 1 HenapameTpuyeckne noaxopbl K
BOCCTaHOBMEHMIO 3aBucuMocTe npn x, € R,i=1,2,...,n.

MNapameTpuyeckuin nogxoq [Lpeinep, Cmut, 2007] npegnonaraet Hanuume yHKUMOHANBHON 3aBMCUMOCTU OT

HEKOTOpbIX NapamMeTpoB  , npuyem B1a 3aBUCUMOCTU U3BECTEH:

n
e IMHeHas 3aBUCMMOCTb - f(M,X) = Za)jxj + o, ;
j=1
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e MONMUHOMMUANbHas 3aBUCUMOCTb CTEeneHu ¥ -
71 Vn n
— V4 Pn — .
f(o,x)= Z Z:a)plmpnx1 Lxlny= 27/1' ;
pn=0 p,=0 i=1

k
®  KPUBONMWHEHas 3aBUCUMOCTb - f(m,x):Za)‘/(é,(xl,...,xn)Jr @y , By -
j=1
npeobpasoBanns R" — R ;

n
2= 0.x, +0,.
=1

e MorucTUyeckas 3aBucumocTe: f(@,X) = ———,
1+ exp(—2z)

B HenapameTpuyeckoM nogxode [Xapane, 1993] xapaktepuctuka Z gna X onpedensietcs  Kak

ia)i (x)z;

z=2L e a)i(x):K(/)(X—’XJ

h

m

S o)

LLInpoko 13BECTHbI METOAbI perpeccun ocHOBaHHbIE Ha onopHbIx Bektopax [Collobert, Bengio, 2001], koTopble
MOTyT paccMaTpuBaTbCA Kak PasHOBWMOHOCTb KPUBOMWHEWHbIX perpeccuid. B pabote [Jing-Rung Yu, Gwo-
Hshiung Tzeng, Han-Lin Li 2001] 6bin npeanoxeH obwiuin MeTog NOCTPOEHUS HEYETKOW KyCOYHON perpeccuu,
roe TOuKM pasbueHus Ons 3HAYEHWA 3aBUCUMON BEMMYWHBI BbIYUCIAKOTCH OAHOBPEMEHHO Kak peLueHus
CMeLLaHHOM 3aia4v MaTeMaTyeckoro nporpamMmmupoBanms. CyLecTsytoT u apyrue 6nmskie no cyTv noaxogl.

j, i=12,..,m, K -agepHas (yHKUuS, h . LUMPUHA OKHa.

OTMETUM IMaBHble OrpaHUYeHUst AaHHbIX NoaxoaoB. [apameTpuyeckue noaxoabl TPEOYIOT anpuOPHOTO 3HAHUS
aHanMTMYecKoro Buaa yHKUMA. Hannuve pasHOTUMHBIX NPU3HAKOB (BELLECTBEHHBIX, HOMUHAMbBHBIX, BUHAPHBIX,
NOPSIAKOBLIX, U T.N.) TpEOYeT NpUBNEYEHNS AONONHUTENbHLIX CPEACTB ONUCAHWUS OOBEKTOB B €4MHON LuKane.
HenapameTpuyeckue MeTOAbI LUMPOKO UCMONb3YHT YacTOTHbIE OLEHKM, OYHKLMM PacCTOSHWA, YTO MOXET ObliTh
BeCbMa NPUBIIKEHHBIM U NPAKTUYECKU 3aTpyaHUTENbHBIM ANs BbIGOPOK Manoi AnnHbl, Npu BonbLWOoM yucne
HEe3aBMCUMbIX MapPaMeTPOB, Pa3NUYHON UX MHPOPMATUBHOCTM W PA3HOTUMHOCTM, MPWU HANMWUYMM  LLYMOBBIX
MPW3HAKOB.

B HacTosei cTaTbe NpeanaraeTcs NoAXoMd, He UCNONb3YHLWMIA anpuUopHble BEPOSITHOCTHbIE NPEANONOXEHNS U
OCHOBaHHbI Ha TeopWUW pacno3HaBaHWs (Knaccudukauum ¢ yuutenem). 3afava peluaetcs CregytoLum

[a,b] a= min z;, b= max z,
obpasom. Kaxpoe pasbuenne otpeska -7, =2eem o i=L2em 3 KOHEYHOE YUCTIO OTPE3KOB

nopoxaaeT HEKOTOPYyH 3afady pacno3HaBaHWA MO npeuedeHtam U onpenendaeTca 3Ha4eHuAMU HEKOTOPOro
BEKTOpa napameTpoB y C KOHEYHbIM YMCMOM BO3MOXHbIX 3HaueHun. [Ans CTaHﬂapTHOIZ 3afayn pacno3HaBaHnA

no npevepentam Z(Y) pewaetcs sanava 0bYy4eHUs 1 HaXOAWTCS anropuTM KraccucukaLmm A(Y), Ka4yecTBO

KOTOPOro oLeHWBaeTCs (hyHKLME F(A(Y)) B pexume ckonb3silero koHTpons (leave-one-out procedure).

HaxoXaeHue OMTUMANBHOTO Yucna Touek pasbueHnsi v camux Todex coputest B mukmmusauun £ (A(Y) ¢
KaXabIM KMacCcoM CBSI3bIBAETCS HEKOTOPOE 3HAYEHWe 3aBMCUMOW BEMUYMHbI, OLEHWBaeMoe No 06bekTam
o0byyeHns aHHOro knacca (BbIOOpPOYHOE CpedHee, cpeaHee OT napbl Touek, W T.4.). Bblumcnenve yHKumm
F(A(y)) B pexume cKomb3siLLEro KOHTpoONs TpebyeT MHOrokpaTHoro obyyeHust ans cocepHux 3agad. [ns

HEKOTOPbIX anropuTMOB TWMA BbIYMCIIEHUS OLEHOK MOMyyeHbl 3dekTUBHbIe opMynbl nepeobyyeHuns
anropuTMOB MpK nepexode OT OAHOW CTaHAApPTHOWM 3adays pacno3HaBaHWs K cocedHen el. BbluucneHwe
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3HaYeHWst 3aBWCMMOW BEMWYMHLI Ans HEKOTOpOoro X CBOAMTCA K pacrno3HaBaHUIO Knacca obbekTa
OTHOCWTENbHO HANAEHHOro ONTUMANLHOMO pa36MeHMﬂ.

[anee, 6e3 orpaHnyeHnst obLIHOCTK, Byaem cuMTaTh, YTO 3HAYEHUA z, Pa3nuyHbl, @ 06bEKTb 0ByvatoLLei

BbIGOPKM YNOPSAA0UEHbI NO BO3PACTaHMIO 3HaueHn z,, 1.e. z, <z,,,i =1,2,...m —1.

i+1°

MocTaHOBKa 3aAa4n BOCCTAHOBMEHNSA 3aBUCMMOCTEN B KNacce KyCOYHO-NOCTOSAHHbIX (hyHKLMNA

Myctb  duKcupoBaH HEKOTOPbIN BeKTOp Y =(V,se0sViy) V<Y, <<y,
z, <y, <z, H,i=L2,.,0-1, y,<y,,i=L2,.,[-2, y, e{zj | j=12,..,m} . Habop y
onpegenset pa3bueHune BeLLECTBEHHOW ocy Ha / MHOXECTB

I, =(=0,y, 1,1, =y, Y, ]ss I, =(¥,,,+©) 1 pa3duenne MHOXeCTBa AOMYCTUMBbIX MPU3HAKOBBIX

onucatmii obbekTo Ha / knaccoB K, ={x:z=f(x)el,},j=12,..,]. MHoxectea K ; 3apatotcs B

Buge K, ={x,:z,€l,,i=12,..,m},j=12,..,1.

MycTb (DUKCUPOBAH HEKOTOPBLIN anropuTM Knaccudukaumm A° OTHOCUTENBHO KIAccoB K,,j= L2,...,1,

3afjaHHbIX BEKTOPOM Y . Yepes Ziy 0603HaYMM anropuTM pacrnosHaBaHWsi, COOTBETCTBYIOLMIA BEKTOPY Y ,

nocne ypaneHns u3 obydatowieit Bbibopkn obbekta X, . Onpegenum yHkumio f (X‘Ay) cneayowmm
v, +2)/2, x—25K,,

obpasow: f(X|A")=1(y, +¥,,)/2, x—LK,, j=23..1-1, (1)

(z, +y,.)/2, x—25K,,

ecn 00beKT X OTHeceH anroputMom A¥ B HekoTopblii knacc. [aHHbI pes3ynbTaT knaccudukauum Oynem
obo3Havatb kak A'(x)=j. CooteetcTBeHHO, A (X,) = j Oyner obo3HayaTb pesymnbTaT pacnosHaBaHus

(Homep knacca) anroputMom A, obbekTa X, .

Bynem ncnonb3osatk 0603HaueHe |1t| = |{zi iz, el,}

,t=12,.1.

PaccmoTpuM crieaytoLLyto ONTUMKU3ALMOHHYIO 3aaauy.

z, —f(xi‘Ziy)‘+lZZ: >

i=l 2;1y;<2;<yip

F(yi, Yy Vi) = D,

2125

z,<y, <z L, i=12,..,01-1, y, <y, i=12,..,1-2, |11|Z3,

z, —f(xi\Zf)‘+ D

21115

1|22,t=23,.1. (2)

Orpatndenns Ha |1,|=|{z, 1z, €, },t=1.2,..] , cBA3aHbl C BANOM (hyHKUMM (1), MOCKOMbKY 3HaueHMe
3aBMCUMOI BENNYMHBI BbIYMCNISIETCS NO ABYM TOYKaM BbIOOPKM, 1 NPOLeaYPON CKOMb3SALLETO KOHTPONS.
OnTumarbHoe peweHne y,,y,,..., ¥, ; ¥ Onpefensaer Touki pa3bueHnss 3HaYeHUn 3aBUCUMON BENMUMHBI 1
ONTUManbHY CTaHOAPTHYIO 3a4ady pacno3HaBaHus.

Mocne HaxoXaeHus OnTUMarbHbIX 3HAYEHWA ¥, V,,..., ¥, , BbIYUCNEHUE 3HAYEHUIA 3aBUCMMON BEMNYNHBI

ocyulecTenaeTca cnegyrownm o6pa30M.

z, — f(x,.\Zf)‘ — min,
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1. PelwaeTcs 3agaya knaccudukalm obbekta x anroputmom AY .
2. Bblucnewne z= f(x)=f (X‘Ay) nposoauTcs no copmyne (1).

OTMETMM, YTO NPV BbIYUCTIEHNM NO (hopMyrie (1) 3HAYEHWS! 3aBUCUMOI BENUUYMHBI Mbl UCTOMNb30BaNK cpeaHee no
rPaHWYHbIM TOYKaM. 3aech MOryT ObiTh MCMOMNb30BaHbI U Apyrie Crnocolbl ee OLeHkN (BbIGOPOYHOE cpeaHee no
knaccy, MeamnaHa, 1 T.M.). Mpy knaccudmkaumm X Mbl CYMTAEM, YTO Pe3ynbTaT «OTKa3 OT KraccudukaLumy He
cywectyeT. B pgaHHOM noaxope MoxeT ObiTb MCMOMb30BaHa MPOM3BONbHAs MOAEMb Pacno3HaBaHMs.

OcHoBHas  BbluMCTIMTENbHAsA Mpobnema 3decb CBf3aHa C Bbluucrenvem F(y,,V,,...,», ;) B pexume

CKONb3ALLEro KOHTpONs, koraa Tpebyetcs GbicTpoe nepeobyyeHne anroputMa Npu UCKIKYEHUM HEKOTOPOro
obbekta 13 obyvatowen BblGopku. [aHHoe nepeobyyeHne ocylecTBRseTcs BbICTPO B HEKOTOPbIX MOAENsX
pacnosHaBaHWs TWNa BbIYMCNEHWS OuUeHOK. [anee Mbl paccMOTpuM OOLyl Cxemy ONTUMM3aLMM 1
ncnonb3yemble anropuTMbl pacrodHaBaHns. OTMETUM, YTO BbluMCrSeMas B UTOre (yHKLNS SBNSIETCH KYCOYHO-
NOCTOSIHHOM.

Anroputm noncka onTUManbHOW KyCOYHO-NOCTOAHHOW (hyHKLMM NO 0byyatrowen BbiIbopke

Paccmotpum 3agavy (2), rae dyHkumst f(X) (M COOTBETCTBYHOLMIA anropuT™M pacrnosHaBaHus A ), 3apatoTcs
TEKyLMMM 3HaYEHNAMU NApamMeTpoB 'y, ¥, ,..., ¥,_; - OBbEKTbI 0BY4EHNs ynopsaoUeHsbl N0 BO3PaCcTaHnio z, 1

umeeT Mecto y, =z, . PaccmarpuBanach cxema IoKanbHOM OMTUMU3ALMN F (11, ;s ¥,y) - TOUKK

y :(yl*,y;,...,y;_l), y; €fz, ,Z, 4}, y,* =y, ,t#j,j=12,.,1—1, HasoBem coceaHnmu ans

Y= (P15 Vs ¥,y ) - Haunras ¢ nponssonsHoro ponyctumoro y @ = (y(2, p{, ..y} ocywectensem

npocMoTp Bcex He Bonee yem 2(/ —1) cocegHux AONYCTUMBIX (T.e. YLOBNETBOPSIOLMX OrpaHUYeHusM (2))

Todek. OB03HauM 4epes y = (3, V..., V,;) TPOU3BOMbHYIO COCEAHIOD AOMYCTUMYK TOuKy ANA

yO =, p,..,»%) . B kadyectse ToukM MuHumyma F(¥,,V,,....V,,) B okpectHoctn y”

npuHMMaeM  nponssonbHylo cocepriol gonyctumyio  Touky Yy =(p ", y{",.., ™M), ana kotopoi

F(3"oyy s VS F (Yo yin) 0 FOL 03 s v < FO”, 03 s 12

OcyujecTarsieTcss nepexos B Touky y'" 1 mpouecc noBTopseTcs. ANrOpUTM NOKambHOW OMTUMM3ALMM
3akaHuMBaeT pabory Ha ware t , ecnu BbINOMHSIETCS ycriosue
F(yi ™,y oy Y F(yy, Yy v,.,) Bn8 Beex cocepHux Bektopy (¥, yp{™ . ")
[ONYCTAMbIX  TOYeK (Vy, Vaserr ¥, ) . KOHEUHOCTb TOKANbHOI ONTAMM3ALMN CRIEAYET M3 KOHEYHOCTY
[ONYCTUMBIX 3HAYEHWA F (1), Y, ¥,y ) . OTMETUM, UTO amnropuTM AMHAMMYECKOrO MPOrpaMMUPOBAHIS

[Muxanesuy, 1965] B 30ecb He NPUMEHWUM, NOCKOMBKY CriaraeMble B (2) 3aBUCAT HE TOMBKO OT 3HAYEHW OHOro-
ABYX NEpPeMEeHHbIX ;.

Moaudukaums anroputma Bolumcnenuns oueHok (ABO). BocctaHoBneHue 3aBucuMocTen ¢
“cnonb3oBaHMem mogenu pacnosHaBanus ABO.

Onuwem npuHUMN paboTbl anroputMOB BbluMCTeHMs oueHok [Kypasnes, Hukucbopos, 1971]. B Bbiwe
npuBeAeHHbIX 0B03Havermnsx z,,z € {1,2,...,1} . TlycTb HekoTopoe MHOXeCTBO X AOMYCTUMbIX OBBLEKTOB X
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!
nveeT BUg X:UK].,KV NK, =0, v#pu. [ana obyyaowas soibopka {z,,X,,t=1,2,....,m}, rae

j=1

z,=j,ecm x, €K, . [ing npocTotbl cuuaem, 4to x =(x,,x,,...,x,) € R", a obyaiowas Bbibopka
CofepxuT npeacTasuTenedt Bcex kmacco. OGosHauum K = {x, :x, ekK,,i= 1,2,...m} . Nyctb

(ukcuposaHa cuctema onopHbix MHoxects Q , ={Q} , Q c {l,2,...,n} anroputva 4 . OnopHoe
MHOXecTBO () 3afaeT HEKOTOpoe MOAMHOXECTBO MpW3HakoB. Bnu3ocTb pacnosHaBaemoro obbekTa X K
HEKOTOPOMY 0BBLEKTY 0ByueHnst X, Mo ONOpHOMY MHOXECTBY €2 omnpefensieTcs kak
1 |xl. —xﬁ|Sgi,‘v’ieQ,

BQ(X7X1) = ’
0, HHaYe.

(3)

B [Kypasnes, Hukudpopos, 1971] npucyTcTBYIOT uuCnoBble napametpbl &,,i=12,...,n , 3anasaemble

2 m
nonb3oBaTenem unn BblYUCNAEMbIE KaK, Hanpumep, &, =———— Z X i —xﬂi‘ . ﬂﬂﬂ obbekta X
m(m - 1) a,f=1,a<p

BblunCnsieTcs oueHka I (x) 3aknacc K;,j= 1,2,....1:

—_

T,(x) === >, > Ba(x.x,). (4)

‘Kj xiekj QeQ)

Ouerka I',(x) xapaktepuayeT aBpuCTMueCKylo cTeneHb GnusocTn ofbekta x Kk knaccy K, . [lanee
MPYMeHsIETCS peluatoLLee Npasuio B NPOCTPaHCTBE OLieHOK: 0GbEKT X oTHocuTCS anroputMoM A B knace K,
ecm I, (x) > I, (x), Vi # j . B npoTuBHOM cnyyae BbIGOp Kriacca MPOVCXOANT U3 KITACCoB C MakCMarbHbIMM
oLieHkamu cnyyaitHo. OBbI4HO MCMONb3YHOT B KAYECTBE CUCTEMbI OMOPHBIX MHOXeCTB €2, = {(): |Q| =k}, roe

0<k<n, k- uenoe, nubo € , ecTb cucTema Bcex NOAMHOXeCTB MHoxecTea {1,2,...,n} . Mapametp k

SIBNAETCS BHELIHWM, Mbl UCNONb30BaNn k = [%} B [Kypasnes, Hukudopos, 1971] nokasaHo, YTo Npu nepeom

D (4 —1). 3pecs

x;eK;

1 1
cnocoGe Bbibopa I, (X) = — ZCf,(x,xl) , @Bo BTOpoM cnyyae I (x) =——
‘K Xk, ‘K ;

j
d(x,xi):‘{j:‘xj —x,|< gj,j=1,2,...,n}‘.
B HacToswen paboTe ucnonb3oBanach cregyowas mogudmkaumus yHkuuu 6amnsoctn (3) u dopmynel (4).

Mycte X,,X, € K, Toraa onpegenum gyHkumto 6mmsoctm B, (X, X, X ;) 0BbekTa X k nape X, Xy, U
ero oteHky I';(x) 3aknacc K'; cneytoLuMm1 BbipakeHUsMM.

I, (x,; <x, Sx5)Vv(x,<x,<x,),VieQ,

B, (X ,X,X,)=
a(Xg:X,X) 0, uHaue.

~ 2 ~
L) = R& D ZKﬁ (QEZQABQ (X0 %X ,)) )
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MOXHO noKa3aTb, YTO 30€Cb Takke CrpaBeAnuBbl aHanoryHble adeKTUBHbIE OPMyNbl AN BbIYMCIIEHNS
OLIEHOK:

_; g r = ; d(Xg.XXp)
) l ‘[ZJMEJ‘ B 1) er’x/f§’“<ﬂCd(xa’x’Xﬁ) | Fj (X) ‘IZJ ‘(‘[ZJ‘ a 1) x,,,X/iezE./,(oiﬂ /j 1) e

I (x
d(X,,X,Xz)= ‘{j H(xy, Sx,Sx5) V(X Sx,<xy,), )= 1,2,...,n}‘ . Tocne BbluMCNEHNS OLIEHOK
[, (x), j=12,...,1, ncnonbayercsi npusefieHHoe paHee peluaioLiee npasuno. OTMETUM, YTO B JaHHOM Crlyyae
He 1cnonb3yeTcs MeTpuka B R 1 napameTpbl &,,i = 1,2,..., . Tpu3Haku MoryT 6biTb NOPSAKOBLIMA.

HacToswwumin anroput™ He COAEPKUT NapameTpoB, TPEOYIOLLMX HACTPONKK NpK 0BYyYEHNN.

0O603Hauum m; = ‘K/

,j=12,..., . PaccmoTpum 3apadvy ontummsaumu (2), korga B kayecTBe 6a30BoOM
MOZENM pacno3HaBaHus UCMoNb3yeTcs MOANMULMPOBaHHAsA MOAENb BbIYUCIIEHNS OLIEHOK.
Mpu peleHun 3apaum ontummsaumv (2) oueHku I', (X) nerko nepecynTbiBaAIOTC B PEXUME CKOMb3ALLEro

KOHTpOMA.

1
ayB

)
MXmxm

[leACTBMTENbHO, BLIMMCIIUM MaTpULbI, D' :HD

. D), =C! D’ =D}

d(Xg.X,.Xg) ayf

mxmxm

d(x,x,. N
D}, =2 MeXrXo) _ 1 TlycTb X, - NPOU3BOMbHbIA 0GBLEKT BbIGOPKM, UMEETCA Tekyliee padbueHne Ha

~ 2 |
knaccel  K,,K,,..K, un x,ekK, . Torna I,(x,)= ZDM ,
t ' (mi - 1)(m1 _2) a<pfa,p#t t
xa,xﬂe[(‘.,
= 2 o,
rx)=——— ZDOM,] #1i . 3gecb he{l,2} v ana npocToTbl 3annUCKU Mbl €r0 OMyckaem
m‘j(mj _1) a<p: <
X4,Xp€K;,

fanee B BblpaXeHUsX Fj(x[). PaccmoTpum nepecyeT OLeHOK Fj(x[),jzl,Z,...,l , Npn nepecyeTe

(hyHKUMOHANa B coceaHen TOUYKe MPOM3BONBHOIO Luara anroputMa onTumusauuu. Mpu 3TOM rpaHuLa Mexay
HEKOTOPOIA Napoli KNaccoB MeHSIeTCs B pesynbTaTe MepeHoca HEeKOTOporo OfbekTa X M3 OfHOrO Knacca B

£

coceaHmii  kmacc. OBosHaumm  «Hoeble» Kknaccel K, ,K,,..,K, , a oueHk ana X, uepes
-, ‘

B (x,) /= 12,0

BO3MOXHbI CrieayHoLLye YeTbIpe BapuaHTa:

1. K, =K, Uix_},x, ek, u#i,
K, =K, \{x.},
K, =K, j#iu.

2. K, =K, \{x,},
K =K, uix,},

K=K, j#uv, uv#i.



International Journal "Information Models and Analyses" Vol.2 / 2013, Number 2

159

3. K =K, \{x_},r#t,
K, =K, uix},
K =K, j#iu.

4. K, =K, \{x,},
K,=K, o{x},
K =K, j#iu.

Toraa oLeHku f/ (x,),j=12,...,1 , nepecunTbiBalOTCS CreayoLLM 06pa3om:

2 (mi — 1)(mi — 2)

1. T'(x)= T (x)+ D" |,
l( t) mi(mi —1) 2 l( t) a:a; “
x,€K;,
X, €K, ,u#i
~ -1
ru (Xl): 2 mu(mu )ru (Xl)_ ZD;T ,
(mu - 1)(mu _2) 2 ax, ek,
x, €K, ,u#i
I(x,)=T,(x,),j#iu.
~ -1~
2. T,(x,)= 2 uBGr )Fu x)= 2D |,
(mu _1)(mu _2) 2’ a:x(kEKU,'
~ -1~
P (x,)=—2 m, (m, )rv (x)+ SDL uv=i,
(mv +1)mv 2 ax, ek,
X, ek, ,u#i
I(x,)=L,(x,),j#u,v.
~s -1 =)~
s )=t S s |
(mi _2)(7”[ -3) 2 ax,ek;,
X, eK; t#t
~ 2 m (m, —1)~ p
I'(x)= - - I (x)+ D ,
«(X,) (o +ym, 5 . (X)) a%w
X eK; t#t
F‘;(Xt)zr“/ (Xt)’jii’u
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-, A
'(x,)= 2 m, (m, )ru(x,)+ > D, buzi,
(m, +1)m, 2 a<p
Xq.Xg€K,,

T(x)=T,(x,), j#iu.

Takum 00pa3om, BbluMCrieHME DYHKUMOHaNa B COCedHel Touke OOWero anroputMa  OnTUMU3aLmm
ocyLiecTBnseTcs apdekTUBHO.

BoccTaHoBneHWe 3aBUCUMOCTEN C UCMONb30OBaHWEM MOAENM pacno3HaBaHus, OCHOBaHHOM Ha
ronocoBaHMn no cucteMam JsIOrM4ecKux 33K0H0MepHOCTel7I KnaccoB

AnropuTMbl  pacno3HaBaHusl, OCHOBaHHble Ha [OMOCOBAHWMM MO CUCTEMAM JIOTMMECKMX 3aKOHOMEPHOCTEN
knaccoe, onucaHbl B [PsisaHoB, 2007; Koewos, Moucees, PssaHos, 2008] u pabotatot cneaytowmm o6pasom.

PaccmaTpuBaeTcsi MHOXECTBO — 3NeMEHTapHbIX MpeaukaToB, 3aBUCAWMX OT  YMCMOBbIX NapameTpoB
2

l<x<e?
Loejsxsc; > Nyets Q < {1,2,...,n}.

1 2 . . clLe?
¢;Cij=12,,n P77 (x)=
' 0, HMHa4e

Onpepenenne [PsizaHoB, 2007] . [peaukat poee (x)=&ch/’c” (X;) Ha3blBagTCA JIOTMYECKON

jeQ
3akoHomepHocTbio (N13) knacca K ,, A =1,2,...,1, ecrm
1. 3x, ek, L PR (x,)=1,
2. 3x, €K, u=12,,LLu#A: P™(x,)=0,
cb(PQ’CI’cz (x)) = extr. (D(PQ"CI*’CZ* (X)), roe @- KpUTEpWin kKa4ecTsa npeaukara.

(P ()

Bymem pJanee wcrionb3oBaTh CTaHOAPTHbI  kputepuit [ kauectBa knacca K ,, A =12,...,1:

F(P™ " (x)=l{x.:x. ek, ,P*(x)=1,i=12
( (x))=|{x; :x, € K, (x;,)=Li=12,...,m}| n nonsiTns aksuBaneHTHbIx 13

(MPUHMMAIOLLMX PaBHbIE 3HAYeHUs Ha oObekTax obyyalowlen BbiGOpKkM) 1 uHTepBanos N (PQ’CI’c2 (x)) n3
| 1.2 1.2 12
P (x). Nyers X(P™ )= {x, € K, : P* (x,) =1} . bygew vassiears P (X)

PQO,C3,C4 (X)

MWHUManbHOW, ecnu He  CyllecTByeT e okeuBaneHTHas J13 . [OAS KOTOPOA
Q. et Q¢ e
NP (x)) = N(P (x)) . Ecnn P (X) ABNSETCA MuHUManbHoW J13 knacca, TO
1 Le? 12
Q: {1)23-.-,’1})0; :IIltln{XU :Xt EX(PQ’C ,C )}’ Cjz :m;ax{xtj :Xt EX(PQ,C ,C )}

[ns MuHUManbHbIx J13 BBEAEM NOHSATUS TPAHUYHOrO 0GBEKTA N MHOXECTBA rpaHn4HbIX 06bekToB. Mockomnbky
fanee mogenu pacnosHaBaHusi GyayT OCHOBaHbl Ha HaXOXLEHUA W MCMOMb30BaHWM MUHMMAnbHbIX 13, B

0603HayeHusix J13 mbl Bymem onyckaTb CUMBON Q.
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1.2
. c.c
Onpepenexne. OOBLEKT X, Ha3blBaETCA rPaHNYHbIM - ANS  MUHUMAnNbHOA 113 P (X) ,  €ecnm
1.2 1 2
c.,C _ s
P (Xt) =1 u on sengetcs rpaHiuHbiM - ana MHoxectBa N (P (X)) . MHOXECTBO rpaHnyHbIX
01,02 cle?
obbextos obyyerns N3 P°° (X) 6Gygem obosxavate G(PC (X)) . MHOKECTBO HerpaHuuHbIX

1.2
(BHYTPEHHMX) 06bekToB n3 pee (X) Oyoem obosHavatb

L(P (x)) = X(P (X)) \ G(P** (x)).

Myctb P, = {ij”’c (x)} — MHoxectso 13 knacca K .

]
Boiumcnum ouetouHylo marpuuy |||, cneayiouum obpasom: ¥ (i, /) = Y g/ (X ), rae

r=1

r c r r2 r 3
g (x,)= exp(—Z(xjk —,ul.k)2 1264 ), My =( max x, + min x,)/2,
k=1

x;eL(p) - x;€L(F,)

Sy =(max x, — min x,)/2, ecm L(F) # D yg"(x,)=0 8npotusHom cryyae.
xjel(R) N xerp) Y

Bynem oTHocuTb 06bekT 0BydeHns X, K HekoTopoMy knaccy K ; Mo cnepytouiemy npasuny:
1. Ecm 3P e P, P (X,)=1,X, — BHyTPeHHUA OGbekT ans N(Pcl’cz (x)) , 70
A(x)=;
2. Ecrm ‘v’Pi““’“ﬂ eP, :Pl.cu’czi (x,)=Lx, € G(P* (x)), 10 Z[y (x,) =arg jg%?’.)ilV(]',t).

B crydae, ecnn makcumym yHkumm V' (j,¢) DOCTUraeTcs Ha HECKOMbKUX 3HadeHusiX j , To 6epeM U3 Hux
NPOM3BOIILHOE.
Ona peweHns 3agaun ontummu3aumn (2) npegnaraeTcs Cregyowuin anroputM NpubnMKeHHOro nepecyeTa

mHoxectea N13 P/, j =1../, a Takke matpuupi ||V|| 1o, TIPY PACCMOTPEHUN COCEAHEN TOUKW MPOM3BONBHOTO
Lara anropuTmMa onTyMU3aLmy.

3aduKkcnpyem HEKOTOpOE 3HayeHWe BEKTopa Yy W pacCMOTPUM COCEAHME ANS HEro TOYKM Mo KOOpAnHaTe . .

* * * * . yj = y/ 9 ] * i,
y =(y1’y2"">y1_1)- * ’ ..
Y, £y, J=L

Be3 orpaHunyeHuss obwHocTn Byaem cunTath, YTO yf < y,. B 1akom crnyyae Hekotopblit 06bEKT X, € K,

SRS

nepeiineT 13 ofHoro knacca B apyroit, T.e. K =K ., j#i,i+1, K] =K, \{x,}, K, =K,
0O6o3Ha4um Yepes P;, j=12,..,0,n ||V|| . Habop J13 1 OuUEeHOYHYI0 MaTpuLy, COOTBETCTBYHOLWME Knaccam
K[ ,K;,...,K; . Miorme N3 w 3HadueHuss wmatpuubl He wamensiotcs: P. =P, j#ii+1 |

V'(,O)=V(j,0),j#ii+1,t=12,.,m.
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Cll,CZi
OG03HaUMM MHOXECTBO OOBLEKTOB O0BYy4eHWsl, NS KOTOPbIX le. (Xt)=1 uepes X (P jl«) . Ong

BbIYNCTIEHNS «MIPUBTIKEHNI» P;, j=12,...01,n HV B PEXUME CKOMb3ALLEro KOHTPONs npeanaraetcs

Ixm

cneayioLLuit anropuTm.

MoouepeaHo Byaem nepebupatb Bee J13 le. MHOXeCTBa P;, J=12,....1, v ynanatb 06bekT X, U3 Kaxaon

N3. Ecrm le- (X,) =0 rorga le. (X,) = le- (X,) . Ecnm Pji(X,) =1, rorpa paccmoTpum 3 cnyvas:
1. X, aBnseTcs eQMHCTBEHHbIM 0OBEKTOM Ha OfHOM M3 rpaHuy, J13.

Torna X(P;.) = X(Pji)\{xt} . Tepecuntaem N3 P;-c”c’ (X)=ij”6’ (xX) |, rme

~1 . ~2
c. = mmn x _,c., = max x ., ag=12.....n.
e x,€X(P};) qor e X, €X(P;) “ T

MepecunTbiBaem L(P;. (X)) vcxons 13 «HoBoIY J13 P; (x), V' (i,t)=V(i,t) - gi(x,)+ g;’(xt).
2. Ecnm ans Hekotopon 13 P;; umeet mecto X, € X(P;), T0 pasdusaem X*(Pﬁ) Ha [Ba MHOXeCTBa

no ycnoguam X, > X, 0 X, < X, , COOTBETCTBEHHO.

3. Ecru X(le.) nocne yganenus obbekta X; Hemb3s pasbutb Ha [ABa, TO paccmaTpuBaem

rnocneaoBaTtesibHO BCe 00bEKThI X(Pﬂ) . Ecrin paccmatpuBaemblil 06BEKT yxe NpUHaLNEXUT Kakom-

10 gpyron J13 knacca, To MHoxectBa J13 He meHstoTcs. Ecnn paccmatpuBaemblii 0ObekT  (Mnu

P.

jl> TO nNblTaémcA

HECKOMbKO) He NpuHaZnexaT HWKakoMy W3 Lpyrux X(Pj,- )i=12,.,
pacLMpuTL BCE X(le.) 3a CYeT BKIIOYEHNs 3Toro obbekTa. Ecnin 0GbekT He MOXET ObiTb BKIOYUTL

H/ B OOHO U3 paHee UMELLMXCH MHOXECTB X(PJ,) TO CTpoMM Ha obbekTe Hoyto J13. Takum
obpasom, BvMecTo MHOXecTB I3 P, j =1,2,...,/, BblYMCNISIEM HOBbIE MHOXECTBA P;,j: L2,...,1[.

CooTBETCTBEHHO, Bbluncrsiem ¥~ (i,1) .

Takum oBpasom, Ans anropuTMa rofnocoBaHNs No NOTMYECKMM 3aKOHOMEPHOCTSIM BblUMCTIeHMe (DYHKLMOHaNa B
cocefHen Touke OOLLEro anroputMa ONMTUMM3aLMM Takke OCYLLECTBNSETCS S(PQEKTUBHO C MOMOLLBH
«yMPOLLEHHOrO» NPUBIMKEHHOrO NepecyeTa MHOXecTB J13.

Pe3yanaTb| paGOTbI MOAVI(*)VILIMPOB&HHOFO ajroputMma Bbl4UCIieHUA OLEHOK Ha NPaKTU4eCKUX
AaHHbIX

PesynbTatbl paboTbl MOAW(ULMPOBAHHOTO anropuTMa BbIYMCIEHUSI OLEHOK CPaBHWBANUCb C anropuTMOM
NIMHENHOM W KBaApPATUYHOW Perpeccumn, perpeccMoHHoro GUHapHOMO AepeBa NPUHATUS PELLEHUI U ABYXCAOMHOM
HEePOHHOI CETU Ha pearbHbIX JAaHHbIX.
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B kauyecTBe peanbHbIX AaHHbIX paccMatpuBanach 3agada “Relative CPU Performance Data” [Phillip Ein-Dor,
Jacob Feldmesser, 1987] (nporHosupoBaHue NPOW3BOAMTENBHOCTM npoueccopos). Obyvarowas Bbibopka
coctonT 13 209 06bekToB, 8 NPU3HAKOB, M3 KOTOPbIX 2 NPU3HAKa B IKCNEPUMEHTE HE UCMONb30BaNUCh (HasBaHue
Npou3BOAUTENS npoLeccopa U Mogenb npoueccopa). Takum 06pa3oM, MCMONb30BanMCh 6 LENOYMCNEHHbIX
MPU3HAKOB CO CrieayoLMMI XapaKTepUCTUKaMu:

MuHumanbHoe MakcumanbHoe CpeaHee
HaseaHue npusHaka
3HayeHune 3HaveHue 3HayeHue
MalurHHOe BpeMs Lukna 17 1500 203.8
MuHMManbHas namsaTb 64 32000 2868.0
MakcumanbHas namaTb 64 64000 11796.1
K3LW-namsaTb 0 256 25.2
MWHMManbHOe YMCno KaHanos B 0 5 47
npoueccope
MakcumarnbsHoe YnMcno kaHanos B 0 176 182
npoueccope
Hmwke Ha pucyHkax 1-2 nokasaHbl pesynbTaTel paboThl anroputMOB Ha obyyatoweir  Bblbopke.

MoanhuLMpOBaHHbIA anropuTM BbIYUCIIEHNS OLEHOK JaeT Haunyuwwii pesynbTar npu uucne Knaccos =64
(pesynbTaT nokasaH Ha pucyHkax 1 v 2). Ha pucyHkax 3-4 nokasaHbl pesynbTaThl paboThl anropuTMOB B pexume
cKonb3siLiero koHTpons leave-one-out (LOO).
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CYMMaprIe 3HaYeHnA KBaApaTM‘-IHOVI OWnGKM anropuTMoB no Bcem 0b6BbeKTam

Owwbka Owwnbka Owwbka Owwbka Owwbka
MoandmkaLmm NMHENHON KBagpaTUYHOW | PErpeccMOHHOro HEPOHHOM
ABO perpeccum perpeccuu Jepesa cet
Hacoyaioweh | o5 erns6 | 76232689 | 22031775 304 987,35 20 827,23
BbIOOpKe
B pexume
CKOMb3SALLEro 534 275,125 1081745973 | 3092 982,792 1047 395,129 | 819 349,2052
pontpons LOO

[pyn cKoMnb3sLLEM KOHTPOrE MOAMMULIMPOBAHHbIN anropuTM BbIYMCNEHUS OLIEHOK NoKa3an MeHbluee CyMMapHoe
3HaYeHWe KBadpaTUYHOM OLUMOKM, YeM anropuTMbl NMHEMHOM U KBAAPATUYHOW PETpPEcCUi, PErpeccMOHHOro
JepeBsa 1 ABYXCNONHON HEMPOHHOM CETM.

3akniouyeHue

MpeLcTaBnseTCs BaXHbIM OTMETUTD CReAytoLLMe AeTanm HACcTOSLLEero NoAXoaa.
1. AnropuTMbl BOCCTAHOBMEHWS pPErpeccu paccMaTpuBanuCb [N Cryyast YMCrOBbIX MPU3HAKOB,
X, €R,i=12,..,n . Jlerko BAAETb, 4YTO NPU NOCTPOEHUN KYCOYHO-NOCTOSHHBIX PErpeccuin Mo

obyyarowym BbIGopKkaM npusHaky MOryT BbITb PA3HOTUMHBIMU: YUCTIOBBIMMW, GUHAPHBLIMY, MOPSAKOBLIMU.
lMpennoxeHHas Mofenb BOCCTAHOBIEHWSI PErpeccu OCHOBaHA Ha MCMOMb30BaHUKM MoAMUKaLMK
MOZJENM BbIYMCNEHUS OLEHOK, KOoTOpas He TpebyeT Hanuums MEeTPUKW B MPU3HAKOBOM NPOCTPAHCTBE.

2. B Havane paboTbl 0TMeYeHbI HEKOTOpbIE 0BLUMe Cryyau, Korga Knaccuyeckne MeToabl BOCCTaHOBNEHNS
perpeccuin nrnoxo npumeHuMbl. 3aech crnefyeT [06aBuTb Cryyau, KOTAa 3HAYEHUs 3aBUCUMONA
BENWYMHLI NpEeLCTaBneHbl BECbMa HEPaBHOMEPHO, UMK OHA SIBMSIETCS (haKTUYECKM A -3HAYHOIA
BENNYMHON C BONMbLUMM 3HAYeHNEM k . [ins 3apay pacnosHaBaHust Haubonee NpeanoyTUTENEH Cryyail
C MUHUMATbHBIM YMCMOM KMaccoB 2, 0C06eHHO npu OMKCMPOBaHHOM AnnHE BbiGopkW. Takum obpasom,
OXMAAeTCs, YTO MOZenb NOCTPOEHUS KyCOYHO-NOCTOSHHBIX perpeccuit ByaeT nonesHa npu peLleHnm
MHOTOYMCIIEHHBIX «NOXMX» 3afay, HeydoOHbIX Kak Ans CTaH4APTHBIX PErPECCUOHHBIX NOAXOM0B, Tak 1
Ons 3afdadv pacnosHaBaHusl. B fgaHHbIX cnyyasx «nnoxas» 3afjava perpeccuu CBOAWTCS K 3apade
pacno3HaBaHus ¢ ONTUMAsbHbIM BbIGOPOM K .

B Momenu NOCTPOEHU KYCOYHO-MOCTOSHHbIX perpeccuit Mbl monaramu, uto f(x)=(a, +a; )/2 ,

j=L12,..1,a,=a, a, =b. 3aecb KOHEYHO BO3MOXHbI 1 Bonee TouHble Crocobbl HenapameTpUHECKoro
OLEeHWBaHUA (yHKUMA. peacTaBnseTcs NepcrnekTUBHLIM WX BbIYMCMEHWE, COrMacoBaHHOE C BbIYMCIEHWEM
yHKUmMA 6nm3ocTn (8), UM MCNOMb3oBaHWEe MOAENM Pacno3HaBaHUs, OCHOBAHHOW HA rofoCOBaHUM MO
CMUCTEMaM NOrn4ecKkux 3akoOHOMEpHOCTeN knaccos [Ps3aHos, 2007].

3. TlocTpoeHne  KYCOYHO-KBAZAPaTUYHbIX,  KYCOYHO-MOSIMHOMMAmNbHLIX, UM T.N.  (DYHKUMA  MOXET
OCYLLECTBNATLCA aHaNorM4YHO NOCTPOEHMIO KYCOYHO-MMHENHBIX (YHKLIMA.
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NOrNKO-NMHrBUCTUYECKAA MOJENDb U3BNIEYEHUA ®AKTOB U3
CNABOCTPYKTYPUPOBAHHOWN TEKCTOBOMN UHOOPMALIMU

Huna XanpoBa, Hatanbsa LapoHoBa

AHHomayusi:  OOHUM U3  NepcnekmusHbIX  HanpaeneHull  UHGOPMAUUOHHO20 noucka  siensiemcs
akmoepacpuyeckuli nouck U paspabomka hakmozapacpuyeckux 6a3 OaHHbiX. Cywecmeyoujue ce200Hs
modenu u aneopummbl hakmozpaghuyeckoeo noucka 8 c8oem O0MbWUHCMBE HanpaeneHbl Ha U3/eYeHue
hakmog U3 Xopowo hopmasnu3o8aHHoOU UHGhopMayUL, 8 MOM YUCIE U3 XOPOWO hopmasnu3osaHHOL mekcmogoli
uHopmayuu. B pabome npednazaemcss molenb U38neYeHUss ¢hakmoepaghudeckoll UHbopmauuu U3
OuHamu4yecku  MeHsowuxca  cnabohopManu3ogaHHbIX  MEKCMOBbIX  NOMOKO8, HE  O2PaHUYEHHbIX
onpedenerHbiMU npedmemHbiMu obracmamu. s u3enedeHuss HeKomopozao hakma ucnonb3yemcs wabsoH
«aeeHm-npedukam-3HadyeHue», omobpaxatouuli OMHOWeEHUs, (HOpMasbHO BblpaxaeMble CeMaHMUYeCKUMU
nadexamu  napmuyunaHmos  npelnoxeHus. B npednazaemol  noeuko-nuHegucmuyeckol — modesnu
CEMaHMUYEeCKUe PONuU  UMEHHbIX epynn 0npedensiomesi OMHOWEHUEM YEmKO BbIOENEeHHbIX MHOXEecms
MOPCONI02UYECKUX, CUHMAKCUYECKUX U CEeMaHMUYEeCKU Kameeopul, onuchbieaeMbiM C Nnomowbio 6a308020
annapama aneebpbl KOHeYHbIX npedukamos. B pabome paccmompeHa peanusauusi 0anHol modenu Ons
usgneyeHus hakmoepagpudeckoll uHgopmayuu o 0ame, mecme pox0eHus U pode dessmenbHOCMU nepcoHanuu
U3 PyCCKOSI3bIMHBIX Craboghopman3ogaHHbIX — meKecmos. OKcnepumeHmarsnbHasi nhposepka npozpaMMHOU
umnieMeHmauuu Modesniu nokasarna npasunnbHOCMb 8bi0eeHuUs hakma npumepHo 8 94,3% crydyaes.

Knioueebie cnoea: akmoepagpuyeckuli nouck, cnabogopmanu3osaHHas mekcmosas UHopmayus,
NUHe8UCMUYecKuli npoyeccop, anzebpa KOHe4YHbIX Npedukamos.

ACM Classification Keywords: H.3.3 .Information Search and Retrieval

BBeaeHue

OpHum 3 rnasHbIX npunoxenun Natural Language Processing (NLP) aBnsieTcs MHEOPMALMOHHBIA MOUCK,
KnaccuuuymMpyemMblii No pesynbTatam Bblgauu Ha AOKYMEHTanbHbIA MOWCK — MPOLECC Moucka LOKyMeHTa B
MaccyBax MepBUYHBIX UMM BTOPUYHBIX [OKYMEHTOB, W (hakTorpachyeckuin nomck — npoLecc noucka gaktos,
oTBevaloWMX MHAOPMaLMOHHOMY 3anpocy. ®akT npeacTaBnseT cobon 3HaHWe B (hopMe YTBEPXKOEHMS,
[0CTOBEPHOCTL KOTOPOro CTporo yctaHoBneHa [bapaxHuH, 1980]. Ha npaktuke, B cchepe MHDOPMaLMOHHBIX
TEXHOMOMMi, chakTorpacnyeckylo MHMOpPMaLMI0 O0ObIYHO TPAKTYKT HECKONMbKO WHAYe — Kak KOHKPETHbIE
CBEAEHMUS UK JaHHble He3aBUCUMO OT TOT0, ABMSKOTCS NU OHU (haKTUYECKUMM U NPOrHO3MPyeMbIMU. [NaBHoe,
YTO 9TU CBeAEHWs COOBLLAT O KakoW-TO MpeAMeTHOM obnacti, a He O LOKYMEHTaX, MOCBALIEHHble 3TOW
obnactu.

B cBoto ovepeab akTorpadnyeckyto MHPOPMaLMI0 MOXHO Pa3fenuTb Ha XOPOLLO CTPYKTYPUPOBAHHYIO U NIIOX0
CTPYKTYpUpOBaHHyl0. K XOpOLWO CTPYKTYpUpOBaHHbIM CBefeHusM (Tak HasblBaeMas napameTpuyeckas
WHOpMaLWS) OTHOCATCS, MPexae BCEro, CBEAEHWS KONMYECTBEHHOrO XapakTepa, a Tak Xe KayeCTBEHHble
CBEAEHMS, UMEIOLME XOPOLLO PerfnaMeHTUpOBaHHYy0 dopMy. K NfoxXo CTpyKTypupoBaHHOW (hakTorpadmyeckon
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WHOpMaLMN OTHOCATCS CBELEHMS, NMPEACTaBNEHHbIE PA3NNYHbIMW HEepernameHTUPOBaAHHBLIMW CHOBECHLIMM
KOHCTPYKLMSMU, NPEACTaBNEHHbIMY Ha eCTECTBEHHOM fA3blke [Baeza-Yates, 1999).

AnropuTMbl  hakTorpacyeckoro aHanusa 3aBUCAT, B CBOK O4epedb, OT CTereHu CTPYKTYpUpOBAHHOCTM
KOHKpeTHoro aokymeHTta [MlaHgs, 2009]. Mo cTeneHW CTPYKTYPUPOBAHHOCTU [AaHHble [OOKYMEHTa MOXHO
pasgenuTb, nogobHo obuiei knaccudmkauum cteneHn dopmanu3aumy Hgopmaumm, Ha TabnuyHble JaHHbIE,
oTobpaxeHHble B BMAE (haKTOB; MacCyBbl OLHOPOAHBIX CabOCTPYKTYPUPOBAHHBIX TEKCTOBbLIX [OKYMEHTOB,
00blY4HO  OMnMUCbIBalOWMEe  KOHKPETHYIO — MpeaMeTHyl  obnactb, W [JOKYMEHTbl  NPOW3BOJSIBHOTO
cnaboCTpyKTYpMPOBaHHOIO TUNa.

AKTyaﬂ bHOCTb UccrnegoBaHUA

Bonbluoe BNMsiHME Ha pa3paboTky METOAOB U MOZENe u3BneyYeHuns aktTorpadmyeckon MHgopMaLmn okasana
cepust koHdepeHumn Message Understanding Conferences, MUC, npoxogusias ¢ 1987 r. no 1997 r. npu
nopaepxke AmepukaHckoro areHtctBa DARPA  (Defense Advanced Research Projects Agency), u
cnocobceTByoWas ynopsiouMBaHMI0 MHGOpPMaLM no cuctemam akTorpadmyeckoro noucka. Ho Tombko B
NOCNeaHNe HECKOMbKO NeT CTanu NOSBNSTHCA peasibHble CUCTEMbl, BKMIOYAOLLME SNEMEHTbI Takoro popa
noucka. Hanpumep, npakTM4eckn eauHCTBeHHas Ha Tepputopun CHI, Haxogswiasics B TECTOBOM pexume,
poccuiickas  MouckoBas cuctema nigma.ru. [NaBHbIM  PECypcoM  W3BMEYEHUS  KOTOPOW,  SBMSKTCS
cnabocTpykTypupoBaHHas wikipedia.org, kak camas Gonbluas 6a3a TEKCTOB CXOQHOW CTPYKTypbl. CucTeMmbl
ask.com n answers.com TaK xe SBAAOTCA cucTeMami hakTorpamyeckoro noucka, BbINMOMHSIOWME MOUCK B
JOKYMEHTaX, a B kKa4ecTBe 0TBETA Ha 6onee obLme BONPOCHI, NCNONb3YHLWME CChikK HA pecypc wikipedia.org.

AHanus nokasbiBaeT, YTO OCHOBHbIE YCUNUS pa3paboTumkoB hakTorpadnyeckux MHHOPMaLMOHHO-NOUCKOBBIX
cucteM (OUMMC) HanpaBneHbl Ha XOPOLLO CTPYKTYPUPOBaHHbIE (aKTbl, M3BMEYEHWUE KOTOPLIX, C OOHOW CTOPOHI,
nerye aBTOMATM3MPOBaTb, @ C APYroM, K 3TOMY TWMy OTHOCUTCS MOYTK BCSI NPOW3BOLCTBEHHO-OKOHOMMYECKas
WH(OpMaLWs, LMpKynupytoLas B cdepe MaTtepuanbHOro Npou3BOACTBA U ynpasneHus. Takum obpasom, ans
WN3BneYeHns hakToB, NPEACTABMNEHHBLIX B TaOMMYHbLIX AAHHLIX U B MacCuBax OLHOPOAHOW CTPYKTYPUPOBAHHOM
TEKCTOBOM WH(OPMaLMK CyLLECTBYIOT JOCTATOYHO HALEXHble anroputMbl. 3agaya Xe U3BneveHus akTos U3
NPOU3BOMbHbIX TEKCTOB ECTECTBEHHOMO fi3blka 4O CYX NOP HE UMEET CKONbKo-HMOYab obLero pelwenus [Baeza-
Yates, 1999], [MManga, 2009].

Mpobnema cospaHus GUMNC, paboTatowwmx co cnabohopman13oBaHHON TEKCTOBOW MHGOPMaLIiA, eLle aaneka
OT nofmHoro pewenus. OguH W3 CyLECTBYOWMX MOAXOAOB M3BNEYEHUst (DaKTOB W3 NOJOGHBLIX TEKCTOB
3aKIT0YaEeTCA B UCNOMb30BaHMM OHTOMOMIA UK Te3aypycoB NpeamMeTHOM 061acTi, KOTopble U ONpeaensioT, 4To
gBnseTcs (hakToM, B pamkax AaHHOM OHTOMorMM. Ho Takoro poja Moaxod, OnsATb Xe, OrpaHnuMBaeTt
aHanuaupyemble NOMHOTEKCTOBbIE JOKYMEHTbI Y3KOM NPeAMETHOM 06MacTbio OHTOMNOMN.

PaspaGoTka  METOfOB ¥ anropuTMOB  M3BreYeHMs  HaKTOB W3 [AMHAMUYECKM  MEHSIOLLMXCS
cnaboCTPYKTYpPUPOBAHHBIX TEKCTOBbIX MOTOKOB, HE OTPaHUYEHHbIX OMpeneneHHbIMM NpeaMeTHbIMU obrnacTsMy,
TpebyeT TOYHOTO MOAENMPOBAHUS KOTHUTMBHOW [eSTeNbHOCTY YenioBeKka, No MOHUMAHWIO W WAEHTMdMKALMM
(haKTOB, a TaKkKe HanMuusi MOLUHbIX CPEACTB KaK CUHTAKCMYECKOrO, Tak M CEMaHTUYECKOro aHanm3a TEKCTOB,
YYUTBIBAIOLLMX CEMAHTUYECKYI0 SKBUBANEHTHOCTb M MYTbTUSI3bIYHOCTD.

Oo6wan noctaHoBKa 3agauv

Onupasicb Ha onpepgeneHne akTa, MOXHO [aTb OMPEAEneHNe MMHUMArbHOW CMbICIIOBOM  eOMHULIbI
thakTorpacpuyeckoro noucka, npeactaBnstoLyto coboit Tpuady: areHT-npeaukart-aHaveHne (tabn.1). To ectb
3annch dhaktorpadnyeckoin MHopMaLmMn LOMKHA BKNKOYATh YKkasaTenb Ha areHTa akTorpadyMyeckoro noucka,
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Ha aTpubyT Unu NpeamkaT aToro 06beKTa 1 faBaTb KOHKPETHOE 3HaYeHne aToro atpubyTta. Takoe onpeaeneHue
No3BOMNSET W3BMEKaTb MNOHATUSA U3  CriaboCTPYKTYPUPOBAHHBIX TEKCTOBLIX MCTOYHUKOB MHGbopMauuu K
NPEACTaBNsATb OTHOLLEHUS MeXZy HUMW B CTPYKTYPUpOBaHHOM Buae. onyyaemasi CTpyKTypa NpeactaBnser
cobon (hakTbl, kak B BWOE AOCTATOMHO MPOCTbIX MOHSATUIA: KIHOYEBbLIX CHOB, MEPCOHANWA, OpraHM3aLuii,
reorpaduyeckux Ha3BaHui, Tak W B Gonee CMOXHOM BUAE, HANPUMEP, UMS MEepCOHanMK ¢ e LOIMKHOCTBIO U
POOM AesATENbHOCTY.

Tabnuua 1. Mpumepsbl hopManbHOro NpeacTaBneHns hakTYeckoin MHGopmaLmmn

AzeHm Ampubym 3HaveHue
nauueHT BaHoB | pesyc-hakTop | MONOXWUTENbHbIN
CUCTEMHbIN 610K BEC 5 kr

AdpoauTa MECTO POXAEHUs Kunp

B obwem cnyyae BblgeneHne ¢akToB M3 CrnaboOCTPyKTYpUPOBAHHOW TEKCTOBOM WHCGOPMALMK BKIKOYaeT

cnegytoLLme atansl:
1) Entity Extraction — n3BnedyeHne crioB unu CroBOCOYETaHWUIA, BaXHbIX AN ONUCAaHUS CMbICMa TekcTa
(CnuCKM TEPMMHOB NpeaMETHOM 06nacTu, NepCoHanMi, OpraHM3aLmin, reorpauyecknx HassaHum v 7.4);

2) Feature Association Extraction — uccnegoeaHue cBs3ei Mexay U3BMEYEHHbIMU NOHATUSIMM;
3) Eventand Fact Extraction — n3eneyeHue cyLiHocTen, pacnosHaBaHue HakTos 1 4ENCTBUN.

[ns peanu3auuy nepeoro atana BblAeNeHns NOHATUI UCNOMNb3YeTCs CTaHAAPTHbIN IMHIBUCTUYECKWN MPOLIECCOP
[Xanposa, 2010], BkntoYaloWmMn rpaceMHy0, MOPDONOTMYECKY0, CUHTAKCUYECKYID W KOHTEKCTHYIO aTanbl
0bpaboTku, ¢ pobaBneHnem cneunanuanpoBaHHbIX METOLOB M anropuTMOB 06paboTku JOKYMEHTOB. Tak Kak
OYeHb 4acTo B 3afjayax Mo M3BMEYEHMIO PaKTOrpacpuyeckon MHPOPMALMK HYKHO HATU B TEKCTE YNOMUHAHUS
N1, KOMNaHWA, NPaBUTENbCTBEHHBIX OpraH13aLuin U MeCTOMOMNOXEHUNA, 1 Apyrue NofoBHbIE TUMbI CyLLHOCTEN,
TO ANS WX BbIAENEHMS UCMOMb3ylTCA CheuuanbHble  ¢hopManmambl rpadyemMHoro aHammsa. Ha atane
MOPCHONOTMYECKOTO  aHanm3a MCMonb3yeTcs  AeKnapaTMBHbI M anropuTMUYECKMiA  MeToabl.  Kaxabin
HenpaBuIbHbIA FMarof aHrMMACKOro A3blka NpeAcTaBneH B 6ase AaHHbIX BO BCEX €ro hopmax, TO CTb rnaron
write UMeTb  dhopmbl - Write-writes-wrote-written-writing,  OpMbl  NPaBUMbHLIX  FMArofIoB  OnNpegensTes
anroputMmyeckn. Pycckoe CroBOM3MEHEHWE ONpeaenseTcs anropuTMUYeckn, C WCMonb3oBaHWeM CrioBapei
OKOHYaHW.

A TaK Kak Ans nocTpoeHus Tpuagsl haktorpaduyeckon MHGopMaLu HeobXOAMMO BbIAEMUTL CYLIHOCTH,
NpeACTaBNeHHbIE B TEKCTax NOL PasHbIMM MMeHamu, TO 0coboe 3HayeHue npuobpeTaeT aTan paspelueHus
kopedepeHTHOCTY (coreference  resolution) CUHTakcMYeckoro aHanusa, AN ONpedeneHus  CUHOHWUMOB,
WHTEpPeCyeMbIX CyLLHOCTEN. Ha 3TOM aTane Takue MECTOMMEHMS Kak «OH», KOHA», KOHUY, KHUMY U T.4. OOIDKHbI
OblTb accouMMpoBaHbl CO CBOMMM aHTeLedeHTaMu, COOTHECEHbl MX C MMEHYEMOM CYLUHOCTbI0 [aHHOW
npeameTHoOM obnacTu.

LleHTpanbHo 3apavent nonyyeHust aktorpadmyeckon uHgopMaumn SBnsieTcss BTOpoi aTam 06paboTku,
NPEeACTaBNALLMIA N3BNEYEHNE NHPOPMALMN 06 OTHOLLEHUSX MEXAY CyLUHOCTAMU. [lpu 3TOM, ANS U3BMEYEHUS
HEeKoTOporo (hakta HeobxoaWmo onpefennTb Hekun WabnoH, oTobpaxalownin cemaHTudeckue  (unu
MOHATUIHbIE) CBA3M B NpeafioxeHun. [ins 3agaHns Takux CMbICIIOBbLIX OTHOLLEHUI NpeaaraeTcs UCnonb30BaTh
rpaMmaTuKy CeMaHTUyeckux nagexen. [nsg yero Heobxoaumo paspaboTtaTtb CTPOryi0 MOLESb, CBA3bIBALLYIO
WH(OpMaLMo, Codepkallytocs B ONpedeneHMn CEeMaHTUYECKUX POMen C anemeHTamu MOBEPXHOCTHOM
CTPYKTYpPbl MPEasIOXEHUA eCTECTBEHHOMO  A3blka. TakOM MOAXOL pPaccMaTpuBaeTCs B paMkax NagexHoW
rpaMMaTuki U OCHOBBIBAETCA Ha MOHATUW rNyOMHHBIX Nagexen, BBeAeHHbIX Y. dunaMopoMm, BblLeNMBLUMM
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NPON3NLMIO, WNN OCHOBHOM CMbICN MPEANOXKEHWS, KaK NMPeauKkaT, BblpaaeMbli B MOBEPXHOCTHOM CTPYKType
YalLle rnarofioM, CBS3aHHbIM C NOMOLLbHO ONpeaeneHHbIX ryBUHHbIX Nagexen ¢ y4acTHUKaMIU AaHHON CUTyaLuu,
wnu napTuymnaHTamm [dunnmop, 1981].

[Ans Toro, YToBbl NONY4MTb BO3MOXHOCTb WCMOMb30BaHUS TMYBWHHBIX Najexen B 3aaqax aBTOMATUYECKOW
00OpaboTkn cmbicna, HeobxoaMmo opmarnbHO OnpedennTb  MYOWHHBIA CEeMaHTUMYECKMA Nagex uepes
NMOBEPXHOCTHYIO CTPYKTYPY NPEANOKEHNS AAHHOTO A3blka. CeMaHTUYeckne Nafexu B PasnyHbIX eCTECTBEHHbIX
A3blkaX MMeKT pasHble opMbl (hOPMarnbHOr0  BblpaxeHus. Hanpumep, B pycCKOM W YKPaMHCKOM Si3blkax,
CEMaHTU4eCKkas WHGOpMaLMs NapTULMNAHTOB KOAMPYETCS, B OCHOBHOM, rpaMMaTU4ECKVMI MOBEPXHOCTHLIMM
Nafexamu, Torga Kak B aHrfMiACKOM — OHa nepefaeTtcs nubo codeTaHneM ¢ Npeanorom, nubo, NopsaKoM CrnoB
B NpeanoxeHun. Ho cerogHsi, B CBA3M C OTCYTCTBUEM YETKO CCHOPMYNMPOBAHHLIX KPUTEPUEB BblLENEHMS
CEMaHTWUYECKMX pOnei, OTCYTCTBYIOT popmarnbHble MOAEnM, COdepXallme NONHble Habopbl CeMaHTUYECKNX
ponen, C [OCTAaTOYHON CTENEHbI0 TOYHOCTU BbIPAXAEMbIX 3SNEMEHTaMW MOBEPXHOCTHOW  CTPYKTYPb
NPEeAnoXeH!s, YTO MPUBOAWUT K HWU3KOMY YPOBHIO MCMONb30BAHWA [LAHHOTO MOAXOA4a MpW aBTOMATUYECKOW
06paboTke TEKCTOB.

OnucaHve maTeMaTMyeckow moaenu

Beeaem Ha yHuBepcyme U, BKMtOYatoLleM BCE BO3MOXHbIE MOHATUS M OOBLEKTHI aHanu3a CROXHOW S13bIKOBOM
cuctembl [XanpoBa, 2012], MHOXeCTBO rpaMMaTMKO-CEMAHTUYECKUX XapakTePUCTUK IeKCeM NpPeanoxXeHns
M={my, ..., my}, € N — KONIMYECTBO XapaKTepUCTUK cucTembl. Mcnonbays dopmanbHbii annapat anredpel
KOHeYHbIX npeaukaTos [BoHaapeHko, 2007] , hopManbHO onpeaesiM OTHOLLEHWS MeXay MOpdONorMyeckumm 1
CEMaHTUYECKUMU XapakTepuCTUKaMK CYLLECTBUTENBHOMO, (DOPMAribHO BbIPaXaKOWMMU CEMaHTUYECKNe nagexu
NapTMLMNaHTOB NpeanoXeHUs Pycckoro A3blka. [1ns aToro npeacTaBuM OTHOLLEHUS MEXIY XapaKTepucTukamu B
Buge m; #m;, 20e m; ,m; eM, a 3HaKk * — 0603Ha4YaeT, 4To [aHHble XapaKTEpUCTUKW COOTBETCTBYIOT
CYLLEeCTBUTENBHOMY, OTHOCSLLEMYCS K OMpeAeneHHOMY CeMaHTUYeckoMmy nagexy. Ha mHoxectse M BBedem
cucTeMy npeaukatoB S Tak, utobbl noboit npeavkat P(qm) € S, obpawancs B / Ha MHOXECTBE NEKCEM C
rpamMmMaTUKO-CEMaHTUYECKON WHGOpMaLMen, COOTBETCTBYIOLEN ONPeaenseMoMy CEMaHTUYECKOMY Nagexy |
Obin paseH 0 B MPOTUBHOM Cyyae, COMOCTAaBMSAS MHOXECTBO MPEAMKaToB S MHOXECTBY CEMAaHTUKO-
rpamMmaTYeCcKNX XapakTepuCTUK MPUNMCAHHBIX NIEKCEME.

KonnyecTBo M COCTaB CEMaHTUYECKMX porei, 1 NPeAMETHbIX NepeMEHHbIX, BbIAENSEMbIX NPy OnMcaHuu A3blka,
MOryT CYLLECTBEHHO pasnnyaTbCsl B 3aBMCUMOCTU OT 3adady ONMWUCaHWSA, A3blka W €ro CTeneHu LeTanusauuun
[Punnmop, 1981]. Ons dopmanbHOro onpegeneHns CEMaHTUYECKUX Mafdexei PYcCKoro s3blka BblAeNUM
[OCTAaTOMHO YETKO C(HOPMUPOBAHHOE MHOXECTBO CEMaHTUKO-TpaMMaTU4YecKX MPU3HAKOB, C MOMOLLbIO
HecokpaTMoro Habopa Tpex MepemMeHHbIX: X-MPU3HaK OAYLUEBNEHHOCTM (CO 3HAYEHUSIMM X° — MnpeaMeTHas
nepeMeHHas, XapakTepusylolas CeMaHTUYeCKUM MpU3HaK XMBOro, X — npeaMeTHas nepeMeHHas
XapaKTepusylollas CEeMaHTUYeCKuid Npu3HaK HexuBoro;); Y  —9NeMeHT  CeMaHTUYECKOro  3HaueHus
CYLLEeCTBUTENBHOTO (M — MexaHu3M, Yy — UMsi COOCTBEHHOE, y" — UHCTPYMEHT, y* — yYacTb Tena, y™ —
NNOCKOCTb/TOUKA, y° — OBbEMHOE MPOCTPaHCTBO, Y& — OMpedenieHHoe BpeMs, Y' — nepuog, Y4— MyHKT
HasHaueHWs); Z — rpaMMaTUYECKUin Nafex CyLLECTBUTENBHOMO (Z, zP, ZA, Z8, Z', Z'— NpeaMETHble NepPEMEHHbIE,
ONWCbIBAKOLLME CBOMCTBA CYLLECTBUTENbHBIX 06f1afate TeM UM MHbIM rpammaTudeckum nageom). Obnactb
N3MEHEHWS BBELEHHbIX NEPeMEHHbIX (POpManbHO 3a4aeTcs CNeaytoLLmMm 06pa3om:

X0 v XH =1,
VPV AV 2BV 2TV 2V =], W)

YV YOV YV VIV YTV YOV B YTy W =
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CemaHTHYecknid nagex CyLLEeCTBUTENbHOTO NMPEAOXKEHNs OnpeaensiTcs Yepes npeaukat P, cBA3bIBaOLLMIA
3NEMEHTbI CEMaHTUYECKOrO 3HAYEHWS CYLLLECTBUTENBHOIO X U i/ C €70 rpaMMaTUYECKUMM 3HAYEHUAMM Z:

P (x,y,2) = P(x) eP(y) oP(2), 2)
rae e — onepaumst KOHbIOHKUMW.  Tak Kak BO3MOXHOCTb COrfacoBaHWs MOPOCEMAHTUYECKOW MHGOopMaLmm
He 3aBWCUT OT TOrO, K Kakoi KOHKPETHO CroBOCOPME OHa OTHOCUTCS, Ha AEKapTOBOM KBaapaTe MHOXECTBa
S #S MOXHO 3apatb npeaukar ¥ (Xn, Yn, Zn), NPUHUMAKOLMIA 3HaYeHue 1, ecnu MopdoceMaHThYeckas
WHGopMaums cnoBodopMbl N hOPMUPYET HEKOTOPbIA CEMAHTUYECKUA Nafex nekcembl, M 3HaveHue 0 B
NPOTMBHOM cnyyae. Takum 06pa3oM, OTHOLLEHMS MOPOCEMAHTUYECKMX MPU3HAKOB CYLLECTBUTENBHBIX
NPEeAnOXeHUs, BbipaxaloLwmux CeMaHThyeckne nagexu, TpebyeMble BaneHTHOCTbIO rmarona, MOXHO 3ajaTb
copmynon:

P(Xn) P(yn)*P(z0) = Yk (Xn, Yn, Zn) #P(xn) #P(yn) oP(za), @)
lMpakTMyeckn HWKorda NOAMHOXECTBO COrnacylowencs MopgoCeMaHTUYECKon WHMOPMaLWK, BblpaxaloLen
CEMaHTUYECKMe Majexu, He COBMNapaeT C AeKapTOBbIM MPOU3BEAEHUEM Ha MHOXECTBE MOPMOMOrMYECcKUX 1
CEMaHTUYECKUX MpU3HAKOB. Te MOpPGOCEMAHTUYECKMEe MPWU3HAKW, KOTOPble B CBOEM COrNacoBaHUM He
(hOPMUPYIOT CEMAHTUYECKNN NaAeX CyLLECTBUTENBHOTO AOMKHbI UCKIYATHCA U3 POPMYNbI (2) MHOXUTENSAMM
% (Xny Y, Zn), k € [1;m], rTBe M — KONM4eCTBO, NPUHATBLIX K PACCMOTPEHUIO B CUCTEME CEMAHTUYECKUX Nagexen.
B cootBetcTBUM C dhopmynon (3) CeMaHTUYECKUA NageX ageHC ONPEREnsieTCs MHOXECTBOM BO3MOXHbIX CBA3EN
MOPHOCEMAHTUYECKON UHPOPMALMN CYLLLECTBUTENBHOO:

P1 (Xn, Yn, Zn) = (Xn® Za"™ 2" Xa® Yo"V Z% X0® Yn©) (Yo" V Yo v Yo'V YoV YTV @
VYOV YeB VYTV Yl)(Xn® v Xat) (2% V ZP Vv ZA NV ZeBV Z0T v Z4T)

MHOXeCTBO BO3MOXHbIX CBSI3ei rpamMMaTWyeckol U CeMaHTUYecKon MHopMauuu CyLLeCTBUTENBHOTO
CEMaHTUYECKOr0 Naaexa Co-a2eHe 3aaeTcs NpeamkaTom Pa(Xn, Yn, Zn):

P2 (Xn, Yn, Zn) = (Z7 Xn® Yr¥) (Y™ Vv YoS V YV Yo' V YTV YV YRB v )
VYV YY) (X Vv X)) (2% Vv ZoP Vv ZP Vv 2BV Z0T v Z4T)

MHOXeCTBO BO3MOXHbIX CBSI3ei rpamMMartWyeckod U CeMaHTUYecKon MHopMauuy CyLLeCTBUTENBHOTO
CEMaHTWUYECKOro Nagexa meMnopanuc 3agaetcs npeankatoM Pa(Xq, Yn, Zn):

P3 (Xn, Yn, Zn) = (22 X" VBV Z" X" Ya) (Y™ v Yn® V Ya'V YtV YTV Y0 v )
VYR VYTV V) (X v Xo") (2% VZPV ZBV 2BV 20TV Z)

MHOXeCTBO BO3MOXHbIX CBSI3ei rpamMMaTWyeckod U CeMaHTUYeCKon MHopMauuu CyLLeCTBUTENBHOTO
CEMaHTWUYECKOro Nagexa jiokamus 3afaeTcs NpeaukaToM Pa(Xn, Y, Zn):

P4 (Xn, Yn, Zn) = (27 XaH YnT V Z7 XY™ Z0 Xa*Ynt Z7 XofYn®) (Yo" Vv Yol V Ynf VYt v 0
VYTV Y2V YeBV VeV V) (Xl Vv XaH) (2 V ZoP v ZA Y 20BNV 20TV Z4)

[ns aHrnuinckoro si3blka B AOMOMHEHWe K CEMaHTMYECKAM MpU3HaKaM BMECTO MOPCIONOrMYECKNX KaTeropui
BbIOMPAKOTCSH CUMHTAKCUYECKME MpU3HAKW ynoTpebrneHus npeasioros, T.K. MMEHHO MPEeaArnorn nocne rnaronos
BblpaXatoT BaNEHTHOCTb [flaronia aHriuickoro sisblka. [pu3Hakm MOryT ObiTb Kak  YHWKAmNbHbIMW - Ans
onpedeneHHbIX TNaronos, Tak W OOLWWMMKM, KaK, HanpuMep, MPU3HaK HanpaBnEHWs OBWKEHWUSI MOXET ObiTb
BbIpaXeH rmaronamu go, run, drive, ride, transport, ship u 1.4. MNpu3Haku MoryT GbiTb ONKUCaHDI, TaK Xe Kak 1 ans
OOBEKTOB C MOMOLLBbIO CEMAHTUYECKMX W TPaMMaTUYECKUX XapaKTepucTuk. Hanpumep, Ans cemaHTUYecKoro

nagexa Jlokamuga, €Cnv UMEHHast qupma MMEET NPU3HaK MIOCKOCTH | TOuKN, yr|0Tpe6n;|eTcs| aHIMUACKMI
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npeanor on, a ecnu ob6bLEMHOTO NPOCTPaHCTBA, TO npeanor in. Mapex memnopanuc onpefenseTcs B
aHIMMIACKOM S13blke Npeanoramu in v on. Mpeanor in BbipaxaeT rof, B KOTOPOM NPOKU3OLLNO cobbITUE, Npeanor on
BblpaxaeT TOYHyl0 daTy, Hanpumep, Hewas born on February, 7 1902. MNagex nokamugea onpeaensieTcs
NPEeAnorom in, Npu BbipaXeHUu MecTa, rae npousowno cobbitue. Magex hakmumue, He TpebyeT npeanora
nocne rnarona, YTo ¥ SIBNSIETCS MaBHbIM TpeboBaHWe (Hanuume mocne OnpedeneHHOro crosa npeanora
noKa3blBaeT, 37O rnaros He TpebyeTt nagexa akmumus).

CTpyKTypHOe onncaHue mogenu

Ons u3BneveHuss U3 HECTPYKTYPUPOBAHHOW TEKCTOBOM 3HAHWW unM (PaKTOB HeobXoaumo OnpeaenuTb
CeMaHTUYecKke Nadexu, onpedensiolme AaHHble QakThl, rMaronbl S3blka, Bbipaxatole npeaukar B Tpuaae
haKTa «areHT — npeamkar — 3HaueHne» 1 NpeamkaTbl MOPOCEMAHTUYECKUX (MM CEMAHTUKO-CUHTAKCUYECKMX)
MPW3HAKOB CYLLECTBUTENbHBIX MpeasioxeHus pa3paboTaHHoW mogemu (3), Bbipaxarlme —CemaHTUYeckue
nagexu obbekTa Tpuaabl GakTa.

[ns onpepeneHns hakToB O AaTe, MeCTe POXAEHUS M BuAe AESTENIbHOCTW MEepCcOHanUMWM B BWAE: «areHT-
npeauKkaT-3HadyeHue» UCnonb3yem, KPOME CEMaHTUYECKOro najexa azeHm, TpU CeMaHTUYeCKUX Nagexa,
Bblpaxatolme WHGOopMaLnio, COOTBETCTBYIOWYIO TpeboBaHUsAM: memMnopanuc - BpeMeHHas XapakTepucTuka
cobbITUS,  MO3BONAKOLLAA ONPEAEnUTb AaTy POXOEHWS YEroBeKa; /Iokamue - Nadex, XapakTepusytoLni
MECTOHAXOXAEHME, MOMOXEHNE UMK COCTOsHME 0OBbeEKTa, NO3BOSISAS ONPEAENUTL MECTO POXAEHWS YENOBEKa; U
hakmumug - nagex, onpegensiowuit cepbl 1 NPOAYKTLI AEATENBHOCTY Yenoseka. Hamm 6bin BeIGpaH MMEHHO
hakmumug, a He 06bekmu8, TaK Kak UMEHHO (hakmumug 4aeT 3Ha4YEHWNe pesynbTaTta gencTBuS.

B npouecce peanusaumv mopenu Obin onpegeneH  Habop rnaronos, TPeOylOWWX ONpeseneHHoro
CEMaHTUYeCKoro nadexa napTULMNAHTOB npeanoxenus. [ns 3Toro ¢ MCMNONMb30BaHWMEM TOMKOBLIX W
nepeBoaHbIX crioBapen Bbinn npoaHanuaupoBaHbl okono 130 Guorpaduii yueHblx U aeaTeneit u BblaeneHsl
Hanbonee pacnpocTpaHeHHble B [aHHOM Tune CrnaboCTpypupOBaHHOW TEKCTOBOW WHGOpMauun rmarosbl
aHITIIACKOrO 1 PYCCKOro A13blKa, BbipaxatoLyme npeaukat Tpebyemoro geincTaus (tabn. 2). Konmyectso u CiMCok
[NarosioB MOXET MEHATLCS B 3aBUCUMOCTM OT Lienu 1 006bekToB ((hakToB) nomcka.

Tabnuua 2. CemaHTU4eckve nagexu n Hanbonee pacnpocCTpaHeHHble npeankaTbl, COOTBETCTBYIOLLME ¢)aKTaM
[atbl, MeCTa POXAEHUA N OEATENBHOCTU HeKOTOp017I nepcoHanun.

Mapex AHrnACK1iA Npeamkar Pycckuin npeaumkat Mpumep
Temnopanuc | born, came up, saw the light, | poguTbes He was born on February,
came into the world 71902.
Jlokatus born, came up, saw the light, came into the | poaguTbcs She came into the world
world in Frankfurt.
daktntne write, produce, paint, draw, pencil, design, | nucarb, n3rotoensATh, | There he wrote his first
project, invent, discover, engineer, | pucosarb, npoektuposatb, | poem. In 1843 he
compose,  create, construct, publish, | oTkpbiBaTb, usobpetatb, | completed the drama
establish, investigate, research, explore, | paspabatbiBaTb, co3gaBaTb NazarStodolya.
contribute, make, describe, work u gp. CTpOUTb, nybnukoeats,
yypexaatb, “ccnenoBarts,
BHOCWTb  BKMad,  cpoenatb,
onucbiBaTh, paboTath
[Ons onpegeneHns COOTBETCTBUS  MHAOPMAUMM  OnpegeneHHoMy chakty Obimv  3agaHbl  Tpebyemble

CEMaHTWYeCKWe Nagexu And Kaxgoro rnarona. Hanpumep, pycckuid rmaron  «Hanucamey, aHaroryHo
aHITMIACKOMY Tnarony «write» hOpMUPYET CEMAHTUYECKNE MAZEXM NapTULMNAHTOB NPeACTaBNEHHbIe B Tabn. 3.
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Tabnuua 3. dopmanbHoe onpeaenexne Tpebyembix
CEeMaHTUYECKIX Nafexei rnarona «Hanucamey» («writex)

towritetosmb agpecat

towritesmth obbekTuB (pabota, pykonuch, U3gaHue)

towritewithsmth | MHCTPYMEHTANNC (MHCTPYMEHT NnUCbMa)

tobewrittenbysmb | areHT (aBTOp)

whenwritein TEMNOPANUC (BPEMS HanMcaHms)

ftowritein riokaTmB (MeCTO HanucaHus)

OcyLuecTBneHve feTanbHOro aHanusa TekctoB Guorpadmin NO3BONMNO ONPELEeNNTb AONONHUTENbHBLIE YCNIOBUS
BbIPaXeHWS CEMaHTUYECKINX Nafexen, onpeaenstoLLnin JaTy, MECTO U POZ, 3aHATUIA NEPCOHanuK;
" CEMaHTUYeCKWA Najex Jiokamus BblpaxaeTcs WMeHeM COOCTBEHHbIM (06bIMHO — rpadhnyeckm
BblpaxxaeMbIM GonbLLON ByKBOW), TaK Kak Hac UHTEPECYET HACENEHHbIN MyHKT, @ He MECTONOMOXEHWE,
Kak Hanpumep in mansion;
= CeMaHTUYEeCKUI Napex hakmumug [OMyCKaeT HECKOMNbKO BapWaHTOB BbIPaXeHMUs: 3Havallee CroBo
HanucaHo ¢ Gornblwoi ByKBbl, COBO WM CMOBOCOYETAHWE B3STO B CKOOKM, WM OHO SIBMSETCA
CYLLEeCTBUTENbHBIM.

I'IporpaMMHaﬂ nMnnemMeHtTaumna mogenun

lMporpaMmMHasi MMNNeMeHTauus Mogenu npeactaBnseT cobon BeG-NpunoxeHue, aHanuaupytoLlee TeKCT unu
CMMCOK aHanmMaupyemblx TEKCTOBbLIX dannos. Mpn HaxaTum kHonmku checkname (puc. 1) nporpamMma Bblgenser
nepeble 2 crioBa ¢ 60nbLUIOK BYKBbI B NEPBOM MPELIOKEHAN U BbIBOGWUT UX HA 3KPaH, Kak BO3MOXHbIE, UMS U
damunua nnua, O KOTOPOM MAET peyb. Tak Kak mpaBuna HanucaHus 6Guorpacduid, NpeacTaBnsoLmMX
cnabothopMann3oBaHHble TEKCTbl Ha €CTECTBEHHOM 13blke, MPaKTUYECKW, OAMHAKOBbI, ObINO OnpegeneHo, YTo
nepeble 2 crnoBa ¢ 60nbLwoi ByKBbI, C BEpOATHOCTL 99,5, onpeaenstoT ums 1 hamuanio NnepcoHanum, 0 KOTOpon
naeT peyb B gaHHoW Gubnuorpacdmn. B cnyyae, ecnv BblgeneHHble faHHble HE BEPHbI, NMOMb30BATENb MOXET
cam BnMcaTb UMs, 3T0 NoHapgobuTcs B pasbope Guorpadmm Mabnollukaco, umetowero nonHoe ums Pablo Diego
José Francis code Paula Juan Nepomuceno Maria de los Remedios Cipriano de la Santisima Trinidad Ruiz y
Picasso. Pe3ynbTat paboTbl nporpaMmbl NpeacTaBneHbl B BUAE AUANOroBOro OkHa,

/13BreyeHHas cuctemoit dhaktorpachuyeckas HopMaLms NpeacTaBnseTcs nonb3osarento hopme AManorosoro
okHa (cm. puc.1). Tporpamma oTobpaxaeT M3BMEYEHHY hakTorpadmyeckyo HGopMauuo B Buae dakta u
NepPBUYHBIX NPEANOXKEHMIA, N3 KOTOPbIX AaHHbIA (akT 6bin u3sneveH. B none birthday HaxoguTcs nHgopMaums
Jatbl poxgeHus - 7 February 1812 v npegnoxeHus, u3 KOTOpblX 6bina u3BneYeHa gaHHas MHAOPMaLMs.
AHanornyHbIM 0bpasom B nonsix  origin u activity otobpaxaertcs haktorpadmyeckas WHdopMaums o0 MecTe
poXaeHus 1 poge aeatencHocTn. Ecnu B nonsx birthday v origin cylwecTByeT Nulb OOMH BEPHbLIA OTBET, TO
none activity MOXeT cogepxaTb HECKONbKO MCTUHHBLIX OTBETOB. MHopMaums 0 OesTEnbHOCTU 3anucbiBaeTcs
nocrnegoBaTenbHO, Kaxablh akT ¢ HoBoro absauya. dakTbl LEATENbHOCTW pacronaraloTcs B NOpsiaKe
3HAUMMOCTH, ONpeaeneHHON CUCTEMON.

OKCMepuMeHTarnbHasi npoBepka, NpoBeAeHHas Ha 47 MOMHOTEKCTOBbIX  Bubnuorpadmyeckux  TekcTax
anekTpoHHoro ¢oHaa XIMHB, nmokasanu npaBunbHOCTL OnpedeneHus Aatbl poxgeHuns — 97,9% cnydaes,
NpaBUIbHOCTL OMpeaeneHns Mecta poxaeHus — 95,7% , aestenbHocTb nepcoHanumn — 89,4%.
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Charles Dickens was born on February 1812 Landport in Portsea, the second &
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Puc. 1. OkHoO pesynbTaTa u3BrneveHHoN aktTorpadmuieckon MHopmaL iy paccmaTpusaeMon Mogesnu.

BbiBOAbI

PesynbtaToM AaHHOMO MccrefoBaHus sBnsieTcs paspaboTka MOrMKO-MMHIBUCTUYECKOW MOAENU WU3BNeYeHUs
(hakToB M3 cnaboCTPyKTYPUPOBaHHbIX TEKCTOB, HE OrpaHUYEHHbIX OMPEAEneHHbIMA NpeaMeTHbIMIU 0BnacTaMu.
[Ans u3BneyeHns gakta ucnonb3oBaH WabnoH «areHT-npeamnkaT-3HaveHne», oTobpaxarowmini ceMmaHTuyeckne
(CMbICTOBbIE) OTHOLIEHUS B MPeanoxeHWn. [ns 3agaHns Takux CMbICIOBbIX OTHOLUEHWA MCMOMb3yeTcs
rpaMmaTika CeMaHTWYeckuX nagexen. B npeanaraemoit NOTUKO-MUHMBUCTMYECKOA MOJEnN CeMaHTW4eckue
Najexu WMeHHbIX Tpynn OnpefjensaTcsa npeaukaTamu, BbIpaXKaloWMMU OTHOLIEHWS YETKO BblAENEHHbIX
MHOXeCTB MOPCONOTMYECKNX, CUHTAKCUYECKUX M CeMaHTUYecku kaTeropuid. MHOXECTBO BO3MOXHbLIX CBAA3EM
rpamMmaTiYeCcKon 1 CeMaHTUYECKON MHGhopMaLMM NAPTULMNAHTOB NPEeasIOXEHUs ONuMCaHo CPeACcTBaMU annapara
anrebpbl  KOHEYHbIX npeaukatoB. B pabote paccmoTpeHa peanusaums MOAENW AN W3BREYEHWs
thakTorpacpuyeckon MHopMaLuMnm O [fate, MecTe pOXAEHUS U POAe [AEATEeNbHOCTM NepcoHanuu 13
PYCCKOSA3bIYHbIX  criabodopMan3oBaHHbIX TEKCTOB.  OKCMepWMeHTarnbHas npoBepka  NpOrpamMMHOM
“MNnemMeHTaLm MoAenu nokasana npaBuUnbHOCTb BblAENeHNs dakta npumepHo B 94,3% cnyyaes.
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BbIAENEHWE TEKCTA HA CIOXXHOM LIBETHOM ®OHE

PomaH TenatHukoB, UBaH Lymcknin, Apud Mamenos, AHatonuit lMpoTocaBuLIKUi,
EkatepuHa MatyceBuy, EkatepuHa CtenaHbKoBa

AHHOmauyus: B pabome uccrnedosaHo peuieHue npuknadHol 3adayu 8bIOENeHUs MeKCcma Ha CrI0KHOM
usemHom ¢poHe. PaspabomaHa aghcpekmugHas npouedypa punbmpayuu hoHa om mekcma nymem C8epmku
UBEMHO20 U30bpaxeHuUsi 8 NosymoHogoe. B ocHosy npouedypbl bunbmpayuu nomoxeHa meopust
knaccugpukayuu. C uenbio nosbieHus ghhekmugHocmu hunbmpayuu npednoxeH cnocob KomneHcauuu
UBEeMOBbIX UCKaXeHUl, 6bl38aHHbIX annapamypoli CKaHUpOBaHUs.. [ns npakmuyeckoeo NpUMEHEHUSs
npouedypb! 8bipabomaHbl KOHKpemMHble pekomeHdayuu no ebibopy ueemoso2o npocmpaHcmea u si0pa
PyHKUUU pacCmOosiHUS.

Knroueenie cnosa: hunbmpauus, ugemogas Modesb, 2ucmoapamma, hyHKUUS pacCmOSHUS.

ACM Classification Keywords: CCS - Computing methodologies - Computer graphics - Image manipulation -
Image processing; CCS - Applied computing - Document management and text processing - Document capture -
Optical character recognition.

BBeaeHue

CyLecTBYeT OrpOMHbIA MepeyeHb NPUKNAAHbIX 3aaad, B KOTOPLIX Ha M3o0bpaxeHun TpebyeTcs KauecTBEHHO
BblOENUTL OOBEKT Ha cnoxHoM doHe. Ecrm peub naet 06 06paboTke 0aHOrO M300paxeHus:, TO Ans 3TON Lenm
BrOMHE NpUroaHel npodeccroHanbHble rpadudeckue pegaktopsl (Adobe Photoshop, Corel Photo-Paint, GIMP,
n op. [Wikipedia, 2013]). B aTux pegaktopax peanu3oBaHbl MHCTPyMeHTbl Tuna «CBoBOAHOE BblaeneHne
(NMacco)», «YMHble HOXHMUbI» W «BblgeneHue nepefHero nnaHa», MO3BOMAILLME BPYYHYH BbINOMHUTL
unbTpaumio.

B cnyyae Heobxogumoctn 06paboTki MHOXECTBA 130bpaxeHui, Hanpumep, npu obpaboTke kKagpoB BUAeopsAa
UMK NpY OLMEPOBKE CKAHOB OJHOTUMHBLIX JOKYMEHTOB, TpebyeTcs aBToMaTu3auums npouecca gunbtpauum. Mpu
3TOM [JOMYyCKaeTCA HacTpoMKa mapaMeTpoB (PunbTpa Ha OAHOM W306paxeHun, HO Npu obpaboTke ocTanbHbIX
n300bpaxeHnin napameTpbl OOMKHbI ABTOMATMYECKM MOACTPAMBATLCA MOA  M3MEHSIOWMECS LBETOBbLIE
XapaKTepUCTUKM 06beKTa M GhoHa.

3apava opmynupyeTcs  cregytowmm  obpasoMm:  Heobxogumo paspabotatb npouedypy  punbTpauuu,
YBENUUMBAIOLLYIO paccTosiHue Mexay LBeTom obbekta M uBeToM ¢oHa B RGB wnu gpyrom LBeTOBOM
NpOCTpaHCTBe.

B paHHon pabote npenctaBneH aHanM3 pasnuyHbIX METOAOB, KOTOPble MOryT OblTb WCMONb30BaHbl Npy
NOCTPOEHUN npouedypbl unbTpauuM, a TakKe OnuCaH WTOrOBbIA anropuTM, MO3BOMAKWMIA pellaTb
NOCTaBNEHHYIO 3a4ady C NpYeMeMbIM YPOBHEM Ka4ecTBa.

Paspabotka Benacb Ans nosbleHns addekTuBHOCT uTeHus (OCR) LBETHOro TeKCTa Ha W3MEHSsIoLEeMCs
LBETHOM (POHe B WHTepecax MpPWKNAgHOW 3afdadus CYMTbIBAHWS [OaHHbIX C YAOCTOBEPSIOWMX JIMYHOCTb
[OKYMEHTOB (NacnopToB, MAEHTUPUKALMOHHBIX KapT, BOAUTENCKUX YAOCTOBEPEHUIA U Ap.).
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WcxoaHble gaHHble. MocTaHoBKa 3agaum

B pacnopskeHun umeem Habop uBeTHbix RGB-u3obpaxeHuint obractm C TEKCTOM, BbIpe3aHHOW U3
OTCKAHUPOBAHHbIX  W30BpaXeHUit AOKYMEHTOB. HekoTOopble npuUMepbl W3  Cepuu  Takux M300paKeHWi
npeacTaBneHbl Ha pucyHke 1.

\ i:-n-b"ltld.

)

Puc 1. M306paxeHust mexcmosbix nosnel, 8bipe3aHHbIe U3 CKaHO8 UOeHMUUKALUOHHBIX Kapm (a) u
godumernbckux ydocmoseperuti (6) wmama Maccayycemc (CLUA).

Mpouepypa punbTpaumn NpegnonaraeT NpeaBapuTENbHOE Ha3HaueHUe (BPYUHYI0) TOYEK TeKCTa U ToYek (hoHa.
MoaToMy Mbl MOXEM MepeHecT! paccmaTpuBaemylo 3agady B 06nacTb Teopuu pacrnosHaBaHus 06pa3oB
[Kypaenes, 1978]. B aTom crnyyae nog MHOXECTBOM OOBLEKTOB X MOHMMAETCA MHOXECTBO BCEX MMKCENen
n300paxeHus, KoTopoe HeobXOOMMO pa3penuTb Ha MOAMHOXECTBO MuKcenei TekcTa X U NoAMHOXECTBO
nukcenen oHa Xond, Kaxabil 06bekT (MUKCenb) onmuchbiBaeTcs 3-XMEpHbIM BEKTOPOM Npu3HakoB X = (fi,fa,f3).
3HayeHus KOMMOHEHT f; BekTopa 3aBUCAT OT BblGpaHHOW LIBETOBOW MOLEnu NpeacTaBneHns u3obpaxeHus,
Hanpumep B RGB-npocTtpaHcTBe BekTop npusHakos byaeT umeTs Bug X = (r,g,b), a ans HLS mogerm x = (h,1,s). B
kayecTBe obyyaloien BbIBOpkM BygeT BbICTynaTb Te MUKCENM, KOTOpble Mbl MOMETUNM Kak NpUHagnexaliue
TEKCTY XMt = {X4 Xo,...Xm} W MUKCENM, NPUHAANEXaLLmx doHy X1 nd = {xq x5,...Xn}.

Ecnv ansa dopmanuaaumm noHATUS CXOACTBA MEXy LBETOM NPOW3BOSBHOTO MUKCENS 306paKeHNs 1 LBETOM
nukcenen n3 obyyatoLlern BbIBOPKM BBECTU (OYHKLMIO paccTosHUSA p(X,X') TO MOXHO FOBOPWUTb O KNaCCUYECKO
3ajave MeTpudeckon knaccudmkaumm [AneassaH, 1989]. Yem meHblue 3HaueHue 3ToW pyHKuuM, Tem Bonee
CXOXM LiBeTa ABYX CPaBHUBAEMbIX NUKCenen X 1 X'.

K meTpuueckum anroputMam Knaccudukaumy OTHOCATCS: MeTod Onukanwmx cocefe, MeTog noTeHUManbHbIX
(DYHKUMIA, METOA Map3eHOBCKOrO OKHA, anropuTM BbIYWUCAEHWS OLEHOK 1 ap. [Kypasnes, 2006]. dakTuyecky,
BbIOOp TOrO MMM MHOTO anroputMa knaccudukauum Gyget onpegensitb cnocob MOCTPOEHWS paspenstoLlen
Knaccbl MOBEPXHOCTM!.

Cneumduryeckne 0cOBEHHOCTM peLIAaEMOil 3a4aumn HakNaablBaT OrpaHNYEHUst Ha NPUMEHUMOCTb TEX UM UHbIX
MeToZOB. Hanpumep, Manbiii o6bem obyvatowlen BelIbopku Xmtext iy Xnfond (kak npasuno, He Bonee gecaTn Touek
ONS KaXgon noaBblGOpKM) He MO3BOMSIET WMCMONb30BaTh METOAb! HalecoBCKOM Knaccudukalum, B TOM 4ncne
MeTO/ Nap3eHOBCKOro OkHa. TOT hakT, YTO BCE BKMKOYEHHbIE B 06Yy4atoLLyto BbIGOPKY TOYKM MMEIOT OAMHAKOBYIO
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BaXHOCTb, NPaKTUYECKN CBOAUT METOA MOTEHLManbHbIX (YHKLUWMA U anroputM BbIYMCNEHUS OLEHOK K MeToay
Orvkanwmx cocegen. B ganbHemweM Mbl npoaHanuavpyeM 3GeKTMBHOCTL MPUMEHEHUS AN peluaemoi
3agauu punbTpaumn Metoga bnvkaniuero cocefa (k=1), a Takke BNUSHUE Ha pesynbTaT Buaa sapa PyHKUMKU
paccTosHUS p(X,X).
Crenytowmii BaXHbIA acnekT, BbITEKAOWWA U3 aHanu3a cepun W300paxeHWn, 3akniovaeTcs B LOBOMBHO
BonbLUoM pa3bpoce LBETOBbLIX XapaKTePUCTUK Kak TekcTa, Tak 1 hoHa. Ha M3MeHUMBOCTb LiBeTa (hoHa M TeKCTa,
0Kas3blBaloT BANUSIHUE CrieaytoLLme (hakTopsl:
1) pasbpoc napameTpoB ONTUKO-3MEKTPOHHOMO TPaKTa W NapamMeTpoB OCBETUTENEN Pa3nUYHbIX CKaHEepOB
LOKYMEHTOB;
2) cBeyeHue ronorpammbl (Puc.1, a(4) n 6(4)) n3-3a N3MeHeHUs YCNOBMIA OCBELLEHUS UMW OpPUEHTaLMK
[OKYMEHTA NPpY CKaHUPOBAHWUMK;
3) n3MeHeHMe Kpacku neyaTn B pasnuyHbIX NapTusx (peaakumsx) OQHOTUMHBIX AokymeHToB (Puc.1, 6(1,2)
n6(3,4));
4) 3aBMCMMOCTb LiBeTa TekcTa OT LUBeTa OnaHka, Ha KOTOPOM OH HaneyaTaH, OOycroBneHHas
OnpeaeneHHoN CTeneHb0 NPO3PaYHOCTH KPaCcK, KOTOPOM NevaTaeTes TEKCT.
CraTuCTMYeCKuil aHanu3 LIBETOBbIX XapaKTepucTuK Bcero Habopa n3obpaxeHui No3sonseT caenatb creaytoLime
BbIBObI:
— B HeoBpaboTaHHbIX 306paXeHUsX LBET TEKCTa CUMbHO NepeMeLLiaH C LIBETOM ()OHa;

— (paktopbl 2), 3) n 4) npuBogAaT K POPMUPOBAHWMIO KMNACTEPOB LBETOBbLIX XapakTEpUCTUK TeKcTa C
NPOM3BOIbHLIM pacnpefeneHneM TOHeK BHYTPU Kaxaoro knacTepa;

—  (hakTop 1) NPUBOANT K Pa3MbITHIO (PACLUMPEHMIO) KACTEPOB B LIBETOBOM NPOCTPAHCTBE NPU3HAKOB;
— haktop 1) BnusieT rnobanbHO Ha BCE M306paxeHue, T.e. MOYTU CUHXPOHHO CMELLaeT B LIBETOBOM
MPOCTPAHCTBE He TOMbKO LIBET TEKCTA, HO M LIBET hoHa.

[ns n3obpaxeHuit TekcToBbIx obnacTei (Puc. 1) gaHHbIE BbIBOABI MOXHO NPOLEMOHCTPUPOBATL CriedyroLei
YCNoBHOW auarpammoit. [ns Gonbluei HarnsgHOCTM NPUBELEM LIBETOBLIE XapaKTEPUCTUKN TEKCTA B MAOCKOCTU
«LiBETOBOW TOH - APKOCTbY (Puc. 2).

i BrnsHue
: roriorpamm

r

Puc. 2. PacnpefeneHue LBETOBbLIX XapaKTEPUCTUK TEKCTa B NIOCKOCTH HL.

OueBugHO, 4TO Mepen unbTpauuelr HeobXOAMMO MOMbITATbC YCTPaHUTL BNMSHWME dhakTopa 1) € Lenblo
YBENMNYEHNS KOMNAKTHOCTY KNAaCTepOB LIBETA TEKCTA, a Takke CTabunmuaauum LiBETOBbIX XapakTepUCTUK POHa.
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Takum obpasom, 3agaya unbTpauun LBeTa TekcTa OT LpeTa ¢hoHa pasgensetcs Ha ase nogsapaun: (1)
KOMMEHcaLuMs annapaTtHbIX LiBETOBbIX UCKaXeHW n3obpaxeHus v (I1) dpunbtpaums — npeobpasosaHue LgeTa U3
TPEXKOMMOHEHTHOMO MPOCTPAHCTBA B OAHOMEPHOE MPOCTPAHCTBO MOMYTOHOBOrO W3obpaxeHus, roe Genbim
LuseTom Byaet obo3HavaTbCs LBeT hoHa, a YePHbIM — LIBET TEKCTa.

KomneHcauumsa LiBETOBbIX MCKaXeHWUIA

Mo ycnoBusm 3agaun ans obpaboTkM NMPesoCTaBNSAOTCA YXe MONYYEeHHbIe C Pa3NNYHbIX CKAHUPYHOLLMX
YCTPOWCTB M306paxeHus. [o3ToMy Ham HeLOCTYMHbI Takue npouedypbl HOpManusauum n3oBpaxeHun Kak
kannbpoBka BMAEOTPaKTa CKAHEPOB UMK NPOBEAEHWUE TECTOBbIX M3MEPEHU MX LiBeTonepedayun [KpoBomycKos,
2010]. ns pa3paboTkm anroputMa KOMMEHCaLMM LIBETOBbIX UCKXKEHWIA 0BpaTUMCS K MeTofam NpeLcTaBeHus
LiBETOBbIX XapaKTePUCTUK, KOTOpble MOryT BbiTb YCNOBHO pa3deneHbl Ha [Ba knacca: LBETOBble MMCTOrpamMMbl
[FoHcanec, 2006] n ctatucTuyeckme Mogenu npeactaeneHus LpeTa [Strieker, 1995).

Vcnonb3oBaH1e CTaTUCTUYECKIX MOAENEN 3aTPyAHUTENBHO B CUAY TOTO, YTO
1)  OTCYTCTBYET HOpPMasbHbIA 3aKOH pacrnpeaeneHns LBETOBbIX XapakTEPUCTUK BHYTPU KaX4Oro knactepa
(CNOXHO NS Knactepa OnpefenuTb «3TanoHHOE» 3HAYEHME LBETa, K KOTOPOMY [OMKHbI CTArMBaTLCS
LiBeTa 0bpabaTbiBaEMbIX M300paKEHUI);

2) B TO BpeMS kak B 0OyyatoLLyto BbIGOPKY BXOAAT NPEACTABUTENN BCEX KNACTEPOB, TO B OTAENBHO B3ATOM
1306paXeHnn NPUCYTCTBYIOT NULLb HEKOTOPBIE U3 HUX, @ MHOTAA, YTO rOpasgo Xyxe, LBeT (poHa MOXET
nepecekaTbCs C LIBETOM MMEIOWMXCH B BbIGOpKE, HO OTCYTCTBYHOWMX HA WM300paeHuM Knactepos
TekcTa (B 9TOM cryyae, 6€3 BbIMONHEHNS KOMNeHcaLum LBET oHa OyaeT NpuHAT 3a LIBET TeKCTa);

3) ans 6onee KayeCTBEHHOrO pasfeneHns Tekcta U hoHa B 06yvaroLLyto BIGOPKY B KAa4YECTBE OMOPHbIX
MOTYT BKIHOYATLCS «TPaHMYHbIE» LIBETA, MHOXECTBO KOTOPbIX Ha W300paXeHuM, kak NpaBumo, kKpanHe
maro.

lucTorpammHas copMa onucaHns M3obpaxeHus npeacTasnsaeT coboit WHGopMauuo O pacnpegeneHum
3HaYeHM LBETOBbIX KOMMOHEHT B LIBETOBLIX KaHanax. [ns ogHoro kaHana wsobpaxeHus | ructorpamma
sensietca N-pasmepHbim BektopoM Hi = (hi, ha,... hy), rae hi — oTHoweHWe yncna nukcenen ugeTa i k obwemy
yncny nukceneit B naobpaxeHun |, a N — yncno kBaHTOB, HanpuMmep, rpagaLmin pkocTy.

B uHTepecax komneHcauum annapaTHbIX LIBETOBbIX MCKaXXEHWI Mbl MPUMEHUNV NpoLeaypy nepecyeTa 3HaueHui
LYBETOBbIX KOMMOHEHT TOYEK 13 0byyatoLei BbIBOpKM C y4eToM ructorpamm obpabatbiBaemMoro n3obpaxeHus 1
n3o6paxeHus, Ha KOTOPOM [aHHas Touku Bbina HasHauveHa. Mepen obpaboTkoi (hunbTpauven) nsobpaxeHus |
AN KOKOOW mM-0M TOUKM U3 obyvarowlen BbIOOpKM 3HayeHue k-0 LBETOBOM KOMMOHeHTbl fy 6ymet
NepecyMTbLIBATLCS B COOTBETCTBIUM C POPMYIION:

' ) ) hIMax _hIMin)
fkm zhLMm"'(fkm_h/r(an)' ( k - k -,
(hi?" b

(1)

h;{n Min "

rae h,M" n h, M o3nadaloT nesylo v NpaByko rpaHnLb! ICTOrpaMMbl k-ro kaHana nsobpaxens |, a

h" M _ rpanmupl rucTorpaMmbl k-ro kaHana Toro M3oBpaxeHns, Ha KOTOpom 6bina HasHayeHa m-A Touka

obyyatoLLeit BbIGOPKM.

BoipaxeHne (1) obecneunBaeT He3aBUCUMYID AN KAXOOTO KaHana MOACTPOWKY 3HAYEHW OMOPHbLIX TOYeEK
obyyatoLieit BbIBOPKM NOZ LIBETOBbIE XapakTepucTukn obpabaTbiBaemoro usobpaxeHus. 3TO OYeHb BaXHbIN
MOMEHT, TaK Kak TOMbKO B 3TOM CIy4ae Mbl MOMy4yaeM BO3MOXHOCTb KOMMEHCWUPOBATL  PasfnyHyHo
LBeTonepefayy CkaHMpYHOLMX ycTpoicTB. [lpouedypbl TMna aBTOKOHTPACTUPOBAHWUS [And 3TWUX Lenen
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HeNnpuUrogHbl, TaKk Kak OHW BbIMONHSIOT MPOMOPLMOHANbHLIN AN BCEX KaHANOB MepecyeT 3HauveHwin. B
pesynbTaTte, Kak NpaBuso, elle 6onblue yBENNUMBAETCS PACCTOSHUE MEXOY LBETOM OMOPHBIX TOYEK W LBETOM
obbekTa, KOTOPOMY 3TW TOYKM JOMKHbI COOTBETCTBOBATL (PUC. 3).

MATOME10B e MATOHEROE

Puc. 3. Mpumep yBennyeHusl LBETOBOTO PacCorniacoBaHus nocne npyMeHeHus
NpoLelypbl aBTOKOHTPACTUPOBAHMS.

Mpoueaypa punbTpauyum

OT0T aTan npeanonaraeT HenocpeacTBeHHoe npeobpasoBaHue LBeTa U3 TPEXKOMMOHEHTHOrO NpOCTpaHCTBa B
OZHOMEpPHOE MPOCTPAHCTBO (MOMYTOHOBOE M300paxeHue). 3HayeHue SPKOCTW MOMyy4aemMoro W3obpaxeHus
JOMKHO ObiTb MPOMOPLMOHANLHO CTEMEHW OTNMYMS LiBETa MUKCENs OT LBETa TOYEeK M3 MHOXecTBa XM texty
CTENeHN CXOACTBA C LIBETOM TOuYeKk M3 MHoxectBa X"ford, CTporo roBopsi, MHOXECTBO XMfond moxeT BbiTb 1
nyctbiM. B 6OMbLUMHCTBE CMyyaeB OKasblBAETCA AOCTATOYHbIM 3aMOfHUTL BbIOOPKY TOMbKO TOYKaMMU,
3afatoLLumu LIBET TeKcTa.

OYHKUMSA CBEPTKN TPEXKOMMOHEHTHOTO 3HAYEHWS LIBETA B 3HAYEHUE SPKOCTW SBMSETCH HE YEM MHbIM Kak
yHKUMeN paccTosHus p(x,x'). Mpn onpegeneHny NpUHLMNOB paboTbl (YHKUMM PacCTOSHUS Mbl UCXOAMUIM W3
cnegyowmx TpebosaHmii:

1) 3Ha4eHue yHKLUNM p(X,X’) LOSMKHO 3aBUCETL OT BrikanLLero cocesa 13 BbIGopok Xm text y Xn fond:

2) yHKUMS po(x,x’) BomkHa nNpeobpa3oBbiBaTh LIBETOBOE paccornacoBaHue d(x,x’) B 3HaYeHWe SpKoCTK
pe3ynbTUPYIOLLEro N30bpaxeHus.
OyHkums d(x,X’) onpegenseT 5apo dyHKLMM paccTosHus. B paboTe Mbl uccriefosanu cnegytowme sapa:
MaHXETTEHCKOE paccTosHue (Hopma L+)

d(x,x') = IZSHX, x|, (2)
€BKN1A0BO paccTosiHue (Hopma Lo) 7
d(x, X) = il(x,- X, ®)
MakcuMyM Mopyneil i
d(x,x") = mlax|x, - xj. (4)

MpeobpasoBaHne OTKNMKA d(X,X’) B 3HAYEHME SPKOCTU OCYLIECTBMANOCH MOCPEACTBOM (OYHKLMM, WMEtOLLEn
creayLuit BuA;
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O,eCJ(7udsT)/4

255-(d-T/4

d)=1———"2 ecnuT/4<d<T,

Ad)=1"57, / )
255, ecnud =T

roe T — napameTp, onpeaensitoLuMin TONEPaHTHOCTL Ui 0606LLatoLLyo COCOBHOCTL (OYHKLMM PacCTOSHUS.

B cuny Toro, uto 3HaveHue dyHKUMM d(X,X’) BbIYMCNISIETCS MO paccTosHUIO A0 Brvkaiiwero cocena, MeToa
Onwkaiiwero cocefa akTUYECKN peanuayeT NUHERHbIA KnaccudukaTop, KOTOPbIA ONpedensieT rpaHnly Mexay
Knaccamm Kak KyCOYHO-NIMHEWNHYI0 MOBEPXHOCTb B LIBETOBOM MPOCTpaHCTBe npu3HakoB [Kypasnes, 2006].
Bbluncnsemoe B COOTBETCTBUM C (5) 3HAYEHME SPKOCTI MOXHO UHTEPNPETUPOBATH Kak CTEMEHb CXOXeCTU LBeTa
nUKCens ¢ 3afaHHbIM BbIGOpKOM X™ Xt iBeTOM TeKCTa.

OyHKUMA paccTosHus (5) obecneunBaeT MOCTPOEHWE pasfensiolen MOBEPXHOCTU AaXe Npu  YCroBuu
OTCYTCTBMS B BblOOpKe TOYeK (DOHA, WUCMOMb3ys 3HAYEHWE TONMEPAHTHOCTU KaK MakCUManbHO YOaneHHyH
rpaHuLly, OTAENSIHOLLYI0 TEKCT OT dhoHa. Ecnn MHOXecTBO X" ond HenyCToe 1 HaxoauUTCs Takoe pacCTosHNE Mexay
xiet n xford yro d(xed,xfond) < T, To 9TO 03HaYaeT, YTO j-as OMopHas TOYKa (OHa orpaHMuMBaeT 0bnacTb i-om
OMOPHOM TOYKM TekcTa. [ns usobpaxenus 6(4), Puc 1 ckazaHHOE MOXHO NPOUNIIOCTPUPOBATL CReayioLLei
pvarpammon (Puc. 4):

Puc. 4. MocTtpoeHve pasaensioLLein NOBEPXHOCTW B NnockocTh HL.

N3 PUCYHKa 4u cnenyert BbIBOL, YTO HET H606XO,D,VIMOCTI/I 3aaBaTbCsA ONOPHbIMWN TOYKaMU (*)OHa B Cny4ae, Koraa
LBet q.)OHa OTnn4yaeTca OT LBeTa TekCTa Bonee yem Ha 3afaHHYI0 BENUYNHY TONEPAHTHOCTH T.

Bbi6op pabouei uBeToBOW Mogenu

anHFITVIe peLeHnsa o Tom, B Kakou LlBeTOBOVI Moaenn oCyLeCTBNATb cbvmprau,mo [O/MKHO OCHOBbLIBATLCA Ha
BbIMONHEHUN ABYX nylOBI/II7IZ BO-NepBbIX, Haunydllasa LUBeTOBasd MOAENb [OMXHa YyBenuyinBatTb PacCTOsAHUE
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Mexay ToYKamu obbekTa u (1)0|-|a, 1 BO-BTOPbIX, MHOXECTBO TOYEK obbekTa A0MKHO pacnonaratbCA Kak MOXHO
KOMNaKkTHee B LiIBETOBOM MPOCTPaHCTBE BbI6paHHOI;1 mopenn.

Mbi BblpaboTani cregytoLme pekoMeHgaumuu:

1) ecnu UBET TeKCTa Unn LBET (POHA MOXHO OTHECTM K KaTeropum YepHoro, 6enoro unn ceporo, T.e.
0e3 SBHO BbIpaXeHHOro LBETOBOTO TOHa, TO obpaboTky crnegyet ocywectsnate B RGB-
NPOCTPaHCTBE;

2) ecnu Xe UBeT TekcTa M (hoHa MOXHO HasBaTb «UBETHbIMMY, TO Gonee addekTuBHbIM OypeT
CNoNb30BaHNe NEPLENLMOHHON LBeToBO Mogenw (HLS, HSV v ap.).

Mexagy HLS n HSV wmbl oToaem npennoyTeHWe nepBoOM, Tak Kak HacbllleHHocTb B Mogenn HLS Bcerpa
N3MEHSIETCS OT MOMHOCTBK) HACHILEHHOrO LIBETa K 3KBWUBANEHTHOMY CEpoMy LIBETY, B TO BPEMS Kak B MOAENM
HSV npu V=1 nonHOCTb0 HaCLILLEHHBIN LIBET NEPeXoaunT K 6enomy.

Mcnonb3oBanue ans 06paboTku Tak HasbiBaeMblX PABHOKOHTPACTHbIX LiBeTOBbIX Moaenen (Lab, LCH wu ap.)
TakKe BO3MOXHO AnA cuTyauun 2), HO OydeT onpaBaaHO TOMbKO B TeX cryyasx, korga Heobxogumo
anropuUTMUYECKyI0 OLIEHKY LiBETOPasnuynMs NpUBECTU B COOTBETCTBUE C YEMOBEYECKMM LIBETOBOCMPUATUEM
[Fairchild, 2005]. lnatod 3a 9TO CTaHyT MOBbIWEHHbIE BbIMUCMUTENbHBIE 3aTpaThbl. Kcnonb3oBaHue
PaBHOKOHTPACTHbIX MOAENEN UMEET NMPUHLMNMANBLHOE 3HAYEeHUE, HanpuMep, 4N KOQMPOBaHWUS 1306paxeHnn,
kaK 4acTu rpadpuyeckoin CUCTEMbI, HO He SBNSETCS 00513aTeNbHBIM B PELIAEMOI HamMK 3agaye.

B Hawen paboTe Mbl MCNonb3oBam MoAUUUMPOBaHHY0 HLS-MoAenb: KOMMNOHEHTY HACbIWEHHOCTM S Mbl
3ameHunn Ha xpomy C (Chroma) wnu HEHOPMWMPOBAHHYK YMCTOTY LiBETa, KOTOpasl OTpaxaeT CTeneHb
NpuBNMKEHNs [aHHOro LBETa K YucTOMy cnekTpanbHomy ueety. B mogenn HLC xpoma Bbluucnsetcs no
BbIPaXEHNIO

C=M-m,
2de M = max(R,G,B) um = min(R,G,B).
B oTnuume OT HacblleHHOCTU S 3HauveHus xpombl C He pacTaHyThl B AuanasoH [0,1]. 3ameHa S Ha C
npeobpasyeTt LMnuHApuYeckoe LBeToBOe npocTpaHcTBo HLS B dopmy TpexmepHoro BepeteHa. Xpoma C
MakcumarbHa TOMbKO Ha CPEeAHUX YPOBHSX SPKOCTW L, Mpy YBEMMYEHUN U YMEHBLLEHUM SPKOCTU OLLYyLLEHWE
HacblWeHHOCTU napaeT (Puc. 5). Takum obpasom, npu pacyeTe LiBETOBOMO paccornacoBaHus, Xxpoma Gyaet
BHOCMTb 3aBMCSLLMI OT YPOBHS SPKOCTM BKMaA B UTOrOBOE paccTosHUE.

1 0 SHS.I'. 1 | 0 C 1

Puc. 5. Obnactu onpeaeneHus HacbiweHHocTH S B Mmogemu HLS u xpombl C B mogenu HLC.
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Pe3ynbTaTbl 3KCNepMMEHTOB

B kayecte kpuTepus 3hDEKTUMBHOCTM mpouedypbl unbTpaumm Mbl BblOpanM KOCBEHHBIN MokasaTeNnb —
CPEAHIO0 BEPOSTHOCTL pacrno3HaBaHUs OT(UNLTPOBAHHbLIX M30OpaXeHUA CUMBOMOB. BbIGOp AaHHOTO KpuTepus
He NMPOTUBOPEYNT 3APaBOMY CMbICMY, Tak kak obecneymBaeT OLEeHKY CTeneHun NpubnmkeHns popmbl CUMBOSIOB K
WX 3TanoHHbIM n306paxeHusM. B Toxe Bpems Takoi cnocob oLieHkn 0cBoboXaaeT Hac 0T BeCbMa TPYA0EMKOro
aHanu3a npaBuMIbHOCTY KnaccuuKkaLv Kaxaoro nukcens u3obpaxeHus.

CospaHne BbIGOPKM OMOPHbIX TOYEK TEKCTa, a Npu HeobXOAMMOCTM M (DOHA BbIMOMHANOCL BPYYHYIO Ha
HECKOMbKUX M300paxeHnsix C BU3yarnbHOM OLEHKOA KayecTBa BbIMONHEHMs unbTpaunn. 3gech ke
BbICTABMSANOCh M 3HaYyeHWe TonepaHTHocTW T. HasHayanochb He Gonee 8-MM TOYEK B KaaoM MOAMHOXECTBE
Xmtexty Xnfond 3aTem npoueaypa unbTpaLum 3anyckanack Ha Bcem MHoxecTse n3obpaxeHuii (o1 500 go 1000)
1 noacuMTbIBanach CPEAHsIst BEPOSITHOCTb pacno3HaBaHNs CUMBOOB OTCUNbTPOBAHHOTO TEKCTA.

Hactpoitka npoueaypbl unbTpauum, a Takke ee TECTUPOBAHWE OCYLLECTBNSANUCH C NPUMEHEHNEM Pa3NUYHbIX
s0ep pyHkumv pacctoanns: dLi (2), dL2 (3) n dmax (4). Kpome Toro, ucnonb3osanuch ABa Buga npeactaBneHus
n3obpaxeHuit: B LBeToBOM npoctpaHctee RGB 1 B npoctpaHctee HLC. Mpumepbl pesynbTaTtoB unbTpaLmm

05-07-2016  wce
05-07-2016 e
06-24-2015 res
06-24-2015 e
10-12-2013  res
10-12-2013 e
05-24-2016 <
05-24-2016  wc

Puc 6. PesynbTat unbTpauum TeKCTOBOrO NONs MAEHTU(MKALMOHHOMN KapTbl LWTaTa
Maccauycetc (ID Mass).
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GEORGOULIS ros
_GEORGOULIS ke
BINGHAM  res

h".a s

BING HAM HLC
THEMMEN  ros
TH EMMEN HLC
TATOS RGB
....“ros"’ ~ e

Puc 7. PesynbTaT unbTpaymmn TEKCTOBOIO MOSs BOANUTENLCKOrO YAOCTOBEPEHUS LWTaTa
MaccauyceTtc (DL Mass).

Kpome yka3aHHbIX Ha pUCYHKax 6 U 7 JOKyMEHTax TecTMpOBaHWE NPOBOAMNIOCH HA TEKCTOBLIX MOMSX eLle Tpex
BMOOB JOKYMEHTOB. [puMepbl 1306paxeHunin TEKCTOBbIX Nosiei npruBeaeHbl Ha Puc. 8.

NtoroBble pesynbTaThl TECTUPOBaHMS NpoLeaypbl PUnbTpaLmm cBegeHbl B Tabnuupsl 1 1 2.

B nocnegHeit CTpoke Ta6J'IVILI|bI noa o6osHaueHnem Def NPUBOAATCA 3HAYEHUA BepOFITHOCTeI7I pacno3HaBaHnA
V|306pa)KeHVII7I CMMBONOB, 06pa60TaHHbIX C uCnonb3oBaHMeEM TakMX WMHCTPYMEHTOB, KaK Bbl60p KaHana unn
CMeCH 2-x KaHarsos, KOHTpacTupoBaHue U NnpuMeHeHne HU3KOYaCTOTHbIX 1 BbICOKOYACTOTHbIX q3VIJ'IprOB.



Puc 8. N306paxeHuns TEKCTOBbIX NOMeEN: a) BOANTENbCKOE YAOCTOBEPEHUE ANs

[NV ERTT &1 WUTT T T |
05-21-2011 fes
05-21-2011 ho

| _‘201'2'-MA'Y-13' RGB

201 Z-Mﬂﬁg-i:{i HLC

g , RGB
B, 28041981

J 28,04.1981 HLC

HecoBepLLeHHoneTHMX wraTa Maccavycetc (DL Mass 18); 6) BoguTensckoe yaocToBepeHme
wrata bputanckas Konymbus, CLUA (DL BC); B) Poccuiickuin HaumoHanbHbIn nacnopt (Pass RU).

Tabnuua 1. CpeaHss BeposaTHOCTb pacno3HaBaHus ¢ npumeHeHneM RGB-mopgenu.

Anpo HokymeHt 1 | OokymeHT 2 | OokymeHT 3 | JokymeHt 4 | JokymeHT 5 | CpegHee  no
YHKLMK (ID Mass) (DL Mass) (DL Mass 18) | (DL BC) (Pass RU) AOKYMEHTaM
CpaBHeHMS
dus 0,94 0,86 0,95 0,79 0,92 0,892
di 0,93 0,89 0,96 0,82 0,92 0,904
Omax 0,90 0,88 0,89 0,71 0,90 0,856
Def 0,78 0,75 0,81 0,64 0,86 0,768
Tabnuua 2. CpeHsis BepOATHOCTb pacnosHaBaHus ¢ npuMeHeHnem HLC-mogenw.
q)jsz(;m HokymeHT 1 | [okymeHT 2 | [HokymeHT 3 | [okymeHT 4 | [OKYMEHT 5 CpenHee no
CpaBHeHNs (ID Mass) (DL Mass) | (DL Mass 18) (DL BC) (Pass RU) [OKyMEHTaM
du1 0,90 0,85 0,97 0,70 0,89 0,862
di 0,92 0,86 0,96 0,72 0,91 0,874
Omex 0,88 0,85 0,91 0,60 0,90 0,828
Def 0,75 0,71 0,85 0,61 0,83 0,75
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Haunyywwne pesynbtatel npu obpaboTke M300paxeHuit NpoaemoHCTpupoBana MeTpuka Lo (eBknuposo
paccTtosHue). Moyt ¢ Takom xe 3 heKTMBHOCTEI paboTaeT 1 cpaBHEHWE LiBETa N0 MOZYII0 paccornacoBaHus
(MeTpuka L1). Xypwme pesynbTatbl, NOMyYeHHbIE Ha SAPE dmax OBBACHAOTCA TEM, YTO B CPABHEHUM Y4acTByeT
TONMbKO OfHa LBETOBas KOMMOHEHTa, MpUYeM Ha COCEOHWX MUKCENsaX Hepeako Habnoganca addekT
nepekioYeHns npoLieaypbl CPaBHEHNS C OLHOTO KOMMOHEHTa Ha [pYro.

Kak Obino w3noxeHo B npepblayliem pasgene, obpaboTka usobpaxenns B upeToBon Mogenu HLC Oypert
obocHoBaHa B TEX Cry4asx, Koraa UBET TEKCTa U LBeT hoHa SBNSTCS SPKMMU W HACBILLEHHBIMU. TOMBKO B 9TOM
cnyyae (JokymeHt 3 — DL Mass 18) acbdpekTuBHOCTb punbTpaLmm B LBETOBOM npocTpaHcTee HLC npesbicuna
3hheKTMBHOCTb PunbTpaLmmn B npocTpaHcTee RGB.

3aknioyeHue

B paboTe uccrnenoBaHo pelueHne NPUKNAgHOM 3afauyn BblOENEHWs LBETHOTO TEKCTA Ha CNOXHOM LIBETHOM
toHe. [Ang noBbleHNs 3PPEKTUBHOCTM pELLEHNs 3afdadun NpeanoxeH cnocob KoMneHcauun LBETOBbIX
NCKaXXEHWI, BbI3BaHHbIX CKaHMPYHOLLen annapaTypoil. Ha 6ase meToga nuHeHoON Knaccudukauun paspabotaHa
npoueaypa unbTpaumm oHa OT TEKCTa NyTeM CBEPTKM LIBETHOMO 1306paeHNs B MONYTOHOBOE M306paXeHue.
[ns npakTM4eckoro NpuMeHeHNs pa3paboTaHHOM NpoLeaypbl CAENaHbl KOHKPETHbIE PEKOMEHAALMM NO BbIGOpY
paboyero LBETOBOTO NPOCTPAHCTBA M sApa yHKLMM PacCTOSHUS.

OKCNEpUMEHTANBbHO MONYYEHO MOATBEPXKAEHNE 3DMEKTUBHOCTM MPUMEHEHUS pa3paboTaHHOro (unbTpa B
3agaye OCR. Mo cpaBHEHMO C TPaaMUMOHHO MCMOMb3yeMbIMM CPeaCcTBaMM NpeaBapuTentHoii 06paboTku
NpUMEHeHne unbTpa NO3BOINIIO NOBLICUTL BEPOSTHOCTb Pacno3HaBaHWs CUMBOIOB Ha 6-18%.

BnarogapHocTu

Cratba nybnukyeTca npu vactnyHon nopaepxke npoekta ITHEA XXI MexayHapogHoro HayyHoro obuiectsa
ITHEA (www.ithea.org) u Accounaumu Cospateneit u [lonb3osatenen WntennekryanbHbix Cuctem ADUIS
(www.aduis.com.ua).
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O BAPUATUBHOCTU HEKOTOPBIX BYKBEHHBIX YACTOT B CYNPACJICKOM
CBOPHUKE

W. Ta6os, CB. XpucToBa

A6cmpakm. B Hacmoswel pabome npednazaem HayarbHble Wazu uccrnedosaHusi 8apuamusHOCmMu Yyacmom
HekomopkIx byke 8 mekcmax pasHol OnuHbl U3 Cynpacnckoao coopHuka. llomyyeHbl UHmep8arbl, 8 KOMOPbIX
g8apbUpytom yacmomsi 6yke M, H, E uB & mekcmax dnuroii 00Hol do namu cmpaHul c0pHUKa.

Keywords: 6ykseHrHble yacmomsl, cmapocnagsHekue mekcmel, Cynpacnckuti c60pHUK

BBeaeHue

Cpeau BaxHenwWmMx 3afady npu n3yyeHum 6onrapckoro NMCbMEHHOO HAcMeans MOXHO OTMETUTb aTpUbyLMIo 1
[AaTMpOBaHWe CTapbix Oonrapckux TEKCTOB — OMpedeNeHne aBTopa TeKCTa, LWKOMbI, K KOTOPO#A €ro
NMPUYUCASIOT, N Bpems ero codgaHus. MogobHoi npobnemon sSBnsieTcs yCTaHOBNEHWe OAHOPOAHOCTH TekcTa
(HannuMe BCTaBOK APYroro aBTopa WM Mepenucymnka). ATy TPaauUMOHHYK ANs naneorpadoB 3agady He
BCErda MOXHO YCMELIHO pelwuTb TOMbKO WX YCUIUAMW — CPaBHEHMEM CreLuUYEcKUX XapaKTepucTuk
TekcTa. JKenaTenbHO HalTU opManbHbIA, KOMMYECTBEHHO-CTATUCTUMYECKMA NOAXOA4, OCHOBAHHLIA Ha
aHanuse GYKBEHHbIX YacTOT, KOTOPbIA AaBan Obl LOMOMHUTENbHbIE LOBOALI, AAOLLME NPEANOYTEHNE OAHON
naneorpagockomn runoTesbl nepes 0CTanbHbIMM.

[ins co3paHus Takoro Noaxoda HyXHbl MaclTabHble UCCEeAoBaHMs CTapblx GOMrapckux TEKCTOB, OAHUM W3
BaXHEMLMX cpeayn KoTopbix siBnsietcst Cynpacnckuit cOopHuK. OH NOAXOANT NS SKCNEPUMEHTOB C BYKBEHHBIMM
YacToTamy eLLe 1 NoTOMY, YTO pesynbTaTbl OT HUX MOXHO CPABHUBATL C YXE UMEOLLMMMCS MHOMOUNCTIEHHBIMM
naneorpauYeckumMm aHann3amm.

B HacTosiweit paboTe npeanaraem HadyanbHble LWark Takux UCCreaBaHuit: CPaBHEHUS YaCTOT HEKOTOPLIX OYKB B

TEKCTax pasHoi AnnHbl 13 Cynpacnckoro cOopHMKa no ero ghakcumurbHoMy msganuio [Cynpachncku COOpHWK,
1983].

1 O BapuaTMBHOCTH OYyKBbLI M

[Ovarpamma Ha puc. 1 nokasbiBaeT HarnsgHO pacnpepeneHue vactot 6ykebl M ans 37 cTpaHuy pykonucw
Cynpacnckoro cbopHuka: no abeumcce 4acToThbl B MPOLEHTAX, pasgneneHHble Ha uHTepsans! (0T 1% a0 1,5 %, ot
1,5 % 00 2 % n 1.4.), @ NO OpAMHATE — YMCNO CTPaAHWL, Ha KOTOPbIX YacToTkl Ha Oykebl M nomagaioT B
COOTBETCTBYHOLLMI MHTEPBAI, OTMEYEHHbI Ha abcuucce.

[unarpamma Ha puc. 2 nokasbiBaeT HarnsgHO pacnpepeneHune vactot 6ykebl M ans 36 nap ctpanuy (36
TEKCTOB, 3aHMMatLMX 2 cTpaHuubl) B pykonucu Cynpacnckoro cBopHuka: no abcuucce 4actoTbl B
npoLeHTax, pasgeneHHblie Ha uHTepaanbl (0T 1% Ao 1,5 %, o1 1,5 % 80 2 % 1 1.4.), @ N0 OpAMHaTE — YUCIO
CTpaHuL, AN KOTOpbIX YacToTbl Oykebl M nonagaloT B COOTBETCTBYHOLMA MHTEPBAN, OTMEYEHHbIA Ha
abcuucce.

AHanornyHas guarpamma ans 35 Tpoek CTpaHuu, NpeacTasnieHa Ha puc. 3.
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1-15 152 225 253 335 354 445 455 555

Puc. 1. Pacnpeaenenue yactot Byksbl M ans 37 ctpanuy pykonucy Cynpacnckoro cbopHuka: no
abcumcce YacToThbl B MPOLEHTaX, pasaenerHble Ha nHTepeansl (0T 1% 40 1,5 %, 01 1,5 % a0 2 % n 1.4.), ano
OpAMHATE — YMCIO CTPaHML, Ha KOTOPbIX YacTOThbl Ha BykBbl M NonagaroT B COOTBETCTBYIOWMIA MHTEPBAT,
OTMEYEHHbIII Ha abeuumcce.

I - ABe cTpaHuubI

11,5 1,52 225 253 3-356 3,54 445 455 555

Puc. 2. Pacnpegenerme yactot 6ykebl M ans 36 nap ctpaHu, (36 TEKCTOB, 3aHUMALLMX 2
CTpaHuubl) B pykonucy Cynpacnckoro coopHuka: no abeumcce YactoTbl B NPOLEHTaX, pa3aeneHHble Ha
unTepsansl (01 1% 80 1,5 %, 01 1,5 % 80 2 % v 1.4.), @ NO opANMHaTe — YUCNO Nap CTpaHuLL, Ans KOTOPbIX
yactoTbl 6ykBbl M nonagaroT B COOTBETCTBYIOLLMI MHTEPBAN, OTMEYEHHbIN Ha abeumcce.

M -Tpu cTpaHuubl

11,5 1,62 225 253 335 354 445 455 555

Puc. 3. Pacnpegenenune vactot 6yksbl M ans 35 Tpoek cTpaHuL, (35 TEKCTOB, 3aHUMatoLLnX 3
CcTpaHuupbl) B pykonuey Cynpacnckoro c6opHuKa: no abeumucce YactoTbl B MPOLIEHTaX, pasaeneHHble Ha
unTepsanbl (01 1% 10 1,5 %, 01 1,5 % 80 2 % v 1.4.), @ N0 OpAMHATE — YUCO TPOEK CTPaHULL, ANs KOTOPbIX
yacToTbl OykBbl M nonagatoT B COOTBETCTBYIOLLMIA MHTEPBAS], OTMEYEHHbIN Ha abcuucce.
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B oxBaueHHbIX HacTosAwmm nccnepoBaHuem 37 ctpanuy, Cynpacnckoro c6opHuka Yactota Gykebl M HEMHOrO
Bbllle cpeaHen: okono 3,343 %. Kak BuaHO M3 anarpamMmbl Ha puc. 1, Ans 3TUX CTPaHUL, OHa W3MEHSIETCS OT
1,5 % po 55 %, 1.e. — B npoueHTax — B uHTepBane (1,5; 5,5). [ina nap n Tpoek cTpaHuy — Cyas no
JnarpaMmmam Ha puc. 2 1 puc. 3 - 3TOT MHTEPBAS CYKaeTcs COOTBETCTBEHHO 40 (2 ;5) u (2 ;4,5).

OTu pesynbTaThbl AAKT BO3MOXHOCTb CPABHWUTb BapMaTMBHOCTb YacTOT MPW YMEHbLUEHUM ASMHbI TEKCTOB: C
TPOEK K Mapam CTPaHuL, M C TPOEK K OTAENbHbLIM CTpaHuLam (puc. 4)

M -Tpu cTpaHuubl M - ABe cTpaHULUbI
12, = 14
10 121
[T 10
8] -
P 87 |
N ||
4l ||
) ||
0,
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Puc. 4. CpaBHeHve BapnaT1BHOCTY YacToT OykBbl M npu yMeHbLUEHUM ANUHbI TEKCTOB: C TPOEK
(cnesa) k napam (cnpaBa) cTpaHuy, B pykonucu Cynpacnckoro coopHuka. YactoTel M BapupytoT
COOTBETCTBEHHO B MHTEpPBanax (2 ;4,5 n (2; 5).

M - Tpu cTpaHuubl M
121 A
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Puc. 5. CpaBHeHe BapnaT1BHOCTY YacToT OykBbl M npu yMeHbLUEHU ANUHbI TEKCTOB: C TPOEK
(cneBa) k oTAenbHLIM CTPaHMLaM (cnpasa) B pykonuen Cynpacnckoro cbopHuka. Yactotel M BapupytoT
COOTBETCTBEHHO B MHTEpPBanax (2 ;4,5 n (2; 5).

[vnarpamMmmbl Ha puc. 4 1 puc. 5 UNNKOCTPUPYIOT pacLUMPEeHNe MHTEpBana BapuaTMBHOCTH YacToT Bykabl M npu
YMeHbLLEHU 0Obema COOTBETCTBYIOLLErO TEKCTAa — OXWUAAeMOe M3MeHeHue. B nMpoLeHTHOM COOTHOLLEHMM
OHO 03HaYaeT pacluMpeHue MHTepBana cooTBeTCcTBEHHO Ha 20 % 1 60 %.

2 O BapuatuBHoCTH OYKBbI H

B oxBayeHHbIX Hawwm uccnepoBaHuem 37 CTpaHuy Cyl'lpaCJ'ICKOFO C60pHVIKa 4acToTa 6yKBbI H 6onblias,
BblLLle cpe,u,Heﬁ: okono 9,052 %. Kak BuaHo 13 auarpamMmMbl Ha pUC. 6, ans aTnx CTPaHUL, OHa U3MEHAETCA OT
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57 % po 12 %, 1.e. — B npoueHTax — B uHTepBane (5,7 ; 12). [ins Tpoek u naTepok CTpaHWy — cyas no
Anarpammam Ha puc. 7 1 puc. 8 - aTOT MHTEpPBan CyxaeTcs cooTBeTcTBeHHO 4o (7,8 ; 11,3) u (7,8 ; 10,8).

H

57- 64 74- 78 85 92 99 106 113
64 71 78 85 92 99 106 113 12

Puc. 6. PasnpeaeneHue Ha yactotute Ha 6ykBaTta H 3a 37 cTpaHuum oT pbkonuca Ha Cynpacnckus
cbopHuK: no abeumcata ca 4acToTuTe B NMPOLEHTH, @ N0 OpAnHaTaTa — 6posT Ha CTpaHuLKTe, B KOUTO
yactoTtuTe Ha bykBaTa H ca B CbOTBETHUS MHTEPBAIT.

OTK pe3ynbTaThl JatoT BOSMOXHOCTb CPaBHUTb BApUATUBHOCTb YaCTOT NPW YMEHbLUEHUM AfWHBI TEKCTOB: C
MATEPOK K TPOWKaM CTpaHWUL 1 C MATEPOK K OTAENbHLIM CTpaHuLam (puc. 7 u 8).

-Tpu CTpaHUUbI
H - NATb CTpaHuy H-TP P u
14+ 10+
_ ol
124
8,
104 7
8- 61 in
5 L[]
61 4 L[]
44 31 ]
N L
24 1 L
0 e 0 e
™ M M m ™m ™ oM 00 M) MMM MO M
© N ®© o o = o QONNDDRIPOO = =N
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Puc. 7. CpaBHeHune BapuaTMBHOCTU YacTOT BykBbI H Npu yMEHbLIEHWN AMNWHbI TEKCTOB: C MATEPOK (Cresa) K
Tpoiikam CTpaHuy, (cnpasa) B pykonuecu Cynpacnckoro cbopHuka. YacToTsl H BapupytoT COOTBETCTBEHHO B
nHTepeanax (7,8 ;10,8) n (7,8 ; 11,3).

[unarpammbl Ha puc. 7 1 puc. 8 UNMICTPUPYIOT pacluMpeHne HTepBana BapuaTMBHOCTY YacToT Oykebl H npu
YMeHbLUEeH 0Bbema COOTBETCTBYIOLLErO TEKCTa — OXuUAaeMoe M3MeHeHue. B MpoLeHTHOM COOTHOLLEHMM
OHO 03HaYaeT pacluMpeHve MHTepBana cooTBeTCTBEHHO Ha 17 % 1 110 %.
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Puc. 8. CpaBHeHue BapuaTUBHOCTM YacTOT OYkBbl H Npy yMEHbLUEHUM ANWHBI TEKCTOB: C NATEPOK
(cneBa) k 0TAENBHBIM CTPaHMLaM (cnpasa) B pykonuen Cynpacnckoro cbopHuka. Yactotel H BapupytoT
COOTBETCTBEHHO B MHTEpBanax (7,8 ; 10,8) n (5,8 ; 12,3).

3 O BapuatuBHocTH OykBbI E

¢ - NATb CTPaHUL, ¢
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Puc. 9. CpaBHeHune BapuaTBHOCTH YacToT OykBbI E Mpu yMeHbLUEHM ANWHBI TEKCTOB: C NATEPOK (CNeBa) K
OTAeNbHbIM CTpaHuLam (cnpaea) B pykonucy Cynpacnckoro cbopHuka. YactoTbl E BapupyloT COOTBETCTBEHHO B
nHTepeanax (4,3;7,3)n (3,8 ; 8,8).

[varpamMma Ha puc. 9 MNMIOCTPUPYET pacluMpeHue MHTepBana BapWaTWBHOCTM YacToT Oykebl E npu
yMeHbLUEHWUM 06beMa COOTBETCTBYIOLLEMO TEKCTa: paclumpeHie uHTepeana Ha 67 %.

4 O BapnmaTMBHOCTM OYKBbI &

[Ouarpamma Ha puc. 10 unniocTpupyeT pacluMpeHue MHTepBana BapuaTMBHOCTK yacToT Oykeel B npu
yMeHbLLeHu 06bema COOTBETCTBYIOLLEro TeKCTa: paclumpeHne nHtepsana Ha 160 %.
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Puc. 10. CpaBHeH1e BapnaTUBHOCTY 4acToT 6ykBbl "B Npu yMeHbLLEHNM ANNHbI TEKCTOB: C
NATEpOK (Cresa) K 0TAENbHbIM CTpaHuLUam (cnpaea) B pykonucn Cynpacnckoro cBopHuka. YacToTbl BapupyroT
COOTBETCTBEHHO B MHTepBanax (2,15;3,4)n (1,4 ; 4,4).

5 BbiBOAbI M NepcneKkTUBbI

Yucno TekcToB (HMKCMPOBAHHOW ANWHBI, ANSt KOTOPbIX B HALUEM UCCES0BaHUM BbIMUCASIOTCS YacTOTbl BykB -
ot 33 po 37, yto npeacTasnser coboi BbIBOPKY, AOCTATOMHYKW [Ans TOro, 4tobbl urpatb ponb
nepBOHAYaNbHOTO OPUEHTMPA AN BbIBOLOB, OTHOCSLLMXCS K BCEMY COOPHUKY.

Cyas no nonyYeHHbIM HaMK AaHHbIM, ANs TEKCTOB AfMHOM B OfHY CTPaHWLY YacToTa LaHHOW GyKBbl MOXET
BapupoBaTh B UHTEpBane ANWMHOM A0 okoro 5 % (T.e. Nnc-MuHYC 2,5 %). [ns TEKCTOB ANWHOM B 5 CTpaHWL,
3TOT MHTEPBAN 3HAYNTENLHO YKe — okono 3 %.

[MpeanonoXum, YTO HYXHO CpPaBHUTbL ABA ANMHHbIX TEKCTA Ha CTApOCNaBSHCKOM si3blke (4nMHOM Bonblue 5
cTpaHuy no macwrabam Cynpacnckoro cbopHuka) X 1 Y, 1 YTO YacToTbl HEKOTOPOI DyKBEI (XOTS Bbl O4HOM) B
X n B Y otnuyatotcs Gonblue, Yem Ha 1,5 %; 310 OTNMYME ykasbiBano Obl HA pasHOe MPOUCXOXKAEHME 3TUX
TEKCTOB — YTO OHW MCaHbl HE OAHUM W TEM XK€ YENOBEKOM («OAHOM 1 TOM Xe pykoi»). bonee CyLlecTBEHHbIE
0TNNYMS BYKBEHHBIX YacTOT yKasbiBanu 6bl Ha TO, YTO X 1 Y SBASIOTCS TBOPEHUEM PA3HbIX LLKOI.

,D,J'IFI TOr0, YTOObI YCTaHOBUTb TOYHbIE MapaMeTpbl BAPUATUBHOCTN OTAENbHbIX GYKB 1N nUcnonb3oBaTb UX Ha
NPaKTUKE, HYXHbI AanbHenwne nccneaoBaHus
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MOZENW UHTENNEKTYANbHOW AQDANTUBHOW NOAOEPXKU HABUrALIUK B
KOMMbIOTEPHbIX OBYYAIOLLMUX CUCTEMAX

Urops LLIy6uH, Bnagumup YepHos, Bnagumup MpuueHko, UpuHa KupnyeHko

Abstract: The various questions of creation of integrated development environment for computer training
systems are considered in the given paper. The information technologies that can be used for creation of the
integrated development environment are described. The different didactic aspects of realization of such systems
are analyzed. The ways to improve the efficiency and quality of learning process with computer training systems
for distance education are pointed

Keywords: Distance Learning, Learning Course Model, Computer-Based Training System, Hypermedia, Web-
Based Design.

BBeaeHue

B HacTosee Bpems 0byveHue yepes HTepHET SBNSieTCS akTyanbHOM 0bnacTbio nccrnesoBaquin U paspaboTok.
Monb3a OT Takoro nogxoga B OOyYeHWW O4YeBMAHA: HE3aBMCUMOCTb PAcronoXeHus obyvaeMbix K
He3aBMCUMOCTb OT nnatdopmbl. [MpunoxeHne, YCTAHOBIEHHOE M NOLAEPKMBAEMOE B OQHOM MECTE, MOXET
1CNONb30BaTLCS ThiCK4aMM 0By4YaeMbIX N0 BCEMY MUPY, UMEIOLLMX KOMMbIOTED C NHoObIM BUAOM NOSKITIOYEHUS K
Cetu. Toicsun Web-kypcoB 1 gpyrux o0yyaroLwmx npuioxeHuin ctani 4OCTyrHbl B NoCnegHee BpeMs.

Mpobnema 3akni4aeTcs B TOM, YTO GOMbLUIMHCTBO M3 HUX SIBMAKOTCS HWYEM WHBIM, KaK CETbIO CTATUYHBIX
rMNepTEKCTOBbIX CTPaHWL. [epcnekTUBHOM Lenblo sBnsieTcs paspaboTka nepefoBblx 00pa3oBaTemnbHbIX
MPUNOXEHNA, OCHOBaHHbIX Ha Web, KOTOpble CMOrYT MNpEeanoXWTb HEYTO 3HAYMTEeNbHOE B MnaHe
NHTEPaKTUBHOCTM M aflanTUBHOCTU.

B nocnepHee Bpemsi aganTuBHblE rMnepmenna-cUCcTeMbl CTaHOBATCA Bce Gonee w 6onee monynsipHbiMM B
AMCTaHLMOHHOM 0By4eHun, NpefocTaBnsas CpeacTsa 4OocTyna K MHopMaumu, ynpasnsemble Nofb30BaTenem.
AnanTuBHble runepMeanMa-CUCTEMbl CBOOAT BOEAMHO WOEM rUnepMeana-CUCTEM U WHTEeNneKTyarbHbIX
0byyarowmx CUCTEM 1 AENaoT BOIMOXHBIM NEPCOHANM3MPOBAHHbIA AOCTYN K MHGOpMaLuMu. PaccMaTtpusatoTcs
BOMPOCHI NOAAEPXKKA AUCTAHLMOHHOMO 06yyeHns, ocoboe BHUMaHWE yAensieTcs aHanuay METOOB U CPeAcTB
afanTUBHOM rMnepMeama, UCnonb3yeMblX COBPEMEHHBIMM afanTuBHbIMK 0byyatowmmmn Web-cuctemamu.
AzanTtauus UCKNMYNTENBHO BaxHa Ans 06pa3oBaHus ¢ UCNONb30BaHWEM rnobanbHON CeTh, N0 MeHbLUEN Mepe,
no ABYM OCHOBHbIM MpuynHaM. Bo-nepsbix, 60nbwmHCTBO Web-npunoxeHuin MCnonb3yrTcs MHOXECTBOM TakuxX
pasnuuHbIX Monb3oBaTenen, 4TO He npegnonaranocb npu pas3paboTke fOKamnbHbIX MPUNOXEHUA 1
cnegoeatenbHo, Web-npunoxeHnus, cnpoekTUpoBaHHble Anst cneundUYHOro Knacca nonb3oBateneil, He byayTt
NOAXOAMTL ApYriM nonb3oBaTensM. Bo-BTOpbIX, BO MHOMMX Cnyyasx nonb3oBaTenb paboTaeT OAMH Ha OAMH C
Web-HacTtaBHukom unm kypcom [Bondarenko et al, 2008].

Takum 06pasoM, Lienbl MCCrenoBaHUs SBNseTCs pa3paboTka METOLOB W MoAenen MOCTPOEHWs CUCTEM
afanTMBHON TUMepMenna, OCHOBAHHOM Ha YMPOLLEHHOM (hopMaTe HaBUraLMOHHBIX NPaBWi MepemeLLeHNst
obyyaemblx Mo y4ebHOMYy maTepuarny. HaBurauuoHHble MpaBuna SBASKOTCS yHKUMAMM anrebpbl KOHEYHbIX
npeavkaToB M MpeankaTHbIX Onepawuii, Mo3BOMSIHOLWEN ONUChIBaTL MPOM3BONbHBIE MOAENM UCKYCCTBEHHOTO
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WHTennekta. dopmat npaBun Takke ABNSETCA 0ObEKTOM pa3paboTkM M OOmKeH NO3BONsATL pa3paboTynkam
ONWCbIBaTb HaBUraLMOHHbIE NpaBuna Ansg MX MPUMEHEHUs B aBTOMATU3MPOBAHHBIX OOY4aloLMX CUCTeMax.
Kpome Toro, Heobxoaumo paspaboTaTb MHCTPYMEHTanbHOE CPEACTBO AN MPOBELEHWS 3KCMEPUMEHTOB C
pa3paboTaHHbIMW HaBUraLMOHHBIMW MpaBKUIaMK C Lenblo agantauun y4ebHbIX MaTepuarnos Ans CTyAeHToB. B
AaHHOM Cflyyae cucTeMa afanTUBHOW runepMeamna SBnseTcs aaanTUBHbIM BO3LENCTBUEM N1 NpegoCTaBneHuns
y4ebHOM MHEOPMaLMM Ha OCHOBE 3HAHWIA NONb30BaTENS.

[MaBHbIM OTIMYMEM pa3pabaTbiBaeMbiX MaTEMaTUMYECKMX MOZenien OT aHanoruyHbIX SIBISETCS TO, YTO
aHanorMYHble CUCTEMbl, OCHOBAHHblE Ha MPUMEHEHWN HABWraLUMOHHbIX MNpaBWn, He NPeAoCTaBnAT
pa3paboTumkam HU CPeACTB, HU (DYHKLWIA, KOTOPbIE MOTYT YMEHbLUMTb CPOKM W TPYAOEMKOCTb COCTaBNEHMS
npasun.

Takum 0Bpa3om, B AaHHO CTaTbe pa3paboTaHbl CreayloLme KOMMNOHEHTbI adanTUBHON 0ByyatoLen CUCTEMBI:
MoZenb npouecca obyyeHus, Mogent 00y4aemoro, OnmncaHne OCHOBHOM Lienn 00y4eHust, anroputM obydeHus,
pa3paboTaH Habop HaBMraLMOHHBIX NPaBuI.

O6yuatowwme runepMeguiHble aaanTMBHbIE CUCTEMBI

B apyrom koHTekcTe, 0byyatowme aganTueHble cucteMbl B Web nniub ogHa M3 CyLLECTBYIOLMX Pa3HOBMAHOCTEN
apanTueHbix cuctem. WWW nokasblBaeT, YTO MOXET SIBNATbCS XOpOLen nnatdopmon ans paspaboTtku u
TECTUPOBAHNS Pa3NNYHbIX aJanTWBHLIX NPUNoXeHun. C OOHOM CTOPOHBI, 3TO NEPCNEeKTUBHO: cuctembl B Web
[ENCTBATENBHO HYXXOAOTCA B afanTauuu, Tak Kak OHW paboTaioT ¢ 6ornee 3HAUMTENbHO OTIMYAKOLMMUCA
nomnb3oBatensamu, Yem Oonee paHHWE CUCTEMbl, NpefHa3HaYeHHble ANns YCTaHOBKM HEMOCPEACTBEHHO Ha
MaLumHy nonb3osatens. C apyroi cTopoHsl, Web faeT KOMNNeKCHbIM aaanTUBHbIM CUCTEMAaM NPEKPacHbIN LWaHC
JOTAHYTLCA A0 MHOTUX pearnbHbIX nonb3oBatenen. Monb3oBatenu Web Takke MOryT noMOYb paspeLumTb
npobnembl OLEHMBaHMS, TaK Kak BCe AaHHble 0 B3aUMOLENCTBUM nonb3oBaTeneit ¢ agantueHoin Web-cuctemon
MOryT BbITb 3anMcaHbl Ha LEEHTPan30BaHHOM CEPBEPE W UCMOMNb30BaHbl AN 0BCTOATENBHOM aHanuaa.

Cuctembl apanTUBHOM runepmeana NPUMEHSIIOT pasnuyHble BWAbI MOZenen nonb3oBaTens Ang agantauuu
KOHTEHTa aBTOMAaTM3MPOBaHHOM obyyatowen cuctembl (AOC) M CCbINOK BHYTPU HETO Mo YpPOBEHb 3HAHMIA U
WHTepeckl nonb3oeatens. Obpas3oBaHue Bceraa ObiNO OAHOM U3 rMaBHbIX 06nacTei NPUMEHEHNS adanTUBHOM
rMnepmeana. BonblUMHCTBO afganTUBHBIX CUCTEM runepmeaua WCMonb3ylT METOAbl, KOTOpble MO3BONST
pa3paboTynkam OnuCbIBaTb HaBUraLWOHHbIE NpaBuna nepemelyeHns obyyaembix no koHTeHTy AOC [Shubin et
al, 2011].

MeToab!i noCcTpoeHus MHTEHHEKTyaanOﬁ afanTMBHOM noaaepPxkKku 06yquMﬂ

AnanTusHas noaaepxka (Al) coBMECTHOM paboTbl MCMOMb3YET 3HAHWS CUCTEMbI O Pa3NYHbIX NOMNb30BATENSX
(XpaHuMbIX B MoAensx nonb3oBatens) Ans opMupoBaHMs cOanaHCMPOBAHHOM rpynnbl ANS COBMECTHOM
paboTbl. TeXHONorns aganTMBHON NOLAEPXKKM HAaBUraLmuu nomoraeT oby4aeMoMy B OPUEHTALMM U HABUraLumn B
rMNepnpocTpaHCTBe, U3MEHSS NOSBNEHWE BUAMMBIX CCbINOK. B OTAEMbHbIX Cryyasx cuctema MOXET afanTUBHO
COPTMPOBAaTh, @HHOTUPOBATbL WK YACTUYHO MPATATb CChIMKW Ha TeKyllei cTpaHuue ans obneryeHns Bbibopa
nonb3oBaTeNeM CreaytoLen ceoinkn. AgantueHas noagepxka Hasuraumm (AMH) MoxeT paccmaTpuBaTthes Kak
JOMOMHEHNE K afanTUBHOMY MNAHMPOBAHMIO B KOHTEKCTE runepmeana. OHa y4yacTByeT B pPELIEHWE TOW ke
3ajaym — momoub oOy4aemMoMy HaWTW ONTWManbHbIA MyTb B oOyyalowem Mmatepuane. B Toxe Bpems
ajanTWBHAs MOALepXKa HaBuraumW HanpaensieT 00y4yaemoro MeHee HaCTOWYMBO, MO CPABHEHMIO C
TPaAMLMOHHEIM aAanTMBHBIM NNaHMPOBAHWEM: OHa HanpaBnsieT 00y4aemoro KOCBEHHbIM 00pa3om, paspeluast
BbiOpaTh Criedylowmii hparMeHT 3a4aHuin ans U3yvyeHus unu Cregyrowyo 3agavy ans pelwenus. Cyulectesyet
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HECKOMNbKO W3BECTHLIX CnocoboB agantauyun  rmnepccbiok. TpeMFI Haubonee nonynapHbIMK - NYTAMMU,
ncnonb3yembiMn B Cetn, aenswTCcs npamMoe pPyKoBOACTBO, NPUMEHEHue afanTMBHOM OTMETKM CCbINOK W
ajanTUBHOE COKPbITHUE CCbIJIOK.

PaspaboTtka moaenen agantaumm B cxemax ooy4eHms

BBenem noHsiTue «Cxema 06y4eHUsI», kak pesynbTaT reHepaLun cneumduieckoro nyTv NpoXoXaeH!s y4eGHoI
AUCUMNIMHBL Ans oByyaemoro, KoTopasi BKIKOYEHa B 0Oyyatollyld NOCNeAoBaTenbHOCTb kypca. B koHue
rnocreaoBaTenbHOCTI, B3aUMOJENCTBME MOMb30BaTENs OLEHMBAETCS TECTMPOBAHMEM Ha NPUOBPETEHHbIE
3HaHus. CornacHo pesynbTaTaM TecTa, NoNb30BaTeNb MOXET NEpPEXoauTb K CrieAyroLemy pasneny 0bydatoLmx
MaTepuanoB WnM NpoXoauTb TOT Xe Kypc, ecnu Heobxoaumo MoauduumpoBaTb NMpoduib 0byyaemoro,
y4uTbIBas NepecaHHble MaTepuarbi.

Mpoxog oT obyyatowlero Kypca K ApYromy He BbIMOMHSETCA B NPOW3BOMbHOM MMM aBTOMATUYECKOM BWAe, a
COTMacHO TOYHbIM HaBUraLMOHHLIM MpaBuiaM. OTW HaBUraUMOHHbIE NpaBuna HeobXxoauMbl ANS TOYHOTO
OnucaHust NepexofoB B (hopme obyvatoLieit ceT npoxoxaeHus. GakTuyecku, NPOXOXAEHNE Kypca OCHOBAHO Ha
Habope nepexodoB Mexay ApyrMK oBydarowumi nocnefoBaTenbHOCTAMM Kypca, B pasBuTMM MyTW, Moka
nocneaHss nocneaoBaTenbHOCTL Kypca He OyaeT pocturHyta. CeTb NpoXoxaeHus oTobpaxaeT 3aBMCUMMOCTb
y4ebHbIX KypcoB, T.e. Kaxabll Y4ebHblit Kypc, MOXET OblTb 3aBMCUM OT OJHOMO WK HECKONbKUX Y4eBHbIX
npoLeccoB. 310 NogpasymeBaeT, 4Tobbl HayaTb 06y4eHue No Kypey, Hy»HO 0b6nagatb 3HaHWSIMM NO 3aBUCHMbIM
K Hemy npegblgywum kypcam. Obyvatowlas ceTb NPOXOXAEHWS NpeacTaBnseT BCe HaBUraLMOHHble npaBuna,
WHTEPNPETUPYIOLMe pa3nnyHble obyyatollme nocnegoBaTeNnbHOCTU ANns AOCTMXEHUs o6pa3oBaTenbHON Lenu.
BTopoit aTan npegHas3HayeH Anst MPOBEPKA TEOPETUYECKMX 3HaHWN obyvaemoro. C 3TOM LEenbio 1Cnonb3yeTes
oanH n3 TectoB. Ecnm y obyyaemoro ecTb owwmbku, emy Heobxoaumo BO3BPATUTLCS M CHOBA MPOMTH
TeopeThyecknin kypc. B obwmx yepTax, B TEYEHME MEPBbIX W BTOPbLIX 3TanoB, afgantauus rMnepmMeaunHoi
obyvartolieit cuCTeMbl OpUEHTMPOBaHa Ha  0Dy4aeMoro M MOAAEPKWBAETCS BbIOOPOM BaXHbIX Y4eOHbIX
MaTepuasnos v TECTOB.

B TeueHue TpeTbero atana, obyyaemblit peliaeT npobnembl No NpeaMeTy Nnof afanTUBHbIM ynpasneHuem. B
KaXaoit Mepe 13y4eHus 3TOro atana, CoracHo pesyrnbTaTam peLueHus IpobreMbl, MPUHAMAETCS PELLEHME No:

1) npopomkeHmto u3yderus (oby4aeMomy AaHo Kypc Ha TpebyeMble emy 3HaHUS);
2) ycneluHoe JOoCTKeHWe Lenm (Lenb N3yvyeHns 4OCTUrHyTa);
3) OKOHYaHWe aTana (06y4aeMblit HANPaBMAETCS Ha U3YYeHUEe HOBO TEOpUN).

Heobxognmo [omxHeIM 06pa3oM nogyepkuBaTb W ONUCLIBATb BCE O MYTAX 3TUX KOMMOHEHTOB U MOPSAOK
KOMNOHEHTOB, KOTOpble BaXHbl Ans 0by4yaemoro: obyyaemblil Kypc mMaTepuarnos, TECT UMM BHYTPEHHWUIA NyTb,
AVMHaMUYECKM OT(hOpMaTpOBaHble peaynbTaThl peweHns npobnem [CesTkuH, 2012).

MeTogab! aganTauuv AensTcs Ha fBa BUAa: afanTaLumio CoaepXaHus (KOHTEHTA) M afianTaLmio CBA3ei.

ApnanTtauus cogepxaHus npucnocabnuBaeT KOHTEHT y3na K Xapaktepuctukam obyvaemoro. Agantauus CBs3u
npucnocabnueaeT cBA3W yana (rMnepccbiiiki Ha apyrie yanbl). B gaHHom cnyyae 6Gonee noaxopsiwei Oyaet
aganTtaums CBsi3ei, NOTOMY 4TO HaMm HeobXO0AMMO HanpaensTb 0OyvaemblX Yepe3 MnepnpoCTPaHCTBO,
obpa3soBaHHoe koHTeHTOM AQOC.

Apantauus cBsidell OenUTC Ha YETbIPe TuMa COrMacHO TOMY, Kak MpMCnocabnuBaloTCs CBSIM: «MPsIMOe
PYKOBOACTBO» MpefanonaraeT 06bsACHEHe K CBA3M, 3@ KOTOPOW MOMb30BaTENb JOMKEH CEA0BaTb UMW CO3aaHue
KHOMKM Ansi HANpaBneHst NoNb30BaTENS; «aAanTUBHbINA 3aKa3» OCHOBaH Ha OMPeAEeNeHn CTENEeHU NPUroaHOCTY
KaOoW CBSI3M ANs MONb30BaTENsl; «TEXHOMOTUS afanTMBHOTO COKPbITUSI CChINOK» CyXaeT [OCTYMHOe
MMNEepnpoCTPaHCTBO, CKPbIBasi HeaaekBaTHble 00y4YaeMOMy CBSI3M; «afanTWBHAs aHHOTaLMs» — npeanonaraet
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XY[OXeCTBEHHbIe ONONHUTENbHbIE 0CHOPMIIEHNS, TaKkMe Kak M300paxeHus 1 LBeTa cBsisei. MeToa COKpbITUS
CBSI3el He NoKasbiBaeT CBSA3e, He afeKBaTHbIX TEKYLIMM XapaKTepucTukam oBy4aeMoro. XoTs 3T0 BblHyXaaeT
nonb30BaTeNs CnefoBaTh 3a HaBUraLMOHHBIMU MyTAMMU CO3AaHHbIMKU paspaboTtumkom AOC, cyxas ero csoboay
MepemelleHns Mo KOHTEHTY, [aHHblii MeTof no3BoMsieT pa3paboTymMky HanpaeuTb ero no Haubonee
onTUManbHOMY MyTH.

[ns pa3spabotku uHTennekTyanbHbix AOC npeanaraeMoi apXUTeKTypbl aBTOPbI BbIGpanu Ans UCMonb30BaHus
MOZENb, XPaHSLLYI KaK AONMTOCPOYHY0 TaK W KPaTKOCPOUHyto WHopmaLmio 06 obyyaemom. [ns Toro Ytobbl
Mofenb obyyaemoro Gbina Gonee npocToit ynpocTM ¢hopmaT HaBuraluMoHHOrO npaeuna. B kauecTee
napametpa 0by4aemoro GyAeM MCMonb3oBaTh MHTEPECH! U YPOBEHb 3HAHMIA MOMb3oBaTens. 10 HeobXoaumMo
ANs MOAENWPOBAHUS CTPATErnu 0ByYEHUs B TEYEHIE NPOAOIIKUTENBHOMO BPEMEHMW.

Tarke Oygem wcnonb3oBaTb WMCTOpUMO B3aumopeicteus obyvaemoro ¢ AOC, kotopasi OyaeT npeactaensTb
coboit nocnefoBaTenbHOCTb KNaccoB y3roB NPOCMOTPEHHbIX 0By4aeMbix, 4ToObl MOAENMPOBATL KPATKOCPOUHYH
uHGopMaumio 0 Hem. Kaxgomy yany coOnocTaBrieH angaBuTHBIM CUMBOS, XapaKTepu3yloWMA €ero Knacc
(angpaBnTHOE HaMmeHoBaHue knacca). [lMoHsTMe knacca Heobxogumo Ans opmanuM3auum ¥ onucaHus,
HaBUraLMOHHbIX MpaBWn, W AN NOTMYECKOro BbiBOAA Ha HUX. Knacc Mcnonb3yetcsl Kak KOMMOHEHT Ans
NpeACTaBNEeHNs NONb30BaTENbCKOM MOAENM U HABUrALMOHHbIX MPaBul.

Knaccbl yana onpeaensioTcsi o crieaytoLwmm Kputepusm:

1) nokasblBaeT N1 cUCTeMa cofiepxaHue Ans onpeaeneHHoro Buaa nornb3osarens;
2) npepnaraeT nv y3en norb3oBaTensam obbACHEHWe, 3afaeT BONpoc, NpeanaraeT BbIMOMHUTL TECTOBOE
3afjaHue unu genaet YTo-To ele B 0bpasoBaTenbHON Len AMOakTUYECKOro niaHa;
3) Kk Kakum u3 kateropuit koHteHTa AOC npuHagnexuT ysen (B cryyasx, koraa MHGopMaLms cogepaqus
yana MOXET npuHagnexatb bonee Yem OgHOM KaTeropum).

Wctopus B3anmogenctaus obydaemoro ¢ AOC npefcTaBnsieTcs Kak NoCneaoBaTenbHOCTb KNacCoB Yo,
KOTOPbIE OH MOCETUI N MHOXECTBO MHGOPMaLMK C KOTOpbIX OH npocmoTpen [LLy6uH 1 ap, 2012].
HaBWraymoHHbIM METOS OCHOBaH Ha CUCTEME peLUeHWs, KOTopas ynpaBnsieT CBA3AMM Y3M0B U peluaeT, Kakue
Y3Mbl, KOTOPble OCHOBaHbI Ha HaBUraLWOHHOM Mpasufie U MOryT ObiTb CBA3AHbI C TEKYLUMM Y3MOM, CKpbIBaTb.
MpencTaBnseTcs LenecoobpasHbiM peann3oBaTth CriefytoLme YeTbipe Buaa HaBUraLMOHHbIX NPaBus:

1) npaBuna nyTv y3na;

2) obwwue npasuna nyTu;

3) nonb3oBaTenbCkue Npasuna ysna;

4) obwwme nonb3oBaTtenbCckue npaeuna.
HaBuraumoHHOe npaBuro, KOTOpoe WCrmonb3yeT Habop mapameTpoB 06y4aemoro W3 ero Mogenu, Has3oBem
NpaBWUnoOM NyTU U HaBUraLUMOHHOE MPaBWIIO, KOTOPOE WCMOMb3yeT MONb30BaTENbCKMEe MapameTpbl, Ha3oBeM
nonb30BaTeNbCKMM NpaBurioM. HaBurayyoHHoe NpaBuio MOXET Takke OblTb pasgeneHo Ha 4Ba Tuna: npasuio
y3na v obLiee npasuno. paBuno y3na onpeaeneHo 1 NpUMeHseTCs ToNbko Ans onpegeneHHoro yana. Obuee
npaBuno - Ana TOro u4TtoObl oOnuWcaTb Hawbonee 4acTo BCTPEYAlOWMECH HaBUraUWOHHbE NyTM B
rMNepnpoCTPaHCTBE M YaCcTO MCMOMb3yeMble CErMeHTaLU auanasoHa napaMmeTpos 0byvaemoro.
B HaBuraumoHHom npasune paspabotumk AOC onucbiBaeT CBS3M, KOTOPble [OMKHbI ObITb MOKa3aHbl B
COOTBETCTBUM C MAEHTU(MKATOPOM Y3ia U B COOTBETCTBUM C KITACCOM Y3na, KOTOPbI ABMSETCS LENblo CBSA3MN.
Cucrtema CKpbIBaeT BCE CBSA3M, HA KOTOPbIE HE CCbINAtOTCA B HABUraLMOHHOM NpaBure.

HaBMFaLlMOHHbIe npasuna reHepaunn ctpatern 06yqe|-||/1ﬂ S, Ans aganTuBHOW Moaenu 06yqe|-||/1ﬂ MZ:

1. obwiee HaBUraLMoHHOEe NpaBuro:

M1 PUA PR A APyt A P )= M2( PLA APy )
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2. HaBUralnoHHOE NpaBuIIo y3na:

M1(PUA P A A Pyi A Pmi) = S (DIA A Dy):
3. obLwee HaBurayoHHOE NPaBUIO NOMNb30BaTENs:

aS (MisMe#e, = Ma(piA-APpy);
4. nokanbHoe HaBUralunoHHOE nNpaBMno Nonb3oBaTena:

efts (Mi>Me#ey, = S (DA~ Dp).

roe: pi— BUOAKTUYeCKWin npeamkaT MHoxecTsa; D — uaeHTUMKATOp y3na, WHdopmauus koToporo Byaet
rnokasaHa oOy4yaeMoMy B paMmkax reHepauuu cTpaternu obyyeHus; h — 4YMCrO WCTOPMIA, KoTopble Obinu
3a4eicTBOBaHbl B Mogenu obyyaemoro My, m1 — umucno o6pasoB nyTu; 71 — YACNO MAEHTUMKATOPOB Y3MOB,
koTopble ByayT rnokasaHbl oByyaemomy cornacHo momenn Me ; S(Mli’M i) — Napametp creneHu

TONEPaHTHOCTM Ha -M Lare; € — rpaHuua crenenn TonepaHTtHoct (o1 0 go 1); # — onepaums, kotopas
NPeaCTaBNAeTCs OAHUM W3 CREQYIOLLMX NIOrMYECKUX onepaTopos; '<', '<="unu '=',
C neBoit CTOPOHbI (hOPMYMbl Y NEPBOM W BTOPOM Mpasurax creuuduumposad obpasel, uctopun nyt M,

KOTOpbIV NpeacTaBnseT coboit pesynbTaT paboTbl Nonb3oBaTeENs B Anaaktuyeckom npoctpaHctee M WUHAIC.
HaBuraumoHHOe NpaBuno 03Ha4aeT, YTo CUCTEMA NoKasbiBaeT 0ByvyaeMoMy CBS3W, MAEHTUMKATOP y3na umm
KnacC KOTOPbIX yka3aH B €ro npaBoW 4acTW, ecrM UCTOpusi MyTW 0By4aemMoro COOTBETCTBYET OLHOMY W3
06pa3LoB MCTOPWIA, KOTOPbIE 3anmucaHbl B €ro neBol YacTW. onb3oBaTenbCKOe HaBUraLyOHHOE MpaBuIo
03Ha4aeT, YTO CUCTEMA MOKa3blBAET CBSA3W, MAEHTU(MUKATOP Yy3na WNM Knacc KOTOpbIX ykasaH B €ro npaBoi
4acTW, €cnu napameTp KoaMULMEHTA TONEPaHTHOCTM 3HAHWA, YKA3aHHbIA B FIEBOW YacTW, HaxogwuTcs B
npegenax 3aaaHHoro ananasoHa. Ecnu y yana ectb HECKONbKO HABUraLMOHHbIX NpaBui, CUCTEMA NOKasblBaeT
BCE CBSI3W, KOTOPbIE NOATBEPKAAIOTCA N0OLIM HABUrALMOHHBIM NPaBUIOM. JTO 03HAYaeT, YTO ECMM, NO KpanHel
Mepe, OAHO NPaBMIO U3 HECKOMbKMX MpaBun 0a00psieT Nokas onpeaeneHHoN CBA3M, CUCTEMA NOKa3biBaEeT CBS3b
He3aBWCYMO OT APYruX HaBUraLMOHHBIX NpaBun.

Mpumep HaBuraumm C MCMONb3OBAHWEM MPaBWM MyTW M NONb30BATENbCKUX NpaBun. Knaccbl onpeaeneHbi
cnepyoumm obpasom: A - yanbl ¢ Bonpocom (TecTosbiM 3amanuem); C' — yanbl, KOTOpble copepxalime
NHchopMaLMio Anst npaBuibHOro oteeTa obyvaemoro; C — yanbl ¢ MHOPMaLMER 4N1si HENPaBMILHOTO OTBETA
obyyaemoro; D — yanbl C OOGbACHEHMEM AONS CTYAEHTOB C BbLICOKUM YPOBHEM 3HaHWi, £ — yanbl ¢
0ObSACHEHWEM ANA CTYAEHTOB C HW3KMM YPOBHEM 3HAHWA. HaBurauvMOHHOE npaBuno onpefeneHo Ans
AvpakTdeckoro npepukata P ysna B5 . [laHHoe MpaBuno MpUMEHSIETCs TONbko B 3ToM yare. [lpasurno

AANC AA—> D7 osHavaet, uTto, Korna obyyaemblit Gynet «3axooutb» B ysen BS wu uctopus nytn
nonb3osatens — A AC A A, cuctema nokassisaet csssb k yany D7 u ckpbiBaeT cBasb k yany ES .
Mockonbky knacc B2 oaHadaer, yto obyyaembiit otBeTUn npasumbHo, a knaccel C'1,C'3 — HenpasunbHo,
ncTopus BlaumogdeicTeus nonb3oeatens ¢ MHAIC nokasbiBaeT, 4to 0byyaemblii OTBEYan Ha BOMPOChHI B yane
AO wHenpasurbHo, a B yane A4 - npasunsHo. Mpasuno AABAA—> E8 onpepensieT cBasu Takum
06pa3oM, 4To ecrn obyyaembii oTBeTUn BepHo Ha Bonpockl B yanax AQ u A4, 1o cuctema nokassizaet
TONbKO C€BS3b [0 y3na E8 . Takum obpa3om, cucTema W3MeHsieT cTpatermio S npouecca obyyeHus B
COOTBETCTBUM C TEKYLLMMU pe3yNbTaTamn y4ebHOI AESTENBHOCTM NONb30BATENS.

BbiBoAbI

I'Ipennox(eH noaxoa K pa3pa60TKe WUHTENNEKTYyarnbHbIX 06yqa+ou4|/|x CWUCTEM Ha OCHOBE METOAOB adanTMBHOM
runepmeamua. B KauectBe mMaTeEMaTUYECKOro annapara onucaHusa Bbl6paHa anrera KOHEYHbIX npeaunkaToB U
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npeaukaTHbIX onepauyin. NMpeanoxeHHbIM NOAXOA CHUXAET TPYAOEMKOCTb Pa3paboTki 0bydatoLmx CUCTEM 3a
CYET aBTOMATUYECKOrO YNpaBneHUs XoaoM y4ebHoro npolecca NocPeACcTBOM HaBUraLMOHHbIX Npasun. Kpome
TOro, NPELNOXKeHbl MOAENM, peanu3aLnst KOTOPbIX NPUBOAUT K YMEHbLUEHMO KONMYECTBA OLUMBOK B OMUCaHWM
HaBUraLMOHHbIX NpaBWM, Ans KOTopblx Obin paspaboTaH creuuanbHblil dopmart, 4to fgenaet ux Gonee
npocTbiMM Anst BocnpusiTis. Co3naHHas Ha OCHOBE MPEASIoKEHHOro Moaxoda WHTenmekTyanbHas obyyaroLyas
cUCTeMa YNpaBnisieT MapLUIpyTOM ABMKEHUS 06y4aemMoro no CBOEMy KOHTEHTY C MOMOLLbK) TEXHOMOTAM COKPbITUS
CBsi3el Anst onTUMmM3auun yyebHoro npouecca. Takke pa3paboTaHO MHCTPYMEHTanbHOe CPEeLcTBO MPOBEPKM
Hannynsi OLIMBOK B CO3AAHHbIX HABUrALMOHHbIX MpaBuUnax C Lemblo AarnbHENLEro COKPaLLEHUs UX KONMYecTBa.
MpennoxeHHble Moaxoabl W anropuTMbl MOTYT ObiTb MCMOMb30BaHbl B JHOBLIX CUCTEMAX afanTUBHON
rMnepmeama, KoTopble YNpaBnsioT NepeMeLLeHeM NoNb30BaTeNs Mo rMNepnpoCTPaHCTBY.
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