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FUZZY MODELS AND METHODS OF RATIONAL RESOURCE ALLOCATION

Olexii Voloshyn, Vasyl Laver

Abstract: We consider the application of fuzzy sets theory to classical rationing problem. Fuzzy
generalizations of classical methods are proposed, the theory is illustrated by a numeric example. The
fuzzy methods are compared with their crisp analogs using the inequality measures.

Keywords: rationing problem, rational distribution, fuzzy models and methods, inequality measures.

ACM Classification Keywords: H.4.2 Information Systems Applications - Types of Systems - Decision
Support

Introduction

Rational (“fair”, “optimal”) distribution of joint costs (or collectively produced goods) between agents with
different contributions to the production or with different types of input (or output) resources is an
important social and economic problem. So it can be considered as a central theme of transferable
utility games theory [Moulin, 2001]. Various interesting axiomatic results of modern microeconomic
theory have been obtained in this field.

In particular, a simple problem of distributing one resource according to a profile of claims (that describe
individual preferences or needs) is also a rich field for axiomatic analysis. This model of resource
allocation is often referred to as “bankruptcy problem”. Among the first papers, dedicated to this model
were [O’Neill, 1982], [Aumann, Maschler, 1985], [Young, 1988]. Recent reviews on the topic are given in
[Thomson, 2013] and [Moulin, 2001]. However, the classical models, as a rule, do not take into account
the uncertainty of input data, that is common for real processes.

The model

A rationing problem is defined by a triple (N,c,b), where N is a finite set of agents, the nonnegative real
number ¢ represents the amount of resources to be divided, the vector »=(b,)_, specifies for each

i

agentia claim », , and these numbers are such that Zb,. >0 and
i=1

0<b,Vie N:0<c<) b, (1)

i=1
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A solution to the rationing problem is a vector x = (x,) _, , specifying a share x, for each agent i, such

that

0<x <b,

L (2)
Vie N:) x, =c. (3)

ieN

A rationing method (rule) is a function r that associates with each triple (N,c,b) a unique vector
x=(x;)_y, x=r(N,c,b) . There are different ways of interpreting the rationing problem. Without

reducing the generality, let us consider the rationing problem as a cost sharing problem. Thus, ¢ is
interpreted as the production cost of an indivisible public good, ». are interpreted as initial amount of

money of agent i. Both ¢ and », are non-negative real numbers.

” “y

In general, it is not correct to talk about the “optimality” (“reasonableness”, “justice”) of allocation. It
seems more adequate to use the concept of “rationality’, which was proposed by a Nobel-prize winner
Herbert A. Simon. In [Simon, 1947] the concept of “administrative man” who (in contrary to “economic
man” who makes “optimal” decisions) makes “rational” decisions using simplified view of reality and
heuristic approach is proposed.

Fuzzy approach

In general, there can be a situation, where some of the agents will not be satisfied with their shares,
which can lead to the collapse of maximal coalition.

To prevent such situations, it may be reasonable to allow certain flexibility in determining the agents’
shares. Thus, we should allow agents to deviate from their shares to some degree. We propose to
present the set of agents N as two subsets — the subset of “poor” agents N, and subset of “rich” agents

N,, where N, UN, =N, N, "N, =@ [Voloshyn, Laver, 2013]. We can set the threshold values «a
and B, where (1-a) %, is the most desired share by agent ie N, and (1+ ,B)fcj is the maximal share
that agent je N, can afford. The way in which N is divided into subsets N, and N, is determined
by the person, who makes the decisions.

Agents’ shares can be presented as right-sided triangular fuzzy numbers ((1—)%,;(1-a)%,; %,) for

each ie N, and (%,;%,;(1+ B)%, ) foreach je N, .

for each ie N . In these notations, the

Denote xL:{(l_a)fci’ieNl;- R:{ X,i€ Ny;
i ; (

X;,i€ N,, 1+,B)fci,ie N,,

agents’ shares can be presented as fuzzy numbers (xiL,x ot )

i 27
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The process of finding the optimal distribution can be reduced to the following linear programming

problem:
A — max, (4)
u,(x,)= A, Vie N, (5)
2= (6)
(7
0<x,<b,Vie N,0<A<I.
Denote

2 e ®
Ay =z (c)=—"F————

PRI

i=1 i=1

In [Voloshyn, Laver, 2014] it is shown that 4 = 4, is the unique solution of (4)-(7). The agents’ shares

can be found using the formula
xkzx,f—ﬂo(x,f—x,f), Vke N . 9

Speaking about the presenting N as two subsets, we can propose this general approach: we compute

>,

the average agent money amount =~ and include in Nyall the agents whose initial money amount is
n

less or equal to this number, all other agents we include in N>. However, there can be other approaches
to dividing N into subsets.

We propose the following algorithm for finding the agents’ shares for fuzzy generalization of rationing

method r:

1. We find the crisp shares x, =r(N,c,b) using r.

2. Break the set N into two subsets N, and N, (using some rule, defined by the decision-maker).
3. Set the threshold values for each subset & (ie N,) igpyroi B (je N,=N\N,).

4. Using (8)-(9) find (x,,x,,...,x,54,).

5. If 1, doesn't satisfy the decision-maker, then go to 3. Otherwise, stop the process.

Case of Fuzzy Costs

Let the cost value be a triangular fuzzy number C = (c,¢,c). One of the approaches to the solution of
this problem is dividing it in two subproblems — “optimistic” scenario (cost are low, i.e. c€ [c,¢]) and

‘pessimistic” scenario (costs are high, i.e. ce [c E] ). For optimistic case [Voloshyn, Laver, 2015]
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n n
A R L
ey X =) x,
_ i=1 i=1
L R < L '
2 = +é-c
i=1 i=1

A, and x,, Vke N are computed using (8) and (9), taking into account that ¢ = ¢, .

Co

(10)

Pessimistic case can be reduced to finding optimal distribution for ¢, =¢ with agents’ shares

membership functions computed for c.

As a solution of the initial problem we take the distribution with higher rate of A, .

Case of Fuzzy Initial Money Amounts

Let the agents’ money amounts be a triangular fuzzy numbers B, =(Q,,l§l.,5,-lVie N [Voloshyn,
Laver, 2013].

Denote
e :min{r(N,c,lz[),r(N,c,l;;)},Vie N;

3¢ =r(N,e.b ) Vie N;
fciR =max{r(N,c,Qi),r(N,c,l_7,- )},Vie N.
Agents’ shares can be approximately presented as triangular fuzzy numbers X, = (fcf S ) At the
same time the desired shares are right-sided triangular fuzzy numbers X, = (gi,;ef),vz'e N, ,
X, =(%°,% ) Vie N,, where x, = (1-a)¢ i X =(1+ B)3C .
Resulting membership function of agents’ shares will be (%)= min{x, (%), 1, (x, )}, Vie N;.

Taking into account the shape of corresponding membership functions, we obtain that

~

X, =(F%C,%8)= (25,5 ) Vie N,. We can find . In this point the following equality

holds:

~L ~C ~L
~C _ 0 0K X — X,

ThUS, X =X; TAC  ~C AL
P TX X

As the highest rate of Ais when X, put x, =X for Vie N, and ¢ =c- ) x; .
ieN;

Shares of the agents from second group are right-sided triangular fuzzy numbers

~C oC max . max __ AR —
(xi XL X, ),‘v’ze N, , where x; —max{xl. ,xi}.

l
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Denote x” =% and x* = x™*. We obtain linear programming problem:

R

X, =X ) -

A — max, — ILZ/'L,VZGNZ,Zx,.:c,OSﬂSI.
Xi =X ieN,

The solution of this problem can be found using (8) (9).

Fully Fuzzy Case

Let the costs and initial money amounts be triangular fuzzy numbers ¢ =(c.é,e) ,
B, =(b,.b,.b;|Vie N.

Agents’ shares are triangular fuzzy numbers X, = (xLxC xR) where %/ are computed for cost equal
to ¢ and initial money amounts b, (analogically we find % and %*). When the shares for ¢ are
bigger than the shares for ¢ , we take for x” the shares computed for ¢ , and for £* shares computed
for ¢ .

Desired agents’ money amounts are right-sided triangular fuzzy numbers X, = (5 X, X ),Vz‘ €N,
X, =(2,2°,%,\Vie N,, where x, =(1-)5C i X, =(1+ B)2°. Resulting shares are found as in

the previous case

As the highest level of A is reached on %¢ , put x,=x¢ for VieN, . Then
C= Q—in;é—in;E—in .
ie N, ie N, ie N,

For the agents from the second group the problem is reduced to the problem with the fuzzy costs and
can be solved using the abovementioned techniques.

Fuzzy Rationing Methods and Inequality

Important question is “How to compare obtained distributions of resources?”. One of the ways to do so
is to use inequality measures (Gini, Theil, Atkinson e.t.c. [De Maio, 2007]) for corresponding vectors of
shares. In this case the “better” distribution is one that has lower inequality rate [Voloshyn, Laver,
2015].

As the abovementioned methods are based on the redistribution of resources between agents, the
following statement holds:

Theorem. Let us consider some rationing method r(N,c,b) (with exception of uniform gains method) and
its fuzzy generalization. Suppose that for corresponding shares vectors xe R" and x"e R" is true

that b, —x, >1 and b, —x, 21 for each ie N,. Then 1>1", where | is some inequality measure
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(Gini, Theil, Atkinson), computed for agents’ “free money” (which is left after the distribution) (5, —x;)
using rand I” - the corresponding inequality measure for x’e R" .

The proof of this theorem is given in [Voloshyn, Laver, 2015].

Generalizations, Based on the Use of Fuzzy Arithmetic

Other approach to generalization of rationing methods is based on the use of fuzzy arithmetic. In this
approach, we use fuzzy analogs of arithmetic operations and for comparison of fuzzy numbers we use
their expected values [Laver. 2015].

Let the agents’ shares and cost value be trapezoidal fuzzy numbers b, = (bfl ;bbb ) Vie N,
and ¢, =(cL‘ eyt ) In this approach, the use of triangular fuzzy numbers and crisp numbers
can be viewed as a particular case. For triangular fuzzy numbers we have 5> =b" or ¢ =¢® | in the

case of crisp numbers we have to deal with trapezoidal fuzzy numbers where all the four components
are equal.

The easiest for computation in this type of generalization is the proportional method. We can get the
corresponding formula for this case:

(1)

L L R R,
~ _ b L. b L. b R . b; R,
X, =|— = c?i— ¢l c
R2 R] LZ Ll
DI ANED Y AN Y S Y
i=1 i=1 i=l i=l

In the case of other rationing methods, we use the classical algorithms, using fuzzy arithmetic and using

expected values of fuzzy numbers for comparison.
Let us consider an illustrative example.

There are five agents. We have to distribute ¢=(29,30,31) among them. Agents’ initial money amounts
are (3,4,5), (11,12,13), (19,20,21), (23,24,25), (29,30,31).

Consider the proportional method. As triangular fuzzy numbers are a particular case of trapezoidal fuzzy
numbers, we can use (11). We get following shares: (0,92;1,33;1,82); (3,36;4;4,74); (5,8;6,67; 7,66);
(7,02; 8; 9,12); (8,85; 10; 11,31).

Consider the uniform losses method. If we divide the costs equally, the share of each agent will be
(5,8;6;6;6,2).

The expected value of this fuzzy number is %(5,g+ 2-6+6,2)=6. Let us compare it with the expected

value of the first agent’s initial money amount: %(3 +2-4+5)=4<6. S0, the first agents share will be his

money amount, thus (3;4;4;5).



International Journal "Information Models and Analyses" Volume 5, Number 1, 2016 9

We have to distribute (29,30,30,31) - (3,4,4,5)= (26,26,26,26) cost units. This number has to be divided
between four agents. The share of each agent will be (6,5;6,5;6,5;6,5), which is equivalent to the crisp

number 6,5 (which is the expected value of this fuzzy number). Expected value of the second agent is

%(11+2.12+13)=12>6,5, so the second agent’s share is (6,5;6,5;6,5;6,5). As other agent's initial

money amounts are also bigger (it's easy to check this by computing the expected values of these fuzzy
numbers), the shares of all the remaining agents also will be equal to (6,5;6,5;6,5;6,5). So we can
present the shares as triangular fuzzy numbers (3,4,5); (6.5;6,5,6,5); (6.5;6,9;6,5); (6.5;6,5;6,5);
(6.5;6,5;6,5).

b, —¢

Consider the uniform gains method. Let us find = (“free money” amount of the maximal
n

coalition). The result is trapezoidal fuzzy number (10,8; 12; 12; 13,2). The expected value of this number

is 12. As 12>4 (the expected value of the first agent’s initial money amount), the first agent’s share will

be (0;0;0;0). So we have to find the shares of four more agents. Let us compute the amount of “free

money” left:

b, —¢

M-

Il
[N

=(12,75;14;14;15,25).

The expected value of this fuzzy number is 56/4 = 14. As the expected value of the second agent’s
initial money amount is 12<14, the second agent’s share will also be (0;0;0;0). Exclude the second
agent from the distribution and compute the new value of “free money”. We have:

,-:33 =(131;142;142:16)

The expected value of this fuzzy number will be 142 . This is less than 20 (expected value of the third

agent's money). So the third agent’s share will be a fuzzy number

by === (354154:6%)

There are z -z, = (221,24 224 2;28) cost units left to distribute. As the expected values of the fourth
and fifth agent’s initial money amounts are also larger than 142 , we can find their shares -
(7;94;91;112) and (13;154;154;172). So the shares are (0,0,0); (0,0,0); (3;51:62); (7:94;112) i

(13;151;172). We can find the agents’ shares using Talmudic, reverse Talmudic and Piniles’ methods

[Thomson, 2013]. As these methods are based on uniform gains and uniform losses methods, we can
omit the calculations. Resulting shares are (1.5,2,2.5); (5.5,6,6.5); (6.67,7.33,8); (6.67,7.33,8);
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(6.67,7.33,8) for Talmudic method, (0,0,0); (1.25,2.75,4.25); (5.25,6.75,8.25); (7.25,8.75,10.25); (10.25,
11.75,13.25) for reverse Talmudic method, (1.5,2,2.5); (5.5,6,6.5); (6.67,7.33,8); (6.67,7.33,8);
(6.67,7.33,8) for Piniles’ method.

New Approach to the Fuzzy Gemeralizations

The abovementioned generalizations allow to take into account the fuzziness of input data, but it is hard
to build an axiomatic characterization for them. To avoid these difficulties, we propose to construct fuzzy
generalizations using the arithmetic operations on fuzzy numbers proposed in [Gani, Assarudeen,
2012].

Consider the proportional method.

Let the agents’ money amounts and the cost value be triangular fuzzy numbers: B, = (bf;bf;bf),
C :(cL;cC;cR). To find the agents’ shares we will use operations of addition and multiplication of
fuzzy numbers and generalized division operation.

Suppose that the following condition holds:

R _bL L (ZbiR_zbiLj
‘ /‘ i=1 i=l 5 o,
vy e pret —pict | 2P 2P (12)
/ (ZbiR”LzbiLV bEcR +btct 2
i=1 i=1 ! !
2

ZbR +ZbL

,thUS i=l VZEN

Then we can use the division operation, proposed in [Gani, Assarudeen, 2012]:

b’ bt bf
PRI-: nl CL; nt CC; ”z CR , (13)

260 bt b
i=1 i=1 i=1

where PR, - fuzzy share of i-th agent, found by using the proportional method.

Let us consider the numerical example.

There are three agents, their initial money amounts are triangular fuzzy numbers: (2,3,4), (4,5,6),
(11,12,13). We have to distribute (9,10,11) cost units among them. To use (13) we have to check (12)
on each step.

C biR_ibiL
As, ZB (17;20,23), wehave "= & = _ 2317 _ 6 _

Z”:biR-i-ibiL 23+17 40
, —

R R_ L L R R L L
bie ~he 411229 _326 41045005 2C 702 30 49041505
so bt +biet 411+2:9 62 brcR +bich 102
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bR R _bL L
¢ mhe M g1850.15
st +byer 242

That means that we can find the shares using (13): E;1.5;ﬁ ; ﬁ;z.s;@ ; %;2.5;£ .
17 23 17 23 17 23

The advantage of this approach is that finding the agents’ shares in this case is reduced to finding the
solution of three separate problems — left, central and right (for corresponding parts of triangular fuzzy
numbers). So the characterization of the crisp proportional method can be used for its fuzzy
generalization.

But we should check (12) on every step and this makes the use of this generalization rather difficult. On
the other hand, this type of generalization gives us an opportunity to build the characterization of fuzzy
rationing methods. Therefore, this type of generalization is worth of further research.

Conclusion

There are many ways of how we can obtain fuzzy generalizations of classical rationing methods. In this
article we considered three of them. Every approach has its benefits and disadvantages. The first
approach allows to lower the inequality between agents, but for this approach (as well as for the second
one) it is difficult to build the characterization. For the third approach it is easy to build the
characterization, but it can be used for a limited set of problems.
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RECOGNITION OF OBJECTS ON OPTICAL IMAGES IN MEDICAL DIAGNOSTICS
USING FUZZY NEURAL NETWORK NEFCLASS

Yuriy Zaychenko, Vira Huskova

Abstract: In the article the application of fuzzy neural network NefClass with Gaussian and triangular
membership functions to pattern recognition of objects on medical images obtained by colposcopy. The
characteristics of each group of diseases of cervix uterus are analyzed. Using the values of features by
the color model RGB the class of the input sample is determined. Received samples are processed
using fuzzy neural network RBF and a class of sample is determined. A comparative analysis of the
recognition results using the fuzzy network with obtained results of crisp RBF neural network is

performed.

Keywords: medical images, pattern recognition, fuzzy neural network

Introduction

An important application sphere of pattern recognition systems is the problem of classification of optical
medical images and diagnostics in medicine. Especially it relates to state recognition of human organs
tissue and early detection of possible cancer. One of such tasks is cervix epithelium state analysis and
diagnostics using optical images obtained with colposcope (a method of survey of a mucous membrane
of part of a neck of a uterus in the conditions of additional lighting and optical increase with the help of a
colposcope) [1]. As a result of carrying out a colposcopy by the doctor the increased pictures of images
with preliminary splitting into classes of diseases are provided. The problem of classification cervix
epithelium state using images obtained with colposcope was considered in [1,2] where for its solution
was suggested the application of crisp neural networks Back propagation, neural networks with radial
basis functions (RBFNN) and cascade RBFNN and their efficiency investigated. The goal of this paper
is the investigation of fuzzy neural network NEFClass for recognition of state of cervix epithelium in
medical diagnostics and comparison of its efficiency with conventional RBF network.

Problem Statement

The problem of classification represents a problem of referring a sample to one of sets (classes). The
medical problem in this case consists in classification of of obtained medical images using special
medical tools: computer tomography, magneto-resonance tomography, colposcope etc.
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In medical images values of the color model RGB represent components of input vector and based on
this information it's needed to define, which class it should be referred to. The classifier thus refers
object to one of classes according to a certain splitting of N-dimensional space which is called as input
space, and dimension of this space is a number of vector components.

Preparation of basic data. For creation of classes it is necessary to define, what parameters influence
on classification results. Thus there can be such problems:

1. If the number of parameters isn't enough, there can be a situation when the same set of basic
data corresponds to the examples which belong to different classes. Then it is impossible to
train a neural network, and the system will not correctly work.

2. Basic data have to be surely consistent. For the solution of this problem it is necessary to
increase dimension of features space (quantity of input vector components). But at increasing in
dimension of feature space there can be a situation when the number of examples can become
insufficient for training of a network, and instead of generalization, FNN simply remembers
examples from the training selection and isn’t able to operate correctly.

For the solution of cervix epithelium state analysis and diagnostics problem using optical images the

NefClass network with Gaussian membership function was suggested.

Architecture and training algorithm of FNN Nefclass

The NEFClass model is used for definition of a class or category of the received input sample (so-called
patterns). Patterns are feature vectors X = (x4, X5, ..., X,,) € R™ of a certain object, and a class

is, respectively, some set in R™. We assume that crossing of two different classes is empty. A feature
of a pattern (sample) is represented by a fuzzy set, and classification is defined by a set of linguistic

rules. For each input feature x; there are q; fuzzy sets described by membership functions (MF)
MY, e G,

Also there is a rules base which contains k fuzzy linguistic rules, such as Ry, ..., R. Fuzzy rules

which describe data, have the following form [3]:
if xq is 4y and x5 is U, and ... and x, is Uy, ,
then the sample (x4, X5, ..., X;;) belongs to a class i,
where U, ..., Uy, are fuzzy sets.

The main task of NEFClass is the definition of these rules, and also a type of membership functions for
fuzzy sets.
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The rules base represents function approximation (which it is unknown): ¢p(x): R™ — {0,1}™ and

describes a classification task, such that c; = 1, ¢ = 0(J=1,m, Vj #1i), ifxbelongstoa

class C;, where ¢(x) = (Cq, ..., Cy,) . Fuzzy sets and linguistic rules which perform such

approximation define resultant NEFClass system. The NEFClass system is presented in figure 1, which
classifies input samples with two features and two separate classes, using five linguistic rules.

Apparently from Figure1 the NEFClass system has
three-layer architecture. The first layer is a layer of input
neurons which contain the input samples. Activation of
neuron of this layer doesn't change input value. The
hidden layer contains fuzzy rules, and the third layer
consists of output neurons of each class.

Training algorithm of rules base. Let's consider

NEFClass system with n input neurons x5, ... X1, Xy,
k < kpqx rules neurons and m output neurons

C1,Csy, ..., Cypy. The training set of samples is

L ={(pi,t1), ..., (ps, ts)} , its each element

consists of an output sample p € R™ and a desirable

Figure 1. Architecture of FNN Nefclass sample t € {0,1}™. The initial algorithm consists of
two stages.
Generation of rules base. The purpose of the first stage is creation of k of rules neurons of NEFClass

system. Stage stepsare the following.

Choose a sample (pattern) (p, t) from L

For each input neuron of x; € U; find such membership function uﬁf), which satisfies the following

(»

condition: p; " = max; _g7-{u;,(p;)}, wherex; = p;.

If the number of rule nodes k is less than k_max also and the node of the rule R, such that
W(xy,R) = uj,, .., W(xn, R) = u;,, doesn't exist then create such node and connect it to the
output node C;, if t; = 1.

If still there are not-processed samples in L and k<k max, then go to step 1, otherwise stop.

Gradient algorithm of training fuzzy sets. At this stage training of membership functions of fuzzy sets is
performed. The training algorithm with the teacher of NEFClass system has to adapt its fuzzy sets. Let the training
criterion be:
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M
e(W) = Z(ti — NET;(W))? - min, (1)

where t; — desirable output value of a neural network;

NET;(W) is the actual value of the i-th output of a neural network for a weight matrix W =
WL, WO W!'=W(x,R) = pu;(x), WO = W(R,C).

Criterion of e(W) is an mean squared error of approximation .

Let function of activation for neurons of the hidden layer (neurons of rules) be

n
i=1

where ,u(-i)

i membership function which has the form:

(x_afi)z

uP)y =e bi

and activation function of output neuron layer is:

NET, = gé%);W(R, C)0g

Training of NEFClass system. The NEFClass system can be constructed on partial knowledge of
samples. The user has to define quantity of initial fuzzy sets for each of object feature, and set value
komax- the maximum number of nodes rules which can be created in the hidden layer. Membership
functions of Gauss and gradient algorithm of training of fuzzy sets are used for training.

Consider the gradient learning algorithm of FNN NEFClass [3].
Let W (n) - be the current value of the weights matrix. The algorithm has the following form:
Wn+1)=W(n)—y

where y, - the step size at n .th iteration;

V.e(W (), (2)

n+l

V e(W(n)) - gradient (direction), which reduces the criterion (1).

1. At each iteration, we first train (adjust) the input weight W, which depend on the parameters a
and b (see the expression 5.14)

aji(n +1)= Clﬁ(n) — Y aSEIW) ’ (3)
4
bﬂ(”ﬂ):bﬂ(n)—}/nﬂ% , (4)

Jt

where ¥/, - step size for parameter b.
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) _ 23 (1~ NET, () W (R, C)- 0, ©

a; k=1 i
M _ 2 6
ae(W) 23" (¢ - NET,(w))- W(R,C))- O ( bfﬂ') ©)

2. Wefind (traln) output weight: |
e _ ( 0y). (7)

SN0
0 0 ” ¢ (8)
WO ) =W =7 e

3.

n :=n+1and go to the next iteration.

Stages of recognition process and experimental investigations

Let's consider stages of recognition process.

1.

Work with data. Construct a database of examples, characteristic for this task. Split all data set
into two sets: training and test in the following ratio:

— training 50%, test 50%;
— training 60%, test 40%;
— training 70%, test 30%;
— training 80%, test 20%;
— training 90%, test 10%;
Preliminary processing. Choose system of features, characteristic for this task, and transform

data appropriately that is to be fed into network inputs. As a result it is desirable to receive
linearly separated space of a set of samples. As input data for medical images of benign
processes, are used namely:

— inflammatory processes in the form of branching of vessels;
— cervical erosion;

— traumatic deformation;

— large cervical ectropion.

— small cervical ectropion.

Each of these diseases is presented by a number of features which is to be classified by a neural

network and are shown in the figures 2-6.

3. Designing, training and assessment of a network work quality. At this stage the number of rules,

quantity of fuzzy sets and percentage ratio of training and testing samples are determined.
Choosing algorithm of a network training. As a training algorithm the gradient method was used.
At this stage it is necessary to specify the accuracy, the steps size for all variables and a
number of iterations.

Application and diagnosing. At the last stage we receive result of application of the neural
NefClass network to a problem of medical diagnostics. We observe splitting images into RGB to
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the color scheme and a class to which the sample initially belonged. Also we obtain the result of
recognition — a class to which the sample after training of a neural network belongs. The
amount of misclassifications and an average error on sample are determined. Sample size is 70
elements.

6. The results of classification after training at training and test samples are presented in the
table1.

Figure 2. Inflammatory processes Figure 3. Cervical erosion

Figure 4. Traumatic deformation

Figure 6. Small cervical ectropion
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Table 1. Performance results of NEFClass.
Number of
# of pattgms in .R.atio misclassified | misclassified MSE MSE %
training/ | training/test patterns patterns o : . P
sets i o L . training | testing | Misclassification
est sample % training testing
samples
35-35 50-50 13 16 0,559 | 0,588 45.12%
42-28 60-40 17 12 0,588 | 0,551 42.1%
3 49-21 70-30 20 9 0,570 | 0,549 42.85%
56-14 80-20 23 6 0,562 | 0,540 42.857%
63-7 90-10 25 4 0,551 | 0,562 57.14%
35-35 50-50 2 9 0,1697 | 0,336 25.711%
42-28 60-40 2 9 0,1699 | 0,330 32.14%
6 49-21 70-30 3 6 0,167 | 0,306 28.57%
56-14 80-20 2 2 0,1495 | 0,254 14.28%
63-7 90-10 2 0 0,154 | 0,197 0%
35-35 50-50 2 9 0,116 | 0,314 25.711%
42-28 60-40 4 8 0,118 | 0,341 28.57%
7 49-21 70-30 3 8 0,108 | 0,407 38.09%
56-14 80-20 3 3 0,109 | 0,335 21.42%
63-7 90-10 2 2 0,127 | 0,263 28.5%
35-35 50-50 3 11 0,091 | 0,440 31.42%
42-28 60-40 1 7 0,055 | 0,466 25%
11 49-21 70-30 1 8 0,0434 | 0,550 38.09%
56-14 80-20 2 4 0,054 | 0,377 28.57%
63-7 90-10 1 1 0,064 | 0,221 14.28%

Figures 7, 8, 9 and 10 shows the dependence of ratio training/testing samples on the mean squared

error and misclassification % (MAPE) for different number of fuzzy sets for each variable (feature) .

MSE

50 Sample %% i
8 e 80 @ Sample %0

MSE_training ——— MSE_testing

Figure 7. MSE for 3 sets Figure 8. MSE for 6 sets




20  International Journal "Information Models and Analyses" Volume 5, Number 1, 2016

MSE MSE

045 06

P 2N

_ <y — \\

03 - .

0,25 .

i 03 -

0,45 .

o1 a1

0,053
50 @ Sample %% &0 70 80 so Sample %o
MSE_training —— MEE_testing MSE_training MEE_testing

Figure 9. MSE for 7 sets Figure 10. MSE for 11 sets

The next step in experiments was calculating of results change due to variation of the rules number. For
each number of fuzzy sets (3, 6, 7, and 11) training/test sample ratio was used. It should be noted there
is @ number of rules, after which there is no change in the classification of samples and in the mean
square error. The results are shown in Table 2.

Table 2. Results of the neural network with change of the rules number

3 6 7 11
rule for all rules 7 15 50 7 12 50 7 15 50
Sample % 90-10 | 90-10 | 90-10 | 90-10 | 80-20 | 80-20 | 80-20 | 70-30 & 70-30 | 70-30
mismatch training 23 23 3 2 15 5 3 13 3 1
mismatch testing 4 3 0 0 7 6 3 14 9 8
MSE training 0,550 0426 | 0163 0154 | 0335 | 0,170 | 0,1090 | 0,363 | 0,1647 | 0.0434
MSE testing 053 | 344 | 0214 | 0197 | 0492 | 0442 | 0335 | 0664 | 0556 0550
% Misclassification | 57-142% | 42.85% | 0% | 0% | 50% | 42.85% | 21.42% | 66.6% | 42.85% | 38.09%

Figures 11, 12, 13 and 14 show the dependence of rules number on classification accuracy (%).

Misclass- For 3 sets Misclass- For 6 sets
ification %0 ification 2%
£0.008 45,00%
50.005¢ oo \\
35,008
30.00% 0 \\
20.00% \
20.00% 15,008
10,005 . \\
5.00%
0.005% Number 0,008 ; \ . Number
7 15 L)) of rules 7 15 50 of rules

Figure 11. Misclassification for 3 sets Figure 12. Misclassification for 6 sets
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o \ 50,005 \__‘___

\ 40,005 —
30%
\ 30.005

20%

20.0066
10% 10.006
03 Number 0.005 . , Number
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Figure 13. Misclassification for 7 sets Figure 14. Misclassification for 11 sets

Compare the work of fuzzy neural network NefClass with the work of the neural network RBF. The
results of RBF are shown in Table 3.

Table 3. Results of RBF network.

50-50 60-40 70-30 80-20 90-10
number of coincidences 20 16 17 10 6
number of non coincidences 15 12 3 4 1
% Misclassification 42.9% 42.9% 19% 28.6% 14.3%

Figure 15 shows a comparison of misclassification error(%) of the fuzzy neural network NefClass with a
non-fuzzy neural network RBF.

Misclassification .
% NefClass for 3,6,7,11 variety and RBF

%0 Sample %%

Figure 15. Comparison of NefClass with RBFN

Presented curves indicate that the fuzzy neural network NefClass shows the better results than non-
fuzzy RBF network.

Conclusion

1. The problem of recognition of objects on medical images in medical diagnostics is considered. The
investigations were performed on the cervix uterus images obtained using colposcope. 70 images
were selected which contained 5 classifications of diseases .

2. Fuzzy neural network NefClass and non fuzzy neural network RBF were used for classification.
Experiments were carried out on training / test samples in the ratios: 50/50, 60/40, 70/30, 80/20 and
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90/10. In process of experiment with NefClass number of fuzzy sets varied 3, 6, 7 and 11, the
number of rules — 50, for each sample the value of MSE (training and testing) was calculated. The
best result was obtained for samples ratio 90-10, which in the case of 6 sets were correctly
classified all the patterns, with 11 sets 6 patterns were correctly classified, 1 was classified
incorrectly. The worst results were with 3 and 7 sets.

3. While changing the number of rules it was found that there exists an optimal number of rules after
which the recognition error of the sample does not change, and the time spent on experiments, only
grows.

4. The experiments with non-fuzzy RBF neural network had shown the best result was obtained for
training/test sample ratio 90-10, with an error of classification 14.3%. The results of the fuzzy neural
network proved to be much better than the RBFN. Additionally, for NefClass FNN it is possible to
change the number of fuzzy sets and the number of rules
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STATISTICAL STEGANALYSIS OF MULTISTAGE EMBEDDING METHODS

Dmytro Progonov

Abstract: The paper is devoted to comparative analysis of performance the modern methods of
Statistical steganalysis in case of message hiding in digital images with usage of multidomain and
multistage embedding methods. It is considered the case of applying of statistical models of cover
images in spatial (SPAM model) and frequency (CC-PEV model) domains, as well as universal CDF
model for revealing the stego image with messages, embedded with usage of standard (Discrete Cosine
and Wavelet Transforms) and special (Singular Value Decomposition) transforms of cover images and
Stegodata. It is shown that applying of modern methods of statistical steganalysis allows reliably
revealing stego images, formed according to multistage embedding methods. Usage special transforms
of cover images, for instance Singular Value Decomposition, allows significantly decrease the
performance of statistical steganalysis, which requires development of new statistical models of cover
images for steganogram detection.

Keywords: statistical steganalysis, multidomain embedding methods, multistage embedding methods,
digital images.

ACM Classification Keywords: D.4 Operating Systems — Security and protection — Information flow
controls.

Introduction

Today the businesses as well as governments are widely using the information warfare methods and
cyber weapons for achieving the competitive advantages in economic, political and military spheres. In
most cases the cyber weapons are used for gaining the remote control and/or destruction of adversary’s
critical infrastructure (ACI) — assets that are essential for functioning of a society and economics, e.g.
water supply, electricity generation, transportation systems, public health.

Successful attack on ACI requires usage of protected communication channels, created with applying of
cryptographic algorithms, for data transmission between intelligence agencies, spies and bot-nets of
infected computers. Due to juristic limitations on usage the cryptographic methods for creation the
private protected channels in most countries, it is widely used the specialized communication systems,
based on applying of steganographic methods. Peculiarity of steganography-based communication
systems (SCS) is embedding of communicational channel into the existed information flows in
telecommunication systems (TCS), such as e-mail services, social networks, chats etc. It allows
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breaking the existed systems of traffic control like firewalls, deep packet inspection systems etc.
Therefore, creation of methods for reliably revealing and destruction of embedded messages
(steganograms) is crucial and unresolved issue of the day.

As cover files for message hiding in SCS there can be used the various types of digital data — for
instance texts, multimedia data, and service attributes of files etc. Applying of specified types of cover
files is highly depends on prescribed requirements of robustness the obtained steganograms to known
methods of passive and active analysis, as well as channel capacity (volume of data embedded per
each cover file) [Fridrich, 2010]. For obtaining the trade-off between mentioned requirements, in most
cases message hiding is provided into multimedia files, especially digital images (D).

Existed methods of message hiding in DI can be divided into four groups [Katzenbeisser, 2000]
[Fridrich, 2010] — via mimicking natural processing of digital images (e.g. stochastic modulation of pixel's
brightness, dither quantizers of pixel's brightness), steganalysis-aware methods (for instance, HUGO
algorithm, UNIWARD methods), message hiding embedding in spatial domain (LSB-methods) and
transformation domain (TD). Considerable disadvantage of practical usage of first three types of
steganographic methods is relatively high “sensitivity” to any alteration of steganogram during its
storing, processing and transmission in TCS. As a consequence, significant amount of modern SCS is
based on stegodata embedding in TD, which gives opportunity to achieve the trade-off between
robustness of obtained steganograms to known methods of passive as well as active steganalysis.

For revealing the stego images, formed according to mentioned methods there were developed great
amount of passive steganalysis methods. Proposed methods can be divided into three groups -
signature [Gribunin, 2002] [Agranovskyi, 2009], statistical [Fridrich, 2010] [Katzenbeisser, 2000] and
structural [Progonov, 2014] [Progonov, 2015a] steganalysis. Signature steganalysis is widely used for
preliminary investigation of digital images and based on revealing the stego images by detection the
distinctive changes (signatures) of cover image attributes or parameters, for instance service attributes,
parameters of used graphical format etc. Methods of structural steganalysis are based on usage of
methods for hierarchical statistical modeling and multifractal analysis for revealing the alteration the
correlation and fractal parameters of digital images, caused by message hiding.

One of the most widespread approaches for revealing the stego images is statistical steganalysis (SS).
Methods of SS is based on creation the statistical models (SM) of covers with usage of peculiarities of
digital images, for instance significant correlation of brightness the adjacent pixels. Known methods of
statistical steganalysis allows revealing with high accuracy the the stego images in case of message
hiding in spatial or frequency domain (for instance with usage of two-dimensional discrete cosine or
wavelet transforms).

For increase the robustness of stego images to known methods of statistical steganalysis there are
proposed to use the special transforms (e.g. Singular Vector Decomposition, SVD) or composition of
several transforms the cover images and stegodata (multistage methods) for message hiding. Creation
of effective methods for revealing the mentioned steganographic methods requires analysis of
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performance the known statistical models. Obtained results of investigation the performance of modern
methods of SS in case of forming the stego images with usage of multidomain and multistage methods
will be used for creation the improved SM.

Related Works

Known statistical models of digital images can be divided into two groups — simple and rich models.
Simple models allow investigating only separate parameters of digital images such as histogram (chi-
square test, Pairs-of-Value analysis), co-occurrence matrix of pixel's brightness (Sample-Pairs analysis)
or changes the parameters of distribution the pixel's brightness, caused by applying the calibration
function to the images (Regular-and-Singular analysis). Simple SM gives opportunity to detect with high
accuracy only the known LSB-methods (1 embedding) or JPEG-based embedding methods (JSteg, F5,
OutGuess algorithms) [Fridrich, 2010]. For overcome the mentioned limitation it was proposed to use
the rich SM (RSM), obtained by consolidation of several simple statistical models [Fridrich, 2012]. RSM
allow noticeably increasing the accuracy of stego image detection in most complicated cases — with
usage of modern adaptive steganographic methods, such as HUGO algorithm [Pevny, 2010b],
UNIWARD algorithm’s families [Holub, 2013a], Synch algorithms [Denemark, 2015] etc.

Creation of effective methods for revealing the stego images with data, embedded in spatial (LSB-
methods) or frequency (JPEG-based steganography) domains of cover images, requires development
of corresponding RSM only for mentioned domains. It is complicated task, required the deep analysis of
modern methods the DI analysis, such as wavelet transform with anisotropic basis functions (e.g.
ridgelets, curvelets, bandlets), sparse and redundant dictionaries. For provide the high accuracy of
stego image detection regardless of embedding domain there were proposed the universal RSM, based
on consolidation of known statistical models of DI in spatial as well as frequency domains.

Development of new methods for message hiding in several domains (multidomain methods [Progonov,
2015b]) and multistage methods, based on composition of several transforms the cover image and
stegodata, significantly complicates the detection of formed stego images. Unfortunately in the literature
there is no information about the performance of modern statistical stegdetector in case of message
hiding in several domains according to multistage methods. Therefore it is represented the interest
investigation of performance the modern RSM for detection the stego images, formed with usage of
special transforms of cover image, and multistage methods.

The Goal and Contribution

The goal of paper is comparative analysis of accuracy the stego images detection, in case of stegodata
embedding in transformation domain of digital images according to multidomain and multistage
methods, with usage of modern methods of statistical steganalysis.
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Modern Methods of Data Embedding in Transformation Domain of Digital Images

One of the well-known methods for message hiding in transformation domains of digital images are one-
stage methods of Dey [Dey, 2011] and Agarwal [Agarwal, 2008], multistage embedding methods of
Joseph [Joseph, 2013] and Khan [Khan, 2013], as well as complex methods of Elahian [Elahian, 2011]
and Gunjal [Gunjal, 2011]. High robustness of stego images, formed according to one-stage methods, to
active steganalysis (e.g. image filtering, lossy compression) is provided by applying to cover image and
stegodata, represented as DI, the two-dimensional discrete wavelet transform (DWT) and SVD. Usage
of several stage of cover image processing according to multistage methods allows achieving the trade-
off between robustness of formed stego images to passive steganalysis and influence of sporadic
(channel noise) or intentional (active steganalysis) changes by theirs storage, processing and
transmissions in TCS. Peculiarity of complex embedding methods is presence of preliminary stage of
cover image (for instance, change the color system) and embedding messages (e.g. encoding)
processing for increasing the robustness of formed stego images to passive steganalysis.

Forming of stego images according to mentioned steganographic methods is provided by weighted
summation of coefficients the cover image W (I) and stegodata W (D), represented as DI,

decomposition in fixed basis of transformation W (-):
W(S)=W(I)+GxW (D),
where W (S) - coefficients of formed stego image, G — weighted coefficients, which is depends on

energy the hidden message. Processing of separate color channel the cover image and stegodata is
provided with usage of standard and special transforms — two-dimensional discrete cosine [Oppenheim,
2010] [Gonsalez, 2008] and wavelet [Gonsalez, 2008] transforms (2D-DCT and 2D-DWT), singular
value decomposition [Murphy, 2012].

For obtaining the stego image in spatial domain, it is applied the inverse transform to obtained

coefficients W' (W ($)). Extraction of embedded message is provided according to further formula:
W (D)= (W (S)-W(1))/G.

For achieving the trade-off between robustness of hidden message to passive (G — G_. ) and active (

min)

G — G__ ) steganalysis there were determined the range of values the weighted coefficient G .

max

Values of G were changed from G_. (lower bound of stegodata reconstruction on receiver's side the

SCS) to G, (appearance the visual distortion of cover image by message hiding) with step A;.
Shaping of stego images S,,,,, according to Agarwal methods is provided by applying the SVD to cover
image I,,., and stegodata D,,., , represented as grayscale images with resolution M x N pixels
[Agarwal, 2008]:

Lyn = Upw (I) X Qyn (I) X VI;,I—XN (I)’
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Dy = Upaas (D) X Quyy (D) X Vi (D),
V(S)=V(I)+GxV(D),
where U,,,, (I),Vy, (I)— correspondingly, matrices of left-singular and right-singular vectors of
matrix IxI" (I" xI); Q,,., (1)=E,,., X A(I)- diagonal matrix of singular values; E,,,,, — unit
matrix; A(T) ={y/4,,/,....\/A | - vector of singular values; K =min(M,N)— number of
singular values.
Simultaneously change of matrices U,,,,, (I) and V,_, (I)- shifts of rows u_,, (I),ie [;;M]and

columns v, (I),j € [1;N] on A, positions — does not change the stego image [Bolshakov, 2007],

which leads to —ambiguity by message extraction at the receiver side of SCS. For solve the mentioned
problem it is proposed to use the singular values of cover image for message hiding:

A (8)= A (1) + G X A (D), Ay (D)= (Ale (S) = Ak (I))/G

For minimization the color alteration by message hiding according to complex methods of Elahian
[Elahian, 2011] and Gunjal [Gunjal, 2011] it is provided the changes of color system the cover image
(from RGB to YCbCr or YIQ) as well as stegodata (from RGB to Grayscale). Stegodata are embedded
into Y (luma) component (Elahian method) or | (chroma) component (Gunjal method) of cover image.
Changes of color system for cover image an stegodata are provided according to standard formulae
[Gonsalez, 2008] [Gunjal, 2011].

Also, for increasing of robustness the formed stego images to passive steganalysis it is applied the

Arnold mapping (AM) to the embedding messages D,, ., , represented as grayscale image with

resoluion M, x N, (M, = N,) [Elahian, 2011]:
(x.) ( (x) ) (1 1]
"1=mod| R, x| "|,M,|,R,, = ,
. [Py, )Mo ) e T

where X,y — correspondingly, position of elements the D (number of row/column); mod(a,b) -

modulo operation; i — current iteration of Arnold mapping. It should be mentioned that period of AM —
number of iteration after which the initial view of stegodata is recovered — significantly depends on
stegodata size, which complicates the further passive steganalysis of formed stego images.

Stages of processing the cover image and stegodata according to one-stage, multistage and complex
methods are represented in Table 1.
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Table 1. Stage of cover image and stegodata processing according to one-stage, multistage and
complex steganographic methods

\ Embeddmg method
Dey Agarwal | Joseph Khan Elahian Gunjal

Color Cover RGB — RGB RGB—YCbCr | RGB—YIQ
system
change | Stegodata RGB — RGB RGB — Grayscale
First 2D-DWT SVD 2D-DWT | 2D-DWT 2D-DWT 2D-DWT
Stage of
cover Second - - SVD 2D-DCT - 2D-DCT
processing
Third - - - SVD - -
Stage of First 2D-DWT SVD SVD SVD AM AM
stegodata
Processing | - second - - - - 2D-DWT -
Grax 0.02 0.02 0.10 0.50 1.00 5.00
Weighted
coefficient G 0.08 0.08 2.00 4.00 12.00 14.00
G
Ag 0.02 0.02 1.00 1.00 3.00 3.00

Statistical Steganalysis of Digital Images

Rich statistical models (RSM) can be divided into three groups, depending on domain where digital
images are modelling — in spatial (SPAM [Pevny, 2010a], SRM [Fridrich, 2012], PSRM [Holub, 2013b]
models) or frequency (CC-PEV [Pevny, 2007], CC-JRM [Kodovsky, 2012b] models) domains, as well
universal models (CDF [Kodovsky, 2010], J+SRM [Kodovsky, 2012b] models), obtained by consolida-
tion of SM the digital images in spatial and frequency domains. In the article we investigated the
performance of well-known RSM the digital images in spatial (SPAM model) and frequency (CC-PEV
model) domain as well as universal (CDF model) statistical models.

Subtractive Pixel Adjacency Matrix (SPAM) model of digital images is based on modeling the
differences between brightness of adjacent pixels with usage of Markov chains. Estimation of
parameters the Markov chains for horizontally adjacent pixels the grayscale image I, , with resolution

M x N pixels is provided with usage of co-occurrences matrices C, , [Pevny, 2010al:
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c(uv) =X X ([0 =u] <[5 =v] )
C (uvw) =2 2 ([0 =u] <[5, =v] <[, =w] )

where

D’ =1,-L, . ie[LM],je[LN-1],

ij+1?
is differences arrays; []/ — Iverson bracket; u,v,w(u,v,we[—T;T])— values of Markov chain

elements (differences of brightness the adjacency pixels); T — threshold value, which is used for
achieving the trade-off between the accuracy of modeling the differences between brightness of
adjacent pixels and number of SPAM model parameters.

Transition probability matrices for Markov chains first (M, ) and second (M, , ) orders are

calculated according to further formulae:

VPR il C) WS S WAL}
Zu:(—T) Zv:(—T) C (U, V)
« Cc“(uv,w)

M, ., == - - p ,ke{—),e,T,i,\,'\,/',/}.
Zu:(—T)Zv:(—T)ZW:(—T)C (U,V,W)

As parameters of SPAM model is used the averaged transition probability matrices for Markov chains 1st
(F')and 2nd (F") orders:

B = (MG, + My, + M, MG, + M+ MG, M, + MO )8

v

F”=(M‘> FMS, AML M A MY +MY, + MY+ M )/8

uv,w uyv.w uyv,w uyv.w uyv.w uyv,w uyv.w uyv.w

According to recommendation [Pevny, 2010a] threshold value was chosen equal to T =3 . Total
amount of SPAM model parameters in such case is equal to dp,,, = 686.

The CC-PEV model was proposed for reliably detection of stego images with message, hidden in
frequency domain according to JPEG-based embedding methods [Pevny, 2007]. Peculiarity of CC-PEV
model is preliminary stage of digital image calibration, used for suppress the distortion of successive
JPEG-compression with different quality factor (quantization tables). Calibration of DI is provided by its
decompression in spatial domain, cropping to four rows/columns and further JPEG-compression with
initial JPEG Quality Factor (JQF).

At the second stage, initial T, , and calibrated Ifyy images are divided into n, non-overlapping blocks

with size 8 x 8 pixels. Then to each block the two-dimensional discrete cosine transform (DCT) is
applied. At the third stage, further correlation parameters for obtained coefficients the discrete cosine
transform inter and intra blocks d; (k),k IS [1; n,] [Pevny, 2007] are calculated:

1. Histogram H of all 64 x n, luminance DCT coefficients;
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2. Histograms h’ of coefficients of 5 individual DCT modes (i, j) € {(1,2),(2,1),(3,1),(13),(2,2)} ;

3. Dual histograms g :

gf} = Z:Lﬁ(d’da (k))
where &(+,+) —Kroneker delta;

4. Functionals V', captured inter-block dependency among DCT coefficients;

5. Blockiness fumctional B,,, which is calculated from the decompressed JPEG-image and represented
an integral measure of inter-block dependency over all DCT modes over the whole image;

6. Co-occurrence matrix N of neighboring DCT coefficients;

7. Averaged transition probability matrices M of Markov chain first order, which are used for modeling
the differences between adjacency pixels in horizontal, vertical and diagonal directions.

The parameters of CC-PEV models are obtained by calculating the differences of mentioned
parameters for initial and calibrated images. Total number of CC-PEV model’'s parameters is equal to
dccprv =548.

The universal statistical model CDF was proposed in [Kodovsky, 2010] by consolidation of SPAM and
CC-PEV model for detecting the stego images in case of stegodata embedding in spatial as well as
frequency domains. Total number of CDF model's parameters is equal to d,- =1234.

Results

For analysis the accuracy of stego image detection there were trained and tested the stegdetectors
(SD), based on usage the statistical models of digital images in spatial (SPAM model, SD,,,,,) and

frequency (CC-PEV model, SD. .., ) domains as well as universal CDF model (SD,,, ). Due to great
number of parameters for used RSM - d,,,,, = 686, dye_pe, =548, dy, =1234 - @s stegdetector it

was used the ensemble of Fisher's Linear Discriminants (FLD) [Kodovsky, 2012a]. Separate FLD was
tuned for minimization of total detection error P_ on training subset the test packet:

1
Pe :rgFLnE[PFA +Puo (PFA)]’

where P_,,P,, denote, correspondingly, the probabilities of false alarm and missed detection.
Assessments of P, and P,,, were provided according to bootstrap estimation algorithm by training each
base classifier B, on pseudo random selected subset of training set [Kodovsky, 2012a]:

X, = {X D/),)_((D/)

m m } ’
mefmf’
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where x,,x, — training samples of cover and stego images respectively, D,/ €{1,2...d,,,} — pseudo

FLD }

randomly selected subset of features from general feature space with dimensionality o, (d,,, <d,,);

My — bootstrap sample from set {1,2..N""}; N — amount of test cover images at training stage.

The total detection error P, (out-of-bag (OOB) error) for SD after training phase was computed
according to formula:
1 N{m

P o0s = 5 2o B (%) +1-B" (%,) |

m=1

Analysis of accuracy the stego image detection by usage of statistical stegdetectors was provided for
two cases — with utilization of all or separate stegodata at the training/testing stage, as well as usage of
true color or grayscale (separate color channels) the test digital images. As indices for analysis the
accuracy the stego image detection there were used the standard metrics from ROC-analysis [Murphy,
2012] [Mathews, 1975] — Area-Under-ROC curve (AUC), Sensitivity, Specifity, Matthews Correlation
Coefficient. Estimation of mean value and variance of the OOB-error A. and mentioned metrics was

provided by repeating the training and testing stage 10 times.

Investigation of accuracy the steganogram detection by usage of modern RSM was provided on
standard image database MIRFlickr-25k [Huiskes, 2008). For training and testing of stegodetector were
used the subset of 9,000 pseudo randomly selected and scaled DI from packet. Cardinalities of training
and testing set of digital images were equal to 4,500 images. As stegodata were used three DI -
engine’s draft, map and portrait. Characteristics of the stegodata are represented in Table 2:

Cover image payload - fraction of changed coefficients of cover image w (1) relatively whole number of

coefficients -was changed from 5% to 25% with step 5% and from 25% to 95% with step 10%.

Weighted coefficient G , for each investigated embedding method, was changed from G, up to G,
with step A; (Table 1).
Table 2. Characteristics of used test digital images and stegodata
Stegodata
Characteristics Cover image
Engine’s draft Map Portrait

Resolution, pixels 512x512 567 %463 800x 800 565x850

Color system RGB

Format JPEG, TrueColor BMP

At the Figure 1-3 it is represented the dependency of AUC metrics on cover image payloads by variation
the weighted coefficients G for statistical stegdetector SD,,,, , SDg¢_pe, @Nd SD, -
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Figure 1. Dependency of AUC metrics on cover image payloads by variation the weighted coefficients
G for statistical stegdetector SD,,,,, . Message was embedded according to: (a) — Dey method; (b) -

Agarwal method; (c) - Joseph method:; (d) — Khan method; (e) — Elahian method; (f) — Gunjal method.
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Figure 2. Dependency of AUC metrics on cover image payloads by variation the weighted coefficients
G for statistical stegdetector SD. ,., (JPEG Quality Factor — 100). Message was embedded
according to: (a) — Dey method; (b) — Agarwal method; (c) — Joseph method; (d) — Khan method; (e) -
Elahian method; (f) - Gunjal method.
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Figure 3. Dependency of AUC metrics on cover image payloads by variation the weighted coefficients
G for statistical stegdetector SD_,. (JPEG Quality Factor — 100). Message was embedded according
to: (a) — Dey method; (b) — Agarwal method; (c) — Joseph method; (d) — Khan method; (e) — Elahian
method; (f) — Gunjal method.
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Usage of SPAM model allows detecting with high accuracy (AUC>0.99) the stego images, formed
according to multistage Khan method (Fig.1d), as well as Elahian (Fig.1e) and Gunjal (Fig.1f) complex
methods, irrespective to the cover image payload and value of coefficient G . It is preliminary
unexpected results, since these methods were proposed for increasing the robustness of steganograms
to statistical steganalysis. Relatively low robustness of stego images in this case is explained by
significant decreasing the correlation between brightness of adjacent pixels (parameters of SPAM
models) in comparison with corresponding values for cover images.

Usage of one-stage embedding methods of Dey and Agarwal, as well as multistage Joseph method
gives opportunity to significantly decrease the accuracy of stego images detection (Fig. 1a-b), especially
in case of low cover image payload (A, <10% ) and minimal values of coefficient G . Obtained results

are explained by simultaneously applying of spectral (2D-DWT) and special (SVD) transform of cover
image by message hiding.

Passive steganalysis of DI with usage of CC-PEV model is characterized by relatively low accuracy of
stego images detection in case of message hiding with usage of spectral transformation of cover images
(Dey and Joseph methods, Fig.2b-c) and low cover image payload (A, < 10% ). Revealed diminution of

detection accuracy is connected with peculiarity of CC-PEV model — usage of coefficients the 2D-DCT,
obtained for detached blocks, by calculations of model's parameters. Therefore changes of statistical
parameters of cover images, caused by message hiding, in these blocks are relatively low, which
decrease the effectiveness of applying the CC-PEV model for stego images revealing.

Despite of significantly increasing of dimensionality the feature space by usage of CDF model in
comparison with SPAM and CC-PEV models ( dgpsy, =086 , dop pey =548 , dpe =1234 ),

increasing of detection accuracy is relatively small - AAUC < 0.055. For comparison values of AUC
metrics in case of low cover image payload, minimum values of weighted coefficient G and usage the

statistical stegdetector SD D and SD_,. are represented in Table 3.

SPAM ’S CC-PEV CDF

It should be mentioned, that lossy JPEG-compression of DI (JPEG Quality Factor is less than 100) lead
to additional decreasing the detection accuracy (table 3). It is explained by usage during message
hiding of of approximation coefficients the 2D-DWT and the greatest singular values, that corresponds
to low-frequency 2D-DCT coefficients. In consequence, alteration of stego images due to JPEG-
compression is relatively small.

Applying of universal CDF model allow achieving the high detection accuracy only in case of forming the
stego image according to multistage and complex embedding methods (table 3). On the other hand,
usage of spectral (2D-DWT) and special (SVD) transform gives opportunity to significantly decrease the
detection accuracy.
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Table 3. Values of AUC metrics in case of low cover image payload, minimum values of weighted

coefficient G and usage the statistical stegdetector SD.,,,, , SD¢c_pey @Nd SD,, -
Statistical model of digital image

SPAM CC-PEV (JQF =90) | CC-PEV (JQF =100) CDF

Dey method 0.843 0.710 0.730 0.898
Agarwal method 0.753 0.542 0.586 0.775
Joseph method 0.585 0.569 0.549 0.623
Khan method 0.990 0.932 0.999 0.999
Elahian method 0.999 0.622 0.984 0.999
Gunjal method 0.984 0.999 0.999 0.999

Conclusion

On the basis on conducted analysis the detection accuracy of stego images, formed according to one-
stage, multistage and complex methods, by usage of modern statistical stegdetectors it is established
that:

1. Utilization of well-known statistical models of digital images in spatial (SPAM model) and frequency
(CC-PEV model) domains, as well as CDF universal model does not gives opportunity to achieve the
high detection accuracy in case of message hiding with usage of one-stage Dey and Agarwal methods,
as well multistage Joseph methods. It is explained by usage of low-frequency (approximation)
coefficients and the greatest singular values, which correspond to image’s components with highest
energy, (Dey and Agarwal methods) or message hiding at the level of intrinsic noise of digital images
(Joseph method). Accurate modelling of mentioned components requires creation a new statistical
models.

2. Forming of stego images according to multistage Khan method, as well as Elahian and Gunjal
complex methods leads to significant changes of correlation between brightness of adjacent pixels the
cover images. It leads to considerable increase of detection accuracy (AUC>0.99), despite of usage of
several domains for message hiding and applying the preliminary stage for processing cover image and
stegodata.
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Abstract: The article considers the problems of configuring grid resources to perform computational
tasks in the grid environment. The technology of automated configuration environment to perform tasks
in the grid environment using virtualization was proposed. The results of the evaluation of the
effectiveness of the proposed technology based on the developed simulation model were presented.
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Introduction

Grid computing is a form of distributed computing, in which a virtual supercomputer is presented in the
form of loosely coupled heterogeneous computing resources, connected to a global network and used
to solve computational problems of large dimension. Using the idle capacity of distributed resources
instead of increasing the power of local resources is a cost-effective solution.

Ukrainian national grid infrastructure consists of about 26 clusters. In recent years a number of projects
of state scientific and technical program were carried out the purpose of which is the application of grid
technologies for solving computational problems of various scientific fields such as astrophysics,
molecular biology, physics, geochemistry, environmental monitoring, economic forecasting, population-
based studies in the field of cardiology and other tasks. Virtual organization implies a dynamic
community of people and organizations that share a dedicated set of grid resources in accordance with
agreed rules for solving tasks of particular scientific field.

In the presence of a large number of computing tasks of different scientific areas that require significant
computing power according to monitoring data (http://www.nordugrid.org/monitor/) to date there is a

high percentage of idle resources of the Ukrainian national Grid infrastructure, which is primarily
explained by the complexity of the processes of computational tasks preparation for solving in the grid
environment as well as configuration the runtime environment for task execution on a remote computing
resource. The article studies the following problems of using a distributed grid environment:

— the complexity of administration grid computing resources in the terms of configuring

environments for different tasks’ execution;
— the inability to execute computing tasks on grid resources using administrator privileges;
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— the absence of full-featured high-level tools for the preparation and running computing tasks in
grid environment;

— the problem of deployment licensed software on remote grid resources and using
correspondent software for task execution;

— the incompatible versions of the operating systems (OS) running on a computing grid resource
and those required for the execution of the user application task.

For example, there is often the need to perform computing tasks using the software under Microsoft
Windows OS where as the server grid middleware is to use the Linux OS. The incompatibility of the
required version of the OS with the hardware characteristics of grid resources is also possible.

EMI grid middleware providers (http:/www.eu-emi.eu/) don’t support automated environment

configuration for computing task execution. Under the environment the requirements for the software to
be installed on the computing resource for task execution are implied.

Using the virtual machine technology the virtual image (V1) with necessary settings can be formed and
used when submitting and executing computing task on grid-resources. This will solve the problem of
using licensed software in grid-environment and task execution with administrator privileges.

The important aspect of widespread using of grid technologies is to provide the required level of quality
of service (QoS) that for a non-commercial environment is most often defined as the guaranteed time of
successful calculations completion. The virtual machine technology using in grid-environment
determines the problem of designing effective structure of virtual images distributed storage in grid-
environment to minimize communication costs and the development of appropriate scheduling
algorithms.

The usage of virtualization technologies when performing tasks in the grid environment

The term virtualization refers to the abstraction of computing resources and providing the user of the
system that "encapsulates” (hides) your own implementation. The term virtual machine (VM) means a
product of virtualization software and hardware platform. There are the following advantages
[Bogdanov, 2008] [Jain, 2012] [Mann, 2006] [Romanova, 2011] of using virtualization:

— ability to create the required hardware configurations;

— ability to support legacy operating systems to ensure compatibility;

— on the same host could be running multiple virtual machines, connected into a virtual network;
— possibility of cloning and backup virtual machines.

The use of virtual machine technology in grid environments will allow users to form virtual image
settings and define it as the virtual environment, which needed to perform a task on a remote grid
resource.
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Requirements for running tools of applied computational problems with the ability to define a virtual
environment: the ability to define a virtual environment as a parameter the specification of the grid task,
the search of the required virtual environment, transfer and deployment to a remote resource in an
automated mode.

The authors conducted a research of existing technologies for constructing virtual environment for
execution of computational tasks on a remote resource in a distributed environment according to the
following criteria:

— transfer VI on the remote resource;

— store the virtual images in a distributed repository, including the presence of replication facilities;

— ability to select a virtual environment to complete the task;

— ability to solve computational tasks of various types (serial, parallel, data processing, workflows)
[Prila, 2014] of different application areas;

— optimization of planning with the peculiarities of the distributed environment;

— ahigh-level interface;

— expandable.

Table 1 presents a comparative analysis of existing technologies of constructing virtual environments,
such as Nimbus, skifGrid, Rainbow and the software package "virtual container".

Table 1 - Comparative analysis of existing technologies of constructing virtual environment

Assessment criterion The software Skif Grid |Rainbow| Nimbus
package
"virtual
container"
Transfer ¥l on the remote
resource * * * B
Store the virtual images in a
distributed repository, i i i N
including the presence of
replication facilities
Ability to select a virtual
ehvirohment to complete + - + +
the task
Ability to solve
computational tasks of| + + + +
various types
Optimization of planning with
the peculiarities of the - + + -
distributed environment
A high-level interface - - - +
Expandable . - . +
Notes:
1. “~"it means the absence of the implementation of this requirement in the considered decision.

2. “+” it means the presence of implementation of this requirement.
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The Nimbus service package (http://www.nimbusproject.org) with open source allows users to run

virtual machines on FutureSystems hardware, and focused on providing infrastructure as a service
(IaaS) for the scientific community [Keahey, 2005].

Nimbus provides an implementation of cloud computing, allowing users to use computing resources by
deploying virtual machines on these resources. Additional Nimbus tools provide the possibility of
implementing scalable cloud storage.

Nimbus Context Broker implements the ability to create shared configuration resources, which are
available from several clouds, distributed support providers. Such tools are oriented to work in a multi-
user cloud environment and a combination of private and public cloud capabilities, called by sky
computing tools.

Nimbus software package provides to developers a highly customizable and extensible implementation
(laaS) open source. For this Nimbus package supports different implementations of virtualization (Xen
or KVM), resource management (including schedulers such as PBS), interfaces (including Compatibility
with Amazon EC2 [Keahey, 2012]) and many other options.

Services package Nimbus does not support software for building cloud infrastructure, which is included
in the standard EMI (ARC Nordugrid, glLite, Legion (http:/legion.virginia.edu/index.html), Condor

(http://www.cs.wisc.edu/condor/), Unicore (https://www.unicore.eu/about-unicore/)) and used in the

Ukrainian national grid (UNG). Focusing on the use of cloud infrastructure determines the complexity
extensions for use in diverse heterogeneous grid environment.

The software package Rainbow («ARC in the Cloud») was developed within the project the UNG for
tasks of interactive analysis of medical data "Medgrid" virtual  organization
(http://medgrid.immsp.kiev.ua/). The app is aimed at hardware acceleration of virtual machines on the

worker nodes of the cluster and focused on the use of middleware software (middleware) Nordugrid
ARC. A processor computing element and manager work cycle of a virtual machine used
RunTimeEnvironment mechanism (RTE) of software Nordugrid ARC [Ellert, 2007].

The implementation uses the finished elements network infrastructure the Linux operating system.
Interactive access to platforms based on Windows is performed by using a remote connection protocol
to RDP desktop.

Rainbow provides the end user with several file-sharing scenarios with the virtual machine. If data
access is needed only in the read mode, the ISO method allows you to connect a virtual CD-ROM with
the files. To access the recording mode DISK method connects the virtual hard disk to a predetermined
size and selected file system. Transferring files, resulting from the work, back to the Grid environment in
a similar way - the files are extracted from the virtual disk and transferred to stage-out mechanism of the
software grid. The software package Rainbow presents RPMs in repository [Salnikov, 2015)].
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However, the solution is focused on starting and completing specific computational tasks of medical
data analysis and involves the use of the same type VI, pre-installed on the grid resource. Software
Rainbow does not include the possibility of extensibility.

Middleware SKIF-GRID (skifGrid) (http://grid.basnet.by/projects/skifgrid/wiki) is designed to unite
distributed high-performance computing resources in a unified grid network and for the organization of

user access to virtualized server platforms.

Unlike middleware included in the EMI standard, components skifGrid realilized the possibility of a
virtual service organization.

Components skifGrid:

— skifGrid-srv is designed to virtualize server hardware and system management of virtual servers,
uses the implementation of middleware Ganeti (http://code.google.com/p/ganeti);

— the manager of computing resources (skifgrid-crm) uses middleware QosCosGrid
(http://www.qoscosgrid.org);

— broker computing resources (skifgrid-crb);

— the client console access resources (skifgrid-cli);

— monitoring of the grid network (skifgrid-mon).

Middleware skifGrid is free software that is allowed to distribute and modify in accordance with the
terms of the GNU General public license (GPL) version 3 (http://www.gnu.org/licenses/gpl-3.0.html).

The installation files are represented by packages .deb in repository, however, the distributions skifGrid
not available, which hampers the possibility of expanding the tool.

Also were developing in the research computing centre of Moscow state University M. V. Lomonosov on
using virtual machines in grid technologies for solving problems in computational chemistry. This
concept describes the use of virtual machines as the outgoing distributed tasks, which provides the user
with the required quality of service, without affecting the operation of the main components of resource
services. Thus, the user of a distributed environment may be provided by a fully isolated virtual
computing environment (virtual container). The properties of a virtual «container» are not inferior to the
physical server, in which any of its own computing service can be provided. In this application,
implemented in the VM, it means absolutely no dependence on the operating system and environment.
Also it considered as the complete separation of a specific service or program from the external
environment, and the environment from it. This is possible through the use of an additional layer of
software — the virtual hardware, allowing carrying out a regular application, as if it were running on a
separate computer.

The user is able to create a virtual machine image with preinstalled operating system and fully
configured applications aimed at solving a specific problem. This image is transmitted to a distributed
resource, and there is executed as a grid application, without the need for configuring this node for
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specific tasks. This greatly facilitates the adaptation of application software to operate in distributed
environments. An additional advantage is the fact that these technologies make it possible to run virtual
machine images with operating systems that are different from those installed on the resources
[Volohov, 2009].

However, this method is considered to use virtual machines for specific tasks in computational
chemistry. Also this concept was not considered the option of using a high-level interface.

Technology automated configuration environments in grid resources

The virtual machine technology will allow generating a virtual image with the settings and using it when
launching and running computational tasks on the grid resources. This is a solution to the problem of
using the licensed software for solving tasks in grid-environment.

The authors planned the practical implementation on the existing framework for the development of grid
applications [Kazymyr, 2013] with the use of the developed technology. Technology needs to provide
the following services (Fig. 1):

1. The formalization of the parameters of the VM environment.

Before submitting a request to the task execution in the grid environment, a user or automated select a
number of hardware and software options. Further are given the opportunity to use it for the desired
software applications in the relevant grid resources.

2. The possibility of determining the required VM image to perform the task.
3. The initial load of the image.

Also it should be transmitted the image of a virtual machine, if previously it was not transmitted in the
previous tasks. A description of the task and the task itself are sent in the form of a virtual image to meta
scheduler of grid.

Figure 2 shows the architecture of the framework for the creation of grid-enabled applications of modern
grid middleware, which has been extended by the following modules: module of accommodation VI,
scheduling tasks module with the use of VI, statistics module.

Services scheduling tasks module with the use of VI implements automatic search for the desired VI.
And it selects of computing resource for image deployment, and task execution.

The parameters collected (most requested tasks for execution in the grid environment) by the statistics
module used in the design of the replication scheme VI. The mechanism for deployment on remote
computing resources is implemented with using a software platform  OpenNebula
(http://opennebula.org).
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Figure 2. Architecture of a framework for the development of grid applications

Module of accommodation VI determines computing resource to store the virtual image.
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A simulation model of grid environment using virtualization

A parallel application is generally modeled by a precedence-constrained task graph, which is a directed
acyclic graph with node and edge weights. In this model a task cannot start execution before all of its
parents have finished their execution and sent all of the messages to the machine assigned to that task
[Forti, 2006].

To assess the effectiveness of the approach was developed process model tasks in grid-environment
using virtualization technology based on simulator GridSim [Buyya, 2002]. When developing the above
model, a simulation model of grid environment [Bivoyno, 2013] was extended with the following options:

1. Size of the virtual image (for OS Linux this value is 1.5-4 GB and >= 4 GB for Windows OS, efc.).

2. Time on deployment VI. Figure 3 shows the time estimation to deploy virtual images using Oracle
VM VirtualBox 5.0.14 (https://www.virtualbox.org/) with the following characteristics (Table 2).
Experiments the evaluation time on deployment VI was conducted in a real environment.

8:24
7:12
6:00 |
4:48 Windows
3:36 o o

= o v —e— Linux
2:24 -
1:12 4
0:00 — T
123 456 7 8 910111213

N (number of test)

Time(min)

Figure 3. Evaluation time for the deployment of virtual images.
The x-axis in figure 3, N is the number of the experiment.

Table 2 — The characteristics of the tested virtual images.

Settings Linux Windows
0S Ubuntu 14.04 64 bit Windows 7 64 bit
RAM 1024 MB 1024 MB
Load Order Net, HDD, Optical disk Net, HDD, Optical disk
Acceleration VT-x/AMD-V, Paravirtualization, KVM VT-x/AMD-V, Paravirtualization, Hyper-V

3. Transmission time to send VI on the grid resource. Test results on the transfer VI from the client to
the server grid.stu.cn.ua over TCP using the cantilever cross-platform client-server utility iperf
(https:/lipert.fr/iperf-doc.php) confirmed a linear relationship between the amount of size of VI and the
time of transmission.

4. Time of transfer grid task from virtual machine to compute resource. As with the previous
experiment, the authors used the iperf utility, the results presented in figures 4-5.
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lient connecting to 192.168.1.34, TCP port 5001
CP window size: 43.8 KByte (default)

Transfer Bandwidth
0.0- 5.0 sec 591 MBytes 992 Mbits/sec
6.6- B.6 sec 1.00 GBytes 994 Mbits/sec

Figure 4. Network bandwidth parameter when the Figure 5. Network bandwidth parameter when
transmission of VI on the side of VM the transmission of VI on the side of the main
machine

Next, we consider the results of the simulation of task execution in grid environment using virtualization
technology on the basis of GridSim simulator.

The input parameters of the extended simulation model the following:

— size of VI;

— the transmission time to send VI;

— time of transfer grid task from virtual machine to compute resource.

In the experiment the value of the parameters of the model are the following: size of VI is equal to 1GB,
the transmission time to send VI - 190 minutes, time of transfer grid task from virtual machine to
compute resource — 8.3 sec. The augmented model consists of one user and the grid resource on which
tasks are performed. Tasks (Task) are performed simultaneously in a queue.

Figure 6 shows the comparison of time execution of tasks in grid and with a run time of grid tasks, given
that V1 is already on a remote computing resource.
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Figure 6. Execution time of tasks in the grid environment without using virtualization, pre-installed
virtual image on the remote resource.
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Where Time is the execution time of tasks in the grid environment, Time without VI - the time of the task
without the use of virtualization and Time with VI refers to the time duration of the task execution
provided that, if VI is already on the grid resource. Under the units of Time values in figure 6 refers to
minutes.

According to the obtained results (Fig. 6), we can say that the time spent on task execution in grid
environment using virtualization does not exceed 5 % than the cost of performing the task without the
use of virtualization in the grid environment.
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Figure 7. Execution time of tasks in the grid environment without and with the use of virtualization, but
without a pre-installed virtual image on the remote resource.

Under Time with delivery VI refers to the execution time of grid tasks with the necessity of transmitting
VI. On the basis of this modeling and experimental results (Fig. 7), we can conclude that the relationship
between task execution time in grid environment without the use of virtualization technology and using,
but without the pre-installed VI on a remote computing resource significantly great. The cost of sending
VI can be compensated through the development of schema replication storage virtual images and
scheduling algorithm in grid environment based on the use of virtualization. The task of planning the
layout of VI is under development.

Conclusion

We considered the problem of environment configuration applied to perform computational tasks in grid
environment. The technology of automated environment configuration based on virtualization was
proposed. The implementation is designed as an extension of the framework for the high-level grid
applications development that provides an API for basic grid operations.
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The results of the effectiveness evaluation of the proposed technology by conducting the experiments
on the basis of the simulation model as well as in the real grid environment showed that the time
required deploying the VI when starting task execution does not exceed 5% in the case of the pre-
installed VI on the remote computing resource. The expenses caused by virtual image data transfer to
the remote computing resource can be minimized by the development of scheme of virtual images
storage replication as well as the scheduling algorithms taking into account the expenses of
virtualization. This problem requires further study.

The proposed technology allows to increase the efficiency of grid environment usage, to simplify the
processes of grid resources configuration, computing task designing and specification and provides the
ability to use licensed software to perform calculations in grid environment.
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THE IMPROVEMENT OF THE PROCESS OF PROVIDING GOVERMENT SERVICES
IN MULTIFUNCTIONAL CENTRES IN RUSSIA

Stepan Kovalev

Abstract: This paper solves the problem of the efficiency of multifunctional centers providing services
(MFC) in Russia. It is used the method of process modeling and improvement to business-processes for
solving this problem and for improvement of quality of service provision in MFC. It has been indicated
key indicators influenced at the efficiency, identified risks and correlation of risks and indicators. The
paper considers priority risks, which should be minimized and organizational measures for current risks
minimization.

Keywords: business-process, efficiency, improvement, government services, multifunctional center

ACM Classification Keywords: G.2.2 Graph Theory, H.1 Models and Principles, K.4.3 Organizational
Impacts

Introduction

Nowadays, the theory and practice of management includes wide specter of methods and instruments
[Strikh, 2011] aimed at improvement of the business efficiency. In the same time, government structures
have begun to adopt some business features. One of these structures is multifunctional center for
providing government services to citizens (MFC).

There are some federal enactments aimed at progress and quality improvement of MFC institutes in
Russia. According to the federal enactments, it is being informatization MFC by different automated
systems, it is being personal training and improvement of interaction with adjacent departments and
structures.

Besides interest of government, scientists of different fields also discuss the activity of government
structures and particularly MFC. Therefore, L.A. Bershadskaya and A.V. Chugunov [Bershadskaya,
2013] have researched the existed methods of technologies monitoring in e-government. Than they
have suggested the own methods of solving this problem. In addition, the problem of government
services quality is researched in paper [Styrin, 2012]. Nevertheless, problem of the MFC efficiency and
some questions [Ponomarev, 2014] about improvement of the processes of providing state services are
highly relevant nowadays.
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It is researched the problem of the MFC efficiency in Russia in this paper. The research is based on the
processes of government services in MFC in Perm region.

Approach

Improvement of the MFC efficiency will be achieved by the risks minimization of the providing
government services process. It is necessary to analyze key indicators influenced on the business-
processes of the efficiency evaluation. Therefore, authors [Repin, 2013] have suggested some types of
business-process analysis:

* Qualitative analysis of the process based on subjective assessments.
 Visual qualitative analysis of graphical process diagrams.
 Evaluation and analysis of key indicators.

Thus, it should be used method of expert assessments and SWOT-analysis to develop the matrix of
indicators of process efficiency. In the same time, it should be noted that group of indicators had to
include economic, social and budget indicators of MFC [Gerba, 2013]. To solve this problem we should
identify indicators influenced on result of state services categorized by type and activity field.

So, there are some key indicators influenced on the MFC efficiency, they are categorized at 2 types:

1. Indicators of MFC quality of federal evaluation (Table 1).
2. Indicators of MFC quality of regional evaluation (Table 2).

Table 1 Indicators of MFC quality of federal evaluation

Number | Description of the indicator

1 Free access of the applicants to the federal state system of "Single portal of public and
municipal services (functions)"

2 Quantity of visits in the federal state system of "Single portal of public and municipal services
(functions)"

3 Quantity of applications through a single portal of public and municipal services (functions)
Free access of the applicants to the regional portal of state and municipal services
(functions)

5 Quantity of visits of the regional portal of public and municipal services (functions)

6 Quantity of applications by the regional portal of public and municipal services (functions)

24 The average duration for acceptance and receiving the service result does not exceed 15
minutes

25 Social index of duration of providing government service

26 Social index of duration of waiting in queue of the applicant

27 Social index of the politeness and competence of operator MFC
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Table 2 Indicators of MFC quality of regional evaluation

Number | Description of the indicator

1 The length of the queue

2 The average queue length

3 The quantity of applicants who has registered in system

4 The quantity of served applicants

5 The average quantity of served applicants

6 The quantity of services provided by the current operator

7 The quantity of provided services

8 The waiting time of the applicant in the queue

9 The average waiting time of the applicant in the queue

10 The average workload time of the operator

11 The average workload time of the current desk

12 The duration of filing of applicant's documents

13 The average time of filing of applicant’s documents

14 The duration of providing government service

15 The average duration of providing government service

16 The duration of transaction of applicant’s documents

17 The quantity of rejects to applicants

18 Social index of duration of providing government service

19 Social index of duration of waiting in queue of the applicant

20 Social index of the politeness and competence of operator MFC
21 Social index of the comfortable conditions in MFC

22 Social index of the availability of information

23 The quantity of positive reviews

24 The quantity of negative reviews

25 The quantity of applicants

26 The quantity of operator’s mistakes

27 The quantity of applicants registered in the e-portal

28 The quantity of services provided to applicants through a single e-portal
29 The total amount of checks of payment of public service duties by the applicant

It is necessary to research methods of risks management for improvement processes.
E.E. Kukina have suggested qualitative and quantitative methods of risk assessment in her paper




52 International Journal "Information Models and Analyses" Volume 5, Number 1, 2016

[Kukina, 2012]. Qualitative assessment aimed at:

J Identify the risks inherent in the proposed solutions implementation.
o Identify quantitative structure of risks.
o Identify the most risky fields.

Quantitative assessment proposes audits, particularly evaluation of risks at the “check-points”. The
author [Antipova, 2014] describes this method, so, it looks good to use this risks localization method to
research processes of state services providing. In addition to, authors [Antipova, 2014] suggest some
group of risks:

° Risks, associated with the peculiarities of the work.
J Organizational risks.

As a method of risk management, it is advisable to apply the approach proposed by the author
[Lapusta, 1997]:

Indicate of the alleged risk.
Evaluate this risk.

Use methods of risk management.
Result assessment.

Thus, there are methods and steps, which should be used to improve processes of providing of

government services:
o Risks localization method.
o Qualitative analysis based on key indicators of the MFC efficiency.
o Minimization of the indicated risks, influenced on key indicators.

Business-processes of providing of government services improvement

Processes of providing of state services improvement is based on the method suggested by author
[Andersen, 2003]. This method consists of points:

Process documentation.
Measurement of the indicators.
Indicators assessment.
Planning for improvement.
Improvement.

Process documentation. Process documentation is based on modeling methodology in this paper. The

models of the processes of providing government services has been built in BPMN 2.0 notation
[Kovalev, 2016]. After analyze of these models we have common structure of business-process with
indication of risks presented in the table 3.

Table 3 Common structure of business-processes with risks

The process of providing of government services in MFC
The Reception and registration of the | Check/Inspection of
ot Result
segments applicant's documents documents
, MFC .
Roles MFC operator | Applicant Related departments operator Applicant
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The waiting time in the queue of
the applicant should not exceed

Thorough inspection
of the applicant

MFC operator must notify
the applicant of the result of

the established regulations documents readiness for state services
Duration of getting applicant's The applicant must appear
in the MFC for the result of
documents by the operator should | Interdepartmental . ,
i the public service not later
not exceed the established requests )
. than the deadline set by the
. regulations .
Business- regulations
conditions Inspection,
MFC provides the primary checks interdepartmental
o requests shall not
of the applicant's documents set dth
by the operator excee the
established
regulations
Compliance established
standards and requirements
Exceeding the established
regulations of duration of waiting | Return of documents | The failure of the applicant
in queue to the applicant for the result in due date
Exceeding the established Suspension of
Risks regulations of duration P

acceptance of documents

providing of public
services

Reject to acceptance of applicant
documents by operator

Exceeding duration
of inspection of
documents

Measurement of the indicators. According to

results of qualitative analysis based on expert

assessments, it was indicated indicators of MFC quality of egional and federal evaluation (table 4 and

table 5). These indicators are influenced by risks.

Table 4 Indicators of MFC quality of regional evaluation

Number Number in Symbol Description
table 2
1 5 r1 The average quantity of served applicants
2 7 r2 The quantity of provided services
3 10 r3 The average workload time of the operator
4 11 r4 The average workload time of the current desk
5 19 r5 Social index of duration of waiting in queue of the applicant
6 24 ré The quantity of negative reviews
7 25 r7 The quantity of applicants
8 1 r8 The length of the queue
9 2 r9 The average queue length
10 8 r10 The waiting time of the applicant in the queue
11 9 r11 The average waiting time of the applicant in the queue
12 20 r12 Social index of the politeness and competence of operator
MFC




54 International Journal "Information Models and Analyses" Volume 5, Number 1, 2016

13 17 r13 The quantity of rejects to applicants

14 29 r14 The total amount of checks of payment of public service duties
by the applicant

15 26 r15 The quantity of operator’s mistakes

16 14 r16 The duration of providing government service

17 15 r17 The average duration of providing government service

18 18 r18 Social index of duration of providing government service

Table 5 Indicators of MFC quality of federal evaluation

Number | Numberin | Symbol Description
table 1
1 24 f1 The average duration for acceptance and receiving the service
result does not exceed 15 minutes
2 25 f2 Social index of duration of providing government service
3 26 f3 Social index of duration of waiting in queue of the applicant
4 27 f4 Social index of the politeness and competence of operator MFC

The correlation between risks and indicators on a segment "Reception and registration of the applicant's
documents" is presented as a graph in Figure 1.

R1 - risk “Exceeding the established regulations of duration of waiting in queue”.
R2 - risk “Exceeding the established regulations of duration acceptance of documents”.
R3 - risk “Reject to acceptance of applicant documents by operator”.

The symbols of graph elements are given in Table 6.

Table 6 Symbols of graph elements

Graphical symbol Description
Risk

Q Indicator of regional or federal evaluation

The correlation between risks and indicators at the segment "Check/Inspection of documents " is
presented as a graph in Figure 2.

R4 - risk “Return of documents to the applicant”.
R5 - risk “Suspension of providing of public services”.
R6 - risk “Exceeding duration of inspection of documents”.

The correlation between risks and indicators on a segment "Result” is presented as a graph in
Figure 3.

R7 - risk “The failure of the applicant for the result in due date”.
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Figure 1 The correlation between risks and indicators at the segment “Reception and registration

of the applicant’s documents”

Figure 2 The correlation between risks and indicators at the segment “Check/Inspection of the documents”

)

Figure 3 The correlation between risks and indicators at the segment “Result”




56  International Journal "Information Models and Analyses" Volume 5, Number 1, 2016

Indicators assessment. It is used the method of expert assessments for development the matrix of key
indicators. Matrix of MFC quality indicators of regional evaluation is presented at Figure 4. Matrix of
MFC quality indicators of federal evaluation is presented at Figure 5.
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Figure 4 Matrix of MFC quality indicators of regional evaluation

Current assessment
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Figure 5 Matrix of MFC quality indicators of federal evaluation
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In according to these results we have another graph (Figure 6) with indicated risks. In addition, we can
calculate priority of risks and indicators accordance to expert assessments (Figure 3, 4)

3
6/0,105
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6/0,105

0,43 7/0,123 10/0,78
rl
7/0,123
g (—)

8/0,140 8/0,14

7/0,08

10/0,175
0,10
Figure 6 The correlation between indicated indicators and risks with high priority

The improvement. Based on the results obtained in this paper and identification of priority risks,
improvement should be made by carrying out some organizational measures. Implementation of
measures will lead the minimization of risks, improvement of the quality indicators of regional and
federal evaluation and increase the efficiency of the MFC in Perm. Therefore there are some measures
for indicated risks minimization: the increasing of working places quantity, extension of the MFC
operators quantity, informing applicants about the required set of documents and rules of filling of it's
components more thoroughly.

Also, it is rather necessary to develop and apply the applicants traffic management method for
distributing the flow branches depending on the time, location and service type.

Conclusion

This research has been conducted at the MFC, leading in Russia over the last 3 years. So it has been
revealed short stack of significant risks in the process of the state services providing which should be
minimized. However, the method of service providing modeling with further analysis and definition of risk
points proved to be a way to increase the efficiency of MFC operations and process.
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The results obtained by this method, may be a justification for further stages of the modernization of the
MFC structure in Perm region.
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ESTABLISHING MOBILE LEARNING IN THE UKRAINE: PROBLEMS AND
PROSPECTS

Oleksiy Voychenko, Nazar Mykhailiv, Larysa Savyuk

Abstract: The article discusses the possibility of rapid deployment in the educational system of Ukraine
mobile learning technologies, taking into account the peculiarities of development and implementation of
information and communication technologies in the state. Conducted analysis of statistical data that
reveal the results of mobile marketing in Ukraine through questionnaires of social networks users. The
results of pilot experiments to create micro lessons for the mobile platform Android and the use of
podcasting technology in the structure of distance learning courses, demonstrate loyalty to the chosen
strategy of developing multi-platform applications for educational purposes.

Keywords: podcasting, mobile learning, LMS MOODLE, interface, multi-platform, native applications,
Information Technology, infrastructure

ACM Classification Keywords: K.3.1 Computer Uses in Education - Collaborative learning; Distance
learning

Introduction

Mobile learning is closely connected with electronic and distance learning, the difference is the use of
mobile devices. Training takes place regardless of location and is using portable technologies. In other
words, the mobile learning reduces the restrictions of education at the location using portable devices.

Of particular importance is mobile learning for all age groups, who for various reasons are separated
from stationary opportunities for education. In Ukraine today, many settlers from the east of the country,
young people should be in anti-terrorist operations. For such people becomes necessary access to
information and educational resources using mobile devices.

In addition, mobile learning technologies, able to solve a number of important task is related to
overcoming gender issues and problems of social inequality of people with disabilities.

Therefore, today it is necessary to solve the problem of immediate implementation of mobile learning
technologies in the life of Ukrainian society. The best way to implement mobile learning technologies is
to develop cross-platform applications for educational purposes.

These mobile training applications can be used in the structure of higher education institutions
humanitarian and technical training, as well as pre-school, school and vocational education.
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Problems of implementation of mobile learning technologies in the post-Soviet educational
space

The During the 9th Ministerial Conference on May 14-15, 2015 in Yerevan (Republic of Armenia), which
was attended by 47 European ministers responsible for higher education and research activities, there
was approved the updated "Standards and Guidelines for the guarantee quality in the European higher
education area" (Environmental, Social And Governance (ESG) Criteria) [ESG,EI.Res.]. This document
deeply and meaningfully describes the procedures for internal quality assurance of higher education and
defines the relationship between the education quality and the Bologna process.

Minister of Education and Science of Ukraine during the meeting of the Accreditation Commission noted
that higher education institutions (HEIls) of Ukraine in their activity should be guided by the provisions of
this document. The updated "Standards and Guidelines for Quality Assurance in the European Higher
Education Area" identified priorities in higher education in Europe: preparing students for active
citizenship, future career with the employability development, support their personal development, a
broad base of excellence creation and encouraging researches and innovations.

When implementing the accepted standards and recommendations regarding higher education quality it
is recommended to use models of student-centered learning, teaching and assessment with the
maximum students’ involvement in the educational process on the basis of intrinsic motivation and self-
examination. Needs of each student should be taken into account through the flexible learning paths
creation, use of different ways in educational services providing and advanced teaching methods as well
as innovative technologies.

At the UNESCO headquarter in March 7-11, 2016 there was a week of training with the help of mobile
technologies. The event organizers focused on the discussion of the prospects for the mobile learning
technologies use in the following areas [MHctutyT KOHECKO, On.Pec.):

- Mobile technology as a tool for the students' education quality improvement;
- Promotion mobile technologies to ensure full employment at the global labor market;
- Use of mobile technologies lifelong learning;

- Strategy of equal access to the mobile educational services for the female population, especially in the
Third World.

When discussing the introduction of mobile technologies in the educational process one should consider
the specificity of the post-Soviet countries. In particular, it is necessary to take into consideration several
following factors.

The first factor is related to the characteristics of the mobile internet access. In Ukraine there is no so
intensive Wi-Fi coverage as in the developed countries. Ukrainian cellular providers do not offer 4G and
existing 3G coverage is not covering large areas so it is not available for all users. Accordingly, a
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significant part of the Ukrainian people are still using the second generation standard EDGE coverage
and thus can hardly obtain a sufficient connection speed to view live video or download educational
content at the high connection speed. Another factor that should be taken into consideration is the
variety of the mobile devices used by the students of Ukrainian universities. Latest models of
smartphones and tablets are not accessible for the wide audience. In particular, the latest models of
Apple mobile devices are not widely distributed. Due to economical reasons, the availability of such
devices is rather low. Accordingly, the majority of educational services consumers are not using the
latest mobile devices models. The specificity of our country is that the variety of mobile devices used by
the students is impressively wide. They have mobile devices with OSs ranging from Symbian to iOS,
from Windows Mobile to Windows Phone as well as almost all versions of Google Android [Mo6inbHuit
MapkeTiHr B YkpaiHi]. This factor has a significant impact on the development and integration the mobile
technologies in the education system, so it should be taken into account when developing a mobile
learning strategy.

The third factor is closely connected with the specific features and functionality of mobile learning
content. Such content for mobile learning, especially in the conditions described above, requires a
specific approach to its development. In particular, it is necessary to adopt it to relatively small mobile
devices’ screens, and especially to the low speed of Internet connection.

In the developed countries the traditional approach is to create native applications for mobile learning.
Implementation of such approach in Ukraine faces some difficulties. In particular, there is a need to
create native applications for a significant number of different mobile platforms. Accordingly, the cost of
such native applications development is rather high and the most of Ukrainian educational institutions
can hardly afford it.

Also in labor market of post-soviet countries there is a lack of professionals able to effectively develop
native apps for various mobile platforms.

Taking into consideration all mentioned above it becomes clear that for effective and massive
introduction of mobile technologies in the educational process in Ukraine it is necessary to look for
alternative approaches. Moreover, substantial investments in Information Technology (IT) infrastructure
of educational institutions are often problematic. Therefore, the most appropriate approach should
mostly base on the existing IT infrastructure for distance learning.

Solutions to problems of implementation of educational mobile technology

To solve this problem we have performed a research and found following solutions:
- Podcasting;
- Web Apps on HTMLS;
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- Learning content in e-book readers-friendly formats.
Now let's consider mentioned solutions in more details.

When considering podcasting, the optimal way seems to be a usage of an existing LMS as a podcast-
generating engine.

In particular we used LMS MOODLE as it is very popular learning management system in Ukraine, used
by the majority of the educational institutions.

Podcast generation is not included in the LMS MOODLE default functionality, but there is a free plugin
that extends the basic functionality and provides podcasts generation. This approach allows to generate
educational podcasts based on the content of already existing in the LMS learning courses. Podcasting
is very useful solution for mobile learning introduction as the most mobile platforms have free podcast
player applications.

Creating learning podcast on the basis of the existing elearning infrastructure, in our case - LMS
MOODLE, allows to cover maximum students audience, regardless on the mobile platforms they use.
We have already gained some experience in the educational podcasts development [Oleksiy
Voychenko, Larysa Savyuk, 2015]. Pilot experiments demonstrated high effectiveness and relevance of
this mobile learning approach.

Example of the podcast mobile interface is presented at Figure 1.

The most important feature of Web Apps on HTMLS is that they are multi-platform, at least they are
supported by majority of mobile platforms. Thus, there is no need to engage in the development of
mobile learning applications for each platform. Another significant advantage of Web Apps developing is
that the development of these applications does not require proprietary software, accordingly, it
eliminates investments in the proprietary software acquisition. There are a lot of free software tools for
HTML5 development.

Of course, Web Apps have certain limitations in comparison with native ones. Web Apps are unable to
use the full range of capabilities of mobile devices such as camera, accelerometer, etc. But the basic
functionality, including interactivity, which is provided by the browser, can be successfully used for
learning purposes.

In many cases HTML5-based Web Apps may serve as an adequate alternative to the native
applications. For example, HTMLS5 provides all necessary features for performing knowledge control, so
it may be successfully used as a replacement for native applications for testing students.

E-book readers are popular in Ukraine due to the relatively low cost, so this class of devices should not
be ignored in the mobile learning introduction.

In general, the learning process includes not only interactive and multimedia components. Reading texts
is also an essential part of learning activity. Accordingly preparing static educational materials in
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different formats suitable for various models of e-book readers, allows to extend the target audience and
to ensure that students who do not have a powerful smartphone or tablet may download the prepared
learning content to their e-book readers. So they may perform at least some part of learning activity
through the available mobile devices they have.

We have developed a mobile application for learning the basics of the theory of automatic control for the
most popular platform in Ukraine Android [Muxainis B., Cas'’tok J1.0., 2015]. Figure 2 shows fragments
of micro lessons with the inclusion of educational content, tests and multimedia pieces for educational
purposes.

The main quality of these micro lessons - it's easy to use, easy interface and availability of materials.
Easy is not overloaded interface allows even active mobile users in the first few minutes of using the
app correctly orient the structure of the course and begin to assimilate

training material.

It should be noted that these micro lessons are very popular among students. The next step in the
development of the home means - in their transfer type milty educational platform applications.
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Figure 1. Example of the podcast mobile interface on iOS
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Figure 2. Fragments of micro lessons

Conclusion

In conclusion, at the current stage of technological development in our country, mobile learning is not a
full-fledged alternative to the distance learning, but rather may serve as its effective extension.

The introduction of mobile technologies in the teaching process of secondary and higher education
should be based on the assumption that the financial situation of the Ukrainian population does not
allow them to use in everyday life mobile devices of expensive brands. However, today in Ukraine has
not paid enough attention for the deployment of pilot projects to create multi-platform mobile
applications educational purposes. This is not consistent with the policy of the European community,
that is aimed at providing equal access to educational resources for all members of society with limited
material possibilities and people with high needs.

These development are particularly important for Ukraine, which is under a deep economic crisis and
military occupation
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9KCTPAKLIMA ®AKTOB U3 CTABOCTPYKTYPUPOBAHHOW TEKCTOBOW
WHOOPMALIUK

HuHa XanpoBa, Hatanbs LWapoHoBa, Amxut lMpatan Cunrx Maytam

AHHOMayusa W3enedyeHue ¢hakmog U3 mekcmos npedcmaensem cobol 00HO U3 UeHmpanbHbIX
HanpaeneHuli Natural Language Processing. bonbwuHcmeo cywecmsytoujux no0xodoe nossossem
usenekamb  hakmbl U3 XOPOWO CMPYKMypUpOBaHHbIX ~MEKCmos  y3kol  memamuyeckol
HanpasneHHocmu, moada Kak Haubonblwull uHmepec npedcmassisiem 803MOXHOCMb asmomMamusayuu
usneqeHus: hakmuyeckol UHbopmayuu u3 crnabocmpykmypuposaHHbIX MeEKCMOo8 Heo2PaHUYEHHbIX
npedmemHbix obnacmel. ®akm, npedcmaensrwuli cobol GhuKcayur HEKomopo2o OMHOWEHUS
cywHocmel 8 npedroxeHuu, MOXHO 3anucamb 6 sude mpunnema: Subject - Predicate - Object, 8
komopom npedukam npedcmassisem omHoweHue, a cybbekm u 06bekm onpedensaom dea npedmema
unu noHsmus. B pabome npednazaemcs cmpozasi MoOerb, C8A3bI8atOWass CMbIC/I08bIe OMHOWEHUS
MEeX0y CywHOCMAMU C 3neMeHmamu Nno8epxXHOCMHOU cmpykmypbl npednoXeHull ecmecmeeHH020
A3bika. [na opmanusayuu u si8H020 npedcmagneHus cpedcmeamu NOBEPXHOCMHOU CMPyKmypbi
napmuyunaHmos mpuniema ¢hakma, Hasbi8aemo20 npedoXeHUeM aHeulicKo20 S3bIKa, 8bIOeNEHbI U
onucaHbl NPeOMEMHbIMU NEPEMEHHBIMU KOHEYHbIE MHOXECMB8a CUHMAaKCUYECKUX U MOP(OI02UYECKUX
kamezopul. B cmambe paccmompeHbl mpu muna ¢hakmos u ux ampubymos. Pa3pabomaHa
npozpammHasi uMnieMeHmauyusi nosyqeHHol modenu, npednoxeHa mMempuka opmanbHOU OUEHKU
ahghbekmusHOCMU MEXHOMO2UU dKCmpaKyuu hakmog u3 crabocmpykmypupo8aHHOU mekcmogoll
UHgpopmayuu u 060CcHOBaH 00bEM 3KChepumMeHmarnbHOU 8bIBOPKU meKcmos, nossonuguwiel
nodmeepdums 00CMOBEPHOCMb NOSTYYEHHOU MOYHOCMU U NOSIHOMbI U38/1EKaeMbIX (hakmoe.

Knroyeenle cnoea: useneyeHue hakmos us mekcma, Natural Language Processing, ceMaHmuyveckue

OMHOWEHUHA, anee6pa KOHEYHbIX npeduxamoe, nosiHoma U mo4YHoCMmeb.

ACM Classification Keywords: H.3.3 .Information Search and Retrieval, 1.2.4. Knowledge
Representation Formalisms and Methods

BBepeHue

N3BneyeHne (pakToB W3 TEKCTOB NPEACTaBnseT cOoOOM OAHO M3 LEHTpanbHbIX HanpaBieHWn
aBTomatudeckoir obpaboTku ectectBeHHoro s3bika — Natural Language Processing (NLP).

CyLIJ'eCTByeT [0CTaTO4HOE KONIMYECTBO MUCCIeAoBaHUNA B JaHHOM HanpasJiEHWN, HO MNOKa HE NOABUNNCH
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AOCTaTOMHO HAAEXHbIE CUCTEM, U3BMEKALLMX (haKTbl M3 CNaboCTPYKTYpUPOBaHHbIX TEKCTOB [XanpoBa,
2015]. TpaguumoHHO 1cnonb3yemble NOAX0Abl: NOUCK NO WabioHy, NOMCK ONOPHOMO 3rEMEHTA, NOUCK
MO OHTOMNOMW U T.4. UMEKOT KaK CBOM NPENMYLLECTBA, TaK 1 HegocTaTku. Ho BCe OHM paboTatoT TONbKO
Ha 3apaHee OnpeaeneHHblX npegMeTHbIX 06nacTsx, OrpaHMYMBAIOLMX TEMATUKy WCCReayeMblX
TEKCTOB, M TPEBYIOT XOPOLIO CTPYKTYPUPOBAHHbIX TEKCTOB (MaTeHTOB, Gubnuorpatmnyecknx onucaHuin,
aBTopecdepatoB 4 T.4.). B TO Xe Bpems nogaBnawwas 4acTb TEKCTOBOW MHopMauuu,
NPEACTaBNEHHON B KOMMBIOTEPHbIX CETSAX, — 3TO HE CTPYKTYPUPOBaHHbIE 1 CNaboCTPyKTYpUpOBaHHbIE

TEKCTbl PA3IMYHON TEMATUYECKON HaNpPaBNEHHOCTH.

O6was noctaHoBKa 3agauu

®akTbl NpeacTaBnsAloT co00N KnaccuuLmMpoBaHHble, 3adMKCUPOBaHHbIE M NpoM3oLweaLLne cobbITuS.
Cybbektamn (hakToB, Kak MpaBumio, SBASKTCA CYLUHOCTW, OOBEKTbl Unu TeMbl, KOTOpble obrnagarT
[ONOMNHUTENbHLIMY BbIAENEHHBIMU CBOMCTBAaM (BPEMEHHLIMM, MPOCTPAHCTBEHHLIMM, KA4ECTBEHHBIMY,
KonuyecTBeHHbIMM 1 T.4.) [Andersen, 1994]. Mpu 3TOM (haKT MOXKET ObITb U3BMEYEH U3 TEKCTOBOIA
NHGopmaLmm (kak cnabo CTPYKTYPUPOBAHHOM, TaK 1 He CTPYKTYPUPOBAHHON) M MOXET ONPEaensTh Kak
CcBOWICTBa 0ObEKTa, Tak M CBA3b 00BbEKTA C APYrMM 0BbEKTaMM.

CornacHo «JToruko-counocodbckomy Tpaktaty» [ButreHwTteiH, 2005] Mup nogpasgensetcs Ha akTbl,
nobon akT — 3TO (hMKcaLmMs HEKOTOPOro OTHOWeEHUs. Bce dhakTbl dmkcupyrotcs hbpasamu, a
CTpyKTypa ntobOoro NpeffnioXeHns BKMKOYAET HECKONbKO KakMM-TO 0Bpas’oM CBSi3aHHbIX OBBLEKTOB,
Hanpumep, aNeMeHTapHOe NPEeAnoXeHne CBA3biBaeT Aa obbekTa. Takum 06pa3om, Ans nomnyyeHns
(DaKTUYECKON KapTUHbI MMpa HeoBX0AMMO MOCTPOUTb MOZESb, CBA3bIBAKLLYO NUHIBUCTUYECKUE
9NEMEHTbI TEKCTA C UX copepxaTenbHon popmon. Npu aToM, (hakTbl BbIAENAIOTCA U3 NPEAIOKEHUN,
cofepxaLyux ynoMUHaH1E CyLLHOCTM U aHadhoprUYeCKme CCbIKU Ha Hee.

CTpyKTypHOe onucaHve Mopenu

[Ona um3neyeHns cBA3ei Mexay OnpederneHHbIMM MOHATUSIMM B TEKCTe HeobXoauMO BbILENUTb
CEMaHTU4eCcKne (MM MOHATWUIAHbIE) CBA3M B NpeanoxeHun. [ns atoro Heobxogumo paspaboTatb
CTPOryto MOZeSb, CBA3bIBALLYI0 MHOPMALW, COLEPXaLLYIOCS B ONPeAeneHn CMbICIIOBbIX CBSA3EN C
9neMeHTamu NOBEPXHOCTHOW CTPYKTYPbI NPELSIOKEHU eCTECTBEHHOTO A3blKa.

[Ans dopmanusaumn n SBHOrO NpeAcTaBfieHUs CPEACTBAMI MOBEPXHOCTHOM CTPYKTYpbl CyObekTa u
obbekta Tpunneta dakta Subject— Predicate—Object, Ha3biBaEMOro npeanoKeHNEM aHrmUACKOro
A3blka, BbIAENEHbl W ONUCaHbl NPEAMETHbIMM MEPEMEHHBIMU CRedyoWwmne KOHEeYHble MHOXECTBA
CUHTAKCMYECKMX N MOPONOrMYECKNX KaTeropuit:

700 v Zbyv zvith s zabout s 70f s Z0ny Zaty, ziny zout =1,

yap\/yapsvyoutz'], xf v xl v/ xkos :1,
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mis \v mare \, mhavb \, mhasb \, mhadb \, mwas \, mwere \, mout :1,
plvped v plv ping v pll =1,
roe z — NpeaMeTHast NepemMeHHas, onpeaensiowas CUHTaKCUYECKE XapaKTepUCTIKN Hanuuna (fo, by,
with, about, of, on, at, in) unn oTcyTCTBMA (OUt) NPeanora B aHrMWACKOM hpase; y — npegmeTHas
nepeMeHHas, onpeaenstowas Hanu4aue (ap, aps) unn oTcyTcTane (out) anoctpoda B KOHLE CNoBa; X —
npeaMeTHas nepeMeHHas, onpedenstoLas nosvumio cylecTsuTensHoro nepeq (f), nocne (/) NMYHbIM
rnaronioM WnW nocre HenpsMoro JononHeHus (kos); m — npeAMeTHas NepeMeHHasi, onpeaensioLas
cywectBoBaHue noboit dopmel rmarona “to be” (is, are, havb, hasb, hadb, was, were, out); p —
npegMeTHas nepemeHHasi, onpegenstowas opmy ocHosHoro rmarona (/i ed, 1, ing, Il).

CeMaHTU4YeCKOe  3HaYeHWe  YYaCTHWKOB  OEUCTBWS, Ha3blBAEMbIX  CHOBaMU  MPELSIOKEHUS,
onpeaenseTca npeaukatom [Xamposa, 2015]

P (x, y,z, m, p) = P(x) A P(y) A P(2) A P (m) A P(p).
B KOHBIOHKUMM NpeaukaToB, OMMCHIBAIOLIEN B3aUMOCBS3b rPAMMATUYECKUX XapaKTepUCTUK CIIOB,
npeauKkar v, UCKMIoYaeT YacTb CBA3EH NOBEPXHOCTHOM CTPYKTYPbI, HE MPUCYLLMX CYLLHOCTAM TpUnneTa
(hakTa
P (x, .z, m, p)=%(x, y, 2, m, p) n P(x) A P(y) A P(2) A P(m) A P(p).
roe k € [1; h], h — yucno paccmatpuBaembix B cucteme paktos. [Npeaukar yk NpuHUMaeT 3HayeHue 1,

€CINN KOMNMEKC BblBPaHHbIX XapakTepuCTUK Ans n-on ¢pasbl OPMUPYET HEKOTOPOE CEMAHTUYECKOE
3HayeHue y4acTHWKa TpunneTa, W 3HadeHue 0 B NPOTUBHOM Criyyae.

PaccMOTpeHO Heckonbko npodumbHbIX TWUMOB akToB: 1) yTBepxaeHus o6 obrnagaHuu (unu
NPUHAANEXHOCTM) HEKOTOPOM CYLHOCTM CyObekTa HEeKOTOpOW CywHOCTbio obbekta (puc. 1);
2) yTBEpXaeHNe O nepemelyeHnn cybbektom oObekTa; 3) yTBepxaeHue o noTepe (nMpopaxe)
HEKOTOPOro 0BbeKTa HEKOTOPLIM CyBbLEKTOM; a Takke (akTbl-aTpUbyThl TPEX BbILLIEYNOMSIHYTbIX TUMOB
(haKkTOB — BpEMEHN AeNCTBMS, NoKaLUU OEACTBUS U MEPapPXNYECKON NPUHALNEXHOCTU CybbekTa 1nm
obbekTa gencTans akta HON CYLLHOCTH.

have, purchase,
Subject buy, acquire, get, » => Object

gain, obtain, ...
The grammgtical and syntaptic The grammatical and
characteristics of the subject syntactic characteristics of the
via y1 (x, y, z,m, p) object via y1 (x, y, z, m, p)

Puc. 1. CTpykTypHas cxema uaeHTudmkaumm gakta npuHagnexHocTy (CoOBCTBEHHOCTH).
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Mpenvkart y1 (X, y, z, m, p) ONpeLensieT rpaMmaTYeckie U CUHTaKCUYECKUe xapakTepucTuki Subject

TpunneTa akra:

T (X, ¥, z,m, P) = zout yout xf mout pl Vv zout yout xf mout pII v zout yout xf moutped \V;
7oy yout X ped (mis vmarev V mhavb v mhasb v mhadb v mwas v mwere) V] (1)

zby yout X pIII (mis V mare Vv mhavb v mhasb v mhadb v mwas v mwere).

Mpenvkat y2 (X, y, Z, M, p) ONpeLensieT rpaMMaTUYeckne 1 CUHTAKCUYECKUE XapaKTEpUCTUKN 06bekTa

(akTa:

Y2 (X, Y,Z,m, p) = zout yout X' mout pl Vzout yout X moutpedvzout yout X moutpll Vv
vzout yout XprII (mis V mare v mhavb v mhasb ymhadb v mwas v mwere) vzout yout Xfped (mis Vv (2)

V mare vmhavb ymhasb ymhadb ymwas Vmwere).

Mpegukat 3 (X, y, z, m, p) onpedensieT rpaMMaTUYecKMe XapakTepucTukm —atpubyta BpemeHu
JencTemsa akra:

13 (X, Y,Z,m, p) = (zonxkos yout v/ Zinxkos yout v/ Zatykos (pIII v ped v pl v ping v

(3)

\/p”) (mis v mare ymhavb \, mhasb \, mhadb \, mwas \, mwere \, mout).

Mpeawkart 4 (X, y, Z, m, p) ONpeaenseT rpaMMaTUYECKNe XapakTepUCTUKL aTpubyTa nepapxuveckomn

NpUHaAnexXHocTh cybbekta v obbekTa 4encTBIS hakTa MHOW CYLLHOCTU:

Y4 (X, ¥, z,m,p ) = zout Xf(yap V; yaps) (mis v mare v/ mh.avb v mhasb \, mhadb \, (4)
vimvas \, mwere v/ mout) (pIII V; ped V; pl V; plng V; pll)_

[MpeaukaTbl Y1 1 Y2 ONPEAEnsT NepBbld TUN akToB — hakTbl ONUCHIBAKOLLME CBA3b [BYX CYLLHOCTEN,
npn 9TOM OfHa M3 CywHocTen ByaeTt onpedensTbes Kak CyobekT, a BTopas kak 06bekT npeankaTHoro
pencteus. Hanpumep, “the company had revenue” (cybbekT: company, 0BbekT: revenue, npeaukar:
had). Tpegukatbl y3 1 Y4 ONPeaensoT BTOPOA TUN (hakToB — (hakTbl NpeacTaBnseT cobon Tpunner:
npeameT — atpubyT — 3HayYeHue, rae npegmeT — 310 0ObEKT, 0 KOTOPOM ukcupyeTcs dhakT, aTpubyT —
HEKOTOpPOe MMEHOBAHHOE, 3apaHee OnpefeNieHHOe CBOWCTBO, a 3HaYeHWe npeacTaBnseT cobon
HEeKOTOpoe 3HayeHue, 0bnacTb onpegeneHns KOTOPOro MOXeT OblTb B HEKOTOPbIX CMyvasx U3BECTHa.
Hanpumep, 910 moryT ObiTb (hakTbl aTpubyToB MecTa M BPEMEHM OCYLLECTBMEHUS HEKOTOPOro

JEeNCTBMS.

Mpumepbl naeHTUKUKaLMKU haKTOB B aHINMNCKMX TEKCTaX

PaccMOTpUM  HECKOMbKO MPUMEPOB U3BMEYEHUS (PaKTOB M3 NPEONOXEHWA aHIMUUCKOTO A3blka. B

npeanoxeHun:

“The company bought back the business from OTIV",
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C nomouwbto rmarona bought — buy BblaenseTcs hakT, OTHOCAWMA K (hakTam Hanuums unu
npuobpeTeHns  HeKoToporo  0bbekTa  HekoTopbiM  cybbektoM.  CormacHo — ypaBHeHuo (1)
cywlecTBuTenbHoe “company” onpefenseTcsa kak CyobekT AaHHoro akta. [pammaTndeckue u

CUHTaKCUYeCKkne XxapakTepuCcTnkM AaHHOro CyLLIeCTBUTENbHOINO COOTBETCTBYIOT KOHBIOHKLIMA
,Y’1 (X, Y, Z, m, p) =zout yout xf mout pII.

CornacHo ypaBHeEHWO (2) cywiecTBUTENbHOE “business” onpefenseTcs kak 06beKT AaHHOro (akra.
[pamMmaTyeckme W CUHTAKCUYECKME XapaKTEPUCTUKM AAHHOTO CyLECTBUTENbHOrO COOTBETCTBYIOT
KOHBIOHKLIMY

YZ (X, Y, Z, m, p) =zout yout X! moutpll_
Btopoe paccmatpuBaeMoe npeanoxeHue:
"The companies' shares were sold by the investor on Tuesday ",

co06LLaeT (hakT OTCYTCTBUS UK NOTEPK HEKOTOPOro obbekTa. ®akT onpegenserca rnaronom  sold —
sell. CornacHo ypaBHeHWto (1) cywiecTBuTenbHoe “investor’ onpepensieTcsi kak CyObeKkT OaHHOro
(hakta. [pammaTtuyeckue UM CUHTAKCMYECKME  XapaKTEPUCTUKM  AaHHOTO  CyLLEeCTBUTENbHOMO
COOTBETCTBYHT KOHBIOHKLN

Y'1(X, Y,z m,p)= zb yout xl plil mwere,

CornacHo ypaBHeHuIo (2) cyLlectutenbHoe “ shares ” (—share) onpeaensieTcs kak 06bekT AaHHOMO
thakta. [pammaTtuyeckue UM CUHTAKCMYECKME  XapaKTEPUCTUKM  AaHHOTO  CyLLECTBUTENbHOMO

COOTBETCTBYHOT KOHBIOHKLWM
’Y,Z (X, Y, Z, m, p) = zout yout XprII mwere,
CnoBo “Tuesday” onpepensietcs kak obbekT aTpubyta BpemeHu hakta npoaaxu. CroBo BblAeNseTcs ¢
NMOMOLLbHO KOHBIOHKLMK NpeaukaTa (3)
Y’3 (X, Yy, Z, m, p) = zonykos yout pIII mwere _

Cnogo “ companies'” onpegenseTtcs kak 06beKT NpuHagnexHocT cybbekta akta npogaxu. Cnoso

BblAenAeTcAa C MOMOLLIbIO KOHBIOHKLMW NpeanKaTa (4)

Y'4 (X, Y, Z, m, p)=zout xt yaps plil mwere,

MmnnemeHnTauusa texHonoruu B Web-npunoxenue

PaspaboTtaHHas TexHonorust Bbina uMmnnemeHTpoBaHa B \Web-npunoxeHnue, kotopoe obpabaTbiBaet
TEKCT UMK TEKCTbl BbiBpaHHbIX (hainnoB. M3BneyeHHas daktnyeckas MHoOpMaLmMs NpeacTaBnseTcs B
OkHe (puc. 2), otobpaxatowem: (1) ucxogHoe NpeanoxeHue, U3 KOTOpOoro aKcTparmpyetcs dakT; (2)
npeavkat dakta, B BWAE WHGUMHUTMBHOW hopmbl rnarona; (3) cybbekt u 0bbekT hakTa, B
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KaHOHWYECKON (hOpMeE CYLLECTBUTENBHOIO; (4) BO3MOXHbIE aTpubyThl (hakTa — BpeMsi, MECTO AENCTBUS,

NPUHAANEXHOCTb CyObekTa unn obbekTa.

input text here {'sentence™ "The companies' shares were sold by the investor on
Tuesday"},
{"sentence": "Historically, there is a direct relationship between the »

S130 SCAN0AD tex

loss -5 sell -»
{"sentence": {The companies' shares were sold by the investor on

redicate
P Tuesday"},
. investor -»
subject {"sentence": "The companies' shares were sold by the investor onTuesday"l,

share -» shares -»
object {"sentence": "The companies' shares were sold by the investor -
on Tuesday"],

Puc. 2. Mpumep n3BneveHHNs HakTMYeckon MHhopmaLmm

B pesynbrate pabotbl paspaboTaHHOro NpunoxeHus otobpaxatotcst: (1) ucxogHoe npeanoxenue, (2)
npeaukaT u TMn npegukata dakta, (3) cydbbekt u obbekT akTa, (4) aTpubyTbl BpemeHu, MecTta
[ENCTBUS M NPUHASNEXHOCTM cybbekTa Unn obbekTa (hakT.

MpuroxeHue onpeaenseT NpodubHbIe TUMbI (haKTOB aHanu3upyemblx 06bEKTOB:

—  (baKT Hanuuns Unn npuobpeTeHns HEKOTOPOro 0bbeKTa HEKOTOPbIM CyObEKTOM; B aHrMUACKNX
NPeAnoXeHnsx ¢akTbl JaHHOro Tuna 6asvpyloTcs Ha npeaukate, onpeaensemMoM npeaBapuTenbHO
BblAENEHHbIM MHOXECTBOM rnaronoB Vpessess = {p0Ssess, have, purchase, buy, acquire, get, gain,
obtain};

—  (haKT OTCYTCTBMS HEKOTOPOro OObEKTa y HEKOTOPOro CyObEKTa; B AHIMACKAX MPEAnOXEeHUsIX
(hakTbl AaHHOro Tuna GasupytoTca Ha npeaukate, ONPeAenseMoM npeaBapUTENbHO BblAENEHHBIM
MHOXeCTBOM rnaronoB Viacking = {Sell, market, realize, forfeit, lose, ... };

—  (hbaKT nepemMeLLeHns HEKOTOPOro 0BbekTa HEKOTOPbIM CyOBEKTOM; B aHTIIMMCKUX NPEaNOXEHUsX
(hakTbl JaHHOro Twna BasupyloTcs Ha npegukate, OnpeensieMoM NPeABapuUTENbHO BblAeNeHHbIM
MHOXeCTBOM rnaronoB V wanster = { move, relocate, displace, transport, transfer, ...}

— (pakt atpubyTa BpeEMeHW, OTODpaxalWuii TEMMOpanbHYl)  XapaKTEPUCTUKYy  COObITMS,
NO3BONSIOLLYIO ONPEAENUTb AaTy UM HEKOTOPbIE BPEMEHHbIE XapaKTepUCTUKW (LeHb HeAenu, Mecs,
rog) v ux kKombuHaumu;

—  (pakT aTpubyTa Mecta pacnonoxeHus (reorpacpuyeckoe pacronoXeHue C ykasaHUeM Mepapxum
reorpauyeckoro BKIHOYEHUS);
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—  aTpubyT NpUHAANEXHOCTM CybbekTa Unu 06bekTa y4acTHUKOB (hakTa;

— (pakt atpubyTta,  XapakTepusyloLero [LesTenbHOCTb OpraHusauun (cepy W NpomoykT ee
[esATenbHOCTH).

®opmanbHas oueHka 3hheKTUBHOCTU TEXHONOrMU IKCTPaAKUUK (haKToB U3
CnaboCcTpyKTypUpOBaHHON TEKCTOBOW UHGOpMaLMK

Ons oueHkn 3PEKTUBHOCTA TEXHOMOTUM  MAEHTUMKAUMM 3HAHMA W3 TEKCTOBOrO KOHTEHTA
HeobXoaMMO onpedenuTb  METPUKKM, MpeacTaBnsiowme OOBLEKTUBHO U3MEpPSEMble MOKasaTenu
[eaTenbHOCTY Nonb3oBaTenel 40 1 Nocne BHEAPEHWS NPeanoXeHHON TexHonornn. Ha cerogHswHumn
[€Hb He cylwecTByeT MOAOOHbIX CTaHAAPTHbIX METPUK, MO3BOMSIOWMX W3MEPUTb Ka4YeCTBO M
9 (EKTUBHOCTL TEXHOMOMMN MAEHTU(MKAUMN W IKCTPAKUMM 3HAHWUW, WU3BMEYEHHbIX W3 TEKCTOBbIX
maccuBoB [Xamposa, 2014]. B obwem cnyyae ans oueHkM 3PPEeKTUBHOCTU WHGOPMALMOHHOM
00paboTkn TEKCTOB, Hanpumep Knaccudukauum, Knactepusauun Ui MHEOPMALMOHHOTO Moucka, a
Takke metogos Text Mining, Opinion Mining, Web Mining, ucnonb3yetcs METOA TECTOBbLIX KOMNMEKLMM
[WabaHo., 2003; Cormack, 1998]. Mpu 3TOM BO3HMKAKOT AONOMHUTENbHbIE NPOBNEMBI, CBA3aHHbIE C
CYOBEKTUBHOCTBI0 MHEHUS 3KCNEPTa, OTCYTCTBMEM OBLUENPUHATOTO ONPEeAeneHns NOHATUS “kayecTBa
3HaHWS", @ TaKkkKe JOCTOBEPHOCTBIO MOMYYEHHOro pesynbTarta Ans BCeX pacCMaTpUBaEMbIX TEKCTOB.

Ons onpegeneHns obbema SKCMEPUMEHTArNbHO WCCedyeMblX TEKCTOB  MCMOMb3yeTcs MeToq
MaTeMaTYeckon TeopuM BbIOOPKK, ONpeaenatoLmin MexaHn3mbl (POPMUPOBAHUS PEMPEe3eHTaTUBHON
BbIOOPKM, M3y4eHWe KOTOPOW MO3BOMSET NOMYyuYMTb MHGOPMALMIO O reHepanbHOM COBOKYMHOCTW, U3
koTopol oHa Obina BbibpaHa. OueHuWBas [OMKO NpU3HaKka B reHepanbHOW COBOKYMHOCTM, KOTOpas
MOKa3bIBAaET OTHOLUEHME YUCMa WHTEPECYIWMX Hac (akToB K obuiemy uucriy hakToB B AaHHOM
KONMNEKUMM AOKYMEHTOB, MO COOTBETCTBYIOLLEN AONE Mpu3Haka B BbIOOPKE, MO COOTHOLLEHWAM Ans
BbIOOPOK JocTaToyHO 6Gonbluoro obbema (> 20 3nemeHTOB), 3afaBWWCb  JOMYCTUMbIM NS
NIMHrBUCTUYECKMX MCCIeAoBaHUA 3HaveHneM Zoos = 1,96 ¥ JONYCTUMONA BENWYMHOW NpenenbHOM
ownbkn e=0,05, onpenensieM WUCKOMbIA 06beM penpeseHTaTuBHONW BbIOOPKM Nuax = 385 chakTos,
[Xanposa, 2014].

Onpegensis akt B Buae Tpunneta: Subject — Predicate — Object, LeHTpanbHOM YacTblo KOTOPOro
SBNSETCA [eNCTBMe, ONpeaensieMoe IMYHbIM [NaronoM MpeanoXeHns, a CyWwHOCTM cyObekta U
obbekTa ONpeaensoTcs CyLeCTBUTENbHbIMA aKTaHTaMW [aHHOTO AENCTBUS, Mbl 0B03Ha4YaeMm
BO3MOXHOCTb  BbIp@XEHWS1 (hakTa OgHWM MPOCTbIM  NpeanoxeHnem. [laHHoe —yTBepkaeHue
NOATBEPXKAAETCS NMUHIBUCTAMM, YTBEPXAAKLMMM, YTO NPONO3NLMOHANbHAS CTPYKTYpa NPeanoxeHus
CRYXWUT CNocoboM KOAMPOBaHWUS S3bIKOBBIMM CPEACTBAMM WHAOPMALMM O KOHKPETHBIX MOMOXEHUAX
[en B LEeCTBUTENbHOCTM, T.e. O KOHKPETHbIX (hakTax M cobbITMsX. JTOMY CRyXaT KOHCTPYKTUBHbIE

CXembl C nosvumsmu ans npegukata u aktaHtoB [Cycos, 2006]. Tak, Hanpumep, cOrmacHo
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C. [.KauHenbcoHy [KauHenbcoH, 1972]: “HenocpeACTBeHHOW peanbHOCTbIO MUpa  ABASKOTCA
npoueccol, CobbITA, (akTbl, OaHHble B MX MPOCTPAHCTBEHHbIX W BPEMEHHbIX rpaHULaXx...; MX
oTobpaxaeT peyb B CBOMX npeanoxenusax’. Takum obpasom, kaxgoe 6a3oBoe npeanoxeHue
aHITIMCKOrO SA3blKa, NPeLCTaBnALEe HEKOTOPOE BbICKa3blBaHUE, 3@ WUCKITHOYEHWEM MOBEMUTENbHbIX
npeanoxenuid, Tuna “Like sit!”, “And go!”, BbipaxaeT TOT Unn UHOM hak.

OBbI4HO B AHIMMNCKOM $3blKe WCMOSb3YKTCA JOCTAaTOMHO KOpoTkue npennoxeHus. Martin Cutts B
‘Oxford Guide to Plain English” [Cutts, 2010] roBopuT 0 MakCUManbHOW AfWMHE MNOHUMAEMOrO
npeanoxexuns B 20 cnos. B cpegHem anuHa npeanoxenus onpegensercs kak 10 < n < 20, rge n —
KONMUYeCTBO CNOB B NpeanoxeHun. B HayuyHbIX TekcTax HabmogaeTes u- gonyckaeTtcs bonblias grmHa
npeanoxennin go 25-30 cnos [Moore, 2011], HO CywleCTBYIT MCCNEA0OBaHUs, MOKa3biBaoLME
YMEHbLLEHNEe YnTabenbHOCTM N YMEHbLLEHMS MOHUMAaHMWS Takux TekcToB [Zinsser, 2016].

Kpome TOro, npoBeAEHHbI aHanu3 NokasblBaeT, YTO B AENOBbIX NPEANOXKEHNSX aHIMUACKOTO A3blka
NCNOMb3YKTCA KOPOTKMe cnosa. pn makcumanbHoM AnuHe npeanoxenus B 20 cnos, cpeaHss AnuHa
crnoBa onpegensietca kak 5,67 cumBonoB [Ku, 2003], Toroa cpeaHsis OnWHA NPEanoXeHus
onpeaensercs kak 75-100 cumBonos.

Mcnonb3ys 3HaHus O CpeaHen [AnvHE NPEASIOKEHWS, Mbl MOXEM OMPeaenuTb pasmMep TEKCTOBOW
BbIOOPKM, MO3BONAILWEN OCYLIECTBATL  AOCTOBEPHOE OLEHWBaHME pe3ynbTata 3PdeKTUBHOCTY
pa3paboTaHHON MHPOPMALMOHHON TEXHOMOMN:

Length byte = 365* 100+10*100 = 37 500

Takum obpasom, pacyeTbl NokasblBalT, YTO npeBocxofsawmn obbem Tekcta (ACCIl koguposku),
NPeACTaBNAIOWEr0 penpe3eHTaTUBHY BbIOOPKY NpeanioxeHun, obpabaTbiBaemblx MHOPMALMOHHON
CUCTEMOM, C Y4ETOM BBOAHbBIX M NOBENUTENbHbLIX NPEANOXEHUIA JOIMKEH BbITb NPUONM3NTENBHO paBeH
38 kbawnT. lNpu atom, cregyeTt 3aMeTuTb, 4To 06beM BblbpaH ¢ BOMbWNM NPEBOCXOAALLMM 3anacoM M
SIBHbIM MPEYBENUYEHNEM KOMNMYECTBA MOBENMUTENbHBIX NPELANIOKEHUA U MEXOOMETUA B AENOBbIX
BusHec TekcTax.

B kayectBe MeTpuKM OLEHKM IPEEKTMBHOCTM pa3paboTaHHOM TexHonorum Oyaem MCrnonb3oBaTb
WHTerpasbHble NokasaTeny OLEHKU Ka4yecTBa U3NEeYEHHbIX U3 Pa3HOPOLHbIX 3IIEKTPOHHbIX MCTOYHUKOB
3HaHui [KypaneHok, 2002], OCHOBaHHbIE Ha MoKa3aTeNsX KOMMYECTBEHHOW OLEHKM (EKTUBHOCTM
noucka, YTBEPKOEHHbIE MEXroCyAapCTBEHHbIM CTaHOApTOM NO MHopmauuu, BubmuoteyHomy W
nsgatenbckomy feny. TakMmu nokasaTensMu SBRSKOTCH: KOIMPMUUMEHT TOYHOCTU — precision,
Ko3apUUMEHT NONHOTLI — recall.

[ns BblYMCNEHUS JaHHbIX KOI(DULMEHTOB, NOCNE NPOBEAEHNS AKCnepUMeHTa Noboi onpeaeneHHbIN
nporpaMMHbIM  NPUMOXeHWeM (hakT, npeactaenawowmin coboit Tpunnet (Subject — Predicate —

Object), onpeaennm Kak NpUHagnexawnini K O4HOMY 13 KNaccos:
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1) NpaBUNbHO OnpeaeneHHble NMPUNOXEHNEM KOPPEKTHbIE (haKTbI;
2) HenpaBuUNbHO OnpeaeneHHble NPUNOXEHNEM HEKOPPEKTHbIE (haKTbl;

3) KOppekTHble aKTbl, COAEPXalMecs B aHann3MpyemMoM TeKCTe, KOTOpbIi He OnpeaeneHbl
NPUNOXEHNEM.

[pu 3TOM, (haKT CYMTAETCH UOEHTUPULMPOBAHHBIM NPOrPaMMHbBIM MPUNOXEHNEM KOPPEKTHO, ECIN BCE
oneMeHTbl Tpunneta (npegukat, cybbekT W 0BbekT) onpegeneHbl npaBuibHO.  KoaduumeHTb!

MONHOTI ¥ TOYHOCTM PacCUMNTLIBAIOTCS Ha 6a3e 3HaYeHWi crieytoLLMx napameTpoB:

- Nyy — YNCITO NPaBUNbHO VI,EI,eHTVICbVILI'VIpOBaHHbIX nporpaMmMHbIM NPUNOXeHNEM (*)aKTOB;

- Nyn — YUCINO MOEHTU(MULMPOBAHHBIX NPOrpaMMHBIM MPUNOXEHUEM HEKOPPEKTHBIX (haKToB
(chakTOB, KOTOPbIE OMPEAENEHbI 3KCNIEPTOM Kak HEKOPPEKTHbIE);

- Nny — 4KUCIO (*)aKTOB, KOTOpble OCTalnCb He I/ILI,GHTI/ICbVILI'I/IpOBaHHbIMI/I nporpaMmmMHbIM
NPUNOXEHUEM.

Vcnonbays Bbllle NpuBefeHHble napameTpbl, KO3MMUUMEHTI MOMHOTLI U TOYHOCTU PaboThl

nporpammbl ONpeaensaTcs no opMynam:
precision = nyy /(nyy +nyn),
recall = nyy /(nyy +Nny).

Wccneposanoch okono 400 npeanoxeHnn 4ns Kaxaoro Tuna gaktos: (1) (akTbl Hanuuus HEKOTOporo
obbekTa y HeKoToporo cybbekTa, (2) hakTbl OTCYTCTBUS HEKOTOPOrO 06BEKTA Y HEKOTOPOro CybbekTa,
(3) dhakTbl nepemeLLeHNst HEKOTOPOro 0BbeKTa HEKOTOPbIM CyObEKTOM, (4) dhakTbl aTpubyTa BpeMEHM,
(5) tbakTbl aTpubyTa MecTa pacnonoxenus, (6) atpubyTbl NpUHaLNEXHoCTU cybbekta unu obbekTa

takTa, (7) akTbl XapakTepusylowme OesTeNbHOCTb Koprnopauun Wnn opraHusauuu. Pesynbratbl
NPOBEAEHHOr0 JKCMepUMEHTa NokasaHbl B Tabnuue 1

Tabnuua 1. PesynbTaThl pacyeToB KO3WPULMEHTOB TOYHOCTM U NOSHOTHI

Facts of the | Facts  of | Facts of a | Attributes | Attribute | Attributes | Attribute
lack of... possession | displaceme | of time S of | of S of
of ... nt location | belonging | industry
recall 0,92 0,91 0,91 0,97 0,96 0,95 0,94
precisio 0,81 0,79 0,76 0,90 0,90 0,89 0,84
n

CpegHun  KOI(P(UUMEHT  MOMHOTHI,  OMpedensieMbld  OTHOLUIEHWEM  yucrna  NpaBWbHO
NOEHTUDULMPOBAHHLIX NPOrpaMMHBIM NPUINOXKEHUEM (DAKTOB K OBLUEMY YMCMY KOPPEKTHbIX (PaKTOB
[@HHOrO TUNa, NpeacTaBneHHbIX B TekCTe, recall = 0,94
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CpegHun  KO3(P(ULMEHT ~ TOYHOCTW,  ONpedensieMbld  OTHOLIEHMEM  4WCha  MPaBUSIbHO
NOEHTUDULMPOBAHHLIX MPOrpaMMHbIM - MPUNOXEHUEM (DAKTOB K OOLLEMY 4MCRy OnpegeneHHbIX
CMCTEMON (haKTOB (Kak KOPPEKTHBIX Tak U He BEPHLIX), precision = 0,84

BbiBoabl

PaspaboTaHHass  NOTMKO-NMHIBUACTUYECKAs  MOAEeNb  MO3BONSeT  u3Bnekatb  (pakTbl W3
CnaboCTPYKTYpPMPOBaAHHbIX TEKCTOB HEOTPaHUYEHHbIX NpeaMeTHbIX obnacteit. B Mogenu cMbICroBble
CBSA3N MexXZy CYLIHOCTAMM BbIPaXaloTCs 4Yepe3 MOBEpPXHOCTHble XapaKTepUCTUKU NapTULMNAHTOB
NPeanoXeHN aHrMUIACKOro A3blka. PaccmatpuBanuch credytoLe rpaMmMmaTnieckne XxapakTepucTukm:
HanmuyMe Mocne rNaBHOMO rnarofia KOHKPETHOro Mpeanora, Hanuuue wau OTCYTCTBME anocTpoda B
KOHLIe napTuumMnaHTa, No3uLMio napTUUMnaHTa no OTHOLIEHWIO K rMIaBHOMY [Marofy, Hanuyue rnarona
‘to be”, hopmbl OCcHOBHOrO rnarona. bbinu BBeAeHbI npeawkatbl: CyobekTa n obbekTa Tpex TWNoB
(DaKTOB: (PaKT HamMumMs unum npuobpeTeHns HEKOTOPOro OBbekTa HEKOTOPbIM CyOBEKTOM; akT
OTCYTCTBWSI HEKOTOPOrO 0BBLEKTA Y HEKOTOPOro CybbekTa W (hakT nepemeLleHns HeKoToporo obbekTa
HEKOTOPbIM CYOBEKTOM, a Takke npeaukatbl atpubyta BpemeHu, aTpubyta Mecta pacronoXeHus u
atpubyta npuHagnexHoctTM cybbekta wunum  obbekTa  y4acTHWUKOB  (pakta.  OEKTUBHOCTb
MMNNEMEHTUPOBAHHOW B NPOrpaMMHOE MPUIOXEHWEe MOLENM OLeHMBaNach ¢ NMOMOLLBIO MokasaTenen
NOMHOTbI WM TOYHOCTW. [ns onpegeneHns obbema SKCNepUMEHTanbHOM BbIGOPKKM MCCReayeMblX
NPEANOXEHNA MCNONb30BANCA METOA MaTeMaTuyeckoil Teopuu BbiBOPKM, MO3BONMBLUMA OLEHUTb
0DbeM TEKCTOB, 9KCMEPUMEHTANbHOE WCCMefoBaHNe KOTOPbIX MOATBEPXKAAIOT [AOCTOBEPHOCTb
NOCTPOEHHON moaenu. [onyyeHHble cpefHue KoaduumeHTbl nonHoTel recall = 0,94 n TOYHOCTM
precision = 0,84 BbIOOPKM BCEX PACCMOTPEHHbIX TUMOB (DAKTOB BhILLE, YEM B @HANOMYHbIX CUCTEMAX,
paboTaloLmx C HECTPYKTYPUPOBAHHOW TEKCTOBOWA MHGOPMaLMeER HEOrpaHUYEHHbIX MpeaMeTHbIX
obnacrei.
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Facts extraction from the semi-structured text information

Nina Khairova, Nataliya Sharonova, Ajit Pratap Singh Gautam

Abstract: Fact extraction from the text is one of the most important areas of Natural Language
Processing (NLP). Majority of existing approaches allows extracting facts from structured textual
information of the specific subject areas. This paper proposes a logical-linguistic model extracting facts
from semi-structured texts in English, which belong to unlimited subject areas. A fact is written in the
form of a triplet: Subject - Predicate - Object, in which the Predicate defines the relations and Subject
and Object define the subjects, objects or concepts. Our model defines meaning relations via
grammatical and semantic features of the words in English sentences. In order to formalize and
represent the participants of the fact triplet explicitly, we identify subject variables. The subject variables
define a finite set of morphological and syntactic features of the words in sentences. The model was
successfully implemented in the system of extraction and identification of a few types of the facts: the
fact of lacking, the fact of ownership, the fact of transferring, and the fact of the presence of the attribute
of time, location, and belonging for the first three fact actions. We estimated the effectiveness of our
model via the coefficients of precision and recall. Results of the paper show that using of the model lets
increase the numerical values of these coefficients.

Keywords: facts extraction from the text, Natural Language Processing, semantic relations, the algebra
of finite predicates, recall and precision.
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3A0AYA BbIBOPA KOMMYTALMWOHHOIO 3NEMEHTA AN
ONTUYECKOW TENEKOMMYHUKALIMOHHOWU CETU

anuHa C. ManBopoHckas, Bopuc A. Poibanos

AHHOmayus: PaccmompeHbl npeumMywjecmea UCNOMb308aHUS ONMUYECKUX mexHomoaul  Ons
nepedayu UHGOPMauuUUu NO  MENEeKOMMYHUKAUUOHHbIM ~cemsiM. BbinonHeH aHanu3 memodos
noebiweHus bbicmpodelicmeusi KOMMymayuu ONMUYECKUX CUBHAI08 C UCNO/b308aHUEM ONMUYECK020
ynpaeneHus.  [lpogedeH  aHanu3  xapakmepucmuk  00uHHaduyamu — munog8  ONMUYECKUX
KOMMYMaUUOHHBIX 3/1IEMEHMO8 C UCNOIb308aHUEM 3/IEKMPOHHOZ0 U ONMUYECKO20 ynpaeeHUus..
PeweHa dsyxkpumepuansHasi 3adada eblbopa peanusayuu  ONMUYECKUX KOMMYMaUUOHHbIX
371eMeHMOo8 Npu UCNo/b308aHUU Wecmu nokasamernel npuemaemocmu, a uMeHHo bbicmpodeticmeue,
cmoumocmb, nompebnisiemas MOWHOCMb, HalexXHOCMb, Mun ynpasneHus Kommymauuel U
yygecmeumesnisHocmb K wymam. [locmpoeHbl Quacpammbl Xacce Onsi nokazamernel Kayecmea
8bI6paHHbIX 8apuaHmos ONMUYECKUX KOMMYmayUOHHbIX anemeHmos. [1o pe3ynbmamam peweHus
3adayu ebibpaH onmuyeckull KOMMymauUOHHbI 31emeHm, Ha 0cHoge uHmepgepomempa ®abpu-
[Mepo.

Knroyesblie crnosa: Onmuyeckue mesieKOMMyHUKaUUOHHbIE cemu, onmuyeckul KOMMYmayuoHHbIU
3/leMeHm, cucmema KoMmymauuu onmu4eckux cuecHarsos.

Knioueenie cnoea knaccugpukayuu ACM: B.4 INPUT/OUTPUT AND DATA COMMUNICATIONS -
B.4.3 Interconnections (subsystems ), H.4.3 Communications Applications.

BBeaeHue

COBpEMEHHYI0 BbIYUCTIUTENbBHYIO TEXHWKY, CPELCTBa CBA3M, YnpaBfeHus U obpaboTkn curHanos
HEBO3MOXHO NpeacTaBnTb 6e3 NPUMEHEHUS ONTUYECKUX TEXHOMOMN. JTO, C OAHON CTOPOHbI, ABMSETCA
CNeACTBUEM CTPEMUTENBHOTO Pa3sBUTUS BOSOKOHHBIX W WHTErpanbHbIX ONTUYECKUX TEXHOMOTMNA, a C
OPYron CTOPOHbl — CNEeACTBMEM MOCTOSIHHO — BO3pacTalowux TpebGoBaHM MO YBENUYEHWHO
WH(OPMALIMOHHON ~ EMKOCTU  KaHanoB,  CKOPOCTM  06paboTkM  COOBLYEHMA W HaZeXHOCTM
TENEKOMMYHUKALMOHHbIX CETEl M CUCTEM. TeM He MeHee, LUMPOKWA Kpyr CeTeBbiX 3ajay Ha
CErOAHsHNA A€Hb, KaKk W paHee, PELIAKTCA MOCPEACTBOM UCMOMb30BAHUS  SMEKTPOHHbIX
KOMMOHEHTOB, YTO HE TONMBbKO OrpaHMYMBaeT ObICTPOAENCTBME TENEKOMMYHUKALMOHHBIX ceTen (TC) B
Uenom, Ho ¥ TpebyeT [AOMOMHMTENBHOW WHXEHEPHOM NpopaboTkX BOMPOCOB, CBA3AHHBIX C
obecneyeHnemM COrnacoBaHWs W KOPPEKTHOTO B3aUMOLENCTBMSI  ONTUYECKUX U SNEKTPOHHbIX
KOMMOHEHTOB. BOMOKOHHO-ONTMYECKNE TEXHOMNOTMM CTamM HEeOTbEMMEMON YacTbl) COBPEMEHHO
[EATENbHOCTM He TOMbKO KPYMHBLIX NPOMBILUAEHHBIX MPEANpUATAA, HO W ManblX OpraHu3auui,
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3aHUMAIOLLMXCS MPEAOCTABNEHNEM YCNYr B Chepe TENeKOMMYHUKALMA UK NPOCTO WUCMONb3YHOLNX
MpenMyLLecTBa TEXHOMNOMM B CBOMX MHTepecax. OCHOBHbIMM MpeuMyLLecTBami WCMOMb30BaHUS
ONTUYECKIMX TEXHOMOTMIA ANs nepeaayn MHoPMaLMM No TENEKOMMYHUKALMOHHBIM CETSIM SBNSKOTCS:

—  BbICOKasi CKOPOCTb Nepefayu AaHHbIX;
—  BbICOKast 3aLLMLLEHHOCTb OT MOCTOPOHHUX SNEKTPOMArHUTHbIX MCTOYHIKOB;

—  BbICOKasi CEKPETHOCTb Nepesayn AaHHbIX;

— Ha CerofHsILUHNN JeHb YXXe HE O4eHb BbICOKAs CTOMMOCTb pa3BepTbIBaHUS CETH;
—  LUMPOKMI BbIBOp Heobxogumoro 060pyaoBaHKS.

[pMeHeHne ONTUYECKMX TEXHONOMN SABNSIETCS CNIEACTBUEM CTPEMMUTENBHOMO Pa3BUTUS ANEKTPOHHBIX
KOMMYHWKaLMA W NOCTOSIHHO BO3pacTarowmx TpeboBaHuii N0 YBEMMYEHWIO MHOPMALIMOHHON EeMKOCTH
kaHanoB  nepegadysn  MHopmauuM,  CKOpOCTM  00paboTkm  COOOWEHMA M HaAEXHOCTM
TENEKOMMYHUKALMOHHBIX 1 MHOPMALMOHHBIX CETEN U cUCTeM. B pesynbTate BIUSHUS 3TUX hakTOpOB
nosiBMnack KoHUenuus nonHoctblo ontudeckux ceten (All-Optical Networks, AON). Mo MHeHuto
cneumanucToB amepukaHckoro areHtctea «National Communications System», ogHOM M3 OCHOBHbIX
TeHaeHumen passutust TC SBNSETCS MMEHHO NEPEXOA K NOMHOCTbIO ONTUYECKUM CETAM. B yacTHocTw, B
aHHoTaumm Kk poknapy arentctBa «National Communications System» Ne00-7 [Technical information
bulletin, 2000] roBoputcs: «OxmnaaeTcs, 4To NOMHOCTLI ONTUYECKME CeTh B Brivkaiilee BpeMs NOKMHYT
nabopartopuun, nonynsipHocTb Mx OydeT pactu B TeyeHwe Onvxanwwmx net. Otm cetu obecnevar
BbICOKYK) ~ MPOMYCKHYK CNOCOOHOCTb UM MO3BONSAT BHEAPUTb  MHOXECTBO  BbICOKOCKOPOCTHbIX
NH(OPMALMOHHO-KOMMYHMKaUMOHHbIX — yenyr  (MKY). [Mpegnonaraetcsi, 4T0  KOMMYHMKALMOHHAS
WHpacTpykTypa ByaeT passuBaThCA 415 NOLAEPKKN TEPABUTHBIX 1 NEHTABUTHBLIX CKOPOCTEN...»

AHanus CcocTosHUS W NEpCneKTMBHbIX HanmpasneHnd passutus TC ctaBuT npobnemy paspaboTku
CPeACTB BOJIOKOHHO-OMTWYECKON CBSI3W HA OCHOBE MNPUMEHEHUSI HOBOW KOMMOHEHTHOW 6asbl ¢
MCNOMNb30BaHWEM WH(OPMALMOHHBIX TEXHOMOMIA, ONTUMU3MPOBAHHBIX C YH4ETOM HOBbIX XapaKTepuCTUK
KOMMNOHEHTOB 1 Yy3rnoB. YKasaHHas npobrnemMa Haxogutcs B YuChe NepBOOYEpedHbIX 3adad
COBEPLUEHCTBOBAHUS CUCTEM CBSA3M, €€ PELLEHME NO3BOMUT 3HAYUTENBHO MOBbICUTL AQEKTUBHOCTD
(DYHKLUMOHMPOBAHMS ONTUYECKNX CETEN.

MocTpoeHne W (PYHKUMOHMpOBaHME onThyeckux TC  pernameHTUpyeTcs  MeXoyHapoaHbIMM
CTaHgapTamu 1 pekoMeHAaLUUsaMUI, ONPeaensIoLLMMIA €8 OCHOBHbIE aCMeKTbl 1 AMeMEHTI:

— peKkoMeHJauus TenekOMMYHWKaLMOHHOrO cektopa MexayHapoaHOro Cok3a SneKTpoCBs3n
(MC3-T) G. 709 onpenensieT TpeboBaHMS K OMTUYECKON TPAHCMOPTHOM MEPapXum, CTPYKTYPY
KagpoB, 3aronoBKM, GUTOBbIE CKOPOCTH B ONTUYECKNX CETAX;

— pekomeHgauus MCO-T G. 798 «XapakTepuCTUKL ONTUYECKOW TPAHCMOPTHON CETU Mepapxuu
obopyaoBaHus  (DYHKLMOHANbHbIX OrioKoB» OXBaTbIBAET (DYHKLUMOHANbHbIE TpeboBaHUsA K
(DYHKLMOHANBbHOCTN ONTUYECKUX TPAHCMOPTHBIX CETEN.

Co3paHne KayecTBEHHO HOBbLIX TUMOB OAHOMOZOBBLIX BONIOKOH M GOnee COBEPLUEHHbIX OMTUYECKMX
ycunuTenen, a Takke YNyylWeHWe TEeXHUYECKUX XapaKTepUCTUK KOMMOHEHTHOM 6asbl B Lienom
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NMO3BONNIO YBENNYMTL PACCTOSHAE M MPOMYCKHYI CMOCOBHOCTL BONOKOHHO-OMTUYECKUX MMHUIA CBS3N
(BOJIC). 310 nocnyxmno Hayanom MacwTabHOrO BHEAPEHWS HOBLIX KOHLENUWA W TEXHOMOTUiA
NOCTPOEHUS BOMOKOHHO-OMTUYECKMX CETEN Ha FOKanbHOM, PervoHanbHOM W rnobanbHOM YPOBHSIX.
OnTuyeckas TenekommyHukaumonHas cetb (OTC) coueTtaeT B cebe MmbKOCTb M NPO3paYHOCTb
UuchpoBOIt KOMMYTaLMKM ¢ MacluTabuposaHuem cetu [LUmnar, 2012).

AkTyanbHoCTb npumeHeHnss OTC 3aknovaetcs B BO3MOXHOCTU 3h(PEKTUBHOIO MCMOMNb30BaHNS
MHOXecTBa pasnuuHbix MKY ans yoosneTBopeHns pasHoobpasHbix noTpebHocTeln nonb3osatenei u
penaet OTC wpeanbHOW MyNbTUCEPBUCHOM CETEBOW NNaT(OPMONA, CrnoCobHOW B MOMHOM Mepe
obecneunTb COOTBETCTBME HeompeneneHHbIM TpeboBaHMAM 3aBTpallHero AHd. 3JTa nnatdopma
no3BonsieT  MakcumanbHO  3()(PEKTMBHO  UCMONb30BaTb  PECYPCbl  ONMTUYECKOW  CETW,
MyrbTUNNEKCUPYIOLEeN Ha OHOW [AfIMHE BOMHbI HECKONbKO Pa3sHOPOLHbIX CETEN C pasfnyHbIMU
CKOpOCTAMYU Nepegayn, NPOTOKONMaMu N UCTOYHUKAMU CUHXPOHM3ALMMK.

B Halwe Bpemsi BOMOKOHHO-OMTMYECKE TEXHOMOTMM [BUXYTCS K WCYEPNAHWID BO3MOXHOCTEI
ONTUYECKMX HaNpaBnsOWMX CTPYKTYp. MepecTarT oTKpbIBATLCS HOBbIE CBOMCTBA CPEA U B OCHOBHOM
BCE MPOM3BOAMTENN TENEKOMMYHMKALMOHHOMO 060pYyaoBaHUs paboTaloT B 06MaCTU yXe W3BECTHbIX
SIBMEHWI U COBEPLLEHCTBYIOT 060PYA0BaAHME MULb U3MEHEHWEM 3NEKTPOHHON Gasbl UMK anropuTMOB
06paboTki curHanos. HoBble TEXHWYECKME 3afa4n, NOCTABNEHHbIE NEPES PbIHKOM MPON3BOAMTENSAMM
TENEeKOMMYHUKALMOHHOTO 060pyAOBaHNs MO YBENMYEHMIO CKOpPOCTen M 06bEMOB nepeaayn AaHHbIX,
BELyT K NEPeCMOTPY He TONbKO (hyHOAMEHTamNbHbIX MPUHLMMNOB NPOEKTUPOBAHMS YCTPOWCTB W CETEN,
HO M (OU3NYECKIX NPUHLIMMOB (HYHKLIMOHNPOBAHMS UX KOMMOHEHTOB.

AHanu3 coctosiHuA Bonpoca

B nocnegHue rogbl HabnogaeTcs CTPEMMTENbHbIM POCT CETEBOrO Tpaduka, 4TO 0OYCrOBMEHO
COYETAHMEM PECYPCOEMKMX YCAyr (Hanpumep, C nepedadven Buaeo) ¢ becnpelefeHTHbIM YPOBHEM
MEXCETEBOr0 B3auMoaencTaums. [1ns nepeaayn noTokoB MHGopMauuy Ha 6onbLuon ckopocTu (Gonee
10 T'6uT/C) C NOMOLLBID ONTUYECKOrO BOSIOKHA HA PaCcCTOSIHME B COTHW KUIOMETPOB HYXXHO PELLNTb
MHOXeCTBO 3adady. [NaBHbIMM NPENSTCTBUAMW HA MyTU NOCTPOEHWSI MPOTSHKEHHBIX OMTUYECKUX
CerMeHToB 6e3 pereHepaTopoB SBMAKTCA: AUCNEPCUS OMTUYECKOrO CUrHana, pacnpoCTpaHsoLLerocs
MO BOMOKHY, BIISHWE HENMMHENHBIX 3PEKTOB B ONTUYECKON MYNbTUNNEKCHOM fIMHUM, BHOCUMbIE LLYMbI
n nomexu. Mo mepe yBenuyeHus obbema WHGOPMaLMK, NepeaaBaeMon CeTbl), PaHO UnM NO34HO
BO3HWKAET 3afaya YBENnW4YeHus emKocTW ceTu. MeHee TpPyAOEMKMM pelleHneM  SBRSeTCs
MOZEpHM3aLmMsa BOSIOKOHHO-ONMTUYECKUX CETEi myTem 3ameHbl cuctem kommyTtaumm (CK) Ha Gonee
MOLLHbIE ONEKTPOHHbIE YCTPOWCTBA, @ TaKKe MPUBIIEYEHUE paHee He UCMOMb3yeMbIX Pe3epBHbIX
BOMOKOH B nponoxeHHblx BOJIC. OpgHako, B cuTyauwu, Korga pes3epB BOJSIOKOH OKa3blBaeTCs
NCYepnaHHbIM, a SMEeKTPOHHAs KOMMYTauus He [aeT MOBbILEHWE NPOMyCKHOW CMOCOBHOCTU CeTw,
TpebyeTca npoknagka HOBbIX ONTWYECKWUX Kabenew, 4to BreveT 3a coboit Gonbluve AeHexHble M
BpPEMEHHbIE 3aTpaThbl. B CrIOXMBLUMXCS YCNOBMSX anbTEPHATUBHLIM NyTeM SBNSETCS U NocTpoeHne TC
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Ha OCHOBE KOHLeMNUMM MOMHOCTbI0 onTudeckux cetem AON, 4To genaeT BO3MOXHbIM 3HAYMTENbHOE
MOBbILLEHNE SKOHOMUYHOCTM, TMOKOCTW U HAAEXHOCTU CETEN, U 3HAUNTENBHO YBENUYMBAET MPOMYCKHYHO
CMOCOBHOCTb CETU 3@ CYET MPUMEHEHUS OnTMYeckom 0BpaboTkM WMH(OPMALMOHHOIO CurHanma u
ONTUYECKOrO YNpaBneHns KOMMyTaLyein ONTUYECKUX CUTHASIOB.

Ha ceropHsLWHMI eHb yXe CYLLECTBYIOT MOSHOCTLIO OnTuyeckue parMeHTsl TC, B Npeaenax KoTopbIxX
OTCYTCTBYIOT 3NEKTPOONTUYECKME Npeobpa3oBaTenn. Takon ypoBeHb pasBuUTUS ceTn, Be3 COMHeHS,
aBnseTcsd 3(MMEKTUBHLIM BHE 3aBMCUMOCTM OT TEXHOMOMMA ONTUYecKon KommyTauun. OpHako,
yuuTbiBas pocT TpeboBaHWi K npomyckHoW crnocobHocT TC, makcumanbHas 3¢hEKTUBHOCTb CETH
Oyget gocturHyta B TOM Cryyae, Korga B ceTu OyayT Mcnonb3oBaTb ONTUYECKUE TEXHOMOMMM, Kak B
cucTemax nepefadum, Tak M B cuctemax pacnpegenenus uHgopmauyuu [Cokonos, 2003]. MonHOCTbO
ontuyeckne TC npencTaBnslT Knacc ceTel, B (PYHKUMOHMPOBAHWUM KOTOPbIX [MaBHYK POfb Mpu
KOMMYyTaLWW, MybTUNNEKCMPOBAHW U PETPAHCAALMM UrPAOT He 3NEKTPOHHbIE (OMTO3MNEKTPOHHbIE), a
TONbKO ONTUYECKMe TexHonoruu [Eposa, 2009].

Wccnepoanue koHuenuun AON npoaeMOHCTpUpoBano 3deKTUBHOCTL €€ NMPUMEHEHUS, B NEPBYIO
ovepedb, Ha TPAHCMOPTHOM YPOBHE MPW CO3LAHWM Pa3BETBMEHHbIX CeTeBbIX apxuTekTyp. OpHako
BMeCTe C TeM co3aaHue paseeTsnieHHbix OTC TpebyeT pelueHns BaxHeNwen 3agaqn — peanusaunm
KOMMYTaLMN ONTUYECKUX CUTHAMOB C OMTUYECKUM ynpaBneHueM. AHanua nybnukauui, noCBALLEHHbIX
cosgaHuio  ontuyeckux ceteir [Katok, 1999], [MeaHos, 1999], [Lapsapko, 2006], [KaTok, 2006],
[Y6anpynnaes, 2001] nokasan, 4To Ha JaHHbIA MOMEHT BOMPOCHI, OTHOCALLMECS K (DYHKLMOHMPOBAHMIO
BOMOKOHHO-oNTMYecknx cuctem nepegaun (BOCIT) u3yyeHbl [OCTATOMHO Xopowo. B Toxe Bpems
BOnpockbl peanu3auum ontudeckux CK  paccMOTpeHbl MOBEPXHOCTHO W TpebyloT npoBeaeHUs
[anbHenwnx uccnegoBaHuin. [loka CywecTBYKOT TOMbKO 06LMe KOHUENTyanbHble Noaxodbl K
noctpoeHuio ontudecknx CK, koTopble HyXaalTCcs B pa3suTUM W TLLATENbHOM aHanmse.

[OnutenbHoe Bpems B nMTEpaType NpUHLMNAM OMTUYECKOW KOMMYyTauuu Obino MOCBALEHO NWLb
HECKONbKO 0B30PHbIX XYPHanbHbIX cTaTei. [pn peLleHnn Bonpoca KOMMYTaLMM ONTUYECKUX CUTrHAroB
C MCMOMb30BaHMEM OMTMYECKOrO YnpaBneHns, Heobxoauma paspaboTka METOAOB MOAKIHYEHMS
onTuyeckoro nepekntovatens k cermeHty BOCI], Bknovas Takke paspaboTky METOAOB pacyeTa
3 hekTMBHOCTM paboTbl OMNTUYECKOrO NepeknyaTens. ATh 3adadn paccmaTpusani B CBOMX paboTtax
[aHbxa [., Koctpos C.B, MNMumeros F0.B., Bonbman B.W, Mypasuos A.Ll., Cnenos H., banectpa Y.J1.,
Wennu 0.0., Bunnuuey M.P., Dxoananonoc Ox. A., Xayc I'A., Ewéwu, CyntaHoB A.X., TyxsaTynnvH
P.A., MakkaseeB B./. [MakkaBees, 1992]. B nocneaHue rogbl 3aCnyXuBaKT BHUMAHUS paboTbl Takux
aBTopoB Kak [onbawTenH A.b., MonbawtenH b.C. [MonbawTenH, 2005], ®puman I. [Opuman, 2003],
Cknsapos A.K. [Cknsapos, 2001].

Pabota KoctpoBa C.B. [Koctpos, 2011] 3akntoyanacb B aHanu3e U CUHTE3e OMTUYECKOro
nepekntoyatens ans BOJIC Ha OCHOBE MHOrOCIOMHOTO AW3MEKTPUYECKOrO CENEKTUBHOTO 3epKana.
Takke um pa3paboTaH 4YacTOTHO-CENEKTUBHLIA OMTUYECKWA MNepeknioyaTenb C BKIOYEHMEM B
MHOTOCMOMHYI0 CTPYKTYPY CErHETOSMEKTPUYECKOTO KOMMOHEHTa, KOTOPbIA MEHSIeT nog AencTBueM
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BHELUHETO 9NEKTPUYECKoro nons KoahMUUMEHT NPEenoMneHns, 4YTo MO3BONSIET  OCYLLECTBUTb
NEePEeKNoYEHNE 3a CYET CMELLEHNS MOMOCHI OTPaXeHMs 3a npegdenbl paboyen obnactu. Cnenos H.
[Crnenos, 1999] 3aHMmancs uccrefoBaHWMEM YCTPOWCTB BBOAA-BbIBOZA 3HEPTMM  OMTUYECKOrO
WN3MyYeHus, aHanuanpys pasnnyHble TuMbl nasepoB W MeToabl peanusauum OTC ¢ Mcnonb3oBaHWeEM
ONTUYeCcKoi KoMmyTaumn. MoxHo Takke oTMeTUTb paboty Kotosa B.M. [Kotos, 1997], B koTOpON OH
paccmaTpuBan 1 uccneaoBasn NPUHLMNbI akyCTOONTUYECKON KOMMYTALMM ONTUYECKIX U3ITyYEHMIA.

Takve aBTopbl, Kak [xoaHanonoc [x. . n Xayc A. [Haus, 1998] nccnegosam BO3MOXHOCTb
NONyYeHUs Mpo3payHblX OBBEMHBIX HAHOKpUCTannMyeckux 06pasuoB, 06nagalowmx ONTUYECKUMH
CBOWCTBAaMM W MX WUCMOMb30BAHWS NMPU MPOEKTUPOBaHWUM KOMMYTUpYtoLwmx ycTpoicte B OTC. Pabota
Owo6wm [Ashby, 1973] 3akntoyanack B paspaboTke METOAOB MOAKIHOYEHUS ONTUHECKOrO NepekmoyaTens
k cermeHTy BOCIT, ob6ecneunsaroLimx pesepBrpoBaHne nonockl NponyckaH1s NOHOCTbH ONTUYECKUM
cnocobom. Mm paspabotaHa cxema CETM C aBTOMATUYECKUM PEXMMOM MEPEKIOYEHUs, YTO
obecneunBaeT HeobXoanMbIe YCroBMS (BbICOKME CKOPOCTM NEPEKIIOYEHNS) ANS MUHUMM3ALMM NOTEPb
WH(OPMALMOHHBIX BUTOB mepefaHHbIX cooblyeHnin. Pabotbl KanakoBa B.W. [Kanakos, 2004], T1.
[xeinicoHa [Jason, 2005] Takke NOCBALLEHbI MCCMELOBAHUID BOMPOCOB ONTUYECKOW KOMMYTaLWW.
WccnepoBanns KaHnakoBa B.W. 3aknioyannCb B HaxOXAEHWM HOBbLIX MOAXOLOB, MO3BOMNSHOLLMX
cosgasatb ontudeckne CK, KkoTopble, B OTNWYME OT W3BECTHbIX, OCHOBAHbl Ha YnpaBneHuM
HENWHENHbIMW ~ OMTUYECKUMI  CBOWCTBAMM  HAHOKPUCTANMWMYECKOTO  MPO3PayHOro  KBapua, 4To
obecneunBaeT BO3MOXHOCTb MOBbILEHUS nponyckHon cnocobHocTn OTC. B pabote [xeitcona [1.
BbINOMHEH aHanu3 cnocobos noaknoyeHns ontuyeckux CK, NO3BONSHOWMX NEPEnTU K MOMHOCTbIO
ontuyeckum TC, KoTOpble B OTAMYME OT W3BECTHbIX, [OMYCKAOT COBMECTHYK nepegavy
WH(OPMALMOHHOTO M YNPaBMAIOLLErO CUrHANOoB N0 OAHOMOZOBOMY CBETOBOAY. ATOT €rnocob OTKpbIBaeT
nepcnekTMBbl CO34aHNsl aaanTUBHBIX ONTUYECKUX cucTem nepedaun. B pabotax Makkaseesa B.U u
®pumana [. BbINOMHEH aHanu3 nepcnekTuBHbIX KOMNOHeHToB OTC — (POTOHHBLIX KOMMYTaTOpOB. [1pu
9TOM MCCneaoBaHbl NPUHLMMLI paboTbl POTOHHBLIX KOMMYTATOPOB B CETAX C KOMMYTAaLMENR KaHanos u
KOMMyTaUMen nakeToB, W CGOPMYNMUPOBaHbl 334auu, KOTOPbIE HYXHO PELIMTb Mpu NOCTPOEHUM
MOMHOCTbIO ONTUYECKUX CeTeil CBA3M C (DOTOHHbIMKM KomMyTaTopamu. Pabotbl onbawTenHa A.b.,
FonbgwTenHa B.C. u CknaspoBa A.K. 3aknioyanucb B MCCNEeAOBaHUM  BONOKOHHO-OMTUYECKMX
nepekntoyaTenen n CBOMCTB TEPMOONTUYECKOrO NEPEKIToYaTens, M3roTOBMNEHHOIO U3 TPEX PasfMYHbIX
ONTUYECKNX BOMOKOH C OAMHAKOBbLIMK reoMeTpuyeckumu napametpamu. B pabote CnasuHckon B.B.
[CnasuHckasi, 2004] nccnegoBaHbl NPUHLUMMBLI NOCTPOEHNS onTuyeckux CK Ha 0CHOBE OAHOKAHAINbHOMO
pecnektopa € WUCNOMb30BaHWEM  M3OTPOMHOTO — akycToonThyeckoro  B3aumopenctsusi  (AO-
B3aumogeicTeus). B aToir paboTe npeanoxeH METOA4 pacyeTa napameTpoB Aedrektopa ¢
aKyCTOONTUYECKON SYENKOM CO CMOWHbIM Nbe3onpeobpasoBaTtenemM Ha OcHoBe TpeboBaHMM K
xapaktepuctukam CK. [lpousBegeHa oueHka 3dpdeKTMBHOCTM npumeHeHnss suyeek AO ¢
nbe3onpeobpas3oBatenem B BWAe PELETKM C MpoTMBOMA3HbIM BO3DYXKAEHMEM AN ynyylleHUs
xapaktepucTuk akyctoontuyeckoit CK. Takke nccnegoBaHa BO3MOXHOCTb NOCTpoeHust onTudeckoir CK
C OMHAaMUYECKON Cenekumen ArMH BOMH Ha 0CHOBe ofHokaHanbHoro AO-gednekTopa.
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CnegyeT oTMETUTL UCCEA0BaHUS TakuxX yyeHbix kak CyntaHos A.X. n BuHorpagosa W.J1. [CynTaHos,
2008], uccnenoBaBLMX BO3MOXHOCTM co3aaHus CK onTMYEeCKMX CUrHanoB, ynpaBnsieMbIX ONTUYECKM
nanyyeHnem. OHW NPeanomnoXunK, YTO YNpaBnstoLLee U3nyyeHne U3MeHseT nokasaTenb NpesioMIIeHuns
ONTUYECKOW Cpedbl YCTPOMCTBA, @ C HAM W ANWUHY BOMHbI MHDOPMALMOHHOIO U3nyveHns. [ns KoHTpons
nocnegHen OHW MCMOSb30BArNM MHOTOMTy4EBON WHTEPEpPOMETpP. B pesynbraTte OUEHKU TEXHUYECKUX
acrnekToB MOCTPOEHUS YCTPOMCTBA W aHanu3a ero  (PYHKUMOHWPOBAHMSA, BbISBIIEHO, YTO
nHTepdepeHUMoHHble CK TEXHWYECKM MOXHO peann3oBaTb, HO CYLLECTBYHOT TaKMe HEPELLEHHbIE
npobriembl, Kak HanuumMe MOCTOSAHHOW WHTEPMEPEHLMOHHON COCTaBNSIOWEN, a TaKkKe WCKaKeHWs
[eiCcTBMEeM MHTePEPEHLMIN HENMMHENHBIX ONTUYECKNX 3(h(PEKTOB LIMG)POBOrO ONTUYECKOrO CUrHana.

B pesynbTaTe BbINOMHEHHOrO aHanu3a OnyGrMKOBaHHbIX MCTOYHMKOB, BUOMM, YTO HA CETOAHSILUHWIA
[€Hb MPaKkTWYeCKN He pelueHbl Takue 3afayn, kak paspaboTka «ynpaBnsembix» KOI(HULMEHTOB
OTPaXeHUs M npernomreHns, Ha 6ase KOTOPbIX MOXHO Obino Obl MOMY4NTb HOBbIE MOMHOCTHIO
ONTUYECKNE KOMMOHEHTbI YMPABNEHUS: MHOrOKaHanbHble PasBeTBUTENM, PUNbTPbI, Npeobpa3oBaTenu
(U3NYECKNX BENMNYMH, ONTMYECKME OucTabunbHble HenuHelHble aneMeHTbl M T.4. B nocnegHwx
reHepauusi HENMHENHOrO pexuma (YHKLUMOHUPOBAHMS SBMSIETCS OCHOBOW MX paboTbl — obecneyeHune
BucTabunbHOro pexmma NpoxXoxaeH!s Anst MHPOPMAaLMOHHOMO onTuyeckoro notoka [Jason, 2005] 6e3
NPOSIBIIEHNS HEraTUBHbLIX PAKTOPOB, CBA3AHHbIX C APYTUMI HENMHENHBIMY 3(hPEKTAMM.

B nocrnegHee Bpemsi OTCYTCTBUE HAy4HOW NIUTEPATYPbI YKa3aHHOM TEMATUKN B ONpefeNieHHON CTENeHH
NMKBUOMPOBAH TakumMu cneuyuanuctamu kak Kyuepssein E.A. [Kyuepssbii, 2012], MansopoHckas I'.C.,
Pabuos A.B., 3acnyroit KOTOpbIX SBMSIETCS WCCNEOOBaHWE NEepPCrnekTUB PasBUTUS KOMMYTALMOHHbIX
TEXHOMOrUI B NONHOCTLIO ontuyeckux TC. Pabotel anBopoHckoi .C. n Psbuosa A.B. [FainBopoHckas,
2009], [FamBopoHckas, 2010], [amBopoHckas, 2011], [laiBopoHckas, 2012] 3akniovanucb B
“ccrnesoBaHUN NEePCnekTUB BHEAPEHUS CUCTEM ONMTUYECKON KOMMYTALMK B MONHOCTbIO onTuyeckux TC.
B Hux npepnoxeHa geHoMeHonornyeckass mogenb ontudeckon CK € ONTMYECKUM YnpaBreHuEM,
KoTOpasi MOXeT HalTW NpUMEHeHne Ans noebiweHus beictpoaeictans OTC. lNpoBeaeH aHanus TUNoB
Nbe303NEKTPUYECKMX KOMMYTALMOHHbIX anemeHToB (KJ), uccnegoBaHbl pasnuuyHble MeToabl U
CpeacTBa OTKMOHEHUS M MOZYMAUMW ONTUYECKOTO M3NYYEHWS, Ha OCHOBE KOTOPbIX BO3MOXHO
nocTpoutb nonHoctblo onthdeckne CK. [MpoBedeH aHanu3 TeXHUYECKUX acneKkToB MOCTPOEHMUS
onTuyeckux CK, aHanu3 CoBpeMEeHHOro COCTOSIHWUS Npobnembl CO3AaHNS NOMHOCTBIO onTuyeckux TC un
BbISIBNEHbI 3aaa4u, TpebytoLme JanbHEMWmnX nccnegoBaHui.

BosHukatowwme HOBble TEXHWYECKWe 3adayu, HanpaBfieHHble Ha YBEMYeHWe CKOpoCTU 0bpaboTku
WHGopMaumm  TpebyloT nepecMoTpa  HEKOTOPbIX  (PYHAAMEHTamnbHbIX MOAXO4OB HE TOMbKO K
NPOEKTUPOBAHUID OOBLEKTOB TENEKOMMYHMKALMA, HO W (PU3NYECKUX MPUHLMMOB, Ha 6ase KOTOPbIX
NOCTPOEHbI KOMMOHEHTbI 3TUX 06BEKTOB. HekoTopbIM acnektam noBbiweHns BoicTpogenctaus AON
nocesiLLieHa aTa paboTa.
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AHanu3 XapaKTepUCTUK onTu4eCKMX KOMMYTALMOHHbIX 3JIEMEHTOB

Ha cerogHsWHWi OeHb KOMMyTauus B CUCTEMaxX CBS3W OCYLLECTBMSETCH OMTUKO-3MEKTPOHHBIMM
KoMMyTauuoHHbIMu anemeHTamn (K3). B pabotax [Gayvoronska, 2015], [laiBopoHckas, 2015],
[FanBopoHckasi, 2016] nokasaHo, YTO MOBbIWEHME ObICTPOAENCTBUSI MOSHOCTbIO onTuyeckux TC
BO3MOXHO 3a CYET NPUMEHeHMs NOMHOCTLI0 onTuyecknx K. B HacTosiwee Bpemsi B paspabotke KO
ONTUYECKMX CUTHAmNOB CGOPMMPOBANOCL ABa TEXHOMOrMYeckux HanpasneHusi [Gayvoronska, 2015].
MepBoe — co3daHue npo3payHbix MofHOCTLO onTudeckux KO (all-optical switches), a BTopoe —
co3faHue ontuko-anekTpudeckux K3 (optical-electrical-optical), unm nHaye He npo3payHbIX NOMHOCTHIO
ontuyecknx KO. C TOUKM 3peHnst ObICTPOAENCTBUS ONTUYECKME KOMMYTALMOHHbIE anemMeHTbl (OKJ)
MOXHO pa3aAenuTb Ha fABa Knacca: C ONTMYECKMM M C 3MEKTPOHHbIM ynpaBneHuem. Haubonee
NEepCneKTUBHBIMU C TOYKU 3PEHWS UCMONb30BaHUS B MOMHOCTBI0 ONTMYECKUX ceTsax snstTes OKD ¢
onTuyeckum ynpasneHuem. Takue OKS moryT ObiTb NpuMeHeHbl npu noctpoeHu ontuyeckux CK,
peanuaytoLLnx TEXHOMOMN METOYHOTO MyMbTUNNEKCUPOBAHNS.

MpoaHammanpyem  xapaktepuctmkm  OK3, K KOTOpPbIM ~ OTHOCATCSH:  aKyCTOOMTUYECKME,
KUOKOKpUCTaNIMYeckne, TEPMOONTUYECKUE, SNEKTPOONTUYECcKMe, —anekTpomexaHudeckue; OKS,
OCHOBaHHble Ha WUCMOMNb30BaHUN HEIMHENHOMO ONTUYECKOro NeTneBoro 3epkana; OK3, ucnonbayowme
MHoronyyeson uHTepdepomeTp ®abpu-Nepo; OKS Ha OCHOBE KOMbLEBLIX KPEMHUEBbLIX CBETOBOAOB.
Cpegn OKO C aneKkTpOHHbIM ynpaBneHWeM BbILENSOT: akyCTOONTUYECKWe, XUOKOKpUCTaNNYeckue,
TEPMOONTUYECKME, SNEKTPOONTUYECKIE, SNEKTPOMEXaHUYECKME.

B akycToonTMyeckux NCMonb3ytoTCs akyCTUYECKUEe BOMHbI AN CO3aHWs B TBEPAOM Tene obnacten ¢
NOBLILUEHHOW 1 NOHWKEHHOW nnoTHOCTbIO [KoToB, 1997]. O6pasytowmecss HEOAHOPOAHOCTM NOTHOCTY
OTKITOHSIOT NPOXOAALLME CBETOBbIE MYYKW NOL Pa3fINYHBIMKM YriaMu.

Xupakokpuctannuyeckue (XKK) 1crnonb3ytoT CBOMCTBA MOEKYN XUAKUX KPUCTAIOB BbICTpanNBaThCA
BLOMb OHOrO HanpaBneHusi, HasblIBAaEMOro onTudeckon ockto. MNMpuknagbiBas k XK anektpuyeckoe
HanpshkeHWe, MOXHO 3acTaBUTb MOMeEKyrbl M3MEHWTb CBOK OpUEHTAUMIO, B pe3ynbTaTe Yero
HEKOTOpble CBOWCTBA XMAKOTO KpuCTanmna, B 4aCTHOCTW, MNoKasaTeNb MPESIOMIEHUsS U3MEHSIOTCS.
CnocobHOCTb  XMAKOTO  KpUCTanna M3MeHsTb MoKasaTenb  CBETOMPENnoMieHWs MOXeT ObiTb
ucnonb3oBaHa ans peanusaumm CK ontnyeckux curHanos.

Monsipu3aLmnoHHO-3aBUCUMBIN XuakokpucTannuyecknin OKS nokasaH Ha Puc. 1. [ns nepeagpecayum
CBETOBOrO Nyyka M3 OQHOrO nopta B APYro MCNonb3yeTcs MHOroCTaguiHbIN npouecc [[puHdung,
2002].

WUHTepdepometp Maxa-Liengepa (VML) ncnonbayet TepmoonTuyeckuii npuHumn noctpoeHus OKS
(Pwic. 2) B koTOpOM KO3hPULMEHT NPENOMEHNs BELLECTBA U3MEHSIETCS N0 AENCTBUEM TEMNEPATYPSI,
YTO BeAET K M3MEHEHW0 pasHOCTW (pa3 Mexay ABYMS nnevamu MHTEpepoMeTpa, Bbi3biBatoLeMy
3(hheKT KOMMYyTaLMW BXOAHOIO CUrHana ¢ OAHOro Bbixoda Ha apyron [Cnenos, 1999].
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Puc. 1 — OnTuyecknit KOMMYTaLMOHHbIV 3NIEMEHT Ha Hase Xuakoro
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Puc. 2 — TepMoonTUYECKUN KOMMYTALMOHHBINA 3NIEMEHT

ONeKTPOONTUYECKMIA KOMMYTALMOHHbIN anemeHT (QOK3), u3obpaxeHHbin Ha Puc. 3, ocHOBaH Ha
ANeKTPoonTUYECKOM 3hdpekTe MMoKKenbCa, 3aKnoYaoLerocs B U3MEHEHUN nokasaTtens nperomMneHus
MaTepuana nponopLMOHanbHO MPUOXEHHOMY 3MEKTPUYECcKOMY HanpspkeHuto [Y6ampynnaes, 2001].
Oekt [okkenbca MoxeT HabmogatbCs TOMbKO B KpucTannax, He obnagarowmx LEHTPOM
cummeTpun. K Hegoctatkam JOKS OTHOCATCSH OTHOCUTENBHO BbICOKWE NONSPU3ALMOHHbBIE 1 BHOCUMbIE
notepu.
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Puc. 3 — OnekTpoonTUYECKU KOMMYTaLMOHHBIN SNeMeHT

Tem He meHee, QOKD, HeCMOTpS Ha 3MEKTPOHHOE ynpaBreHwe, 0BrafalT BbICOKOW CKOPOCTHH
nepekntoyeHus (nopsgka 10-100 nc), 4To NO3BONSET NPUMEHATL UX AN nocTpoeHust CK nosnHOCTbI0
onTuyeckux TC.

K anektpomexanuyeckum otHocat OKD, peanmusytolise TEXHONOMW MMKPO3NEKTPOMEXaHNYECKUX
cuctem (micro-electro mechanical systems, MEMS). Cuctemsl MEMS npepacrasnsior coboit Habop
MOOBMXKHBIX 3epkan O4eHb ManeHbKoro pasmepa, C AMAMETPOM MeHee MWNMMMETPa, KOTopble
0bpa3yloT onTU4ecKkoe KoMMyTaLMoHHOe nore. CornacHo uanyeckomy NpUHLMMY, NPUMEHSEMOMY AN
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yNpaBneHns MUHWATIOPHLIMK 3epKanamy, BbIZENST Creaytwme nogknacchl nekTpoMexaHU4ecknx
K3 [Cknsapos, 2001]: nneHoYHble, 3NeKTpOCTaTUYECKNe, Nbe30INEKTPUYECKNE Y MArHUTOONTUYECKME.
Ha puc. 4 nokasaH npuHUMn paboTbl NNeHOYHOro onTuyeckoro KO, AencTBME KOTOPOrO OCHOBAHO Ha
ahhekTe ONTUHECKON AnpaKLmK.

3epkKkansHoe rnokpsimue |

anacmomMep

duanekmpudeckasi NnodnoXxka ¢ anekmpodamu

4 — MpuHUMN paboTbl NMEHOYHOTO KOMMYTALMOHHOO ArIEMEHTa

onacTomep (MonMmepHoe BewlecTBo, cnocobHoe K obpaTtumon pAedopmauuu nom  AencTuEM
SNEKTPUYECKOro MOns), HaAHOCWUTCH Ha [AMINEKTPUYECKYK) NNAcTMHY C CETKOW 9neKTpodoB, U
MOKPbIBAETCA CBEPXY MBKOW oTpaxatowei nneHkon. pn nogadye ynpasnstoLLEro HanpshkeHus Ha
9NeKTPOAbl NPOUCXOANT NoKanbHas Aedopmaums nonuMepa, Bbi3blBaloLas AMMPaKLMIO NafaroLwero
ceeTa. lNonagatowmin Ha 3Ty TOYKY MIEHKW Nyd CBETa Audparvmpyet 1, NpoxXoas Yepes cneumanbHyo
ONTUYECKYH0 CUCTEMY, (DOPMUPYET BBIXOAHON ONTUYECKMIA CUTHANM B BULE CBETALUECS TOYKM.

AnekTpoctaTuyeckm  ontudeckun KO (puc.d)

OCHOBbIBAETCS Ha JENCTBUM KyNIOHOBCKMX CUM, KOTOpble l
OCYLLECTBNAOT €70 MepemelleHne B MPOCTPaHCTBe |
[MpuHdung, 2002]. Mbkuit A3b140K 1, M3rOTOBNEHHBIN K3

MONMMEPHON MNEHKM, 3aKPEnmnsieTcss OAHUM KOHLOM B
n3onAUMOHHOM JepxaTene 2. Ero pgpyroi  KoHel
pacronaraeTcsi B HeMoCpeaCTBEHHOM BNM30CTM OT Mapbl
anekTpogoB 3 M 4, K KOTOpbIM  MOfBEdEHbI

pa3HononApHble 3NEKTpoCTaTUYECKue noTeHuuanbl OT

Puc. 5 — OnektpocTtatuyeckun K9

NCTOYHMKA ynpasnstoLLero HanpsXXeHus.

HasnekTpn3oBaHHbIN NONUMEPHbIN A3bI4OK CTPEMUTCS MPUTSHYTLCA K TOMY U3 KOHTAKTOB, KOTOPbIN
“MeeT NPOTUBONONOXHBIV 3apsiA, U COOTBETCTBEHHO U3rMBaeTcs, HO ero AnuHa nogobpaHa Tak, YTo OH
He KacaeTcs Mpu 3TOM KOHTakTa. lpu 3TOM ero 3epkanbHas MOBEPXHOCTb 0OpasyeT HaKNOHHbIN
oTpaxarenb, U MNyyd, BbIXOAALMIA U3 BXOGHOMO CBETOBOAA 5, MOMajaeT vepes CobMpaloLLyl0 NMH3Y B
TOpeL, BbIXOAHOMO CBETOBOAA 6, OCYLLECTBAA NPOLECC KOMMYTALMM ONTUYECKOTO CUTHana.

Mbe3oanekTpuyeckne KO 0CHOBLIBAKOTCA Ha NbE303ANEKTPUYECKUX akTyaTopax [[anBopoHckas, 2009)].
OfHWM 13 NPOCTENLIMX NPUMEPOB TAKOrO akTyatopa MOXeT CAyXWTb nnockas GumopdHas nnactuHa,
obpasoBaHHas [BYMS KECTKO CKpenneHHbIMW Mexgy coboit NonepeyHo  Monsipu3oBaHHbIMU
nbe3oanemeHTamu. Ha puc.6 nsobpaxéH OKO ¢ aByxonopHbIM aktyatopoM. OJHOBPEMEHHbIA U3rnb
Nbe303NEKTPUYECKON NNACTUHLI NPUBOAMT K MOBOPOTY 3epkana Ha yrof, onpeaensieMblii BeNUYnHON
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narnba, T.e. BENIMYMHONA MOCTOSIHHOTO HAMNPSPKEHWS, MPUMOXEHHOTO K 3MEeKTPOAaM Mbe303rIEMEHTa.
BenuunHa npunoxeHHoro ynpaensiowero HanpskeHnst Uynp MOXET NErko M3MEHSTbCA C Liarom He
fonee MMnnnBoOMbTa, NPU 3TOM TOYHOCTb NO3ULMOHUPOBAHNS OTPAXEHHOTO Jy4a MOXET COCTaBNATb
[ONN MUKpOMETPa. Takas KOHCTPYKUMS AedhnekTopa NO3BONSET CTPOUTb MHOTOKaHamnbHble MOMHOCTbIO
onTuyeckne CK BonbLUON pasMepHOCTH.

D BXOJIHOU CBETOBOJI
BBIXOJIHOM CBETOBOJ :

LIapHUPHOE KpeIIeHue

H OuMopdHBII aKTyaTo
g_\ pd yarop

3epKalIo

Puc. 6 — Nbe303neKkTpuieckuii ABYXONOPHbIA akTyaTop

MpuHumn pabotbl MarHuToonTUyeckoro K3 (puc. 7) ocHoBaH Ha addekte dapages, KOTOPbIN
3aKIMYaeTcs B U3MEHEHUW NONSPU3ALMN ONTUYECKOTO U3NYYEHUS, MPOXOLALLErO Yepes BELLEeCTBO Npy
HaBefeHWW B HeM MarHUTHoOro nons [aneopoHckas, 2010].

Takum 06pa3om, u3 Bcex uranyeckmnx

Uynp
MPUHLMNOB,  MCMOMb3yeMbiX  Afia T
Monsipusamo, Kamywka
peanu3aunm  3NeKTPOMEXaHUYeCKMX P P E— 4 Monsipusamop
| NN NEEENEI
K3, HanbonbLummm npenmyLiecTBamu b
obnagatot Nbe303MeKTPUYECKME —® " — —
—_— | —> —> —
aktyaTopbl. K 4ncny ux AOCTOMHCTB
—> —> —>
MOXHO OTHECTM Manyto
I
notpebnsemyto MOLLHOCTb, HHHHHHH

Maarnumoonmuyeckud Kpucmann

[0CTaTO4HO BbICOKYH) MEXaHUYECKYH . .
Puc. 7 — MarHUTOONTUYECKMA KOMMYTALMOHHBIA 3NEMEHT

MPOYHOCTb, Ha[leXHOCTb n

TEXHOMOTUYHOCTb, @ TaKKe Marble rabapuThbl 1 CTOMMOCTb. ITH 00CTOSATENLCTBA NO3BONAKT Pa3BKBATL

Mbe303MEKTPUYECKMA MOAXOL C LENbI yMeHbLUeHWs BpeMeHu nepekntoveHnst KO, kotopoe B

HaCTOFILIJ,I/IVI MOMEHT COCTaBNAET HECKOITbKO MUKPOCEKYHA,.

Bce paccmoTpeHHble KO nmetoT oanH 0BLLmMi HeoCTaToK: YNpaBieHne KOMMYTaLme OCYLLECTBISETCS C
MOMOLLBIO  3MEKTPOHHBIX KOMMOHEHTOB, YTO OrpaHuMymBaeT ux Obictpogeicteue. [loatomy 6Gonee
NEepPCNeKTUBHLIMM C TOYKW 3PEHMS UCNONb3oBaHNS B coBpeMeHHbIX TC senstotcs OKS ¢ onTuyeckum
ynpaBneHueMm, K KOTOPbIM Ha CerogHsWwHUA [eHb MOXHO oTHecTn: OKO, OCHOBaHHbI Ha
NCNOMNb30BAHWM HEMWUHENHOro onTuyeckoro netnesoro 3epkana (HOM3); OK3, ucnonbaytowuia
MHoronyyeson uHTeptepometp ®abpu-Mepo (UOM) n OKS Ha OCHOBE KOMbLEBbIX KPEMHUEBbLIX
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ceeToBogoB. Cxema HOM3, B koTopon ucnonb3yetcs uHTepepometp CaHbska, npuBeaeHa Ha puc. 8
[MakkaBees, 1992].

BcTpeyHo-pacnpocTpaHsaoLWwunics curian

co

[onyTHO-pacnpoCTpaHsIoWUACA curHan

Ynpasnswowmin
MMnynec
MpowepaLnin
BxopgHon curHan curHan
OTpakeHHbIN curHan
A >
A FA ANXpounyHbIN OTBETBUTESD B

Puc. 8 — Cxema HennHenMHOro onTnYeckoro NneTrnesoro

B Takon cxeme ucnonb3yeTcs onTtudeckas obpaboTka CUrHanoB, OCHOBAHHAs Ha OTHOCUTENBHOM
(ha30BOM CABure [ByX BCTPEYHO PacrpOCTPAHAILMXCA ONTUYECKUX WMMNYNbcoB. $a30Bbld CABUT
CO3aéTCs 3a CYET ahdhekTa (Pa3oBOM KPOCC-MOAYNALUMM ONTUYECKUM WUMMYNbCOM, W3MEHSIOLAM
HeNMWHEeNHbIN NokasaTenb nperiomneHus B netne uHTepdepomeTpa CaHbska (3dekt Keppa).
Wutepchepometp CaHbsika cocTouT M3 HanpaenenHoro otsetButens (HO), gBa Bbixoga KOTOPOro
COEANHEHbI C BOMOKOHHO-ONTUYECKOM NETNEN 3apaepkkn. ONTUYECKUIA CUMrHan NocTynaeT Ha Bxog A u
pasfenseTcs Ha ABa curHana, pacnpoCTPaHSIOLWMXCH BO BCTPEYHbIX HANPaBEHNUSX.

Mpn cnabom BXOQHOM CUrHane U OTCYTCTBMM YNPaBAAKOLWEr0 WUMMynbca [Ba BCTPEYHO-
PaCMpOCTPaHSIOWMXCA CUrHaNa BO3BPALLAKTCS K Pa3BETBUTENIO C OAMHAKOBLIMK 3aLepxkamu U,
CnepoBaTenbHO, PesynbTUPYOLWMIA (Da30BLIN CABUM paBeH Hymo. B 3TOM cnyvae BXOAHOW curHan
nonHocTblo oTpaxaetca oT HOMM3, 1o ectb nHTepdepomeTp CaHbsika aeincTeyeT kak 3epkano ¢ 100%-
HbIM OTPaXEHUeM.

Ecrm koadpgmumeHT cBsisu HO ans ynpasnstowero umnynsca k. = 0 BXOQHOM CUrHanm TOYHO
CUHXPOHM3MPOBAH C YNPaBNSOLLM UMMYNbCOM, TO CUMbHbIA YNPaBAAKLLMIA UMMYIbC, BO3OYXAAOLLMIA
nneyo B, He pacwennsetca B HO, a pacnpocTpaHaeTcs B OAHOM HampaBneHWW C CUrHanoM Sg 1
OHOBPEMEHHO nepecekaeT curHan Sert. B pesynbrate aToro curHan Seo noasepraeTcs hasoBor Kpocc-
MOZYNALMN Ha BCEW neTne nog BO3AEMCTBMEM YNpaBNSOLLEro uMNynbea, M 6anaHc Mexay BCTPEYHO-
PacnpOCTPAHSAOLLMMUCS CUrHANaMN Sgo U Scnt HApYLLAETCA. 3TO NPUBOAUT K OTHOCUTENBHOM pasHOCTK
a3 A@. Ecnum MHTEHCMBHOCTb YNpaBSIOWEr0 MMMynbCa OTPerynupoBath Tak, YTo AQ=TI, TO BECb
BXOAHOW CUrHanm npoxoauT yepes3 uHTepdepomeTp CaHbsika B nneyo B. 310 03HaAYaEeT, YTO BXOAHOW
CUrHan MOXeT MepekmnioyaTbes ynpaBnsiowyM MMnynscom mMexay nnedamu A n B. Beneactaue Toro,
4TO (ha30BbIN COBUM MOMYTHO PACMPOCTPAHSIOLLErocs CuUrHana Bo3pacTaeT NponopLMOHANbHO AfnHE
NeTnu, YMeHbLLEHWe YNPaBnstoLLENn MOLLHOCTA MOXET ObiTb JOCTUTHYTO 3a CHET YBENWYEHUS AMMHbI
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netrim. Takum obpasom, wucnonb3oBaHne HOIM3 nos3sonsieT [OCTUYL  BbICOKOCTAOMNBHOMO
NepeKnoYeHNst YCTPONCTBA Jaxe NpW MCMONb30BaHMM ManoOMOLLHOTO YNpaBMsOWEro curHana, 4o
NoO3BONSIET TOBOPUTb O MEPCMEKTUBHOCTU MNOJOOHBIX YCTPOWCTB C MO3ULMIA WUCMOMb30BaHWS B
MOSHOCTbLI onTuyeckux TC.

Ewe oguH nogxod K MOCTPOEHWKO CUCTEM KOMMYTaLUUM OMTUYECKWX CUTHANoB, YNpaBrsieMblX
ONTUYECKUM W3NyYeHUEM 3aKIoYaeTcs B TOM, YTO JEUCTBME YNpaBnsioLero OnTMYEecKoro curHana
NMPUBOLOMUT K U3MEHEHUIO ONTUYECKUX CBOWCTB MPO3pavyHOM Cpedbl YCTPOMCTBA (CMeCUTens), Kotopble
BIUSIIOT Ha YCNOBWS PaCcrpOCTPaHEHUs TaM ONTUYECKOrO U3NyYeHUs), NEPEHOCSLLEr0 MH(OPMALIMOHHBIN
curHan, obblMHO MMetowmin apyrylo anuHy BonHbl [CynrtaHos, 2008]. [ns atoro wcnonb3yetcs
um3nyecknn IPGEKT HENMHENHON 3aBUCMMOCTM NOKasaTens NpenomneHns U30TPOMHOM NPO3payvHoil
cpefibl N OT UHTEHCUBHOCTW BXOLHOTO ONTUYECKOTO U3MYYEHMS.

WN3meHeHus 3HadeHusi n B 0BmacTn cmecuTens AEiCTBMEM YNPaBMSLWErO U3NyYeHWs NpuUBeaeT K
W3MEHEHMIO ANMHBI BONMHbI MH(OPMALMOHHOTO M3ryyeHus. Ecnu ke cmecuTenb NOMELEH B
NHTEPEPOMETP, TO MPUCYTCTBME, NIMBO OTCYTCTBME YNPaBSIOLETO WM3NyyeHust OyAeT okasbiBaTb
BMMSIHUE Ha Pe3yMbTUPYIOLLYI0 MHTEPDEPEHLIMOHHYIO KAPTUHY UK BLIXOAHOW CUMHAnN

nHTepdepomeTpa. [Ana peammsaumm Takmx OKD uenecoobpasHO MCMOnb30BaTb MHOMOSYYEBO
natepepometp Pabpu-Mepo (MADM), obnagatowmini BbICOKOW YYBCTBUTENBHOCTBIO M XOPOLUEW
noMexoycTonunBoCcTbl0. Takon OKO nponyckaeT MHMOPMALMOHHLIN CuUrHan (a) B OTCYTCTBUE
ynpaensowero curHana (B obnactu BbixogHoro 3epkana WM nMmeeT MeCcTo MakcMMym CTOSMEM
BOMHbI), M OTpaxaeT ero (6) B cnyyae nNpucyTCTBUS YNPaBnaoLLEro uanyyexns (puc. 9, a).

—_ Bxoo B ) Bxoo Boixod 1
[~ bIXOC b\“ —
— T - =T
— HblT ——;;_..f’/- P HPIT ——
_— co cMecumenem = co cMecumenem _l =
Mecumene. ) e F— =
J— o .

- . Onmuyecroe Brixoo 2
Onmu wecroe |\ 2 ynpasienue .
ynpaeaenue K sorxoody 1

a) —= Dl L _
a ) —_— D —
) - BSOS 1
_ | K ebixody 2
6) — [ |
a 6

Puc. 9 — MpuHUmn gencTusa MHTEPGEPEHLIMOHHOIO Kntoya

C NOMOLLbI0 U3MEHEHMS 3HAYEHWS N B OKPECTHOCTW OAHOM U TOM Xe NPOCTPAHCTBEHHOW KOOPANHATHI
MOXHO YepeaoBaTb MOMOXEHWe MakCUMyMOB M MWUHUMYMOB CTOsYeit cBeToBOW BOMHbI (CCB), yto
nossonsieT cTpoutb ontuyeckne CK Ha HECKOMbKO BbIXOAOB. [pu 3TOM JOMKHbI BbiTb COBNIOAEHDI
cnepytowpe ycnosusi: makcumym CCB Haxogutcs B 06macTu OQHOTO M3 BbIXOAHbIX CBETOBOAHbIX
kaHanos; MuHumym CCB — B obnactm [pyroro BbIXOQHOTO CBETOBOAHOMO kaHanma. C 3ameHom
NOMOXeHNA MakcumMymoB M MuHumymoB CCB (gencTBreM ynpaBRsitOLLEro ONMTUYECKOrO W3NYyYeHMs )
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NPOM30MAET NEPEKITIOYEHNe ONTUYECKUX KaHanos (puc. 9, 6).

MogobHble CK nmetoT cBOM JOCTOMHCTBA WM HedocTaTku. K JOCTOMHCTBAM MOXHO OTHECTW BbICOKYHO
CKOPOCTb NEPEKIOYEHNS, HE3aBUCUMOCTL PaBOTOCNOCOBHOCTM OT COCTOSIHUS NONAPU3ALNS U3ITYYEHNS,
ManorabaputHOCTb KOHCTpykuuu. Cpedn HepocTaTkoB CriedyeT BblAenuUTb Hanuyue MOCTOSHHON
COCTaBMALLEN B UHTEP(EPEHLIMOHHON KapTUHE, BbICOKYKD TPYAOEMKOCTb W3rOTOBNEHUS YCTPOMCTBA,
UCKaXEHWe HeNMMHENHbIMU ddhdpekTaMu nepeaaBaemoro UGpPoBoro MHMOPMaLMOHHOIO curHana.

Tpetbum  HanpaeneHuem paspabotkn [OKD T

ABINACTCA NOAXOA, OCHOBaHHbIIA Ha M 8xodHol nuHedHLIld caemosod —
NCMONb30BaHNM MUKPOMMHUATIOPHBIX
MOZyMnATOPOB  CBETOBOTO  MOTOKa Ha  6ase
KONMbLiEBbIX KPEMHUEBBLIX CBETOBOAHbLIX CTPYKTYP
(puc. 10), n306peTeHHbIX y4€HbIMIU KOpHENbCKOro T
yrusepcuteta (CLA) [MutunuHo, 2005]. B atom
YCTPOACTBE CBETOBOAbI BbINOSHEHbI  METOLOM

nnasmMeHHoro  Hanbinewns PECVD  (Plasma L

KOMbUEEeoU pe3oHamop

Enhanced  Chemical ~Vapor Deposition) u T Lo l
8LiX0dHOU NUHelHLIl ceemosnd

N30IMPOBaHbl CTEHKaMW W3 [BYOKCW KPEMHMS.

BXOQHOM ONTUYECKM CUTHAN, B BUAE NUHEHO Puc. 10 - KonbLieBoil kKneMHIEBBIl

NONSAPNU30BaAHHOIO KOrePEHTHOrO U3Ny4YeHUst C 3a4aHHON ANMMHON BOMHbI, HANPaBNAETCA N0 NMHENHOMY
CBETOBOAY, BbLIMOMHEHHOMY Ha MOANOXKE W3 KpuUCTanmmMyeckoro KkpemHusi. OCHOBHasi AeTarnb
MOZYnATOpa - KONMbLEBOW PE30HATOP, B KOTOPOM MOXET PacnpOCTPaHATLCS TOMbKO My4oK CBeTa C
(PUKCUPOBAHHOW  ONWHOWM  BOSHbI,  OMPEdensieMon  reoMeTpUYecKUMK  pasmMepaMy  Konbla.
OcoBeHHOCTBI0 MOAYNATOpa ABMSETCA TO, YTO CBETOBOW MOTOK MOnagaeTr M3 NWHENHOTO CBETOBOAA B
konbLo Gnarogaps adpekTy «achemepHon csisu» ("evanescent coupling"), OCHOBaHHOM Ha adhekTe
«bnmskoro nons» ("near-field").

Ecnu pacnonoxutb [Ba BOMHOBOAA [OCTaTOMHO OnM3kO Apyr K Apyry, TO SHEprus MOXeT
nepeaaBaTtbCs MEXAY HAMW Tak, CNOBHO Pa3AenstoLlero ux npocTpaHcTea (Matepuana, 6apbepa) He
cywectsyeT. [lpn 3TOM MMeeTCS BO3MOXHOCTb MOACTPaMBaTb YacTOTy pe30HaHca W Mnonocy
NponyckaHs KPeMHWEeBOro CBETOBOAA C MOMOLLb) BTOPOrO Myyka CBETa, Ha3bIBAEMOrO
«HakauvBaloWwmm». Tak Kak KOMbLO pesoHaTopa pacronaraeTcs B HEMocpeacTBEHHOM BmM3ocTn oT
MIMHENHOTO BOSTHOBOAA, TO CBET MPOHWKAeT 4Yepe3 pasgensoliee MX NpocTpaHcTBo. [Mpu 3ToMm
W3Ny4YEHNE C PE30HAHCHOM [ANMHOM BOMHbI Oyaer «nornowatbesy. CoeanHsas nOCpPeACTBOM
pesoHaTopa ABa napansesibHbIX BOMHOBOAA, BXOAHOW U BbIXOGHOW, UMEETCS BO3MOXHOCTb MOMYyYMTb
«ONTUYECKNIA BEHTUIbY, MPOMYCKAKOLLMA MEXIY HUMU CBET TOMBKO Ha YacToTax, KpaTHbIX PE3OHAHCHOM.
CyLiecTBEHHbIM HEJOCTATKOM SBNSETCS BbICOKAs 3aBUCUMMOCTb MONYNPOBOAHUKOBBLIX MaTepuanos ot
TemnepaTypbl (KaKk M3BECTHO, KOIPMULMEHT NPENOMMEHNS KPEMHUS HEMWUHENMHO YMEHbLUAeTcs C
POCTOM TeMnepaTypsbl), a Takke BbICTPOAENCTBUE, OrPaHNYEHHOE BPEMEHEM penakcauum cBOBOHbIX
HocUTENEeN B KpEMHUM, paBHbIM 450 nc.
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Takum obpasom, Bce Tpu nogxoda k noctpoeHuio NMOKS B paBHOW CTENEHM SBNSAKOTCSA NEPCNEKTUBHBIMY
C TOYKM 3PEHNS UX UCMONb3oBaHus npu codgaHun CK ans nonHocTho onTuyeckux ceten. OgHako ecnm
ucnonb3osanne HOM3 u nHtepdepomeTtpa Pabpu-lepo no3BonsT co3aasath BbICOKOCKOPOCTHbIe CK
NOTOKOB A@HHbIX, TO KOMbLEBOA KPEMHWEBLIA MOZYNATOP MOXET ObiTb MPUMEHEH AN peanusauum
KOMMYTaLMOHHbIX YCTPONCTB, OCYLLECTBNSIOWMX 3aALMTHOE NEPEKMOYEHNE PE3EPBHbLIX MapLIPYTOB B
ONTUYECKNX CETSX.

Knaccudpmkaums OKS npuseaeHa Ha puc. 11.

OnTu4eckne KOMMYTAUWOHHEIE JNeMEHTRI

4

C ONTMHMECKAM YNPABNeHHEM C 3NeKTPOHHLIN YNPAENSHWEM
¥ 3
HOM3 Ha Gaze OMIAEcHAl
WHTepepoMaTRa CMeCcHTEN: Ha Gale AD HEK TO 20
LaHeAka K| |

Knnk | paes

SNEKTPOME CEHNHECKHE
KPEMHHEBLE
CEBTOBOAH
¥ 1 F
SNEKTROCTETUHECKHE MeE303NEKTPHUYECKHE MarHuToonTrueCke | MnexHoYHEIE

HOM3 - HenuHeiHoe oNTHUSCkos NETNSE0E ISPRAND
WP — uHrepdiepometp ®abpu-Nepo

AD — aKCTOONTAYECKIAE

K — HUOKOKDHCTAN NS ECK e

TO — TepMoONTHHECHHE

30 - anNeKTpoONTHYECKHe

Puc. 11 - Knaccudukaums onTu4ecknx KOMMyTaLWUOHHBIX SEMEHTOB

3apava Bbl60pa KOMMYTaLWOHHOro aneMeHTa ana KoMmmyTtauum onTu4eCKux CurHanoB

[Ans Toro ytobbl JOCTWUYL Lienu YBENWYEHUS NPOMYCKHOM CNOCOBGHOCTM MOMHOCTBI onTuyeckon TC,
HYXXHO pewunTb 3agadvy Bbibopa OKS. To ecTb BbibpaTh M3 CyLLECTBYIOLMX anbTepHATUB Ty, KOTOpas
Bonblwe Bcero GygeT yaoOBNETBOPATb NOCTABMEHHOW 3aaade yBenuyeHus ObICTPOAEMCTBUS CUCTEM
KOMMYyTaLW ONTUYECKMX CUTrHArOB.

[ns pelleHns 3agayn UCnonb3oBaH Kputepuin MapeTo, YTO NO3BONUT NPUATK K Ba3ncy KOHCTPYKLWNA
OKD, otbpocus BapuaHTbl, ycTynatoLime no copMmnpoBaHHbLIM NokasaTensam.
3apava Bblbopa peLleHa Npy MCMonb30BaHUM CrIeAYHLLMX NoKa3aTenemn npuemnemocTy:

— Q - bbICTpOAENCTBME, TO ECTb CMOCOOHOCTL BbIMOMHATL C HEOOXOAMMOMN CKOPOCTLIO paboTy,
AN KOTOPOW OHM NpeAHa3HayeHb! (Y4eM MeHbLUE BbICTPOAENCTBME, TEM MEHbLLUE OLEHKA);

— N — CTOMMOCTb (Y4eM HUKE LieHa, TeM BbiLLE OLIEHKA);
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— L - noTpebnsemas MOLWHOCTb (4eM MeHbLLE NoTpebnsemas MOLWHOCTb, TEM BbILLE OLEHKA);

— G - HaeXHOCTb, TO €CTb CNOCOBHOCTb KOMMYTALMOHHOMO ANIEMEHTA COXPaHSTL BO BPEMEHM B
YCTAHOBMEHHbIX Mpedenax 3HauyeHus BCeX MapaMeTpoB (YeM MeHblue HaLeXHOCTb, TEM MeHbLue
OLlEHKa);

— C - Tvn ynpaBneHus KOMMyTaLMeN (ONTUYECKOe YNpaBMeHNe — OLEHKa MaKkcMarnbHa);

— T — YyBCTBUTENBHOCTb K TEMNEPATYPHBIM LyMaM, TO €CTb YyBCTBUTENBHOCTD K LLYMY, KOTOPbIN
BO3HMKAET Mpu CRy4valiHOM OTKIIOHEHUM SMEKTPOHOB B MPOBOAHMKAX, KOTOPbIE MMEKT HEKOTOPYH
KOHEYHYIO TEMMepaTypy.

Takum 0Bpa3om, nokasaTeny NpUEMNEMOCTY ANs peLiaemoit 3agayu Belbopa NpuMyT CreaytoLLmMin BUA;:

(" Q(x) — max
N(x) — min
L(x) — min
G(x) — max

C(x) — max

\_ T(x) — min

[ns kaXaoro nokasaTens NPOBEAEM LUKANMPOBaHue No Lukane ot «1...5», pesynbTaTbl KOTOPOro NPUBEAEHD! B
Tabn. 1.

Tabmuua 1 - LkanupoBaHue nokasatenei npuemnemocTy npu Beibope OKO

OnTuyeckun KOMMYTaLWUOHHbIN
aneMeHT

i)
=
~
@
O
-

AkycToonTUYeCcKuit

YKngkokpuctannmyeckuin

TepMoOnTUYECKMiA

ONeKTPOONTUYECKMI

[neHoYHbI

WA PP OOIW W

OneKTpoCTaTUYECKIiA

_

[Mbe303neKTPUYECKUIA

MarHuToonTuyeckun
Ha ocHose HOIM3
Ha 6a3e NI

Ha ocHoBe KOMbLEBbIX KPEMHUEBbIX
CBETOMPOBOASILLMX CTPYKTYP

A w0 D>

wl o O | BB IS IDND DS

OO N WL OO |O1|D
|

A B, PP OO W INDNI WOWIND O

[S2 NI~ I S

~
(&)}
~
w
(@)}
(&)}

B paHHOM cnyyae BbiGop mpoBoawnca ana ycnoswid, npu kotopblx OK3 gomkeH obecneunBatb
BoicTpogencTane He meHee Q=1-1012 on/c, npu ctoumocTn He Bonee 12000 gonn. CLUA. Kpome Toro,
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nokasaTenb NPMeMNEMOCTU NOTPebnsemMon MOLWHOCTH JomkeH BbiTb He 6onee 150 BT, To ecTb L<150
BT. OCHOBHbIMM OrpaHNYeHMsMM NpK BbIGOPE KOHCTPYKLMKM, SBNSIOTCS: HAAEXHOCTb, KOTOpas AOIKHA
cocTaBnaTb He MeHee 265000 4 Be3oTkasHoi paboTbl, G=265000 u.

[nga pelwenuns 3agaun Bbibopa nocnesoBaTenbHO UCMOMb30BaHbI BEKTOPHBIN W CKanspHbIA KpUTEPUN,
BekTopHbIN NO3BONMA OTOPOCUTL 3aBELOMO XYALUWE BapWaHTbl, @ CKanspHbIA KpUTEPUA — MOMYYUTb
eOWHCTBEHHOE pelleHue. [loctpoum [guarpammy Xacce, KOTopas $BNSeTCa  Bu3yanusauuen
anbTepHaTVB 1 3HAYEHUI NX NoKasaTtenew, puc. 12.

AryeToonTHHECKMA

A uaKoKkpHCTANNMHECKHA
—=— TepmoonTHHECKHA

N ——  JNeKTPOONTHYECKHA

g [INEHONHBIA
——  ENeKTPOCTATHHECKHUA
——  [lee30anerTpHeckri

MarruToonTHHeCKHA
=~ Ha octose HOM3
—a— Ha Bazs MO

—4— HaoctoBe konsuyeBkx

KpaMHHEBB

G CEETONpOBOARALLIMX CTRYETYD

Puc. 12 - [lJnarpamma nokasateneit kayectsa BblopaHHbix BapuaHToB OKJ

[MockonbKy MO MOCTPOEHHOW Anarpamme Xacce HEBO3MOXHO MOSYYMTb eOUHCTBEHHOE pELLEHME,
YMEHbLMM KONMYECTBO arnbTepHaTMB, BOCMOMb30BABLUMCL BEKTOPHbIM  Kputepuem. [ns  aToro
npoeeaem cpaBHeHne OK3, NOCTPOEHHbIX Ha MNbe303NEKTPUYECKUX OMTUYECKUX KOMMYTALMOHHBIX
anemeHTax ¢ MEMS. Mo nepsomy nokasatento npuemnemoctu, boictpogeictame MEMS npeobnagaet
B CPaBHEHUM C Nbe303nekTpuyeckum OKD, HO NO BTOPOMY OHM MMEKT OAMHAKOBbLIE MOKa3aTenwu,
noaTomy no kputeputo [apeTo 3TW ABE KOHCTPYKUMM 3aHocuM B 6asnc. AHanorvyHbiM obpasom
NPOBELEHO NOMApHOE CPABHEHME BCEX OCTarbHbIX anbTepHaTuB. B pesynbTaTe Konm4ecTBO BapuaHTOB
yMeHbLUeHO 10 6-T1: OKD Ha xwuakux kpuctannax, anekrpoontudeckuin K3, tepmoontuyeckuin K9, OK3
Ha ocHoBe HOIM3, OK3 Ha ocHOBe KOMbLEBLIX KPEMHMEBLIX CBETOMPOBOAALMX CTPYKTYp M OK3D Ha
ocHose /®I1, 4To no3sonuno ynpoctTuTs guarpammy Xacce, 40 BUAa, NOKa3aHHOMo Ha puc. 13.

[anee, ucnonb3yem CkansipHbIN KpUTEpPUI, NO3BONSOLLMIA NOSYYUTb €OMHCTBEHHOE peLLeHne, TO eCTb
BbIOpaTh KOHCTPYKLUMo OKD.
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MpoBeas aHanu3 3agaqn Bbibopa, MOXHO caenaTth BbIBOA, YTO OHa ABMSETCS AETEPMUHUPOBAHHON B
YCIOBUSIX ONPEAENEHHOCTH, MOTOMY YTO MEXIY anbTepHATUBOI M CNELCTBUEM CYLLECTBYET NNLLb OAHA
(OYHKUMOHaNbHas 3aBWCUMOCTb, NO3TOMY AN pelleHus 3adaqn Bblbopa WCMoNb30BaH KpuUTepuii
Bameca - Jlannaca, KoTopbIi BbipaxaeTcs PyHKLMEN:

.M M S
w=>ak; a=1, a20, I[I=1LM
=1 =1

r0e a;— BecoBble KO3P(ULMEHTLI COOTBETCTBYHOLLMX NOKa3aTenen NpueMnemMocTy;

k; — HOpPMMPOBAHHOE 3HAYEHNE.

-

a
\ XuaKokpucTannmnyeckui
s TEPMOONTUYECKNN
| 2 \ N ——  ONeKTPoONTHYECKMIA
1 Ha ocHore HOMM3
0 ‘ —e— Ha 6aze /O[T
}’ ~—4— Ha 0CHOBe KOMnbLEBbIX
7/

KPEMHUEBDIX

CBETONPOBOAALLMX CTPYKTYP

G

Puc. 13 — [inarpamma Xacce BblbpaHHbIx BapuaHToB OKO,
NOCTPOEHHas B pe3ynbTaTe NpUMEHeHMs kputepus Mapeto

Pacnonoxum nokasatenu npueMneMocT B BUAe MaTtpuubl U AN Kax[oro Kputepus paccTasuM
Ko3apULMEHTI 3HAUMMOCTK (puc.14):

OnTUYeCKMIA KOMMYTaLMOHHBLIWA 3aNeMeEHT Q N L G Cc T - N
0,3 0,05 0,15 0,15 0,3 0,05
Kuakokpuctannuyeckue 3 3 2 5 1 2
3 3 2 5 1 2
TepmoonTuyeckue 5 4 4 5 1 3
P | 5 4 4 5 1 3
3nekTpoonTUueckue 4 3 2 5 1 2 4 3 2 5 1 2
Ha ocHoee HOM3 4 3 5 4 5 4 — 4 3 5 4 5 4
Ha 6aze MMM 5 4 3 5 5 4 5 4 3 5 5 4
Ha  ocHoBe  KOMbUEBbIX  KpeMHWEBbIX 5 4 3 5 5 g 4 5 4 3 5 5 )
CBETONPOBOASALMX CTPYKTYP

Puc. 14 - PacnonoxeHue nokasartenei npuemnemMocT B Buae matpuubl
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[ns Toro ytobbl pelwnTs 3agadvy Bblibopa no kputeputo baieca — Jlannaca, npusegem nokasatenu K
OHOMY BUZY, B JaHHOM CIlyyae yBENMYUM X A0 MAKCUMAIbHOIO 3HAYEHNS:;

7703 0,05 0,15 0,15 03 0,057 03 0,05 0,15 0,15 03 0,09)
3

[ I N L N <]
g AW W AW
B wWw a NN RN

3
1
3
0
2
1

o = = W N W

W g = D
(3 TS TR 3 ; TR I N

1 2 2
1 3 1
1 2 2
5 4 2
5 4 1
5 5 0

W g A~ 11>
B G B2 B O

-

- J - J

B pesynbtarte nosy4nMm KOHe4YHOe 3Ha4YeHne anq Kaxgom allbTEPHATUBbI:

(3.0,3+2:0,05+3-0,15+5:0,15+1-0,3+3-0,05) [ 2,65 )
5:0,3+1-0,05+1:0,15+5:0,15+1-0,3+2:0,05 2,85
4:0,3+2:0,05+3:0,15+5-0,15+1:0,3+3-0,05 2,95
4:0,3+2:0,05+0-0,15+4-0,15+5:0,3+1:0,05 [ | 3,45
5:0,3+10,05+2:0,15+5:0,15+5-0,3+1-0,05 4,15

 40,3+00,05+10,15+3:0,15+5:0,3+00,05) | 330 )

,D,J'IFI TOro YTOObI I'IpVIIZTI/I K e0MHOMY pe3ynbTaty, U3 nonyquHoM MaTpuubl HaxoduM MakCuManbHOE
3Ha4eHue.

(2,65 )
2,85
2,95
345
415

(330 )
[MonyyeHHoe 3HaveHue 4,15 cooTBETCTBYET KOHCTPYKUMM Ha ocHose W®T. lMoatomy MOXHO caenatb

BbIBOA, YTO MNpu pelleHnn 3agaun Bbibopa no kputepuo baneca — Jlannaca, uenecoobpasHo
MCMOMb30BaTh ONTUYECKMIA KOMMYTALMOHHbIA 3NEMEHT Ha 0cHOBe UHTepdepomeTpa Pabpu-llepo.

BbiBOAbI

B pesynbTate peleHus AByxkputepuanbHon 3agaun Bblbopa OKD paccmoTpeHo oauHHaguath
anbTepHaTue. [ns Toro Ytobbl NPUITK K €AMHOMY pe3ynbTaTy pelleHa 3agaya Bbibopa ¢ MOMOLLbH
BEKTOPHOrO M CKamnspHOro KpUTEPWUSt C UCMOMb30BaHWEM LWECTU MoKa3aTenei npuemnemocTu:
ObICTpOAENCTBIS,  CTOMMOCTM, MOTPEOGNSAEMON  MOLWHOCTM,  HAZEXHOCTW, TWNna  ynpaBneHus
KOMMyTauuen M YyBCTBUTENbHOCTM K TemnepaTypHbiM wymam. [lpn peweHun 3agayn Bbibopa
KOHCTPYKLMKN OKO BEKTOPHBIM KpUTEPUEM, YMEHBLUIEHO KOMMYECTBO BapWUaHTOB KOHCTpyKuuin OKS go 6-
Th: OK3 Ha Xugkux Kpuctanmnax, anekTpoonTuieckuit, Tepmoontiyeckuin, OKO Ha OCHOBE HEMMHENHOTO
onTuyeckoro netnesoro 3epkana, OKO Ha OCHOBe KOMbLEBbIX KPEMHMEBBIX CBETOMPOBOASALLNX
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cTpyktyp n OKO Ha ocHoBe wHTepdepomeTpa Pabpu-Mepo. Tak Kak BEKTOPHbIA KpUTEpWA He
no3BONSET NMPUATU K eaMHOMY pesynbTaTy, MCMONb30BaH Kputepun baneca-Jlannaca ¢ nomMoLbio
KOTOPOrO MpULLAKM K eauHomy pesynbTaty. OnTumansbHom KoHCTpykumen ang OKS Byaet KOHCTpyKuus
Ha 6a3se uHTEpdhepomeTpa Pabpu-Mepo. Takum 06pa3om, ONTUYECKUIA KOMMYTALMOHHBIA 3NEMEHT Ha
ocHoBe MHTepdepomeTtpa ®abpu-Ilepo moxeT ObITb MCNONb30BaH Ans noctpoeHnss CK onTuyeckux
CUrHanoB, MOMOXEHHbIX B OCHOBY KOMMYTALMOHHbBIX MOSEN, peanusylowmx KOMMYTaUuio Ha ysnax
MOMHOCTBIO  OMTUYECKMX TEMNEKOMMYHUKALMOHHbIX CeTel. TakMe KOMMYTaUMOHHble Mons  Ans
NOBbILIEHNS 3P DEKTUBHOCTU W (DYHKLIMOHMPOBAHWUS LOSKHbI BblTb MHOrO3BEHHLIMU ©€3 BHYTPEHHMX
OroKMpoOBOK, MO3TOMY HanpaBneHue [AanbHeWwuX WCCReaoBaHWA  npegycmaTpuBaeT  BbIGop
ONTUMAnbHOWM CTPYKTYPbl MHOMO3BEHHOTO KOMMYTALMOHHOTO MONS U OLEHKY ero OblCTpomdencTsus.
Takas oueHka MoxeT ObiTb BbINOMHEHA NyTEM pacyeTa 3afepKEK BHOCUMbIX ONMTUYECKUM
KOMMYTaLMOHHbLIM nonem. Ecnv npu nocTpoeHu KOMMYTaLWMOHHOTO NOMs Ha OCHOBE MHTEpepoMeTpa
®abpu-Mepo yaacTcs JOCTUYL CYLLECTBEHHOrO ObICTPOOENCTBUS ONTUYECKUX CETEW, NoCTaBneHHas
3apava bygoeT pelueHa.
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PROBLEM OF CHOICE OF SWITCHING ELEMENT FOR
OPTICAL TELECOMMUNICATION NETWORK

Galina Gayvoronska, Borys Rybalov

Abstract: The advantages of optical technologies' usage for information transfer by telecommunication
networks are researched. The analysis of methods for increasing the switching speed of optical signals
with optical management usage is done. The analysis of the eleven types of optical switching elements’
characteristics, using electronic and optical management, is carried out. Two-criterion problem of choice
of optical switching elements implementation at the usage of six acceptability indicators (performance,
cost, power consumption, reliability, switching management type and noise sensitivity) is solved. Hasse
diagrams for the quality indicators of optical switching elements’ selected variants are given. Optical
switching element, based on the Fabry-Perot interferometer, is selected according to the results of the
problem of choice solution.

Keywords: Optical telecommunication networks, optical switching element, optical signals’ switching
system.
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