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CLASSIFICATION OF INCOMPLETE DATA

Vasily V.Ryazanov, Vladimir V.Ryazanov

Abstract: The problem of reconstructing the feature values in samples of objects given in terms of numerical
features is considered. A numerical study of different approaches of solving this problem on one model and three
practical problems at different levels of data incompleteness is held. A modification of the model calculation of
estimates, not requiring metrics for signs, is suggested. The advantage of a local and recognition approaches
over filling gaps with sample averages is shown.

Keywords: data mining, missing data, classification, pattern recognition.
ACM Classification Keywords: .5 Computing Methodologies — Pattern recognition

Introduction

In many problems of data analysis, supervised or unsupervised classification, regression problems as the study
data samples X ={x.,i=1,2,...,m} are used, where X, =(x,,,X,,,...,X, ) - is the feature description of

some object, x; € R.

In this paper, we consider the case when part of feature values x;; of objects is unknown (unknown values are

denoted A). Various approaches to restore the feature values are possible. Some of them take into account the
kind of task (clustering, classification or regression), probabilistic characteristics of features, additional prior
knowledge and hypotheses.

Currently, there are different approaches to solve the problem of restoration missing data which are
conventionally divided into «marginalization», «imputation» u «projection».

In case of «marginalization» or «skipping incomplete objects» incomplete descriptions are simply excluded from
the sample. As a result a new sample of complete descriptions is formed [Little, Rubin, 1987]. In this case,
obviously, a lot of information can be lost.

In case of «imputation» the most suitable value for a gap is evaluated from the entire sample. General
methodology of «imputation» uses the sample means, median, random choice [Little, Rubin, 1987; Zloba, 2002].
In paper [Morin, Raeside, 1981] nearest neighbor algorithm was used. Recently Zhang [4] proposed a method of
«partial imputation». Unknown data is estimated by full description of the object in a small neighborhood of
incomplete descriptions. Delavallade and Ha [Delavallade, Dang 2007] proposed a new approach which uses
entropy to estimate unknown values.

In «projection»-methods (or «imputation by regression») feature space is reduced by one for each unknown
characteristic values. This requires a special construction of the classifier in the reduced space. Usually full
description from the training set for construction of an optimal hyperplane are used. In [Honghaj etc., 2005],
Honghai etc. investigated «imputation» - approach with the use of support vector machines (SVM) and conducted
its comparison with the replacement of the unknown values with mean, median, average of the next two values,
and the values of the nearest neighbor method. The results show that the SVM method showed the highest
accuracy in comparison to other methods. The algorithm of filling the gaps with maximum likelihood is well-known
and reliable (EM algorithm) [Little, Rubin, 1987]. The disadvantage of the method is low rate of convergence, if a
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lot of data is missed. In solving the problem locally optimal solutions are found. A probability model of forming
data is assumed reasonable.

In paper [Ryazanov, 2011] three approaches to the restoration of feature values are considered. The first is
based on the organization of the iterative procedure of the sequential refinement of missing feature values.
Herewith, the analysis of local information for each object with gaps is performed. The second approach is based
on solving the optimization problem. Previously unknown feature values are found according to the rule that there
is maximal conformity of metric relations between objects in subspaces of known values and their found spaces
of full descriptions. In the third approach, each missing feature value is found by solving a series of problems of
recognition.

In this paper, a numerical study of the first and third approaches in various model and real practical problems is
conducted. Same time a new model to detect unknown feature values is suggested. This model doesn’t require
presence of metrics for features. In the numerical experiments for comparison the «means» method is used
(replacement of unknown feature values with sample averages).
During restoring unknown feature values the following ideas are implemented:

- all training data objects regardless of the number of gaps in them are used;

- no probabilistic assumptions about the data sample are used;

- the only initial information is sample data;

- features in general are not independent and metric.
We assume that x, € {M ,A},M, = R, R - set of real numbers with the metric p(a,b)=|a—b. M, -
finite set of possible values of j — feature, which consists of all of its values recorded at the training data. Let the
set of pairs of indices J sets all unknown feature values of the objects of the ftraining set

J = {<i, j>,i =12,...m,j=12,..,n: X; = A} . The task of restoration of unknown feature values is to find a

sample  X*={x*,x*,..,x* } of ful descripions = x* =(x*,,x*,,..,.x* )

X, XxX;#*A, ) . -
x*ij = Y Y which «maximum corresponds» to sample set of partial descriptions X .
eM;, x;=A4,

1. Local method of restoration feature values

The idea is simple. Unknown values of feature should be similar to the known values of a small neighborhood of
the object. Firstly, all unknown feature values are filled with random numbers from the feature tolerance range

X; eM i =1,2,...,n, or are filled based on some a priori considerations. Then unknown values are
sequentially modified by a combination of & - neighbors method and shift procedure.

Fix a metric in the space of feature descriptions.

Step 0. Initialize the initial x.” € M ;, (i, j)  J . Obtain a table full descriptions.

Step t=1,2,.... We have x!" = (x!™,...,x™) . For each pair <i, j> e J calculate x™" *, as the average

i il 3> Vin
value of the feature with index j of k neighbors of x"  object. Set

O = x4V F xS0 jYed  x=xU" Vi, j)eJ . Here k is integer,

Xij i

1<k<m—1,0<6<1 - algorithm parameters. The step is repeated, until the stopping criterion is executed.
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As a stopping criterion are used the followings: the maximum number of iterations N , condition

2
(0 _ L D|" <
<E> X, =X ‘_g,etc.
i,j)eJ

Choice of metric, parameters &, N, &, k , initial values of the unknown features is made by the user.

2. Optimization method of restoration feature values

The essence of this approach is that missing values should take such values, with which the metric relationships
between objects in space of «full descriptions» maximally correspond to the metric relationship in subspaces of
«known descriptions» or «more known descriptions».

Let x;, X - any pair of training table rows. Introduce notation:
0 _ ,. | _ 00 _ 0 0 01 _ 0 1 10 _ ] 0
Q ={t:x, A}, Q ={t:x, =A}. Set Q' =Q;NQ;, Q' =Q;NQ,, Q7 =0Q;"Q,
11 _ Al 1
Q; =Q,NQ,.
The Euclidean metric is considered:

p(xisxj) :[ Z(‘xit _sz)2 + Z(xit _yjz)2 + Z(yiz _sz)2 + Z(yit _yjt)zJ , Where, for

tngo tEle teQ}ﬂ teQ}jl

convenience, the unknown values of x,, features are replaced with the variables y,, .

2
Then p*(X,,X;) :[Z(x” -x, 2) will be the distance between x, and x in subspace, in which the

teﬂgo

values of the features of both objects are known, and
1

2
p(X,X,) = [ D =x,)+ D (=) + D —xj,)zJ - the distance in subspace, in which

tng-O tEQg-] ttel-jO

the values of each feature for at least one of the objects are known.
In [Ryazanov, 2011] the problem of minimizing the following two criteria of filling the gaps was considered:

O((3,) = D (p(x,2%,) = N} p' (x,x))’

l:/:I
i>j
F(<yy.>) = Z(p(x[,x_/) — N, p™(x,,X,))* , where N, N;* - some constants.

i,j=1
i>j

This approach is visual and natural, numerical experiments have confirmed its prospects. However, there are
significant difficulties in its implementation, and adaptation to the data parameters. These optimization tasks have
multiple extremums, so the choice of the initial approximation and analysis of local optima is the subject of a
separate study. In addition, with a large number of gaps optimization task has a greater dimension and it should
be taken into account in the optimization method. It seems that a practical method for optimizing should
significantly depend on the degree of data incompleteness.

3. Restoring the features as a solution the problem of recognition

The task of restoring signs is solved sequentially for each pair <i, j> € J as a special recognition task. Let for

object X; from sample X value x; is unknown. Then we denote,
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Q. =1{Js Jrref. 1,0, =1k ky, sk} =1{1,2,...,n} \ Q. , where €, - set of numbers from {1,2,...,n}, for
which x,; = A . One considers that M, ={a,,a,,...,ay}, a=a, <a, <..<a, =b. The main task is to

recognize a, , which will be the true value for x,; .

General algorithm consists of solving [log2 N ]+1 dichotomous recognition problems. Assume we have some

standard recognition algorithm A4 , which according to training set X of features descriptions solves the
problem of classification with two classes K,,K,: 4 :X —> K(X), where K(x) e {K,,K,}, X - any

object to be recognized. Let's describe the general scheme of the reconstruction algorithm of feature values,
based on the solution of dichotomous recognition problems.

3.1. General algorithm
1. We have a set of numbers a = a, < a, <...<a, =b. Consider two classes:

K, ={x|la<x,<a- -},
5]

K=K nX, K2:{X|a[ <x,<b}, K,=K,nX,

N
g
2. Based on the training set {K,,K,} recognition algorithm A, :X = K(X) , K(x)e{K,,K,} is
constructed.

3. The task of recognition x is solved with classes K, K, .

4. If the training set of class K(X) consists only of objects x,,, forwhich X, =a,, weset x, =a, and the

feature value is considered to be calculated. Otherwise K (X) (and corresponding training objects) analogously
1) is divided into two sets of values a,,a,,...,a, , 9o to step 2) and the process is repeated for new classes. It is

clear that no more than after [log2 N ]+1 steps, we obtain the solution.

Let each feature has N i j=L2,...,n different values. Then one needs to solve no more than

Z([log2 N j]+1) training tasks. In practical calculations was used a model of calculating estimates, which
j=1

does not require prior solutions of laborious training tasks.
3.2. Algorithms for calculating estimates with non-metric proximity function

Considered further modification of the model calculation of estimates [Zhuravlev, Nikiforov, 1971] can be used for

object recognition with ordinal features by changing the proximity function. The set R is the set of real numbers.

Consider the proximity function of recognized X comparatively to the pair of objects x, n x_ :

B.(x.xx)= L, (x,<x,<x,)Vv(x,<x,<x,),VBeQ,
erTe 0, otherwise.

To calculate the estimates the expression (1) is considered:

~ 2
F(X):% B (XI,X,XT)
/ ‘K} (K/ —1) X, ,xf; A>T Q;:A ° (1)

It can be shown (similar to standard proximity functions [Zhuravlev, Nikiforov, 1971]), that there is a formula of
effective computing estimates (1):
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- 2

where d(xt , X, xf) = ‘{ﬂ:(xtﬁSxﬁSx,ﬁ)v(xTﬂSxﬂSxtﬂ)},ﬂ=1,2,...,n _
Natural limitation of the model is ‘IZ}‘ >2.

Note that the model of computing estimates in task of recognition unknown feature value x, can be used

«directly», without assigning any values to other unknown feature values in the learning table. For this, during

calculation of the quantiies @(X,>X,) (thereafter, d(x,,x,,x,)) it is sufficient to consider the cases

Pe®,NO, (thereafter, B € ®, NO, NO_). During solving the problems of recognition training data the

calculation of any parameters is not required.

4. Numerical results

This section presents the results of numerical experiments on simulated data and two real practical problems.
Because in fact all methods of reconstructing feature values require initial values, as initial values sample means
for known feature values were used («mean» or «average» method [Little, Rubin, 1987]). This choice was driven
by good results of given initial approximation and ability to compare the recognition results with the original
averages. In addition, with a large number of gaps, random selection of these gaps results in a large scatter of
reconstructed values and, therefore, leads to new task of choosing found values.

The experiments for each task were performed in the following way. Based on the training sample, sample with
gaps was built. Each line of a new sample has &% unknown features. This choice was performed randomly
according to uniform distribution law. Other feature values in new sample were the same as in initial sample.
Then unknown feature values were restored as the sample means.

Then they were «refined» with local method (method Ne1) or by solving the tasks of recognition (method Ne3).
Optimization method was not considered, some preliminary results of its application are considered in [Ryazanov,
2011]. As a criterion for the solution of the restoration task were used two approaches: calculation of the quantity

Yi(a)= ), ‘xi]. —x;‘/|J| or Wy(@)= | D (x;—x;)* /|J|, where x, — restored feature values. The
(i,j)el (ij)ed ‘ '

second approach is to measure the accuracy of the solution of the supervised classification problem on the
recovered data.

4.1. Restoring gaps for model problem

The model problem has been formed as a mixture of random samples, obtained according to a normal
distribution with 10 independent features. The advantage of the model problem is that we know the configuration
of classes. Relatively «complicated» model example was considered. The first class is the union of four samples
with 25 objects in each, features of which were created by normal distributions with means, respectively, 1, 5, 9,
13, and a variance 0.5. The second class was formed similarly, except that the features had mathematical
expectations 3, 7, 11, 15. Visualization of the original sample of 200 objects is shown in Fig. 1. (rendering
algorithm is described in [O Duda, Hart, 1973]). Figure 2 shows a visualization of a sample in which 50% of the
random features in each object are replaced with sample mean for the sample. Figure 3 shows a visualization of
the sample with missing data after unknown features values restoration. We see that the reconstructed data has
a smaller spread in class than after replacing gaps with averages. In Tab. 1 the results of recognition accuracy
under different levels of incompleteness a are shown. Each time a new sample was used. Implementation of well-
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known methods was used in system RECOGNITION [Zhuravlev etc., 2006]: « k-nearest neighbors » (k-
neighbors), « linear machine » (LM), « binary decision trees» (BT), «support vector machines » (SVM), «logical
regularities» (LR) [Ryazanov, 2007]. During the experiments, the task to select control parameters of programs in
order to build the best algorithms and further comparing algorithms hasn't been set. Values of their control
parameters were usually chosen "by default”. The aim was to compare different methods of reconstruction
feature values and to study the behavior of the separate method depending on the level a. The recognition
accuracy (the percentage of correctly recognized objects in the sliding mode control) of methods SVM and LM on
the original samples has amounted, respectively, 75.0% and 54.5%. Therefore, on this problem were considered
only « k- neighbors » methods (100%), «BT» (99.5%), «LR» (96.0%). Note that the number of nearest neighbors
of the "default" is 3, which explains the high accuracy of the method in this example.

S, LAY ‘::'.".'-.
R "%
g 2 . > ey
bR ! n
N < thuy
Figure1. Initial sample Figure 2. Replacement gaps with feature Figure 3. Restored data
averages
method\a 10 20 30 40

avr. | loc. | recog. | avr. | loc. | recog. | avr. | loc. | recog. | avr. | loc. | recog.
k-neighbors | 90.0 | 100 | 100 94.0 | 100 | 100 82.0 | 97.0 | 100 70.5 [ 98.0 | 99.5

BT 940 (99.0 1925 [93.0]985(880 |[915|975|940 |845|97.0]090.0
LR 725|980 |865 |505(97.0(810 [525(950(810 |515|945]|855
method\a 50 60 70 80

avr. |loc. |recog. | avr. |loc. | recog. | avr. | loc. | recog. | avr. | loc. | recog.
k-neighbors | 67.5 | 97.0 | 970 |645/905|845 |665|87.0]|665 |635]|780]728
BT 90.0 | 940|895 |845|885(880 |79.0|780 830 |800]|71.0]| 735
LR 585|865 |850 |47.0|80.0|740 |440|640|640 |555|66.5]|70.0

Table 1. Recognition accuracy after the restoration of feature values

The use of recovery methods 1) and 3) significantly improves the accuracy comparatively to filling with averages.
In gray are marked only those rare results when accuracy decreases. We see that for small and medium a the
best accuracy is obtained by the "k-neighbors", which is not surprising due to compactness of the subclasses.
The method of "LR" shows significantly higher results after application of 1) and 2) because the compactness of
classes is considerably improved.

Mean values for the three methods of recognition accuracy are shown in Figure 4.
1o n——lﬂ\__\ 0,25 /
;),1 /N e / —o—Tfalse

©
@

Recognition accuracy
N ® o w
a &8 & &
I
|

| /
g8
False

o N
@ o
@
a
9
@

—~
* 0 10‘20 30 40 50 60 70‘80 0 ; ‘10‘20‘30‘40‘50I60‘70‘80‘
@ o
Figure 4. The average recognition accuracy on Figure5. Dependence the criterion ‘¥, () at model

methods data
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During replacing the gaps with mean values occurs that ‘¥, (cr) = 0.26 . Dependence of the average values for
the algorithm ‘¥, («x) is shown in Fig. 5. On other tasks, this relationship had a similar appearance.

4.2. Restoration of gaps on the example of “wine” task

Original data of this and future applications are taken from [Frank, Asuncion, 2010]. This problem was set by
Forina, M. et al. (PARVUS - An Extendible Package for Data Exploration, Classification and Correlation. Institute
of Pharmaceutical and Food Analysis and Technologies, Via Brigata Salerno, 16147 Genoa, Italy. We study a
sample of 178 objects, which are the results of chemical analysis, expressed in 13 features, such as content of
alcohol, malic acid, magnesium, hue and others. The sample is divided into three classes (59, 71 and 48 objects),
corresponding to 3 types of wine made from grapes grown in the same region of Italy.

Visualization sample is shown in Fig. 6-8 is similar to visualization of model problem.

Figure6. Initial sample Figure 7. Replacement gaps with Figure 8. Restored data
feature averages

In Tab. 2 the recognition accuracy under different levels of incompleteness a is shown.
metoa\a 0 25 50 75

avr. | loc. | recog. | avr. | loc. | recog. | avr. | loc. | recog.
k-neighb. | 97.2 | 848 1 93.8 | 961 |83.1[831 | 89.3 | 764|758 | 79.2
LR 97.8 19551966 | 944 (1820|860 | 8.0 | 831|792 ]| 787
SVM 978 1949|978 | 9.6 [89.3 916 921 [871 |798 | 76.4
BT 94.9 1860927 | 938 1629|770 | 8.0 | 764|702 | 685
LR 949 1865 )9.6 | 927 [69.186.0 | 88.2 [0.00|79.8 | 66.3
Table 2.

It can be seen that for small and medium a precision of recovery with methods 1) and 3) for subsequent
recognition tasks is better than with the averaging method. However, with high level of gaps (here is the case of
75%) averages for the features are, apparently, more natural. The average value of accuracy here lowers the
presence of LR method. During recovering feature values by the method of «mean» with a large number of gaps
logical regularities in general are not found. Meanwhile, the average recognition accuracy without LR method is
80.5%.

4.3. Restoration of gaps on the example of “home” task

This problem of recognition the value of housing in the suburbs of Boston on set of 13 numerical signs (the crime
rate in the city, the concentration of nitrogen oxides, the average number of rooms in the home, the age of the
home, the weighted distance to five employment centers, etc.) is actually the problem of restoration of regression
[Harrison, Rubinfeld, 1978]. The problem of classification with 5 classes was considered by dividing the cost of
the house at intervals. Each class included, respectively, 16, 91, 93, 27 and 15 objects. The specifics of this
problem was in "ordering of classes." The accuracy of recognition by the five methods is presented in Tab. 3:
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metho 0 15 30 40 50

dia avr. loc. | recog. avr. loc. recog. avr. loc. | recog. avr. loc. recog.

k-nb. | 66.9 62.8 66.5 574 57.0 55.8 56.2 49.0 58.3 4.7 51.2 426 39.7

LR 73.6 68.6 66.9 67.4 65.7 65.7 67.4 62.8 58.7 57.9 59.9 483 55.0

SVM | 740 67.8 70.7 70.7 66.5 67.8 64.9 54.1 61.2 55.4 54.9 57.9 61.6

BT 65.3 65.7 64.9 59.5 53.7 61.6 64.5 55.8 53.3 61.2 50.0 54.1 471
LR 64.5 62.0 63.6 62.8 61.2 54.5 58.3 49.2 55.4 52.1 50.4 54.5 53.3

Table 3.
Here, the quality of all methods is about the same, due, apparently, to simplicity of the task.

4.4. Restoration of gaps on the example of “image” task

The problem of classification 7 types of images ("heaven," grass "," cement ", etc.) was considered. Data source:
Vision Group, University of Massachusetts, Carla Brodley. Image Segmentation data. Each class was
represented by 30 precedents, each of which was described by a set of 19 numerical features. The accuracy of
recognition with five methods is shown in Tab 4, and the average accuracy graph (of recognition methods) is
shown in Fig. 9:

method\a | 0 10 25 50

avr. | loc. | recog. | avr. | loc. | recog. | avr. | loc. | recog.
k-nb. 876 | 814|833 | 776 |738|795| 824 |633|68.6 | 668
LR 88.1 819|833 | 824 |762 824 | 754 |603 |689 | 627
SVM 90.0 | 838 | 86.2 | 83.8 |76.2|83.8 | 838 | 635|706 | 69.0
BT 848 | 852|848 | 829 |705|824 | 762 | 594 |69.0 | 59.7
LR 876|829 |89.0| 8.2 |752 852 | 80.0 | 295|686 | 63.3

Table 4.

100

95 +
20 +

85

== avr.

80

75 =fi= loc.

70 recog.

Recognition accuracy

65

60

a

Figure 9

Conclusion

Experiments conducted confirm a priori expectations. The accuracy of reconstruction of feature values with
methods 1, 3, is generally higher than simple averaging features. This is confirmed by both criteria: higher values
of the classification accuracy, and lower values of the mean square deviation of feature values. The ratio of
number of tasks where the classification accuracy of the solution after application of 1st and 3¢ method was
higher than accuracy of solving similar problems after averaging feature values is 107:37. Note that the thesis
"the more gaps the worse recognition" is sometimes not fulfilled, due to small sample sizes and conducting of
each experiment on a new sample. Creation of new algorithms to recover unknown feature values is important.
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Having a set of N different recovery algorithms A4',i =1,2,..., N, we can build sets {x',i =1,2,..., N} of
complete descriptions, corresponding to the original incomplete description x . Then, solving the problem of
classification for each of the objects {x',i =1,2,..., N} and using the procedure of constructing collective
decisions, we can construct the final classification for x . It appears that the collective classification accuracy of
x is higher than the accuracy of the classification of individual {x',i =1,2,..., N} .

This work was supported by the Program of the Presidium of RAS Ne 15 and Ne 5 "Basic Sciences - Medicine",

program Ne2 of Department of Mathematical Sciences RAS, RFBR projects 12-01-00912, 12-01-90012 Bel_a,
11-01-00585.
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ON A LOGICAL REGULARITIES BASED METHOD OF DEFINITE QUALITY
OBJECT SYNTHESIS

Alexander Dokukin

Abstract: In this paper a method of definite quality object synthesis is proposed. The quality is described only by
precedent information, i. e. examples of its presence or absence in similar objects. The method is based on using
of special logical regularities which come out of solving a standart recognition task. It is applicable in a certain case
of data and cannot be considered a general one.

Keywords: object synthesis, algebraic approach, pattern recognition.

ACM Classification Keywords: 1.5 Pattern Recognition — 1.5.0 General.

Introduction

The task which is considered in the present article arises in connection to a general theme of definite structure
protein synthesis. Yet we will try to abstract away from the application domain and to refrain from stating any
biophysical conclusions and even affixing of the proposed methods to a specific data. The only way we intend to
use the data is illustrating recognition quality at some point. Nevertheless, the end goal of this and following articles,
that is developing of a method for construction of polipeptide chain with the definite profile of structural information
and some restrictions to the amino-acid composition, demands such an interpretation. That is why the proposed
methods are designed with additional requirement of interpretability.

Problem stating

In general the synthesis task can be described as following. Let we have a sample of objects which do or don’t
have some quality. Let we also have some set of restrictions. The problem is finding an object that satisfies the
restrictions and has the quality. It is assumed that the initial sample can be strongly incomplete and inconsistent
that eliminates simple enumeration. In addition it is considered desirable to find an object that has the target quality
“in uppermost degree” for reliability of the solution.

Let’s write down the above-said more formally.
Definition 1. Aset P = { Py, ..., Py} will be called the alphabet and its elements will be refered to as letters.
Definition 2. By a word of length t a vector 5 = (31, . . ., B¢) will be considered, such that 5; € P.

Definition 3. A set B;x ... x By, where B; C P and either | B;| = 1 or B; = P will be called a template of
length t.

The meaning of a template is quite simple. It is a set of words restricted to a single specific letter in some positions
and unrestricted in others.

Let us have a training sample /31, . .., 5, of words of length n. Let this sample be split into two classes K
and K, that is words having and not having some p-quality correspondingly. Finally, let us have a template 7" of
length n.

Definition 4. By the elementary synthesis task we will call a search for the word 3’ € T', such that

g’ = argmaxd(B),
BeT
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where d(3) is an estimate of presence of u-quality in a word 3.

Remark 1. The task is called elementary since the length of the template is equal to the length of sample words.
The synthesis of a word by a longer template some parts of which are marked as having or not having the quality is
of interest also. Such a general task is not considered in the present paper.

The key quality of the task is that the spicific of the application domain doesn’t allow defining the functional d. That is
why it is proposed using the training sample for its calculation. Hereat it seems natural using recognition algorithms
for the purpose.

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

There is a theorem [Zhuravlev, 1977] among the basic propositions of the algebraic recognition theory stating that
any recognition algorithm A can be represented as a composition C'B. Here B is a recognition operator calculating
some realvalue estimates of class membership

{S1,..., Smya1,. .. am, S} 2 (Ty,...,T)) e R

and C'is a decision rule

Rl g (07 17 A)l Y
where A means denial.
Let’s construct a recognition operator B using synthesis training sample.

Definition 5. The functional d is defined as d(3) = I'1(8) — I'o(B), where 'y (3) and I'o(/3), are estimates of
the word j3 for classes K and K calculated by the operator B correspondingly.

Recognition algorithm

Now it is important to mention that all the experimental research of ideas and algorithms described here is made
with quite a specific data. The alphabet consists of 20 letters corresponding to amino-acid residues. The words
of length 5 describe information units [Nekrasov, 2004] that are basic segments of polieptide chain that can have
structure forming quality. The sample is divided into two classes by presence of the quality.

During initial experiments a recognition algorithm has been proposed that provides 88, 8% recognition quality
[Senko et al., 2011] for the task. There is a couple of drawbacks preventing the solution from being used in synthesis
task.

First of all, each letter was encoded by ten contiuous features. That alone complicates interpretation of any results
in terms of application domain. Ideally it is required to exercise synthesis based on a small number of simple and
interpretable rules. Consiquently a set of simple rules must underlie the recognition algorithm.

Secondly, initial test were carried out with a one thousand objects sample that has been split into two parts for the
case. Now we deal with a sample containing at least five hundreed thousend information units equally divided into
two classes. This quantities themself prevent use of conventional recognition methods. Besides, there is an five
percent overlap of classes that was not the case in initial study.

Thus, we require the recognition algorithm to have the following features:

1. recognition results must be interpretable in therms of application domain,

2. recognition quality must not be much worse than the previously achieved one,
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3. the algorithm has to deal with enormous data sets.

We propose using special kind of logical regularities [Ryazanov, 2007] for the task.

The regularities will be sought in form of templates (see Definition 3). Its significance will be determined by Fisher’s
test [Fisher, 1922] using the approximate formula [Vorontsov, 2007].

Definition 6. Let's consider a template T'. We will call it a logical regularity of class K1 with significance P(T') if

oxh
P(T) = —In ( X+Y> >0,

CxCy

where X = ‘{ﬁl, 75771} ﬂKll,Y = ‘{61776771} ﬂKQ‘,.%' = ‘TﬁKll,y = ’TﬂK()’.
Class K regularities are defined the same way.

Let Ry and Ry be sets of logical regularities of classes K and K correspondingly.

Definition 7. We will call an estimate I"s(3) of the word /3 for K s class the value

Ue{Ty€Rs | BET; T ¢ Ty, i#j}

Remark 2. As an estimate for the class a word gets sum of significances of all satisfied regularities of that class
minus sum of significances of satisfied regularities of the other one. Hereat if the word satisfies two regularities one
of which contains the other the latter’s significance is not taken into account.

The described method satisfies all the requirements we demand from it.

First, the templates of the proposed structure allow determining dependencies between letters in different positions
in a most explicit way. Nested templates then can be used to refine those dependecies if needed.

Second, the structure of logical regularities allows performing complete enumeration of templates for the required
ammounts of data.

Statement 1. Letn, m and p be the sizes of template, training sample and alphabet correspondingly. There is an
algorithm that calculates values x and y of Definition 7 for all possible reqularities in C' operations, where

C=n2""'m.
Hereat2 ((p + 1)™ — 1)) integer values is enough to store all the required counters.

Finally, we have achieved 78, 4% recognition quality after testing the method on an independent subset that was
equal to training sample in size (the whole set of data had been divided into two equal subsets for training and
testing). The quality is achieved with significance threshold 20. On the one hand, the quality is ten percent worse
than the initial one. On the other, we already mentioned that the new training sample has classes overlaped by
5, 2% objects. That is why we consider the result acceptable.

Synthesis algorithm

Template sizes in elemetary synthesis task also allow searching the solution by complete enumeration. But having
in mind possible generalizations we must take into account its extreme growth. That is why we consider important
achieving an algorithm less dependent of the template size even for elementary synthesis.

Let's consider atemplate 7' = By x ... x By,. Let B; = P, i.e. all letters are allowed in 4-th position.
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Definition 8. Let's denote by T'[i|~y the refining of template T" in the position i,

Tlily={B€T|Bi =1},
where ~ is some letter from the alphabet, v € P.

We propose the following synthesis algorithm. For each position 4 of the template in which the letter is not constricted
we determine it by the formula

v = argmax( Z PU) -
7P Ue(BieR: [ TIhC B

- 3 P(V)) .

Ve{BrERy | T[i]yCB}

It means that each letter will be independantly refined by the value that achieves the highest estimate as refinement
of the initial template. The estimate of the refined template is calculated as difference of significances of templates
containing it.

Theorem 1. Let the functional d be determined by Definitions 5 and 7. If the proposed algorithm finds a unique
solution for each unrestricted letter of template T' then it calculates the optimal solution of the elementary synthesis
task (see Definition 4).

Proof. Let’s prove the theorem ad absurdum. The following is the definition of the optimal solution of the synthesis
task 3

[’ = arg max Z PU) -

BET  Ue(ByeRy |BEBy,; Big B;, i#j}

- > P(V).

Ve{BrERy | BEBy; BiZ By, i#j}

Let there be a position & in which ~;, # 3;,, where ~; is achieved by the synthesis algorithm.
Let’s consider a set of regularities generating estimates of the optimal solution for the class K.

R,={By€ Ri|5 € By; Bi ¢ B, i # j} -
This set is divided into two parts
R, ={U|Uy=B,} U{U|U, = P} .

Hereat the second item takes part in estimation regardless the letter in position A. The first one consists of the unique
element U such that T'[h]3;, C U. Indead one such regularity must exist by the theorem condition because the
algorithm comes to a solution. Refinements of the regularity in turn do not take part in estimating.

Since the regularity U must be used in search of ;, by the synthesis algorithm definition, we come to a contradiction
that proves the theorem. ]

Since we don’t have exact criteria for estimating synthesis algorithm quality, that for example can be used in
comparison of two methods, we will show some indirect indicators achieved experimentally. For the experiment
the same testing sample was used that consisted of the half of initial data. For each word a template was generated
by removing two letters in random positions. Theese templates were used for synthesis without dublicate filtering.
Synthesis algorithm was made searching structure forming units if the initial word corresponded to a structure
forming one and vice versa.

It is important that in all cases the proposed algorithm has come to a solutions, i.e. the theorem condition was
satisfied. Hereat in most cases both letters were changed comparing to the initial ones that seems natural.
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Only in 39, 7% of cases the synthesized word was found in the initial sample (among all the five hundred thousand
objects) that justifies its name in some kind. Among them in 91, 1% cases the target class matched the class of the
found precedent.

Conclusion

In the present paper a synthesis task has been described, i. e. the task of searching for an object of definite quality
that is described by a set of precedents. An approach for solving the task has been proposed. An algorithm has
been constructed for an important task family.

At the same time the question of formalizing the method quality estimate remains. Its solution as well as different
generalization of the task, such as synthesis by the longer template or number of classes growth, are the most
obvious ways for developement of theese results.
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MODELING OF AN INTELLECTUAL PROBLEM SOLVER BY TRANSFORMATION OF
SEMANTIC MODELS

Elena Shalfeeva

Abstract: The method of construction of a problem solver of intelligent software by transformation of its models is
presented. The representations of all these models are convenient both for the person and for program
processing. Based on this method supporting tools for intelligent software engineering will be constructed.

Keywords: intelligent software, problem solver, maintenance, hierarchical semantic network.
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Introduction

An automation of intelligent professional activity is widespread sphere of application of efforts of IT specialists.
Modern software systems optimize circulation of documents, keep account expenses, form reports and personnel
work records. However such program complexes don’t include any tools of support of experts’ decision-making
[Benouepkosuesa, 2010].

Successes in automation of support of decision-making of intellectual tasks are related to knowledge-based
systems. But in spite of considerable successes in area of the theory and technology of their creation, they didn't
take noticeable practical use. As a rule, such systems are created within research, innovative program projects
and don't develop further in view of viability problems [Knewes, 2011].

Nowdays the creation of the integrated complex of problem solvers, knowledge bases and tools of their
maintenance is expected from automation of an intelligent professional activity [Knewes, 2011; PymsHuesa,
2007]. Some subsystem which solves some intellectual problem or gives support in decision-making, using the
knowledge base, is called here as a problem solver. The integrated complex has to be scalable and controlled
[Knewes, 2010]. It demands the integration of the ideas from artificial intelligence with the approaches of modern
programming [LWandeesa, 2013; I'pnuboea, 2012]. The new approach to development of the controlled long-living
intelligent software with conceptual knowledge base is presented in the [Knewes, 2010]. It is based on the
hypothesis of separation of declarative and procedural components in specialized solvers.

The purpose of this research - to develop a method of transformation of domain and functional models of a
specialized intellectual problem solver to its declarative design representations. Such method is necessary for
creation of tools for development of maintainable intelligent software (ISW).

The Creation of functionality models of a solver

The result of system analysis (for automation of intelligent professional activity) are the set of models of subject
domain, system and its subsystems [Krnewes, 2012], among them — the domain ontology, the mathematical
statement of each intellectual problem, algorithm of execution of each such problem. Domain ontology consists of
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two parts: “reality ontology” (the structure of the input and output data) and “knowledge ontology” (the structure of
knowledge used by experts).

A developer of mathematical statement of problem, as a rule, defines a method of the problem solution. The
example of method of diagnostics in medicine — "search of all possible values of the diseases; for each disease
the following is carried out: forming of all possible variants of each cause-and-effect relation development and
searching among all of them the variants corresponded to values of patient signs” [MockaneHko, 2006]. The
analyst or knowledge engineer builds the algorithm of the execution in according to the method of problem
solution and the knowledge ontology. The most traditional representation for algorithm is the flowchart. This
algorithm can be presented and as step-by-step transition from a compose task to elementary subtasks.

An example. The fragment of the algorithm for diagnostics [MockaneHrko, 2006] can be presented so:
“..to check the hypothesis ‘the patient is healthy*;

(to organize the Cycle on observed signs;

((to check the hypothesis “all observed values of the sign can take place at any healthy patient;
to record the value of a sign, if it disproves the hypothesis))
to sum up the hypothesis analysis);...”.

Before designing of each subsystem the detailed analysis of its functions is carried out. The functional model of
any problem solver can depend on the user requirements also.

Universal approach to software functionality analysis is partitioning [Pressman, 2001]. The subtask of some level
(consecutive or having some options of possible actions) breaks into some less complex subtasks. For some of
them it can be necessary "cyclic address". Thus, the hierarchical model of subtasks is the reflex of algorithm
contents with addition of input and output subfunctions, and probably subfunctions providing some user
requirements.

The variant of representation of this model is following. It is advisability to keep hierarchical model of solver's
subtasks (HMsT) in the form of a hierarchical semantic network (HSN).

During partitioning it is important to distinguish, whether element of hierarchy of some level consists in "simple"
submission or in "cyclic" submission, and whether it will be "optional" [Mori, 2002].

Meta-infomation for HMsT (i.e. the structure of HSN containing HMsT) can be described as follows (alternative
elements of a network, nonempty and any sets of elements are marked here with qualifiers “alt’, “set” and
“setmm”):

task {
name: string;
structuredness: ~alt (the consecutive; with - options)
~set subtask
{ subordination: ~alt (in "simple" submission;
in "cyclic" submission;
"chosen on a condition”)
HaseaHue: cmpoka;
-> structuredness;
[~setmm {—> subtask }] }}.
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Traditionally the software requirements analysis presents an associations of functions with received and modified
elements of information. For the accounting of all processed data of a subsystem every used (or modified) data
can be classified to one of three types: stored, received interactively, formed during decision and not-stored.

The expanded model of subtasks (EMsT) enriches HMsT with associations of data. The variant of representation
of this model (meta-infomation for EMsT) is following.

task {
name: string;
structuredness: ~alt (consecutive; with options)
~Set subtask
{ subordination: ~alt (in "simple" submission;
in "cyclic" submission;
"be chosen on a condition”)
hame: string;
-> structuredness;
~set used data { data name: string;
availability: ~alt { stored, interactive, in process};
~set modified data { -> data name; -> availability };
~setmm {~> subtask }}}.
An example. The HSN fragment for EMsT of a solver of medical diagnostics is presented in the next figure.

subtask

estimation of a hypothesis "the sign in the norm"

subordination consecutive
used data

modified data

cycle Norm. Sign [data name]
P ammete_r 4 Supervision Diary. Explanation. Hpothesis “Healthy”.
rsllagnl:eg ata Record [data name] Disproving sign [data name]
vailability availability
availability
stored

Figure 1. The HSN fragment for EMsT for a subtask of estimation of a hypothesis "the sign in the norm".

The Creation of architectural representations of a solver

Software system Designing includes the construction of architectural representations of each subsystem.

In the course of architectural design of rather independent subsystem (such as the solver) designers focus
attention, first, on modular decomposition and functionality distribution between these modules (units), and
secondly, on control modeling — definition of interaction between units [Pressman, 2001]. Quality of the solver
realization and possibility of its maintenance depends on these architectural models [Pressman, 2001, bacc
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2006]. Procedures, functions, objects\classes, agents or others can become the units of a specialized solver,
depending on approach to its realization.

The construction of a specialized solver by means of call-return architecture can be carried out by known design
methods [Pressman, 2001]. In the other approach to architectural designing of the specialized solver processed
knowledge and data in the form of ISS, there are two types of units. The first type — the active, rather independent
units communicated each other by means of messages (let's call them agents [['puGoBa, 2012]), the second type
— the operations over classes of semantic networks. For such architecture at first the model of necessary is
defined agents (according to models of subtasks), then the interactions between units are modelled, further
necessary operations are designed.

Model of all needed units. The functionality (presented by HMsT) has to be distributed by the corresponding
quantity of units. It is specified how agents involve each other for cooperation. The agent can be made of two or
more structural units (blocks) corresponding to strongly coupled subfunctions.
The variant of representation of this model is following (for above-designated "agents-approach").
network of agents {
root agent :string;
~ set cooperation {
agent-collaborator name :string;{
agent type ~alt (coordinating, processing, grouping)
~ setmm ->cooperation } } }
The method of models transformation: root agent is confronted with the main task; agents with two blocks are

confronted with "composite” tasks, processing agents - with “leaf” subtasks. For optimization of units number
some “leaf” subtasks can be realized as complementary blocks of certain agents.

An example. The HSN fragment for “network of agents” of medical diagnostics solver is presented in the next
figure 2.

Here unit for Hypothesis “Healthy" for own performance has to check "normality" of all relevant signs, therefore it
(for each of signs) addresses to unit “estimation of a hypothesis "a sign in the norm". After all patient’s signs will
be estimated, the general conclusion is formulated, whether he is healthy.

Model of control flow between units. The model of agents communication by messages (called by control graph)
is intended for its use at a runtime: the processor gets to know about the recipient of the next message from this
model. By changing of elements of this model, it is possible to influence a solver’s configuration.

The model of control flow between units is being constructed on base of model of subtasks and a network of
agents. The method of control graph construction can be follows. For every communication specification one of
reusable message templates is selected (or the new template is specificated and designed). The agents,
confronted to subordinated subtasks, receive the message by “task” template. The agent for a subtask in "simple"
subordination, as a rule, forms the response message on the “feedback” template, and in "cyclic" subordination —
"for cycle communication" template.

The most convenient representation of control flow between units for person’s perception is in the form of graph.
However HSN- representation is needed to support uniform storage of all models of a solver. For example, the
representation of control graph nodes may be following.

~ set agent’s block node{

block name :string;
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name of the agent :string;
launching message template : $ template}.

An example. Fig. 3 shows some fragment of the control graph defining a scheme for transmitting messages
between agents for medical diagnostics problem solver. The agents with several blocks are depicted with multiple
entry points.

Construction Explanation

COMPYOHUHECMEO
CcOmpyOHUUeCmEq,
estimation of a hypothesis «Healthy» estimation of a hypothesis «there is a disease»
compyOHUUecmeq, J 610K /\
to conclude about health

estimation of a hypothesis
""the sign in the norm"

Figure 2. The fragment of the model of all needed units for medical diagnostics solver

Sa

[ ’construct the explanation

\ask feedb&
Eestimate hypothesis W task

task

or cycle ‘stimate of a hypothesis
for one disease

cation

T

|

1
estimate ‘ v
a hypothesis "the sign

in the norm

task

Figure3. The fragment of the control graph for medical diagnostics problem solver

Further designing is aimed to addition in architectural model of information communications of units, associations
with information resources (IR). It is aimed to designing of separate units (adapted for a reuse). For ensuring
quality of each solver of ISW it is required to construct such models as the design of information communications
of agents, the specifications and interfaces design of each agent and designs of each IR with sets of operations
of access to these stored IR.

Conclusion

For increase of the maintainability of systems, automated the intelligent activity, the new approach to the
development of each of its subsystems (intellectual problem solver) has proposed.

This approach is relevant for systems in which knowledge base, the first, are controlled by the experts, secondly,
are stored in the conceptual resources (semantic networks), and, the third, are available by software.
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This approach consists of the representation of results of problem solver development in the form of the
declarative models clear to the developer. Architectural models of solvers under construction are realized within
the declarative agent programming [[pubosa, 2012]. Decision-making agents, which process data or use stored
knowledge, have means to access to the semantic networks storing data and knowledge.

The retention of declarative models in the form of semantic networks provides convenient program access to
them. Existence of such access to all solver models and existence of a method of transformation of one
(semantic) models for construction of the following models are base for creation of those intelligent systems
development tools components, which support designing of solvers.
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MODELING OF THE ORGANIZATIONAL AND EXPERT ACTIVITIES OF THE
SCIENTISTS AT THE INSTITUTE OF MATHEMATICS AND INFORMATICS,
BULGARIAN ACADEMY OF SCIENCES, IN 2005-2010

J. Tabov, S. Hristova

Abstract. In September 2010 attestation of the scientists at the Institute of Mathematics and Informatics of the
Bulgarian Academy of Sciences (IMI-BAS) was held. The data in the attestation forms give us the opportunity of
doing evaluations and analyses of different aspects of the scientific activities in IMI and on the basis of these to
do forecasts and recommendations for the future development of the Institute. It was already made for the
research activity — the analysis of the results and forecasts about it is the subject of the paper [Tabov, Sotirova
and Hristova, 2012]. The subjects of the present paper are the organizational and expert activities in IMI. Our
research rebuts a logical expectation — that the amount (more exactly, the average amount) of the expert activity
of the scientists in IMI increases in the course of time and with the accumulation of experience; at the same time
our research generally confirms an analogical expectation about the organizational activity.

Keywords: research policy, science, attestation, BAN, IMI.

1 Evaluation, attestation and administration of the scientific activity

If such attestation is held periodically, it could be used for researching of the alterations in the creative activity and
other activities of the scientists during different periods. Similarly, their scientific-organizational, learning-
educational and other activities could be monitored. The conclusions from these researches could be helpful and
should be taken into account when someone makes administrative decisions.

The attestation in IMI in 2010 was part of a general to BAS procedure undertaken within the framework of the
efforts to reform the Bulgarian Academy of Sciences and its units. The indicators for evaluation in the
attestation forms and given points were and still are subjects of discussions and criticism, often reasonable.
But, on one hand, the evaluation and attestation are significant for the administrative solutions and could serve
as a reference point and self-control of the scientists, and this makes them necessary elements of the modern
organization of the scientific units and institutions. On the other hand, development of appropriate criteria and
scales for evaluation is not trivial and should be based on some experience; that is why the attestation in IMl in
2010 is the first step in the right direction.

Many colleagues think that not only the BAS, but the whole field of science and higher education in Bulgaria
should be fully reformed. Independently of those if these reforms will be undertaken in each institution
separately or they will be general, we believe that they should be preceded by careful evaluations of the
scientific manifestation of the researchers and units. What is more, procedures for attestation and evaluation
should be carried out periodically.

Holding of a large-scale attestation of the scientists at BAS is a positive thing. Unfortunately, the universities in
Bulgaria, which for the present neglect the control of the quality of the education and science, did not follow the
example of BAS.

That is why the scientific community should put a lot of effort for the gradual establishment of adequate
evaluations of the professional abilities and manifestation of the scientists, which to stimulate their creative
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attitude and, at the same time, to help the governing bodies of the scientific units and institutions with taking
the right administrative decisions.

The analysis of the results of attestation, which we will show below, is also connected with an extremely
important for IMI problem: “aging” of the scientists in the institute. The average age of the researchers is
constantly growing and the young scientists are rare.

2 Presentation of the results of attestation

The staff with scientific functions filled in special attestation forms with a description of their activities in the
period 2005-2010 and data about the results of them. The number of scientists filled in attestation forms is
133.

The indicators for evaluation were grouped into several sections:
[.  Research activity.
[l Applied research activity.
lll.  Learning-educational activity.
IV.  Scientific-organizational activity.
V. Expert activity.

The analysis of the results from research activity, the construction of a special model and relevant forecasts and
recommendations are objects of a specific paper [Tabov, Sotirova and Hristova, 2012]. Here we use the same
methodology to analyze the results of scientific-organizational and expert activities in IMI for the mentioned

period.

Fig.1. shows the distribution of researchers filled in the attestation forms, by age. Fig.2. shows the distribution of

total sum of points given to the scientists, by age.
The next graph — in Fig.3 — shows the average sum of points got by a scientist born in the respective year.
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Figure 1. The distribution of scientists by  Figure 2. The distribution of points by age  Figure 3. The average sum of
age. The abscissae are the years of birth, of the scientists points, by age of the scientists
starting from 1943

The evaluations of the activities in IV and V sections of the attestation (“IV. Scientific-organizational activity”
and “V. Expert activity”) are of special interest to us. The next two graphs (in Fig.4 and Fig.5) are analogous
respectively to the graphs in Fig.2 and Fig.3 but they are based on the evaluations for IV section only. Fig.6
and Fig.7 show the evaluations of the activities in V section.
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Figure 4. The distribution of points for Section IV by

age of the scientists.
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Figure 5. The average sum of points for Section IV, by

age of the scientists.
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Figure 6. The distribution of points for Section V by age
of the scientists.

Figure 7. The average sum of points for Section V, by
age of the scientists.

3 Analysis of the results

We can analyze the above shown results if we know the purpose and some details of attestation.

In fact, it gives a numerical evaluation of the activities of scientists, scientific bodies and organizations during
the period 2005-2010. But subject of this paper are mainly some specific aspects and results from these
activities.

To illustrate the process of attestation we will mention some of the rules for evaluation of the activities in IV
and V sections of the attestation form — Scientific-organizational and scientific-administrative activities, and
Expert activity. In each section are separated several subsections:

IV. Scientific-organizational and scientific-administrative activities
4.1. Participation in administrative bodies of BAS
4.2. Participation in administrative bodies of Specialized Scientific Units in BAS
4.3. Participation in organizational and program committees of international and national scientific forums
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4.4. Participation in scientific, expert councils, commissions, etc. in the field of science and higher education in
Bulgaria and abroad

4.5. Participation in administrative bodies of scientific institutions, organizations and universities in Bulgaria
and abroad

4.6. Participation in editorial boards and councils of national, foreign and international scientific journals

4.7. Prizes

V. Expert activities carried out as a scientist at the Bulgarian Academy of Sciences
5.1. Participation in state and governmental bodies
5.2. Participation in national and international councils, commissions and other public bodies and organizations
5.3. Expert, consulting and other activities to help institutions and administrative bodies
5.4. Public reviewer’s activity
5.5. Anonymous reviewer’s activity

In the subsections are counted the activities for which points are awarded. For example, we have the following
activities in subsection 4.2.:

4.2.1. Director, deputy director, scientific secretary, chairman of the General Assembly, chairman of the
Scientific Council

4.2.2. Deputy chair, secretary of the Scientific Council

4.2.3. Member of the Scientific Council

4.2.4. Member of a commission or other structure with expert functions in Specialized Scientific Units
(certifying commission, etc.)

4.2.5. Head of Section (laboratory, sector)

4.2.6. Scientific Secretary of Section at the Institute of Mathematics and Informatics, BAS

The points, fixed for these activities, are:

4.2.1. 25 points per year

4.2.2. 10 points per year

4.2.3. 8 points per year

4.2.4. 3 points per year

4.2.5. 6 points per year

4.2.6. 5 points per year

The activities in the other subsections are evaluated in a similar way.
Let us look at the graphs shown in figures above and see what follows from them.

Fig.1 shows that the group of scientists which are 56-62 years old (born in 1948-1954) is numerous (51
people); one can say that it is the core of the Institute. Together with the elder colleagues (born before 1948 —
17 in number) these scientists (over 55 years old in 2010) are 67 in number, i.e. they represent more than half
of the scientific potential of the Institute.

Or, in other words, at this rate of development of IMI, in 2014 the half of its scientists will be over 60 years old.
In our opinion, the average age of the scientists in a research institute as IMI should be around 48-50 years
and the number of scientists that are 25-40 years old should be not less than that of scientists over 55 years

old. From this perspective, the age distribution of the scientists in IMI is unfavourable and this fact marks a
tendency to its deterioration in the future ([Tabov, Sotirova and Hristova, 2012]).

The negative predictions for the future are enhanced by Fig.2 and Fig.3. They show that the scientists over 55
years old give a large contribution (82526 points) to the total volume of scientific events in IMI (143655 points).
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If we imaginatively move the left end of the graph in Fig.2 to the right till 1955 we will see that a large amount
of scientific activities will be left out of IMI results ([Tabov, Sotirova and Hristova, 2012]).

Fig.4 and Fig.5 show that the group of scientists over 60 years old is the most engaged of all groups in
scientific-organizational and administrative activities: their average sum of points is greater than 100. To a
certain extent unexpected is the sudden decrease in the same activities of the scientists which are 52-58 years
old (i.e. born between 1952 and 1958).

Fig.6 and Fig.7 show that the group of scientists between 44 and 52 years old and the group of scientists over
60 years old are the most engaged of all groups in expert activity (i.e. the average sum of points is bigger than
60). Here we see the same sudden decrease (as in Fig.4 and Fig.5) in the expert activity of the scientists
between 52 and 58 years old (i.e. born between 1952 and 1958). This poses an interesting problem. Of
course, we can suppose that this decrease is determined from the fact that the scientists direct their efforts to
doctor degrees and dissertations but we need additional researches to understand the reasons for this.
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METHODS AND MODELS FOR SELECTION OF RATIONAL SOLUTIONS IN
DECISION-MAKING SYSTEMS

Oleksandr Kuzomin, Mikhail Shtukin

Abstract: The problems of analysis and synthesis of the intelligent systems for decision-making under conditions
of uncertainty and multi-objectiveness are considered. The models and methods for the multi-objective
presentation of emergencies are developed taking into account the micro situation concepts and knowledge
quanta under conditions of uncertainty.

Keywords: decision-making, extreme situations, solution models, micro situations, knowledge engineering.

Introduction

Analysis of development of natural catastrophic phenomena on the Earth shows that despite scientific and
technological progress protection of people and techno sphere against naturally occurring dangers doesn't rise.
Annually the number of victims of destructive natural phenomena in the world increases by 4,3% and preys — by
8,6%. Economic losses increase on the average about 6% per year. At present there is an understanding in the
world that natural catastrophes represent the global problem being the source of the most profound humanitarian
shocks and it remains one of the most important factors defining the stable development of economy. The chief
causes for retaining and aggravating of natural dangers are as follows: the increase in anthropogenic action on
the environment; irrational placement of the economy objects; settling of people in the zones of potential natural
danger; insufficient efficiency and lack of development of the environment monitoring system: weakening of the
state system of observation over the natural processes and phenomena; absence or a poor state of hydro
technical, anti mudflow and other protective engineer constructions as well as protective afforestation; insufficient
volumes and low rates of seismological construction, strengthening of buildings and structures in seismically
dangerous areas; lack or insufficiency of cadasters of potentially dangerous areas (regularly flooded, particularly
seismically dangerous, sill dangerous, avalanche dangerous, tsunami dangerous etc.).

An extremely complicated decision-making (DM) problem before and after extreme situations (ES) emergence
has to be solved under uncertainty and multi-objectiveness conditions. Artificial intelligence (Al) methods are
used in solution models and methods [1, 2, 3].

But the hope to receive efficient solutions requires additional investigations in many applications.

It is pertinent to note that the information collected from different sources and at different time is aging [4]. To
increase the reliability the rate of inquiry into the date transducers and sources is associated with some delay.
Moreover, change in the situation during the period of the ES prediction often represents a random process and
collection of the precedent and ontological information is always associated with a time factor and variations in
the information quality and quantity. This is, by no means, incomplete enumeration of the factors acting on the
information aging [4].

The information aging, development of rational knowledge base for making decisions with minimal expenditures
of time and material resources when preventing ES and eliminating their results should be taken into account
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when developing the quantum approach to the knowledge engineering [3] the concept of algorithmic structures of
k — knowledge [1,2] and concepts of micro situations {Siti}, i=1n [3]. In this case using data and

knowledge systems analysis one should estimate the micro situation taking into account the information aging, its
reliability and value of knowledge quanta, revisions or additions of quantitative and qualitative data during
estimation and overcoming of the ES results, which act on changing the ES development scenario, machine
algebras needed for quantitative and qualitative estimation of the ES. The number and numerical sequence
described by the knowledge quanta of the Ot level; the vector or function described by the quantum of the 1st
level; the matrix or composition of functions described by the quantum of the 2" level etc. [1] are needed to
reveal micro situations [2, 3] according to the theorems of Godel and Gabor [5, 6]. In this case it is necessary to
realize the principles of self-organization of the model, of the outer addition, Godel approach at self-organization
of the models, to take into account the outer criteria of models selection, to carry out partitioning of the data table
into parts, to use the hypothesis of selection and principle of conservation of freedom in choosing, to apply
heuristic methods, to realize simultaneous simulation at different levels of generality of the language of the
mathematical description of objects [6].Optimal complexity of the ES prediction models is defined by the
uncertainty and multi criteria conditions.

Setting of the problem

The problem - it is necessary to develop models for prediction of natural emergency situations which will give
the possibility to raise reliability and safety of the quantitative data of the situations analysis, knowledge base and
provide efficiency of prevention and elimination of the natural emergency situations results.

Solution of the problem. The problem of control and prediction of the natural environment Siz . To solve the
problem stated above it is offered to introduce the optimal procedures of prediction Prp and search for Prr
solution.

The procedures Prp are carried out using the models — {Mod } which represent the properties of the natural
environment in the ES zone of control and give the possibility to predict the ES coming with a sufficient degree of

precision as soon as possible. In so doing the Prp procedures should be realized as best as possible the

requirements and characteristics of the statistical model {Mod } for defining the set of micro situations for

fsit}i=11

Notation of the micro situations has the following form presented in fig.1

precedent data

In this case it is possible to separate a set of the knowledge quanta {kz j}’ j= ﬁ of the best ontological
solutions. Besides the geo information context G, n = E , the already obtained ontological experience for the

knowledge quanta is singled out in the form of the best rational solutions from the set of resources {Re s} ,
which can be or must be at the disposal of the decision-making person (DMP).
In the general form the ES class pattern for modeling of the object-oriented mode can be defined as follows:
Emergency situation (ES):=

Group microsituations |for several points of control
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declaration-concepts of a group —microsituations|
declaration-concepts of a property-properties -notions
group-of microsituations

group-of microsituations :=
Precedent microsituations: ;

microsituations :=
microsituation 1;

microcituation 2

microcituation N.
microsituation i:=
central-concept. |
central-concept, geo information context.

secondary-concept, making decisions.

Micro situation

has contains
Class of Micro Geo
situation L~ information
context
Internal name in Model of
DB and KB odel o
—> micro
situation
Connection with Complex of
other precautions
microsituations .
Technical <]
resource
Human <
resource
List of means and actions of the

rescue service

Figure 1. Micro situation notation

Precedent knowledge kz j quanta are defined for the corresponding geoinformation context in the ontological

areas of ES. Procedures Prr should ensure making of rational decisions on the basis of the systems analysis of
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the precedent data and knowledge base with the best ontological decisions. The Prr procedures in the rational

decision search methods use switching of the controlled and precedent microcituations models built on the data
and knowledge bases.

As a whole the problem of simulation under uncertainty conditions can be specified formally by a set of the
following form

s = (Mod. R (Mod, F(Moa). F(s5)))

where Mod = {Modl,...,Modm} — is a set of formal or logical-linguistic models based on the precedent data

and knowledge of the situation which realize definite intelligent situation functions;

R(Mod) —is a set of rules for selection of the microsituations representing the data acting the most strongly on
the origin of ES, on the needed model or a totality of models in the current situation, i.e. the rules for realization of
the mapping R(Mod) : Sit — Mod, where Sit —is a set of the possible situations (states) which can be either
an open one, or Sit" — M, where Sit’ — is some set of the generalized microsituations (states), for example,
normal (standard), anomalous or emergency, the model change takes place when falling within them;

F(Mod) = {F(Modl),...,F(Modm )}— is a set of the modification rules of the models Mod ,, m = W

Each rule F(Modm) realizes the mapping

F(Modm) :Sit" x Mod ;, — Mod’,

!

where Sit" < Sit,Mod,, —is some modification of the model Mod, ;

Mod,, - is the modification rule of the proper model system SS - of its base constructions

Mod, R ( Mod ), F( Mod ) and, probably, of the rule F(SS) itself, i.e. F(SS) realizes a diversity of mappings
(Mod), F(Mod)

(or a complex mapping)
F((S8): Sit” x Mod — Mod’,

sit” x R (Mod ) — R’ (Mod)

Sit” x F(Mod ) — F'(Mod )

sit” x F(S8) - F'(8S)

where Sit”" <, Sit" nSit'=@, Sit" nSit"=& i. e. the given type modification rules are used in the
situations when the available sets of models, selection rules and modification rules are insufficient for searching
for a decision (decisions) in the problematic situation at hand. In this case both the internal means for models and
rules (hypotheses) generation, and the external meta knowledge representing the pragmatic aspect of the
problematic situation can be used for modification of F(SS).

The particularity of the ES appearance is associated with variations in the environment, the decision-making is
accompanied by limitations or insufficient resources which are available to a DMP. The decision which has been
made is generally called a rational one. Such a decision is made in the course of a very limited moment
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ty € [tn,tk], where t, — is the interval low boundary, tk— is the interval upper boundary, but sometimes

even this time is insufficient. Thus it is offered to use the data and knowledge precedents ontological experience
in the given work to solve this complicated problem.

Ontological quantitative and qualitative precedents distinguished for successful and qualitative solution should be
used in the constructive solution to prevention or eliminate the ES results, as it was mentioned above.

In this case it is necessary to strive for the optimal decision using the allowable resource set {Re sc} ,c=1C

ResO = arg extr Q(Resc),c =1,C,
Res;

where the symbol argextrQ (Re SC) makes it possible to define Res. — quantitative and qualitative means

of evacuation, announcement, building-assembly means for elimination of the ES results or its prevention,
communication means etc.

So, to eliminate results or prevent the ES it is important that the decisions made by the DMP should be timely in
the specified time interval and solve the problem in a sufficiently complete and complex form. That is why it is
necessary to solve the multicriteria problem of optimization taking into account the local criteria presented by the
criteria finite sequence

QZ = argReSieé‘{[rRes} <Q(Res)>, Vi=1K,

where K —is the number of local criteria;

QZ — is the local criteria finite sequence presentation, among them there can be: minimization of a risk, material

resources for prevention or elimination of the ES results, minimization of time expenditures for searching rational
solutions, time for announcement of population about the ES threat, maximization of protective constructions
reliability etc.

In this case the valid decision of the set problem can be presented in the following form:

{Prp,Prr} 0
{Xk , Xq ,Mod, Sit, kz, Q} —— > Res .

Mod — is the model of the ENS presentation should reflect the connection between natural situations with the
search of the managerial, organizational solutions and will require the necessary resources - Res, directed to
prevention or elimination of the emergencies consequences which ensure the minimum risk for a human being
vital activity R .

In other words, to solve the problem set above for the controlled situation of the environment in the specified
controlled region it is necessary to develop the model of the ENS in the following form:

Modm: I%xtr Mod{Xk,Xq,‘R,Res}.
r eR

Integration of the indicated elements in one model can exist if the following regularities are taken into account:
A — associations; IT — sequences; K — classifications; KL — clusterizations; Pr — predictions.
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Association occurs in the case if the current problematic natural situation Sit,, where t — is current time and

preceding or the precedent situation occurred earlier Sit; were related. There is a

communication A : Sit; — Sit; .
o =1 t ; — -
ForIT itis true IT:Sit; ~ — Sit; as there is a sequence of situations connected in time.

Using the classifications Sit; = Kl{(Siti € Klkr) v (Siti e Kl_j, )} , where K . —is a class of emergencies,

and K_j . — is a class of not emergency situations, the features are revealed through the introduced

microsituations [1, 2, 4], which characterize the group of situations, one or other situation belongs to this group [2,
3]. This is performed through the analysis of the already classified situations and formulation of some set of rules
3, 4].

Clusterization of differs from the classification in that the groups themselves are not set in advance
Sit; = Kl{(Siti € Klkr) v (Siti e Kl_y, )} . The Data Mining means separate independently different similar

data groups using the clusterization.

Under conditions of uncertainty and multicriteriality the informative core of the offered knowledge-oriented
microsituation approach to prediction of the ES and decision-making before and after the ES rise is solution of the
following problems decision:

1. Formalization of different level k — knowledge, estimation of sets of microsituations for these levels,
taking into account the information aging and self-organization of the ES mathematical models
corresponding to the principles of the non-final decisions of D. Gabor, external addition of Godel and
mass selection of A.G. Ivakhnenko.

2. ldentification (recognition), proximity to the standard situation.
3. Prediction of ES.

The standard microsituation is defined on the basis of systems analysis of a set of microsituations of knowledge
quanta of & —, 3 —, A —uncertainty for presentation of cluster of each level using models and methods for the

models self-organization. The proximity of the standard microsituation makes it possible to group together the
knowledge quanta for every level by the most influencing factors for the specified geoinformational context. The
generalized standard microsituation is defined for all precedents and ontologies. The current controlled situation
is compared to the generalized standard microsituation. The comparison results are based the on the self-
organizing models of knowledge quanta of o —, f —, 4 —uncertainty.

1. Estimation of the standard microsituation of the set of microsituations of knowledge quanta of
a —, f —, A —uncertainty for the geoinformation context situation being analyzed.

1.1. Estimation of the knowledge quanta microsituations.

Statement 1. The principle of the non-ultimate solutions offered by D. Gabor, 1971: “...each uniserial procedure
can be changed for a multiserial one on retention of the sufficient freedom in choosing several best solutions in
every step of self-organization” is valid at systems analysis of the precedent data on ES.

Statement 2. Selection of solutions is impossible on the basis of the precedent data coincidence with current
indices of the situation in the region being controlled and should correspond to the principle of the external
addition which is associated with indispensable fulfillment of Godel theorem (Naguel, Newman, 1970): “...only the
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external criteria based on a new information make it possible to synthesize the object true model hidden in the
noised experimental data”.

None axioms system can be logically closed: one can always find such a theorem for the proof of which the
external addition will be required — extension of the initial axioms system.
1.2. Base of data and precedent knowledge accumulation

Statement 3. Data and knowledge are aging. Digital representation of the continuous signal (temperature,
pressure, humidity of environment etc.) in the form of the readings totality hampers further reconstruction of the
continuous form of the signal, moreover, it is necessary to take into account the information “aging” factor (Efimov
A.N.) in the system of control with a closed circuit stipulated by its delay in the feedback circuit. The action of the
information delay and the signal continuous form restoration method on the system error is growing proportional
to the frequency of the signals being converted and processed. Moreover, the concepts, statements and
knowledge also are “aging” and require a regular renewal.
2. Models self-organization.

Statement 4. Long-term weather forecast is possible on the basis of use of the heuristic principle of mass
selection at the cost of detection of factors acting the most on ES emergence with the help of microsituations and
introduction of the models quality criteria. Such a principle of models self-organization was proposed by A.G.
Ivakhnenko (1982): “...the model of the optimal complexity results in the course of the most expedient gradual
complication of the self-organizing model at reaching the minimum of the external criterion of its quality”.

Each of the system models is oriented to processing of some type of uncertainty. In particular, models and
methods, using the approximate set apparatus for operating with incomplete and contradictory information, are
effective in the situations of maximal uncertainty when there is no additional information on the ES identification
problem.

As an additional information becomes available, for example, in the form of probabilities for the rules, the
integrated approach combining methods of the approximate sets and probability theory can be applied, this
increases the degree of probability of recommendations produced by the system for a decision-making person
(DMP). With the complete information about a problematic situation at hand the solutions can be reliable and
received as a result of the multicriteria optimization problem solution.

It should be noted that ES characterize the data and knowledge of the environment state

{X X p }, k=1LK,q= I,_Q and the decision making is associated with the resource parameters

{Re P }, f= 17«“ DMP can use them or influence on them. As a whole the state in the ES region can be

presented as {Sitn }, n =1, N insimulation.

For ES simulation it is possible to use the method of Kolmogorov-Gabor, where the ideas of self-organization and
mechanisms of the living nature crossing (hybridization) and selection (choosing) are applied. It is possible to
describe the model F(x) by the results of environment observations for the zone of the ES control. In this case the
structure of the F(x) model is unknown.

Traditionally there is a sampling of N observations in the database to estimate the precedent information about

ES:
{x (1) Sit(1)}

@) Sit(2);

) s
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The most complete dependence between the inputs X(i) and outputs {Sitn }, n =1, N can be presented with
the generalized polynomial of Kolmogorov-Gabor.

For X = {xl,xz,...,xl.,...,xj,...,xN}the polynomial has the form:

N N N
Sit =ag+2,a;X; + D, DX, X, + DD, D A X, X ;X + ..
i=1 j=li<j i=1 j<ik<j

where all coefficients @ are unknown.

When constructing the model (when defining the coefficients values) the criterion of regularity (precision) can be
used as the criterion:

2
E =

(Siti _f(xi ))2

M=

1
N ;

N
Il
—

It is necessary that

£* — min.
To ensure the raise the zero error can be ensured in the given sampling if to rise the degree of the model
polynomial. If as a result of this there are N nodes of interpolation then it is possible to built a whole family
models, each of them will give a zero error when passing through the experimental points

g? =0.
Generally nonlinearity degree is taken no higher than n — 1, if 72 — is the number of the sampling points. Let us
symbolize by S/ - the complexity of the model (it is defined by the number of Kolmogorov-Gabor polynomial

members). The value of the error 82 depends on the model complexity.
At the first stage of simulation the complexity of the ES model will be raised at the expense of the generalized
estimate of the microsituations {Siti }, i =1,n for the values X = {xl,xz,...,xl-,...,xj,...,xN}

at different time for the precedent values of such ES. For such an ES the standard value of the precedent
microsituation is defined

i’} h=1H

where H —is the general number of ES which are used for accumulation of the precedent data from the
ontological sources for ES close to the ES type being considered. An expert defines the proximity by the type.

The knowledge quantum is defined at the next simulation stage using Euclidian metric. Therewith as the
complexity increases it will decline first and it will rise then. But we need to choose such an optimal complexity at
which the error will be a minimal one. Furthermore, the following moments can be singled out if the errors action
is taken into account:

With different level of errors the dependence 82 on the complexity S/ will be changed preserving the general
direction (it should be kept in mind that initially it will show a decrease with the increase in complexity, but then it
will grow).

With the increase in the errors level the value of min 6‘2 will grow.
S1
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With the increase in the level of errors S/ = arg min &7 will decrease. In this case EZ(SZO) >0, if the
noise level is not zero.
Godel incompleteness theorem:

Each formal logical system contains a number of statements and theorems which can be neither disprove, nor
prove remaining in the frameworks of this system of axioms.

In this case this theorem means that the sampling is always incomplete.

One of the ways to overcome this incompleteness is the principle of the external addition. An additional sampling
(control) is used as an external addition, the points of this sampling were not use when training the system (i.e.
when searching for the evaluating values of Kolmogorov-Gabor polynomial coefficients).

The search for the best model is realized in the following manner:

The whole sampling falls into the training sampling and the control one: IV vyb

- Nobuch + N

pruf -

AN A AN
The values a, a; , a;; are defined from the training sampling N ..,

The best models are chosen from the control sampling /N pruf -

The input vector has the dimensionality N (X = {xl 5 X9 seees Xy }) .

The principle of freedom in choosing (inconclusiveness of the intermediate solution):

For each pair X; and X j the partial descriptions (of the whole CJZV ) type are constructed:

st
or SAit( ) = (p(xl.,xj): ap+ax; +a;x;, Sl =1...C]2\, (linear);
or
A (S1)
Sit = (p(xi,xj)zao +X; +a;x; +a,x; +a;x;x; +ajjx12., Si=1...Cy
(quadratic).

1. We define coefficients of these models using the method of least squares (MLS) making use of the
A A\ N N A\ N A\
learning sampling. l.e. we find Aoy Ayeees ey Aipsenss Qe Ay

2. Further on we find an estimate for every of these models using the control sampling

2
- 1 Npruf . A (Sl)
gél:N— > | Sitlk)-Site |
pruf  i=1

where Y (k) — is the real output value in the & -th control point of the control sampling;

(1)

N

Y —is the output value in the & — th point of the control sampling according to the § — th model) and then
we define F of the best models.
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Zy =(p(2)(xi,xj) ( )+Cll( )x +a(2)x +Cl§ )X +Cl(2) ixj +(1g2)sz~.

The estimate here is the same as in the first series. Selection of the best ones is realized again in the same way,
but /, < F}. The process of the series construction is repeated so long as the error mean square will fall. When

the increase in the error82 is obtained, then the process is stopped.

If the partial descriptions are quadratic ones and the number of the polynomial series is S1, then we receive the

oolynomial degree k& = 2.

As opposed to the conventional methods of statistical analysis it is possible to receive sufficiently complicated
dependence with such approach even having such a short sampling.

There is a problem: some variables X; and X I not acting on the output data, can be thrown away.

In this connection the following modification is offered: to feed ); and X ;i at the second layer, i.e.:

(2) (2),,2 L ,0) (2),2

_ .2, )
zp=ay +a”y;tay x;+a3”y; tagyx; +asix;.

This is important in the presence of a high level of noise to ensure nonbiasedness.
Two methods emerge for choosing the best candidates of partial description fed at a definite layer.

1. Criterion of regularity (precision) 82

pr-
2
;:N; Z:: (Slt - Sit; )
NZ (Sitl. — Sit; (x))
A== :
pruf N

2 o %

> (Sltl- - Slt)

i=1

Criterion of nonbiasedness. Let us take the whole sampling and divide it into two parts R = R1 + Rz. The first

experiment: Rl — is the learning sampling, Rz — is the control sampling; define the model outputs

y;k, i =1...R.The second experiment: R2 — is the learning sampling, R1— is the control sampling; define

the model outputs yf " i=1...R, and compare. Criterion of nonbiasedness:
1 &/ Y
. :—Z(Szt; —Szt;*)
N o

Thelessis n ., the greater is nonbiased the model.

sm’

Such a criterion is defined for each partial description of the first level and then 71, is found for the level as a

whole
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LS
n = — n .
sm F E Sm, 1

(2)

for F of the best models. In a number of versions F* = 1. The same is observed at the second layer 1 g,

The selection process lasts {ill this criterion stops decreasing, i.e. till meeting the condition

(2) i
ng, — min.

Conclusion

The intelligent model of the multi-objective presentation of an emergency taking into account separation of
knowledge quanta and precedent micro situations based on data of successful or rational decisions has been
developed. The model of the situation, which features a priori indefinability taking into account the information
aging, has been developed; random phenomena are joined by the cause and effect relations in this model.
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STORING DICTIONARIES AND THESAURUSES USING NL-ADDRESSING

Krassimira B. Ivanova, Koen Vanhoof, Krassimir Markov, Vitalii Velychko

Abstract: Our main goal in this paper is to propose a new approach for storing dictionaries and thesauruses
using only the names but not pointers and this way to simplify and to speed up the corresponded computer
programs. It is called “Natural Language Addressing” (NLA). This approach is a possibility to access information
using natural language words or phrases as direct addresses of the information in the computer memory. For this
purpose the internal encoding of the letters is used to generate corresponded address co-ordinates. This paper
outlines the main idea of NLA approach. An extended example based on the WordNet thesaurus is given.

Keywords: addressing; natural language addressing.

ACM Classification Keywords: D.4.3 File Systems Management, Access methods.

Introduction

An Introduction to Natural Language Addressing (NLA) was given in [lvanova et al, 2012; Ivanova et al, 2013].
Below we will remember the main idea of NLA.

We will use concept “address” in sense accepted in the Computer Science: the code that identifies where a piece
of information is stored [WordNet, 2012]; a name or number used in information storage or retrieval that is
assigned to a specific memory location; the memory location identified by this name or number; a name or a
sequence of characters that designates an e-mail account or a specific site on the Internet or other network
[AHD, 2009].

We usually make difference between human aspect of the concept “address” and its computer “understanding”.
The NLA approach is based on using human representation of the address (by natural language words) as
computer memory address.

» Computer indexes
The textual information of dictionaries and thesauruses may be stored in (internal or external) computer memory.
Locating concepts and connected to them definitions may be done by:

— Direct scanning the files;

— Indexing and based on it search of the pointer to address of text element.

Scanning files is convenient only for small volumes of concepts. Some rationalization is possible using some
algorithms like binary search.

Indexing is creating tables (indexes) that point to the location of folders, files and records. Depending on the
purpose, indexing identifies location of resources based on file names, key data fields in a database record, and
text within a file [PC mag, 2013].

The main idea of indexing is to facilitate the search by search in (multi-level) index and after that to ensure the
direct access to address given by pointer. In other words, the goal of data indexing is to ease the search of (and
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access to) data at all times. This is done by creating a data structure called index and providing faster access to
the data. Accessing data is determined by the physical storage device being used. Indexing could potentially
provide large increases in performance for large-scale analysis of unstructured data. In addition, the
implementation of the chosen index must be suitable in terms of index construction time and storage utilization
[Faye et al, 2012].

Indexing needs resources: memory for storing additional information and time for processing, which may be quite
a long, especially for updating of the indexes when new elements are added or some old ones are removed.

> Names and addresses

Basic element of an index is couple: (name, address). In different sources the “name” is called “key”, “concept’,

n o

etc. The address usually is given by any “number”, “pointer”, efc.
There are two interpretations of the couple:
1) Address is a connection of the concept with its definition, i.e. practically we have triple:
(concept, address, definition).

2) Concept is a name of the address and may be used for user friendly style of programming and the
third part of the triple (definition) may be variable.

NLA approach is based on using the computer encoding of name (concept) letters as address of connected to it
information. This way no indexes are needed and high speed direct access to text elements is available. It is
similar to natural order addressing in a dictionary book where no explicit index is used but the concept by itself
locates definition. For instance, let have the next concept and corresponded definition:

“London: The capital city of England and the United Kingdom, and the largest city, urban zone and metropolitan
area in the United Kingdom, and the European Union by most measures.”

In computer memory, for example, the definition may be stored at address “FF084920”. The index couple is:
(“London”, “FF084920"),
i.e. at memory address “FF084920” the main text, “The capital ... measures.” will be stored.

To read/write the main text, firstly we need to find name “London” in the index and after that to access memory
address “FF084920” to read/write the definition.
If we assume that name “London” in the computer memory is encoded by six numbers (letter codes), for instance
by using ASCII encoding system London is encoded as (76, 111, 110, 100, 111, 110), than we may use these
codes as direct address to memory, i.e.

(“London”, “76, 111, 110, 100, 111, 110”)

One may remark that above we have written two times the same name and this is truth. Because of this we may
omit this couple and index, and read/write directly to the address (76, 111, 110, 100, 111, 110).

For human this address will be shown as “London”, but for the computer it will be “76, 111, 110, 100, 111, 110"
From other point of view, the array (76, 111, 110, 100, 111, 110) may be assumed as co-ordinates of point in
multidimensional (in this case — six dimensional) information space and the definition can be stored in this point.

The natural language does not contain words only of six letters long. The length of the words is variable and in
addition there exits names as phrases. This means that we really have multidimensional address space defined
by set of all natural words and phrases.

What we need is a program function which converts such multidimensional addresses in concrete linear machine
locations (on the hard disk, for example) and corresponded access method.
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» Storing Dictionaries and Thesauruses

Dictionary is a reference resource, in printed or electronic form, which consists of an alphabetical list of words
with their meanings and parts of speech, and often a guide to accepted pronunciation and syllabification, irregular
inflections of words, derived words of different parts of speech, and etymologies [Collins, 2003].

Dictionary may be a book, optical disc, mobile device, or online lexical resource containing a selection of the
words of a language, giving information about their meanings, pronunciations, etymologies, inflected forms,
derived forms, etc., expressed in either the same or another language; lexicon; glossary. Print dictionaries of
various sizes, ranging from small pocket dictionaries to multivolume books, usually sort entries alphabetically, as
typical CD or DVD dictionary applications do, allowing one to browse through the terms in sequence. All
electronic dictionaries, whether online or installed on a device, can provide immediate, direct access to a search
term, its meanings, and ancillary information [Dict, 2013].

Thesaurus is a book or catalog of words with the same or nearly the same meanings, or synonyms, and their
opposites, or antonyms. An online thesaurus provides immediate electronic access to lists of alternate terms for
the queried word, covering its various shades of meaning [Collins, 2003; AHD, 2009; Dict, 2013]

What is important is that the main dictionary construction is the couple (concept, definition). In the electronic
variant it becomes triple (concept, address, definition).

The computer storing model for dictionaries is simple because the one-one correspondence “word-definition”. For
computer dictionary it is enough to have a sorted list of words and a tool for binary search and pointers to the
corresponded definitions.

The computer storing models for thesauruses are more complicated due to existing more than one corresponded

definitions for a given word (synonyms and etc.). Because of this, below we will outline and analyze one such
model — the storing model of WordNet thesaurus [WordNet, 2012].

WordNet thesaurus

WordNet® is a large lexical database of English. It was created and is being maintained at the Cognitive Science
Laboratory of Princeton University under the direction of psychology professor George A. Miller. Development
began in 1985. WordNet 3.0 database contains 155 287 words organized in 117659 synsets for a total of 206941
word-sense pairs; in compressed form it is about 12 megabytes in size [WordNet, 2012].

WordNet superficially resembles a thesaurus, in that it groups words together based on their meanings. However,
there are some important distinctions.

— First, WordNet interlinks not just word forms — strings of letters — but specific senses of words. As a
result, words that are found in close proximity to one another in the network are semantically
disambiguated.

— Second, WordNet labels the semantic relations among words, whereas the groupings of words in a
thesaurus do not follow any explicit pattern other than meaning similarity.
In developing WordNet lexical database, it has been convenient to divide the work into two interdependent tasks
which bear a vague similarity to the traditional tasks of writing and printing a dictionary [Fellbaum, 1998]:
— One task was to write source files that contain the basic lexical data — the contents of those
files are lexical substance of WordNet.

— The second task was to create a set of computer programs that would accept source files and
do all the work leading ultimately to the generation of a display for the user.
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The WordNet system falls naturally into four parts:
— The WordNet lexicographers’ source files;
— The software to convert these files into the WordNet lexical database;
- The WordNet lexical database;
- The suite of software tools used to access the database.

WordNet's source files are written by lexicographers. They are the product of a detailed relational analysis of
lexical semantics: a variety of lexical and semantic relations are used to represent the organization of lexical
knowledge.

WordNet organizes nouns, verbs, adjectives and adverbs into sets of cognitive synonyms (synsets), each
expressing a distinct concept. Synsets are interlinked by means of conceptual-semantic and lexical relations.
Further they are arranged into a set of lexicographers’ source files by syntactic category and other organizational
criteria. Adverbs are maintained in one file, while nouns and verbs are grouped according to semantic fields.
Adjectives are divided between two files: one for descriptive adjectives and one for relational adjectives.

The “Grinder” utility compiles the lexicographers’ files. It verifies the syntax of the files, resolves the relational
pointers, then generates the WordNet database that is used with the retrieval software and other research tools.
To build a complete WordNet database, all of the lexicographers’ files must be processed at the same time.

The Grinder is a multi-pass compiler that is coded in C++. The first pass uses a parser to verify that the syntax of
the input files conforms to the specification of the input grammar and lexical items, and builds an internal
representation of the parsed synsets.

In its second pass, the Grinder resolves all of the semantic and lexical pointers. To do this, the pointers that were
specified in each synset are examined in turn, and the target of each pointer (either a synset or a word form in a
synset) is found. The source pointer is then resolved by adding an entry to the internal data structure which notes
the “location” of the target. In the case of reflexive pointers, the target pointer's synset is then searched for a
corresponding reflexive pointer:

— Ifareflexive pointer is found, it is replaced by the pointer to the original source.
— If areflexive pointer is not found, the Grinder automatically creates one with all the pertinent information.

A subsequent pass through the list of word forms assigns a polysemy index value, or sense count, to each word
form found in the on-line dictionary. There is a separate sense count for each syntactic category that the word
form is found in.

The Grinder's final pass generates the WordNet database.

The resulting network of meaningfully related words and concepts can be navigated with a specialized browser
[Fellbaum et al, 1998; Miller, 1995].

WordNet database

WordNet database is divided into five lexical and grammatical classes: noun, verb, adjective, adverb and
functional words. The parts of speech are organized in a hierarchy of synsets (nodes).

The internal representation of the lexicographic data is a network of interrelated linked lists. A hash table of word
forms is created as the lexicographers’ files are parsed. Lower-case strings are used as keys; the original
orthographic word form, if not in lower-case, is retained as part of the data structure for inclusion in the database
files.
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As the parser processes an input file, it calls functions which create data structures for the word forms, pointers,
and verb frames in a synset. Once an entire synset had been parsed, a data structure is created for it which
includes pointers to the various structures representing the word forms, pointers, and verb frames.

All of the synsets from the input files are maintained as a single linked list. The Grinder’s different passes access
the structures either through the linked list of synsets or the hash table of word forms. A list of synsets that specify
each word form is maintained for the purposes of resolving pointers and generating the database’s index files.

For each syntactic category, two files represent the WordNet database — index.pos and data.pos, where “pos” is
either “noun”, “verb”, “adj” or “adv” (the actual file names may be different on platforms other than Sun-4). The
database is in an ASCI| format that is human- and machine-readable, and is easily accessible to those who wish
to use it with their own applications. Each index file is an alphabetized list of all of the word forms in WordNet for
the corresponding syntactic category. Each data file contains all of the lexicographic data gathered from the
lexicographers’ files for the corresponding syntactic category, with relational pointers resolved to addresses in

data files.

The index and data files are interrelated. Part of each entry in an index file is a list of one or more byte offsets,
each indicating the starting address of a synset in a data file. The first step to the retrieval of synsets or other
information is typically a search for a word form in one or more index files to obtain all data file addresses of the
synsets containing the word form. Each address is the byte offset (in the data file corresponding to the syntactic
category of the index file) at which the synset’s information begins [Fellbaum, 1998].

The main relation among words in WordNet is synonymy, as between the words “shut” and “close” or “car” and
“automobile”. Synonyms (words that denote the same concept and are interchangeable in many contexts) are
grouped into unordered sets (synsets). Each of WordNet's 117 000 synsets is linked to other synsets by means of
a small number of “conceptual relations”. Additionally, a synset contains a brief definition (“gloss”) and, in most
cases, one or more short sentences illustrating the use of the synset members. Word forms with several distinct
meanings are represented in as many distinct synsets. Thus, each form-meaning pair in WordNet is unique
[WordNet, 2012].

WordNet storing model

Consider a representation of a synset of the word “accession” in the WordNet lexical database:

00047131 04 n 02 accession 0 addition 0 001 @ 09536731 n 0000 |
something added to what you have already;

"the librarian shelved the new accessions";

"he was a new addition to the staff"

The number 00047131 is a unique identifier of the synset of the noun {accession, addition}. The part of record
between the symbols "@" and "|" indicates that this synset is subordinated to the synset with ID 09536731 which
correspond to meaning "acquisition”. The last part of the record (after the symbol "|") is interpretation of synset
and some examples of using the words included in the synset.

From a software standpoint, this record requires a number of additional indexes for service the access, which of
course needs additional resources.

As an example, consider the information about the word "accession". As an answer to the request for
"accession", the WordNet system returns the following information (Figure 1):
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The noun accession has 6 senses (no senses from tagged texts)

1. {13251723} <noun.process> accession#1 - (a process of increasing by addition (as to a collection or group);
"the art collection grew through accession")

2. {13170404} <noun.possession> accession1#2 -- ((civil law) the right to all of that which your property produces
whether by growth or improvement)

3. {13082910} <noun.possession> accession#3, addition#4 -- (something added to what you already have; "the
librarian shelved the new accessions"; "he was a new addition to the staff")

4. {07078650} <noun.communication> accession2#4, assenting#1 -- (agreeing with or consenting to (often
unwillingly); "accession to such demands would set a dangerous precedent"; "assenting to the Congressional
determination")

5. {05115154} <noun.attribute> entree#2, access#1, accession#5, admittance#1 -- (the right to enter)

6. {00232781} <noun.act> accession3#8, rise to power#1 -- (the act of attaining or gaining access to a new office
or right or position (especially the throne); "Elizabeth's accession in 1558")

The verb accession has 1 sense (no senses from tagged texts)

1. {00989696} <verb.communication> accession#1 -- (make a record of additions to a collection, such as a
library)

Figure 1. Answer by WordNet system to a query for the word "accession"

WordNet stores information about words in four main data files (for nouns, verbs, adjectives and adverbs). The
data structure is the same in each of these files — one or more synsets are stored for every word and the access
is performed by the address of the first bytes of the synsets, which is apparently given by an eight digit number
beginning namely in this byte (Figure 2 and Figure 3). This value is the unique identifier of the synset. The synset
data elements are separated by spaces. We should note that links to other synsets are given again by the
absolute addresses.

13251723 22 n 01 accession 0 001 @ 13323403 n 0000 | a process of increasing by addition (as to a collection
or group); "the art collection grew through accession"

13170404 21 n 01 accession 1 002 @ 13070995 n 0000 ;c 08338303 n 0000 | (civil law) the right to all of that
which your property produces whether by growth or improvement

13082910 21 n 02 accession 0 addition 0 001 @ 13082742 n 0000 | something added to what you already have;
"the librarian shelved the new accessions"; "he was a new addition to the staff"

07078650 10 n 02 accession 2 assenting 0 002 @ 07076600 n 0000 + 00795631 v 0102 | agreeing with or
consenting to (often unwillingly); "accession to such demands would set a dangerous precedent”;
"assenting to the Congressional determination”

05115154 07 n 04 entree 0 access 0 accession 0 admittance 0 003 @ 05113619 n 0000 + 02426186 v 0401 ~
05119817 n 0000 | the right to enter

00232781 04 n 02 accession 3 rise_to_power 0 003 @ 00060914 n 0000 + 01989112 v 0101 + 02358456 v
0101 | the act of attaining or gaining access to a new office or right or position (especially the throne);
"Elizabeth's accession in 1558"

Figure 2. Synsets of the word “accession” in WordNet data file for nouns
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00989696 32 v 01 accession 0 002 @ 00990286 v 0000;c 00897092 n 0000 01 + 08 00 | make a record of
additions to a collection, such as a library

Figure 3. Synsets of the word “accession” in WordNet data file for verbs

What is important for us now, is the algorithm of reaching the synsets.

There are four index files of WordNet (for nouns, verbs, adjectives and adverbs). They are sorted in alphabetical
order of words and for each word a special record is stored at separated line. Its structure is simple: at the first
place the word is given and, after some coded information, absolute addresses of corresponded synsets are
given (Figure 4 and Figure 5).

accessionn 64 @ ~ +; 6 013251723 13170404 13082910 07078650 05115154 00232781

Figure 4. Record for the word "accession" in the index of nouns

accessionv12@ ;1000989696

Figure 5. Record for the word "accession" in the index of verbs

To reach all synsets of a word, firstly a binary search is made in all index files, the corresponded absolute
addresses are collected and then system reads synsets directly from data files.

Algorithmic complexity in this case is O(log(nn)+log(ny)+log(na)+log(n;)), where n, ny, na 1 n; are the quantities of
nouns, verbs, adjectives and adverbs, respectively.

There is a second way to reach synsets. It is served by so called "sense index". This index is also sorted, but for
every word there exist as much records as number of synsets exists for given word in all data files. For example,
the word accession has seven records: six for its meanings as a noun and one for its meaning as a verb. Each
record contains only one absolute address of a synset (Figure 6).

accession%1:04:03:: 00232781 6 0
accession%1:07:00:: 05115154 50
accession%1:10:02:: 07078650 4 0
accession%1:21:00:: 13082910 3 0
accession%1:21:01:: 13170404 2 0
accession%1:22:00:: 13251723 10
accession%2:32:00:: 00989696 1 0

Figure 6. Records for the word "accession” in the sense index

In this case, to reach all synsets of a word, firstly a binary search is made in the sense index and the
corresponded absolute addresses are collected from all records for the word. Then, the system reads the synsets
directly from the data files.

Algorithmic complexity in this case is greater than O(log(n)), where n= ny+ny+n.+n;, i.e. total number of words in
the database (nouns + verbs + adjectives + adverbs), because the words may be repeated many times, and
further work is needed to retrieve all occurrences of the word.
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Disadvantages of WordNet storing model

WordNet storing model permits quick response of the system during its everyday using. The (binary) search in
four types sorted index files and one general sense index, using corresponded hash tables, allows high speed of
search and, based on it, extracting needed information via direct access based on absolute addresses in data
files.

Many disadvantages of the WordNet organization are discussed in [Poprat et al, 2008]. An important shortcoming
of the WordNet database’s structure is that although all files are in ASCII, and are therefore editable, and in
theory extensible, in practice this is almost impossible. One of Grinder's primary functions is the calculation of
addresses for synsets in data files. Editing any of the database files would (most likely) create incorrect byte
offsets, and would thus derail many searching strategies. At present time, building a WordNet database requires
using of the Grinder and processing of all lexicographers’ source files at the same time [Fellbaum, 1998]. In
addition, Grinder utility is available only for Unix/Linux operating systems.

In the main, the WordNet database organization has following important disadvantages:
1. Absolute addressing is convenient for computer processing, but it is difficult to be used by customer;

2. Manual creating of numerical addresses is impossible, and their use can be done only by corresponded
program;

3. End user has access only to the static ("compiled") version of the database, which couldn’t be extended
and further developed;

4. Building the WordNet database requires the use of WordNet program “Grinder” and processing of all
lexicographers’ source files at the same time;

5. Using the current format is not only cumbersome and error-prone, but also limits what can be expressed
in a WordNet resource.

Our goal is to show that WordNet lexical database may be realized without using pointers and this way to avoid
pointed above limitations and recompilation of the database after every update.

NL-addressing

Let see a small example shown on Figure 7 - two variants of the synset of the word “accession” from different
compilations of data file for nouns:

(a) Version of WordNet from August, 2012,
(b) An older version of WordNet from 2011 year, published in [Palagin et al, 2011].

13082910 21 n 02 accession 0 addition 0 001 @ 13082742 n 0000 | something added to what you already have;
"the librarian shelved the new accessions"; "he was a new addition to the staff"

a) Version from the 2012 year

00047131 04 n 02 accession 0 addition 0 001 @ 09536731 n 0000 | something added to what you have already;
"the librarian shelved the new accessions"; "he was a new addition to the staff"

6) Version from the 2011year

Figure 7. Synset of the word "accession" from the data files for nouns
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The difference between absolute addresses is visible.

Due to absolute addresses that are used as pointers, any change which cause alteration of the number of bytes
in any data file makes it unusable and it must be recompiled as well as the corresponded index files.

Our main goal in this work is to propose a NLA as a new approach for storing WordNet database, using only the
names but not pointers and this way to simplify and to speed up the corresponded computer programs.

Analyzing the database structure of synset we may see an important peculiarity.

In the computer memory, all characters are represented by numerical codes (one, two or four bytes depending on
the encoding system such as ASCII or UNICODE). This way, in WordNet storing model, the unique digital code of

word is combined with another unique numeric code of its place in the file (absolute address). This duplicating of
the codes could be avoided if NLA model of information storing is used.

Let remember, ASCII internal representation of word “accession” is the following unique sequence of numbers:
(97,99, 99, 101, 115, 115, 105, 111, 110). It can be used as a spatial address in nine-dimensional space. At this
address we can record the synset and access it again via this address.

In this case, for customer, the address will be presented by word “accession” and for computer by vector
(97,99, 99, 101, 115, 115, 105, 111, 110).

If we apply this opportunity to WordNet data, we will obtain a result that is understandable for users and, at the
same time, fully recognizable for the computer programs.

As example two variants of the synset of word "accession" are shown in Figure 8: (a) WordNet version and
(b) NLA-version.

An important feature of NLA-version is that it can be updated dynamically without recompilation of the database.

13082910 21 n 02 accession 0 addition 0 001 @ 13082742 n 0000 | something added to what you already have;
"the librarian shelved the new accessions"; "he was a new addition to the staff"

a) WordNet version

accession 21 n 02 ; 0 addition 0 001 @ acquisition n 0000 | something added to what you already have; "the
librarian shelved the new accessions"; "he was a new addition to the staff"

6) NLA-version

Figure 8. WordNet and NLA-versions of the synset of the word "accession"

Experiments

» Experiments for storing dictionaries

Our first experiment was to realize a small multi-language dictionary based on NL-addressing. For this purpose,
we have taken data from the popular in Bulgaria “SA Dictionary” [Angelov, 2012]. SA Dictionary is a computer
dictionary, which translates words from Bulgarian language to English and vice versa.

For experiments we take a list of 23412 words in English and Bulgarian with their definitions in Bulgarian, stored
in a sequential file with size of 2410 KB.
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The experiments were provided at PC SONY Vaio, with Intel® Core™2 Duo CPU T9550 @ 2.66GHz 2.67GHZ,
RAM 4.00 GB, 64-bit operating system Windows 7 Ultimate SP1.

The experimental program “WordArM” used for the experiments is specially designed for storing dictionaries and
thesauruses based on NL-addressing.

For storing dictionaries we use simple model: definitions are stored at the NL-addresses formed from words
corresponded to them.

The speed for storing, accessing, and size of the work and permanent files are given in Table 1.

Table 1. Experimental data for NL-storing of a dictionary

, number of total time in average time for one . ,
Operation instances milliseconds instance workfil permanent file
NL-writing 23412 22 105 0.94 ms

: 80 898 KB 2939KB
-reading 89 ms
NL-read 23412 20 826 0.89

The analysis of the results in Table 1 shows that the NL-addressing in this realization permits access practically
equal for writing and reading for all data. The speed is more than a thousand instances per second.

Reading is possible immediately after writing and no search indexes are created.

The work memory taken during the work was 80898 KB. To analyze the system performance, work memory was
chosen to be in a file but not in the main memory. After finishing the work, occupied permanent memory for
compressed archive is 2939 KB. This means that the NL-indexing takes 2103 KB additional compressed memory
(the sequential file with initial data is 2410 KB and compressed by WinZip it is 836 KB).
In further realizations of WordArM, the work memory may be realized as a part of main memory of computer as:
— Dynamically allocated memory;
— File mapped in memory.

In this case, the speed of storing and accessing will be accelerated and used hard disk space will be reduced.

» Experiments for storing thesauruses

Storing thesauruses is similar to storing dictionaries. The main difference is that the computer storing models for
thesauruses are more complicated due to existing more than one corresponded definitions for a given word
(synonyms) as well as other relations between words (hyperonymy, hyponymy, meronymy, etc.) which need to be
encoded in proper way and the database has to support such relations. We had no goal to realize our own
thesaurus. Because of this for experiments we have chosen the WordNet thesaurus.

Using NL-addressing, the WordNet lexical database may be realized without using pointers and this way to avoid
the limitations and recompilation of the database after every update.

The main source information of WordNet is published as lexicographer files.

The total number of instances (file records) is 117 871 from which 206 instances contain service information but
not concepts’ definitions, so we have 117 665 instances for experiments, distributed in 45 thematically organized
lexicographer files.

It is important to remark that there are equal synsets in several lexicographer files. This has matter when we
integrate the 45 files in one source file for representing a thesaurus.




International Journal "Information Models and Analyses" Vol.2 / 2013, Number 3 249

The program used for the experiments is the experimental program “WordArM”. The results are given in Table 2.
A screenshot from the WordArM for the case of WordNet as thesaurus is shown at Figure 9.

Table 2. Experimental data for storing WordNet as thesaurus

operation number of instances total time in milliseconds average time for one instance
writing 125 062 107 157 0.86 ms
reading 117 641 91 339 0.78 ms

work memory: 385 538 KB; permanent memory: 15 603 KB; source text: 1 333 KB

We receive practically the same results as for storing dictionaries. The analysis of results in Table 2 shows that
the NL-addressing permits access practically equal for writing and reading for all data. The speed is more than a
thousand instances per second. Reading is possible immediately after writing and no search indexes are created.

Work memory taken during the work was 385538 KB. To analyze the system performance, work memory was
chosen to be in a file but not in main memory. In further realizations, to accelerate the speed and reduce of used
disk space, work memory may be realized as part of main memory (as dynamically allocated memory or as a file
mapped in memory).

WordArM {-Yh]
= = WordArM . 101

Time used for 125062 instances: 107157 miliseconds.
Time used for one instance: 8.6E-0001 miliseconds.
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Figure 9. WordArM results for the case of WordNet as thesaurus

Comparing results in Table 1 and Table 2 we may see that more great number of instances in the case of
thesauruses is stored and accessed faster than less number of instances in the case of dictionaries. The main
reason for this is that the system needs some time for preparing internal indexing structures. Main part of this
time is spent during creating archive and initial empty structures.

After finishing the work, occupied permanent memory for compressed archive is 15603 KB, i.e. in this case
NL-indexing takes 14270 KB additional compressed memory (the sequential file with initial data is 1333 KB).

To compare our results with “Grinder” (original WordNet program for generating the database) we provided
experiments on separate computer under operating system “Linux open source 12.3". Computer configuration
was: Processor: Celeron Dual Core T35.00 2.1 GH; Memory: 2GB; HDD: 230 GB. It is important that Grinder
works in single command prompt mode, which permits high speed processing. Multitasking and Graphical User
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Interface of MS Windows takes additional resources (processor time and main memory) for supporting its work
and this way the work of the user program became slower. Pseudo parallelism of Windows 7 processes is
additional factor for delay of applied programs work.

The steps of Grinder program were: Resolving pointers; Getting sense counts; Figuring out byte offsets; Dumping
data files; Dumping index files; Dumping sense index. The time used for generating the data base was about 7
seconds. If we assume that access to hard disk blocks is at least 100 times slower than access to main memory
blocks, we may accept that WordArM will process the same information for about one second if it is only in the
main memory, i.e. working only in main memory, WordArM will store information at least seven times faster.

It was impossible to measure the WordNet access to information in compiled files.

The size of data and index files created by Grinder is 32.3 MB (33 921 109 bytes); compressed by WinZip they
have size of 9584 KB, the size of the WordNet compressed archive is 15603 KB, i.e. our archive takes about one
and half more disk space.

Analyzing other software systems for maintenance of dictionaries and thesauruses we found that for more of
them there exist limitations for maximal length of the concepts which vary from 60 up to 255 bytes [Will & Will,
2004]. As example of the size of thesaurus database we may point the MultiTes system which thesaurus
database needs 15 MB of disk space for every 50,000 terms [MultiTes, 2013]. WordArM needs the same disk
space for two times more terms.

Conclusion

Natural Language Addressing (NLA) is a possibility to access information using natural language words or
phrases as direct addresses of the information in the computer memory. For this purpose the internal encoding of
the letters is used to generate corresponded address co-ordinates. In this paper we outlined the main idea of NLA
and illustrated its genesis.

NLA is applicable for storing dictionaries and thesauruses.
The conclusions about the gain and loss from using NL-Addressing for storing dictionaries and thesauruses are:

— The loss is additional memory for storing internal address structures. But the same if no great losses we
will have if we will build balanced search trees or other kind in external indexing. It is difficult to compare
with other systems because such information practically is not published.

— The benefitis in two main achievements:
1. High speed for storing and accessing the information;

2. The possibility to access the information immediately after storing without recompilation the database
and rebuilding the indexes.
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3AIAYA BbIBEOPA TOMONOrMYECKOWN CTPYKTYPbI CETU JOCTYMA

anuHa ManBopoHckan, AHTOH BoHAaapeHko

AHHOMAaYUs: nokasaHbl NPUYUHbI, onpedensiouiue CrIoXHOCMb U HempusuanbHOCMb 3adadu cuHme3a cemel
docmyna u npednoxeHbl Hekomopble Nodxo0b! K peweHurd 00HOU U3 3aday npoekmuposaHusi amux cemel, a
UMEHHO K 8bI6opy mononoauyeckoli cmpykmypbl cemu 0ocmyna. [Mpu amom ocoboe eHumaHue ydeneHo
aHarnu3ay 803MOXHOCMU UCNOMb308aHUsI XOPA0BbIX KOMIbUEBbIX CMPYKMYP.

Knroyesbie crnoea: menekommyHuKayuoHHas cems, cemb 0ocmyna, mononoaus, y3en 0ocmyna, ceaMeHm
JI0KanbHo20 docmyna, XopdoekIe KOsbUegbie CMPYKMYypbI.

Knroyeenie cnosa knaccugpukayuu ACM: C.2. Computer-communication networks, H. Information Systems -
H.1 Models and Principles, K. Computing Milieux - K.6 Management of computing and information system.

BBeaeHue

3HaunTenbHble yeunus uccnepoBaTeneit HanpasneHbl Ha NoBbIWEHWE 3P HEKTUBHOCTI MCMONb30BAHWS CETEBbIX
pecypcoB, 4TOBbl HaWTW MPUEMAEMbI KOMMPOMUCC Mexay HeoOXOOWMbIMM XapakTepucTUkaMu CeTU U
3atpataMmM  Ha ee  coopyxeHue.  Creuncpuka  TEOpETMYECKOM  MOZenW,  MpencTaBnsoLLeN
TenekoMMyHuKaUmoHHylo cetb (TC) B 3agavax CuHTE3a €€ ONMTUManbHOM CTPYKTYPbl, ONpedenser Kak
NOCTaHOBKY 3afay, Tak M MeTofbl WX pelleHus. TunuyHas 3agada CuHTe3a ONTUManbHOW NEPBUYHON CETM
npegnonaraeT cneaytoLLyto noctaHoBky [dasbigos, 1977]. 3agaHa MaTpuua kaHarnoB Mexay nyHKTamu BBOAa
11 BbIBOAA MHAOPMALIMK W YKa3aHa OMCIOKaLMS STUX NYHKTOB, 3a4aH Habop TUMOBLIX CUCTEM Mepeaayn 1 NHWNA
cBsA3n. TpebyeTcs nocTpouUTh CEThb NIMHUIA MEXOY STUMK NMyHKTaMK, 0BecneumBaloLLyl0 peanu3aunio 3agaHHoM
MaTpuLbl KaHamoB NPW OrpaHUYEHUsIX, HanaraemblX Ha CTPYKTYpy CETW reorpaduyeckumm 0CO6EHHOCTAMM,
TEXHONOMMAIMM OBCyXMBaHMA W anroputMamm paboTbl CETW, CneumduKoi ucnonbayemoro 06opyaoBaHus K
OXMAAEMbIX BHELUHMX BO3AENCTBUN, a Takke TpebOBaHMAMW K KayecTBy paboTbl CETU U €€ SKOHOMUYECKM
napameTpam [Jasbigos, 1985].

CuHTE3y TOMONorMM NepBMYHBLIX CETEN MOCBALLEHO 6onbLUoe KonM4ecTBO paboT, B yacTHocTy, . b. [laBbigoBa,
B. H. Pornxckoro, B. W. Heiimana, A.[. Xapkesuya, C.A. Amxemosa, B. . lasapesa, Jl. KneitHpoka,
I. 1. 3axapoBa, [x. MaptuHa, A. A. TonuaHa, X. MiHocce n MHorux gpyrux. OpHako aHanua ony6nuKoBaHHbIX
paboT noKasblBaeT, YTO CUHTE3 NEPBMYHOM CETW B CaMOil MOCTAHOBKE 3adayn He npeanonaraeT BblGop
MecTononoxeHus y3nos kommytaumm (YK). CuHTe3y KOMMYTUpYeMbIX CETeln, noapasyMeBaloLLeMy onpeaeneHne
mecTononoxeHns YK, nWx B3aWMOCBS3b M B3aUMOMOZUMHEHWME, YOENEHO ropasfo MeHblUe BHUMAaHWUS B
OTEYECTBEHHbIX 1 3apybexHbix nybrmkauuax. Mpu cosgaHum cetel poctyna HeobXoaWMO CUHTE3NpOBaTb
TOMOMOTMI0 UMEHHO KOMMYTUPYEMON CETU, XapaKTepu3yeMon HEKOTOPbIMA OCOBEHHOCTAMM, OTAMYAKLLMMU ee
OT TOMOMOTMYECKNX CTPYKTYP, UCMIOMNb3yEMbIX PaHee.

OcobenHoctn C[l cBSizaHbl C TeM, YTO B COOTBETCTBUM C pekomeHaauuen G.902, ceTb 4OCTyna COCTOUT M3 Tpex
OCHOBHbIX 9MEMEHTOB, pPa3sMeLLeHHbIX Mexay obopyaoBaHWeM MOMb3oBaTeNs W y3namu, npesocTaBAstoLMMu
obenyxwusanue (YIMO) [[aitBopoHckas, 2010]. OTW anemMeHTbI BKIOYAIOT CErMeHT nokanekHoro goctyna (CIA),
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ysen poctyna (YO) wu cermeHt TpaHcnoptHoro poctyna (CTH). CermeHt nokanbHoro poctyna C[i
XapaKTepu3yeTcs MakCUMMaribHOW rapaHTUPOBAHHOW MPOMYCKHOW CMOCOOHOCTLIO M MUHUMAMbHO AOMYCTUMON
ANvHON dhuamndeckoir nuHum goctyna (JI). Ysen goctyna peanusytoT Ha 0BOpyaoBaHWUW, KOHLEHTPUPYHOLLEM
WH(OPMALMOHHbIE MOTOKA OT MHAMBMAYamNbHbLIX MIMHWA FIOKANbHOTO AOCTYNa K pasnuyHbiM 6a30BbIM CETAM.
CermeHT TpaHCMOPTHOro 4OCTyNa — 37O rpynnoBble TpakThl nepeaayn Hdopmauuu mexay Y n YIY 6a3oBbix
ceTen, U (HYHKUMOHAMBHO SABMAETCS YacTbio HaLWMOHANLHOW TPAHCMOPTHOW CeTW. Y3en npefocTaBneHns yenyr
peanu3yloT B BMOE YHMBEPCANbHOrO CETEBOTO dfeMeHTa, CnocobHOro noaaepxuBatb Bce TpeboBaHMS
nonb3oBaTenei.

TeHOeHUMM 3BONIOUMN TPeX OCHOBHbIX MapameTpoB C[l: mpomnyckHoi cnocoGHOCTM, TOMOMOMMWM W cpedpl
nepefayn npoaHanuauposaHbl npod. CokonosbiM B pabote [Cokonos, 1999]. MNepcnektusHas CL gomkHa
obecneunBaTtb NOMOCY MpOMycKaHUs, HeoOXOAMMYHD NONb30BaTento, NO3TOMY BEPXHUA npeden CKOpOCTU
nepepaun ByaeT M3MEPSITLCS He TOMbKO COTHAMM [OuT/c, HO 1 TOuT/c. Kpome 3TOro OTYETNIMBO MPOSIBASETCS
AvBepcumkaLmsa cped pacnpocTpaHeHUst CUrHaNoB, KOTOPbIE MOTYT MPUMEHSATLCS A7 CO3AaHUS U Pa3BUTUS
CM, Ho pomuHupoBaTb BCce e OyaeT onTudyeckoe BONokHO. Peanusaums C[l conpoBoxgaeTtcs nosiBNieHUeM
HOBbIX TOMONOT, CPEAN KOTOPbIX MPEANOYTEHNE OTAAETCS KONMbLEBBIM M KOMOWHMPOBAHHBIM CTPYKTypaM.
[locTaToyHO NEepCneKTMBHBIM MOXET OKa3aTbCA NPUMEHEHWEe XOPLOBbIX, UM peeTyaTbiX CTPYKTYp, 4TO
noapas3ymMeBaeT CO34aHMe NIMHWN MEXY3MOBOW CBA3W. Takue NMWHUM MOryT NoHagobuTbes, ecnu Heobxoanmo
NOAKMIOYMTL NoNb3oBaTens, Tpedyrowero Habop ycnyr CyLeCTBEHHO OTINYAIOWMNCA OT YCNyr, 3aKkasaHHbIX
ocTanbHbIMW nonb3oBaTensMu, obcnyxueaembiMu Tem xe Y[. CosgaTb WX MOXHO MyTeM MpOKNagkM HOBOM
kabenbHOM KaHanuaaLum, YTo CBA3aHO ¢ DONMbLUMMM 3aTpaTami, U NOLBEPKEHO BIUSHMIO MHOXECTBA (haKTOPOB,
KOTOPbIE MOryT 3HAUNTEMNbHO 3aTPYAHWUTL ATOT Npovecc. [03ToMy 3dhheKTUBHOCTb UCMONb30BAHUS MEXY3MOBbIX
nuHnin B C[l TpebyeT panbHeMWwwx MCCrenoBaHWiA, HEKOTOpble pesynbTaThbl KOTOPbIX OTOOpaxeHbl B 3TOM
pabore.

Bbi160op TONonornyeckon CTPyKTypbl CETM fOCTyNa

3apaum cuHTE3a ceTel BeCbMa CrOXHbl, MPUYEM CMOXHOCTb PE3KO YBENUYMBAETCH MO Mepe YBENUYeHUs
Macwraba cetn. [lockornbKy paccmaTpuBaeTcs 3ajada, B KOTOpoW cuHTesupyeTcs Hoas C[l, nmpouecc ee
NPOEKTUPOBaHMS 0TOBPaxXaeT NPaKTUYECKYKD Peann3aumio pelleHns 3agayn cuHTesa. [ing KoTopoi BbINOSIHEHa
AEKOMNO3NLMS U BblOeNeHbl OTAeNbHble 3Tanbl €€ pelleHus. [lepBoHavanbHO 3TOT NOAXOL MPEAnoXeH B
paborte [[anBopoHckasi, 2012], ero pa3suTie npeacTaBneHo B [lanBopoHckas, 2013]. Mpeanaraemas aBTopamm
nocrefoBaTeNnbHOCTb Y B3aUMOCBA3b 3aau, pellaeMblx Ha OTAEMNbHbIX 3Tanax NPOEKTMPOBaHMUs ceTel JocTyna,
COOTBETCTBYHLLMX KOHLENLMKM, CChopMynupoBaHHON B pekoMeraaumn G.902 u nocneayioLmx, passuBatoLLnx ee
pekomeHgaumax MC3, nokasaHa Ha puc.1.

AHanu3 3agay Kaxgoro atana v METOAOB MX pelleHus npueeaeH B [[aiBopoHckast, 2013]. Mpu 3ToM UcxoaHble
napameTpbl, Wcnonb3yemble npu npoekTupoBaHun C[l, npegnaraeTcs pas3genuTb Ha TpU  TPpynnbl,
XapaKTepu3ylLMe TEppUTOpW0, Nonb3oBaTeneln U 6asoBble CETW, C  KOTOPbIMM  Mpedrnonaraercs
B3aumogencTame. Mockonbky 3TM napameTpbl OTMYATCA BonbluMM pasHoobpasveM W MAoXo MoaaalTcs
knaccudvkaumm B pabote [[aHHuukmin, 2011]  npeanoxeH nNOAXO4 MOBbiWAKWMA  3hDEKTUBHOCTb
npeapapuTenbHON 00paboTKM  MCXOOHbIX AaHHbIX, HeobxoaWmblx npu npoekTupoBaHun CL. Bbibop
Tononoruyeckoir CTpykTypel C[l siBnseTcs, ropa3no 6onee CRNOXHOM 3ajayeil, YeM CUHTE3 CTPYKTYpbl
cywectsytowmx TC [FainBopoHckas, boHgapeHko, 2013]. MoaTomy peLueHnto 3TN 3a8a4un NOCBALEH OTAENbHbIN
aTan, npu peanu3auuu KOTOPOro BbINOMHSIETCA (hparMeHTMpoBaHue TeppuTopun, obcnyxusaemon C[l
[FaiBopoHckas, 2013; TanBopoHckasi, boHpapeHko, 2013], BbibupaeTcs cnocob nogkmoueHus Y[
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(O[HOYpPOBHEBbII MMM ABYXYPOBHEBbIA) M MECTOMOMOXEHWE 3TUX Y3NOB, OLEHMBAETCS LienecoobpasHoCTb
MonepeyHbIX CBA3EN U ONpeenseTcs cxema NpoKnazKv NUHWIA AoCTyna.

|3Tan 1 |9Tar1 2| [DTan 3|

MpoeeneHue — | .| AsTomaTuzauma npotecca | |—»] | Cosnarue
npeAnpoeKTH.IX OpMHpOBaHMs TpeBoBaHMIi

M3bICKaHMA NEpAMETPE! cboprp: E eokthoa G

MporHosupyemei Onpegenenue Paabuenne Tepputopum Cfl Ha parmeHTs
BxoAHbIe knacca WKY

napameTpbi

E
Onpepnenenve
nepeqHs
WKy

Buibop yposHs nepapxwn CA

BriBop MecTononoxenus Y/,

OueHka
LeNecooBpasHOCTH Opran3aLmm
nonepetiHbix canaeii

[ L]]]

Onpepenenue cxeme npoknaakm N4

Mpynnuposka
nonssosartene
© oaMHaKOBLIM
HaBopom MKY

Dran 4

Beibop
Tuna oGopyaoBaHwaA, peanuayowero YO

Buibop
TexHonoruia CL,

PucyHok 1. [MocnenoBaTensHOCTb 1 B3aMMOCBSA3b 3aAad 3aav, pelaembiX npu

Bo3mMOXHbIM NOAXo4aM pelueHus COBOKYMHOCTM 3adady TPEeTbero atama NocBslleHa fJaHHas paboTa, uenbto
KOTOPOW SBNSETCS NOBbILIEHNE PPEKTUBHOCTM NpoekTUpoBaHmsa Cll, 06bekTom — Tonomnoruyeckas CTpykTypa
C[l, a npeameToM — METOABI ONTUMArbLHOTO cuHTE3a TC.

lMockonbky OCHOBHbIM TpeboBaHWeM K Tononornyeckomn cTpyktype ClLl sensetca MuHummusaumns anuuel CI10 npu
rapaHTMPOBaHHOW NPOMYCKHON CMOCcOBHOCTM, OCHOBOMOMarakLLmMm npu Beibope Tononorun Cll sensetcs Beibop
mecTononoxeHust Y. Hekotopble MeTOAbl peleHnst 3aday onpegenieHns KonmyecTsa U Mectononoxenus Y[
npvBedeHsl B [lamBopoHckas, Kotoea, 2010; [amBopoHckas, Caxaposa, 2011; TaiBopoHckas, 2011;
lanBopoHckas, bonaaperko, 2011]. Peanusauus ocHoBHbIX TpeboBaHui, BbiaBuraemblix MC3, ETSI u gpyrumu
CTaH4apTM3aLMOHHBIMI OpraHn3aumaMi k cTpyktype CL npuBOAMT K YBENMYEHMIO TEPPUTOPIUM, 0BCIYXMBAEMO
3TON CEThbl), M K [OCTAaTOYHO CrOXHBIM CTPYKTYpaM CETW, COYETaKOLUM pasnnyHble Tononorum. MMpumep
Tononorun C[ nokasaH Ha puc. 2.

\ H STM-4/5TM-16

LRy basosan
ceTb

TpaHCNoPTHER
CEMMEHT CAf

— )]
EICER ) p—
BecnposoAHIE O

ApCTyna
]

-

KEApTHpHBIE
abBoHEHTE

PucyHok 2. Mpumep ctpyktypsl C
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Ons Bbibopa TOMONOrMA, COYETaHME KOTOPbIX MpeanonaraeTcs MCnonb3oBaTb Ha npoekTupyemon C[,
NPeasniokeHo MCMonb3oBaTb METOAbl TEOPUM MPUHATUS PELLEHWA, NpU 3TOM peLleHWe 3adayn MOXeT ObiTb
aBTOMATW3MPOBAHO C MOMOLLBIO NPOTPAMMHOr0 MpogykTa «Cuctembl M MeTofdbl NPUHATUS peweHnsy (CMIP),
peann3oBaHHOTO Mof PyKOBOACTBOM A.T.H. npod). Bonowwuna A.®. (KneBckuii HaLMOHANbHbIA YHUBEPCUTET UM.
T.T". WeByeHko) [BonowwmH, 2010].

[ins BbiGopa Tononoriyeckoit cTpykTypbl CLl HeoBXxoaMMO NpoaHanManupoBaThb LenecoobpasHoCTb NpUMEHeHHSs
peLueTyaThlX, CeT4aTbiX 1 XOPAOBbIX TOMONOMMIA. B 3Tol paboTe OCTAHOBMMCS TOMbKO Ha XOPAOBbIX KOMbLEBbIX
CeTsIX, B KOTOPbIX HApsAy C KaHANoM, COEAMHSIIOLLMM BCE Y3Nbl B KOMbLO (KOMbLEBO KaHar), UMEoTCs NpsiMble
KaHarbl MeXay HECMEXHbBIMI y3Niami KombLia (kaHanbl-xopgbl).

AHanu3 BO3MOXHOCTH NPUMEeHEeHUsa XopaoBbIX TONONOrUM B CETAX AocTyna

B nocnemHve roabl noseuncs psa paboT, MOCBSLIEHHLIX WCCMEAOBAHMIO XOPAOBbLIX KOMbLEBbIX CETeM.
XopaoBble CETU C OHOHANPaBMNEHHbIMI KaHanaMu, B KOTOPbIX B KaXOOM Yy3ne i MMelTCs [Ba MCXOASALIMX M
[Ba BXOAsWWMX KaHana (puc. 3,a) uccnegosanuck B [Wong, 1974; Raghavendra, 1985; Hwang, 1987; Fiol,
1987].

PucyHok 3. KonbLeBble XOpAoBble CTPYKTYPbI

Vcxopswme kaHanb! HanpaeneHs! K yany (i +1) u k yany (i + b), npn aToM b “MeeT OAHO U TO Xe 3HayeHne

Ans Bcex i, roe b — war xopAabl. Lienb onybnukoBaHHbIX MCCNEAOBaHWN — MPeanoxuTb anroputm Bbibopa
napameTpa b, MUHUMU3UPYIOLLMIA MAKCUMarbHOE U CPEfHEEe PaccTOSHWUA Mexay y3namu xopaoBow cetu. [pu
3TOM nog paccrosiHuem d(i,j) Mexay ABYMS y3namu i M j MOHUMAeTCs MUHUMAanbHOe YWUCMo Laros, 3a

KOTOPOE W3 y3na i MOXHO MOnacTb B y3en j . [luameTpom Cetu cuntaeM MakcumarbHOEe pacCToOsHUE MEXIy ee
yanamu: D =A;maxd(i,j) . CpeoHee paccrosHue Mexay ysnamu OrfpedensieTcs W3  BblpaxeHus

N N
d=> d(i,j)/ N?, rae N - konudecTso yanos. B [Wong, 1974] nokasaHo, 4o npu b ~ +/N vametp
i1 j=

D~2JN,d=~+N.

MpuMepHO Takue e pesynbTaThl BoiBogaTcs B [Raghavendra, 1985] ans b ~ —JIN , 30eCb MOKa3aHo, YTo 3TO
CYLLECTBEHHO nyuyLle, Yem npu b =—1 1 npu b =-2. B [Hwang, 1987] rosoputcs 06 anroputme Bbibopa b,
obecneunsatoem D ~ +/3N + 233N ans scex 3Hauennit N, a B [Fiol, 1987] npuseaeHbl nomyyeHHble ¢

MOMOLLbI0 MOZENMPOBaHUs abconioTHO nyyiine 3HaveHus D ~ +/3N u d ~ 5+ 3N /9 ¢ cOOTBETCTBYHOLMMM
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UM 3HauyeHuamn b ana Bcex N <256 . B [Raghavendra, 1985; Fiol, 1987] npuBogutcs cpaBHeHue
nokasatenen D u d pna konel, peanusyloluMx [BOMHble Konblesble Tononorun. B [Arden, 1981]
nccnenoBaHbl XOpA0BbIE KOMbLEBbIE CETU C ABYHANPABMEHHbIMI KaHanamn U YeTHbIM Yucrniom yanos (puc. 3,6),
Mpu 3TOM CPaBHMBAKTCA 3HAYEHWS AnameTpa Mpu pasnMyHoM b M nokasaHo, YTo Mpu BCex b BbINOMHSETCA

cooTHoweHne D > +/N —1. W3 noboro y3na i Takoi CeT UCXOLST TPU OLHOHAMPABNEHHbIX KaHana K yanam
(i+1) wn (i —1),aTarke kyany (/i + b) nubo (i —b). Mpu aHan13e ABOMHBIX KOMbLEBLIX TONOMOTMIA MOKa3aHo,

YTO CyMMapHasi MpOTSHKEHHOCTb XOPAOBbIX KAHANOB CYLIECTBEHHO 3aBWUCUT OT 3HaueHus b . Ecnu kaxgbli
kaHan MaTemaTU4eckoii Mogenu CeTu SIBNSeTCS OTAENbHbIM (DU3NYECKUM KaHAnoM, CTOMMOCTb KOTOPOro
MpornopLyoHanbHa ero An1He, Takoe coobpaeHe CTaHOBUTCS BECbMa CYLLECTBEHHbIM, €CIM He peLlatowum. B
YaCTHOCTM, €CNM BCE KaHasbl NPONIOXEeHbl B OOHOM kaberne, TO CyMMapHasi NPOTSKEHHOCTb KaHaroB ABOMHOM

KOJ'IbLI|eBOI7I TONOJI0rnn COCTaBNAET B TOYHOCTU Qb| + 1) ANWH KonbLa.

B Takoi cuTyaLmn Hac MOXeT UHTEPeCOoBaThb, kKakum 06pasoM MUHUMU3MPOBATL AUAMETP U CpeaHee pacCTosHME
mexgy Yysnamu xopgosoro konbua (XK). C Touku 3penus Ttononorum C[l, Hac WHTEpeCylT TOIbKO
AByHanpasneHHble XK, B KOTOPbIX XOpAbl CNEeaytoT Lenoykon apyr 3a apyroM, obpasys BHyTPEHHee XOpAoBoe
konbuo (puc. 3B). B [AHopees, 1989] nokasaHo, 4To B ABYHanpaBneHHbIX XK, MMEKLmX n Xop4 C Lwarom S u
copgepxawmx N =ms yanos, aMameTp Bblumcnsietcs no opmyne D = s+ ]m/2[—1, roe ]m/2[ - Lenas
yacte m/2.

Yro0bl Bbl6paTb Hanbonee uenecooGpasHbM AnamMeTp Konbua W pacCToaHME Mexay y3namu, BbINOSTHUM
aHanuTuyeckoe uccnenosaHmne moaenu XOp,EI,OBOI;I CeTH, NoKa3aHHOI Ha pwuc. 4,

o= e,

/X’Off i "D\H\r

L&

C

—_
AT

OO

PucyHok 4. Xopaosble KonbLa

Paccmotpum cnyvai, koraa n 4etHo. MpW YETHOM S BLIYUCIUM PacCTosiHUe Mexay y3namm A u B,
HaXOOsAWMMMUCS TOYHO MOCPeAMHe AuameTpanbHO npoTuBononoxHeix ayr A'A" w B'B” (puc. 4a). Yanbl,
Np1Haanexallme 1 K OCHOBHOMY, 1 K XOpZOBOMY Konblam (Hanpumep, A', A", B', B"), Ha3oBeM y3namu 2-ro
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nopsigka, a Bce npoune — yanamu 1-ro mopsgka. Mockonbky 1 A, 1 B 0TCTOST OT Gnmxamwmx y3noe 2-ro
nopsigka Ha s/2 waroB u pacctosHue mexay Humm ( A'B" win A"B’) paBHo (n/2)—1, B utore nmeem

d(A,B) =S +%— 1. Jlerko ybeouTbes, YTO paccTosiHUe Mexay NbbIMM Opyrummu 4BYMS Y3namu CEeTU He

npesblLLaeT d(A,B). Mpn s HeuyeTHoM Bbibepem A 1 B Takke 13 AnameTparnbHO NPOTUBOMONOXHbBIX XOPA U

Ha MaKcUMarbHOM (s—1)/ 2 otganeHun ot Grmkadwumx ysnos 2-ro nopsigka A' n B’ , KoTopble TOXe
m
AnameTpanbHo NPOTMBOMONOXHLI.  [lofnyyaem d(A,B)=3—1+? nockoneky Mapwpytel AA'B'B

AA'B"'B, AA"B'B Bce MMEIOT Takylo ANWHY. Pe3ynbTUpyOLLME BbIPaXEHUSI MPU YETHOM W HEYETHOM S
COBMafaloT, U HETPYAHO yBeanTbes, 4To 6onee yaaneHHbIX Nap y3noB B CETH HeT.

MycTb Tenepb N HeyeTHo. Mpu YeTHOM S Haubonbluee paccTosHUE B CETU HabnogaeTcs Mexay yanamm A u
B, Haxogsawwmmncs TouHo nocpeanHe gyr A'’A" u B'B", MakcumanbHO OTCTOAWMX Apyr oT apyra. Mo gyram

AA" n BB" nyTb coctaBnsieT ABaxabl N0 S/2 Laros nmoc [m —1J waroe no xopaam ot A” oo B',

4TO B UTOrE Jaet d(A,B) =S+ m -1=s+ ]m/ 2[— 1, nockonbKy 6onee KopoTkoro MapLupyTa HeT. A npu

s-1 , s-1
HEYETHOM S Ha MaKCUMarlbHOM yaaneHun HaxoasaTCs, Hanpumep, yansl A (T waros go A')u B (——

waros go B") B Hanbonee oTaaneHHbIX apyr ot apyra gyrax AA"” n BB" , npuyem o1 A’ go B" no xopaam

m-1

1 \waros, Tak uro d(AB)=s-1+ = s+ ]m/2[-1, nockonbky mpyrue mytv o1 A 1o B He

Kopoue.
B aByHanpaeneHHbIx XK, MMEIOLMX HEYETHOE YMCNO XOpA C Lwarom S W yucnom yanos N = ms, cpefHee
PaCcCTOsHIE MeXAaY y3namu BbluMcrieTes no hopmyne

(m+s/2-1)/N,npun s yeTHOM

(1)

d=(((2s+m)m —s)s/4N)—{
((m+8)/2+(s+1)/4s)/N,npn s He4eTHOM

Ob6o3sHaums yepe3s R(N) cymmy paccTosHUIA OT Kakoro-nmbo y3na KOMbLEBOA CETU C OAHWM kaHanom u N
y3namu [0 BCex Y3roB CETH, Npu HeyeTHoM N nonyumm

R(N)=2[1+2+...+N2_1j=(N—1)(N+1)/4, 2)

a npu yetHom N

R(N)=2(1+2+...+(g—1j+g=N2/4. (3)
B paccmatpuBaembix ayHanpasneHHbix XK nog Hambonee oTaaneHHLIMU napamu ayr byoem NoHuMaTh Takve
napbl [yr, Mexzy KOTopbIMW rporeraet ]m/ 2[—1 xopa. Mpn HeyeTHOM uncne xopg (puc. 40) kaxpas ayra
A'A" BxoguT B ABe napbl Hanbonee otganenHbix ayr — (A'A” ,B'B") n (A’A", CB"). Ho 1 npu 4yeTHOM, 1
NpU HEYETHOM N Takux nap ByaeT POBHO N . BbluuchMM Cymmy OfMH Ayr, BXOAALUMX B KaXAYK Takylo napy, 1
MakciMaribHoe 3HayeHWe 3TOi BenuuuMHbl 0003HauMm yepe3d S . [ns xopAoBbix Konew W3 npeablaywmx
YTBEPKAEHUIA, NOHATHO, YTo S = 25 . B aByHanpasneHHbix XK ¢ N xopaamn ¢ MakCMManbHbIM WaroM S 1
MUHUMAnNbHLIM LWarom (s — 1) AnameTp Bbluncnsetcs no gopmyne D = ](S + m)/2[— 1. Mpu atom cnepyet



258 International Journal "Information Models and Analyses" Vol.2 / 2013, Number 3

y4eCTb, YTO NPWU MNPOU3BONbHBIX ANUHAX Oyr Hanbonee yOoaneHHbl€ Yy3nbl BOBCE HE 00s13aTenbHO nexar B
Haunbonee oTAaneHHbIX napax ayr. Cpe,EI,I/I ABYyHanpaBneHHbIX XK ¢ NMPOU3BONbHbIM CbMKCMpOBaHHbIM ymcrom

y3r0B N MUHUManbHbIA BO3MOXHbLIA AuMaMeTp D(N)= I\/2N+1/ 4 -1/ 2[ [OCTUraeTcs Cpean XophoBbIX W
KOMbLEBLIX CETEN C MPUMEPHO PaBHLIMU Jyramu.

B tabnuue 1 ang kaxgoro 3HaveHus guameTpa D BbIYWCNIEHO MakCUManbHO BO3MOXHOe uucro yanos N
AByHanpasneHHoro XK, npeactaBneHbl napamMeTpbl COOTBETCTBYIOLLEN CETU C HEYETHBIM YUCIIOM N AYr PaBHOM
ANWHBl S, a Takke BbIYMCNEHO CpeaHee paccTosHWE Mexay y3namu d Takow ceTu. [ns cpaBHEHWs nokasaHbl
MUHUManbHble 3HayeHus D v d ansg OBOWHbLIX KOMbLEBLIX TOMOMOTUA C TEM Xe YMCIIOM Y3MOB, a Takke Ha
KaKuX OHOHAMPaBNEHHbIX XOPAOBbIX KOMbLAX OHW AOCTUralTCs. AHanuaupys pesynbTaTthbl, NPUBEOEHHbIE B
Tabnuue, MOXHO cenaTb BbIBOZ O TOM, Y4TO A1S NPOWU3BOIBHONO Yncna y3noB N cpeaHee paccTosiHue Mexay

aTUMK y3namu, npu uucne ayr pasHom mg = N —(s(N)—-1)m(N), coctasnser d = \/g .

Takum oBpasom, fokasaHo, 4to npu nwbom N umetoTcs xopgosble cet ¢ guameTpom D < +/2N u
N . .
pacctosHuem Mexay ysnamu d =~ oR YTO CYLIECTBEHHO Mydlle aHarorMyHbIX nokasateneil B OBOMHbIX

KONbLEBbIX TONONOINAX, AOCTUraeMbIX K TOMY Xe npu Kyda OonbLuei CymmapHoﬁ AnnHEe, a cneaoBaTtesibHo, U
CTOMMOCTMU.

Tabnuua 1. BblumcneHus makcumanbHO BO3MOXHOTO Yncna y3nos N gyHanpasneHHoro XK

[lByHanpaBreHHOe Xopa0BOe KOMbLIO [BoiiHas konbLieBas TONoNorus

N S n D d D d N
3 1 3 1 0,66667 1 0,66667 2

6 2 3 2 1,08333 3 1,5 3

10 2 5 3 1,65 4 2,1 4
15 3 5 4 2,35556 5 2,8 5
21 3 7 5 2,92063 6 3,42857 10
28 4 7 6 3,32143 8 4,21428 6
36 4 9 7 3,86111 9 4,83333 12
45 5 9 8 4,46222 10 5,55556 21
55 5 1 9 4,99636 11 6,18182 22
66 6 1" 10 5,41667 13 6,86364 16
78 6 13 11 5,94231 14 7,57692 19
9N 7 13 12 6,50863 15 8,18681 18
105 7 15 13 7,03129 16 8,93333 30
120 8 15 14 7,46667 17 9,55 20
136 8 17 15 7,98529 19 10,32353 33
153 9 17 16 8,5345 20 10,94118 22
171 9 19 17 9,05138 21 11,68421 38
190 10 19 18 9,49737 23 12,3421 27
210 10 21 19 10,0119 24 13,07143 41
231 11 21 20 10,55096 25 13,80952 45
253 1" 23 21 11,06432 26 14,43478 46
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lMpocTedlmm BapuaHTOM MCMONb30BaHWs Takux CTPYKTYP B CETAX AOCTyNa, ABNSETCS MOAENb, NPeACTaBNeHHas
Ha puc. 5, roe u3obpaxeH npumep peanusauun CL, obecneunBarowlen foctyn K Tpem 6a3oBbiM CETAM,
npeacTaBneHHbIMK cooTeTCTBYoWMMY YT10.

PucyHok 5. Mpumep peanusauyun CJl

Ha cetn pgoctyna opraHn3oBaHo AeBATb Y[l (YCNOBHO COEAMHEHHbIE MO TOMOMOrMM KOMbLO, 0603Ha4YeHHoe
LUTPMXOBO NMHWEN), kKpoMe 3TOro peanuaoBaHbl Tpu xopasl: YO1-YO3, YO6-YO4, YOA9-YA7 (o6o3HayeHHble
LUTPUX-MYHKTUPHON NWHUWEN), OpraHu3aums KOTOpbIX 0OYCrioBfieHa TeM, YTO Ha TeppuTopum, obCrnyxmBaemoi
Y3 (TYA3) pacnonoxeHbl nonb3oBatenu, Habop ycrnyr KoTopblx TpebyeT noaknioveHus k 6a30BbIM CETAM,
cBs3aHHbIM ¢ Y1 (T.e. oTHocAWwmecs k TY[1). AHanornyHo Ha TY[I4 pacnonaraiotcs nonb3osateni, ¢ Habopom
yenyr Tpebytowmm nogkntodeHne k Y6, a Ha TYA7 — k Y[9. TNyTb npegoctaBneHns ycnyr nonb3oBaTensm
Haxo4AWMMCS B CeKTope Z, pasMeLLeHHOM Ha Tepputopun, obcnyxusaemoin Y3 (TYA3) ¢ nomowbto YMO2 ¢
koTopbiM Y[13 He UMeeT CBA3W, peann3oBaHHbIA C MOMOLLbIO XOpabl, 0003HAYEH HA PUCYHKE FIMHUENA LUTPUX-
TOYKa-TOYKa. MCNonb3ys BblpaXeHusi, NOMyYeHHble Bbille HETPYAHO MOMYYUTb 3HAYEeHUs AuaMeTpa konbua u
cpepHee pacctosHue Mmexay yanamm D <4 n d =2, MUHAMM3MpYoWMe OOLLYI0 NPOTSIKEHHOCTb JIMHWNA
AOCTYyNa 15 paccMaTpyBaemoro npumepa cetu.

Onpegenve mectononoxeHue Y[ n cTpykTypy cBsizen mexay Humu Bbibupaem Hanbonee LenecoobpasHble Nyt
npoknagku J1I4 ot YIY k Y[ u ot Y k nonb3oBatenam. [ns 3Toro B pamkax cOTpyaHW4ecTBa ¢ Kuesckum
WHCTUTYTOM KnbepHeTukn um. B.M. TnywkoBa paspabotaH meTog Bbibopa MappyTta npoknagks JI[,
OCHOBaHHbIN Ha Mogenu BanaHCHbIX CeTel, NpeanoXeHHoW A.T.H., npod. MnagyHom B.M. [TmagyH, 2000].
Peanusaums atoro Metoga paccMoTtpeHa B [Benuyko, 2012).
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3akniouyeHue

B pabote npeanoxeHo coyeTaHuMe METOZOB, MOCMEAOBATENbHOE MPUMEHEHWEe KOTOPbIX MO3BOMWT BblbpaTh
Hanbonee LenecoobpasHyto TOMOMOTMYECKY0 CTPYKTYpY CEeTW AOCTYna, YTO AACT BO3MOXHOCTb MOBbICUTb
9(h(PEKTUBHOCT M YBENIMYUTL TOYHOCTb MPOEKTUPOBaHMA 3TWUX ceTel. [anbHenwme WccneaoBaHus,
npoeoauMble KonnekTuom kadeapbl VKT, nocBsLLEeHbI pelieHnto 3a4ay YeTBepToro atana npoektuposarns Cll
— Bblbopy 060pyaOBaHMA W TPaHCMOPTHBIX TEXHOMOTMIA JocTyna. B pesynbrate nnaHMpyeTcs 3aBepLuwThb
pa3paboTky LenocTHOM MeToauku npoektupoBaHus C[l, 4TO MO3BOMMT ONTUMM3MPOBATL MPOLECC CO3haHMs
ceTeit cnepytowero nokonenust Next Generation Networks (NGN).
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KAYECTBO YNPABNEHUA UHTENNEKTYANIbHbIMW YCITYTAMU B CETAX
NOCNEAYIOLLErO NOKONEHUA

Cepren LWecTonanos

AHHOMayus: BbinonHeHHble uccnedogaHusi omHocames K obracmu npoekmupo8aHusi UHmernnekmyansHol
Hadcmpolku e cemsax nocrnedyowezo nokoneHus (NGN) dns  noebiweHuss Kadecmea ynpaeneHus
UHMernnekmyarnbHbIMU ycryeamu. Paboma nocesweHa aHanusy Cyuecmsyrouwux NPUHUUNO8 NOCMPOEHUs
uHmennekmyansHol Hadcmpolku, paspabomke uHmesnnekmyanbHol Hadcmpolku ¢ deuyeHmpanu308aHHbIM
NPUHUUNOM YnpasreHusi, NOCMPOEHUI0 ee aHanumudeckol Modenu u pe3yrbmupyrowe2o Kpumepus Kayecmea
ynpaeneHusi UHmesnnekmyanbHbIMU ycriyeamu. lMpusedeHbi pesynbmambi uccnedogaHull UHmennekmyanbHbIX
Hadcmpoek ¢ UeHmpasnu3osaHHbIM U deueHmpasnu3o8aHHbIM NPUHUUNaMU ynpaeneHusi, ykadaHbl obnacmu ux
3hheKmuUBHO20 NPUMEHEHUS.

Knioyeenie crosa: cems nocnedyiou;eao NOKOrneHud, uHmernnekmyaribHas Hadcmpolika, Kpumepull kKayecmea.

Knioyeenie cnosa knaccugpukayuu ACM: C.2. Computer-communication networks, H. Information Systems -
H.1 Models and Principles, K. Computing Milieux - K.6 Management of computing and information system

BBepeHue

B XXI Beke B YkpauHe HabntogaeTcs CTpeMUTEnbHOe passuTie cepbl TenekoMMyHukauui. Onepatopel
npegnaratoT  LWWPOKMIA OManas3oH yCnyr, KOTopble CrocobHbl yaoBneTeopuTb  NOTpebHoCTM  Mtoboro
nomnb3oBaTens. 3HauuTeNbHO BbIPOC CMPOC Ha MHTENNeKTyanbHble ycnyru. MpegoctaensTs NoAoBHbIe yenyri
cnocobHa HoBas nnaTgopma, B OCHOBY KOTOPOI BXOAUT MHTENNEKTyarnbHas HaaCTponka. YuuTbiBas pocT cnpoca
Ha WHTeNneKTyanbHble YCyrit, OOHUM W3 BaXHEWLWX BOMPOCOB B Chepe TeNeKOMMYHUKALMA MOXHO CYMTaTb
yNyylleHne KayecTBa ynpaBfeHus ycnyrami 3a CYeT pa3paboTku MPUHLMMOB CO3L4aHMs WHTENNeKTyanbHOM
HagcTpoiiku B NGN.

AHanu3  Hay4yHO-TEXHMYECKOM nMTepaTypbl MOKa3blBaeT, YTO WUCCNEdOBaHMS  MPUHLMNOB  CO3AaHMs
WHTENMEeKTyanbHOM HaACTPOMKM HEMOCPEACTBEHHO CBA3aHbl C aHaIM3oM apXUTEeKTypbl CEeTW, MPUHLMMOM
NOCTPOEHNS CUCTEMbI YNpaBneHus M pa3paboTKon Pe3ynbTUPYIOWero KpuTepus kavectsa YnpaBfieHus
nHTennekTyansHbiMu yenyramu. Apxutektype NGN nocssiwersl pabotel b.C. Nonbgwreitta, O.B. NonbawrenHa
[1,2], 0.0. Atumka, O.B. lunHuyka, AHTOHsHa, E.M. Ckypatoeckon, C./. Octpoxa, O.W. Edpemoa. Csoun
apxutekTypHble NGN-pelueHuss paspabotamu Takue NMOepbl TeNeKOMMYHUKALWMOHHOTO pbiHka kak Alcatel,
Ericsson, Lucent Technologies, Siemens, poccuitcknin nponssoautens — HTL "Mpotei”. Bonpockl 0THOCUTENEHO
yNpaBreHus CceTaMM, YCryramu, OLeHUBaHUS SQGEKTUBHOCTU (DYHKLMOHMPOBAHWUS CUCTEM YNpaBneHus,
pa3paboTkn pe3ynbTUPYIOLLEro KpuTepns kadectsa nogHumatotces B pabotax B.K. Cteknosa [3], B.I. Kpusyupl,
N.H. BepkmaH, H.O. Knsizesoi, E.B. Kunbumukoro, Koctuka, E. LWrenHbepra, H. Ctapoay6a, H.A. Maplexkosa.
KavectBo ycnyr, nogaepxusaembix cetblo NGN, paccmatpusanu Takue asTopbl Kak 1. ®epriocoH, I. XacToH.
VccnenoBaHuio napamMeTpoB pasHbix Tpagukos noceseHbl paboTel [. Xeitmana, X. Enrebanu.
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B nocnegHee Bpemsi B NGN, kotopble yXe (DYHKUMOHMPYT B WTanuu, ANOHWMM, [OCTATOMHO YCMELUHO
“cnonb3oBanach WHTEnnekTyanbHas HagCTpoka C LEHTPanuU3oBaHHbIM NpuHUMnoM ynpasnexus (UHLIMY).
OpHako npu pocTte cnpoca Ha wHTennekTyanbHble yenyrn VHLMTY He CMOXEeT KauyeCTBEHHO BbIMOMHSTL CBOW
(yHKUmMM: BypeT BO3HMKATb nNpobriema, CBA3aHHAs C OrpaHUYeHHbIMU MPOMYCKHOM CMOCOBHOCTBIO CETU
CUrHanM3aumm 1 NPOU3BOANTENBHOCTLIO LIEHTPOB YNPaBReHUs ycryramu, BolpacTeT 3agepkka npefocTaBieHus
ycnyrm u Tak ganee. [lpyn 9TOM MOYTW He NPOBOAATCA WCCREAOBaHUS, MOCBALIEHHbIE COBEPLLEHCTBOBAHMIO
WHTENMEeKTyanbHOM HaACTPOMKW 3a cyeT deleHTpanu3auun. Cpeamn HepeleHHbIX npobnem ocTaetcs 3afjaya
pa3paboTkm MPUHUMNOB CO304AHUS MHTENNEKTyanbHOW HAACTPOAKM C  [eLeHTpann3oBaHHbIM  MPUHLMNOM
ynpaenenust (MHAIMY). HepoctatouHo mccnegoeaHo npobnemy pa3paboTki KpUTEpUsl KauecTBa YMpaBneHust
WHTEeNneKTyarnbHbIMK ycryraMu. YUnTbiBas CUTyauumio, KOTOpas CROXunach B HacTOSILLMA MOMEHT B cdepe
TENEKOMMYHMKALMA M PacTyLUWA CMpOC Ha CaMble COBPEMEHHbIE YCMYr, MOXHO YTBEpXAaTb, 4To paboTa,
KOTOpas NOCBSILYEHa MCCMeaoBaHWI0 U pa3paboTke MPUHUMNOB CO34aHUS WHTENNEKTYanbHOM HaACTPOAKM B
NGN, yto BygeT cnocobeTBOBaTH NOBLILEHUIO KAYECTBA YNpaBneHUs MHTENNEKTyanbHbIMU YCyramu, SBnseTcs
aKTyarnbHoN.

WUccnepoBaHune npuHLMNOB CO3AaHuA UHTeNNekTyanbHon HapcTponkn NGN u kputepus
kayecTtBa. [locTaHOBKa 3agaun

B coBpeMeHHbIx cetax NGN ucnonbayetca UHLITY. Mpu Takoi apxuTekType CyLecTByeT eAUHCTBEHHDIR LEeHTp
ynpaBneHus. B WHTeNneKkTyanbHyld  HALACTPOWKY, KOTOpas OTBEYaeT 3a YNpaBMeHWe MHTENneKTyansHbIMU
ycrnyramu, BxoguT YacTtb Softswitch, koTopas BeINOMHAET yHKUMIO KOMMYyTaLuKM yenyrn SSF, u cepep, KOTOpbI
BbINOMHAET (hyHKUMI0 ynpaeneHus ycnyron SCF. Jonyckaetcs, YTO CyLeCTBYeT HECKONMbKO TeppUTOpUasicHo
pasHeCeHHbIX panloHOB. YMpaBneHue paiioHHOW CETbK OCYLLECTBASET ycTaHoBneHHbI Softswitch. MMpu pocte
crpoca Ha WHTenneKTyanbHble ycnyru moxet cnyuutbes, yto MHLMY He Oyper cnocobHa kayecTBEHHO
BbINOMHATL CBOM (DYHKLMM, NOCKONbKY OyayT BO3HMKaTb NPOBneMbl, CBA3aHHbIE C OrpPaHUYEHHON MPOMYCKHOM
CNOCOBHOCTLIO CETU CUTHaNMU3aLmMn 1 YBENNYEHNEM 3a[ePXKU NMPEefoCTaBneHns ycnyru. Moatomy HyHO UckaTb
bonee adhdexTuBHOe pelleHne. Ons ynpaenenust ycryramu B IN, kotopasi 6bina npepiwecteeHHuUen NGN u
[OBOSIbHO CYLUECTBEHHO Ha Hee MOBMWANa, WHOTAA Npeanaranacb WHTENnekTyanbHas HafgcTpoika C
pacnpegeneHHbIM npuHuunom ynpaenenus (MHPITY). Apxutektypa cet ¢ MHPITY nossonseT pewuTb YacTb
npobnem, cywectaytowmx npu UHLMY. Mpexae Bcero - yMeHbWwnTb 0bLiee Bpemst 06CNYXUBaHNS 3asiBKW Ha
WHTENMEKTyanbHyl YCnyry 3a cyet BblHOCA 6MOKOB ynpaBneHus cepeucom Grmke k nonbsosatento. OgHako
OCTAeTCs O4YEHb MHOMO [PYriX HEepeLleHHbIX Npobrnem, Ans pelieHust KOTOopbiX HeobXoAMMO MCnoNb30BaTh
NHANY.

OTaenbHO CTOWT BOMPOC OTHOCUTEMNBHO KayecTBa yrnpaBneHus W pa3paboTku kputepust kayectea. KauecTeo
ynpaBneHnst MHTENNEKTyanbHbIMU YCryramMi onpeaensieTcs Ka4ecTBOM (PYHKLMOHMPOBAHUS MHTENNEKTYanbHOM
Ha[CTPOKM 1 3aBUCMT OT €€ BO3MOXHOCTEN O0BecneynTb ONTUManbHble 3HAYEHUS KPUTEPUEB KayecTea
06CNyX1BaH!s 3asIBOK Ha MHTENMEKTYanbHbIe YCryru.

Ha ceropHsILUHWI AeHb UCMOMb3YHTCS BEKTOPHbIE M CKansipHble KPUTEpUW KayecTBa YnpaBreHUs ycryramu.
CpaBHeHMEe CUCTEM C MOMOLLbI BEKTOPHOTO KPUTEPUSI He BCErAa BO3MOXHO. [1N1si cpaBHEHMst Heobxoammo,
4TOBbI BCE YaCTUYHbIE KPUTEPWM, YTO BXOAST B OAMH BEKTOPHbIN KpUTEPUiA, ObINi He BOMbLUE, YeM YaCTU4HbIE
KpUTEpUM, KOTOpble BXOAAT B Apyroi. B npoTMBHOM cnyyae AN CpaBHEHWs HeoOXOAMMO BBOAWTb
[OMONHUTENbHbIe  ycroBMs. Yalle BCEro cHavyanma opMUpYeTCcs BEKTOPHbIA  KpuTepuid, a 3aTem
OCYLLECTBNISIETC NMEPexod K CKansipHOMy KpUTEepuio MeToaami, KOTOpble NPeAoCTaBNSIOT BO3MOXHOCTb
KONN4YECTBEHHOM OLIEHKW Ka4ecTBa YnpaBneHust yCnyramu.
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[ns oueHku kayecTBa ynpaBneHus uHTennektyansHsiMu ycnyramn HLMY v MHOMY Heobxoammo onpeaenuts
MPUHLMMBI UX NOCTPOEHMUS, ONMPEAenuTb YacTUYHble KPUTEPUWM KavyecTBa YMpaBIEHWS WHTENNeKTyarbHbIMU
ycrnyramu u Metofbl Ux 06beuHeHNs B Pe3ynbTUPYIOLLNA KPUTEPUA.

Llenbto paboTbl ABNSIETCS peLueHne KOMNeKca Hay4yHO-TEXHUYECKUX BOMPOCOB, CBA3aAHHbBIX C UCCMEA0BAHNEM U
pa3paboTKoM NPWHLMNOB CO3AaHUs WHTENnekTyanbHon HagcTpoilku B NGN Ans noBbileHMs KayecTBa
YNpaBreHus UHTENNEKTYanbHbIMK YCryramu.

Pa3paboTka npuHUMNOB co3aaHna uHTennekTyanoHon Hagctponkn NGN u pesynbTupyoero
CKanspHOro KpuTepus Kayectsa

Ha ocHoBe koHuenuum IPCC [2] npeanoxeHa apxutektypa NGN ¢ MHAMY (pucyHok 1). B cetn cnemytowero
nokonenust ¢ VHAMY cywectByeT HeCKONbko y3noB kommyTtauumm ycnyru (Softswitch) u Heckonbko ysnos
ynpaerneHus ycnyroi (cepsepos). Mpeanaraotcs Asa nogxofa k peanusauuu MHAOMY. Mpu nepsom noaxone
KaXabli Cepeep COAEPXMT NoruKy oBCnyxuBaHWSt BCEX KNAaCCOB YCNyr (yHWBepCamnbHbIA cepBep). Bropoit
noaxod npefycMaTpuBaeT WCMOMb30BAHME CMELManv3vpoBaHHbIX CEpBEPOB (CepBep COAEPXWUT  NOruKy
0BCrnyX1BaHUA MNULb  HEKOTOPLIX  OMpefeneHHbIX — knaccoB  ycnyr).  [pegycmoTpeHa  BO3MOXHOCTb
NpeaocTaBNeHns OOHOrO Kracca YCryr Ha HECKOMbKUX cepBepax Ha cryyait Bblxoda 13 cTpos noboro cepeepa.
YuuTbIBas MEHbLUYID CTOMMOCTb CMeLmManu3npoBaHHbIX CEPBEPOB W MEHbLUEE BpeMs 06CNyX1BaHUS 3asBKY, B
JanbHeiwem cuntaetcs, yto npu noctpoeHun NGN ¢ MHIMY ucnonbayoTes cneyuanianpoBaHHbie CepBepb!.

Cepsep nocnyr MGCP, MEGACO, SIP CepBsep nocnyr

-

e 5_5 N - =
N e - /

/ | ~ MGCP, MEGACO, SIP

s

; / Bi,qhmﬂji API (Parlay, CAMEL)
/ A

/ AN
MGCP,MEGACO, SIP /-
/

e N

' s
Binkpui API (Parlay, CAMEL) SIP/SIP-T, H323

AN

Bigkpuri API (Parlay, CAMEL) +

SIP/SIP-T, H323

Softswitch

Softswitch

SP - nyHkT curHanisauii

SG — w03 curHanisayii

MG - mepia-wnios

Softswitch — nporpamHuin komyTaTop

SSF — chyHKuia komyTauii nocnyr —  IHchopmaLyini noTokm

CCF — (hyHKLiA KepyBaHHa Buknakom ——————— —— Curwanizalys

Puc. 1. Apxutektypa NGN ¢ UHAMY

[MpesycMOTPEHO CyLIECTBOBAHWE HECKOMbKUX TEppPUTOPUanbHO PasHECEHHBbIX PaloHOB. B kaxgoMm U3 HMX
ycTaHoBneH Softswitch, koTopbIi OCYWECTBNSAET ynpaBneHne paiioHHOW TPAHCMOPTHOW CETbIO U BbLINOIHSET
dyHKUMo kommyTaumn yenyrn SSF. B gaHHoM cnydvae psgom ¢ Softswitch pacnonoxeH cepeep, KOTOpbIi
COOEPXMT TOTUKY CMOXHbIX WHTENneKkTyanbHblX Ycnyr. WHTennekTyanbHas HaaCTpoMka — npaKTUYecku
oTAenbHas ceTb, KoTopas Heobxoguma Ans obMeHa COODLEHWMSAMM 1 YNPaBASIOWMMM CUrHANamn Mexay
cepBepamu. B Hee BxopsaT cepsepbl 1 yactn  Softswitch, kotopble BbinonHAT dyHKUMO SSF. Mpu obmeHe



International Journal "Information Models and Analyses" Vol.2 / 2013, Number 3 265

WH(OpMaLmen Mexay cepeepamu MOryT npumeHsTbes npotokonsl MGCP, MEGACO, SIP. Ceasb mexay
Softswitch 1 cepeepom ocyLuecTanseTcs yepes oTkpbiTbie API (Parlay, Camel) [4].

[ns npepoctaBneHust npeumyuiectsa apxutektype NGN ¢ MHUMY wnu MHOMY Heobxoaumo cpaBHUTL KX
Ka4yecTBO yNpaBeHNs MHTENNEKTYanbHbIMW YCyramu.

[ns atoro cnegyet onpeaennTb KpUTEPUM KayecTBa ynpaBneHns. YuuTbiBas NpoBeAeHHbIe uccnefoBaHus [9),
KaK YaCTUYHbIE KPUTEPWUW KavecTBa YMpaBreHWs NPefoCTaBEHNEM WHTENNeKTyanbHbIX YCIyr NpeafioxeHbl:

06Luee BpemMA 06CJ'Iy>KVIBaHVIFI 3aABK/ Ha MWHTENNEeKTyanbHYy YCnyry VIHTeJ'IJ'IeKTyaJ'IbHOVI HaﬂCTpOVIKOVI 7_-;; )

BEPOSATHOCTb GNOKMPOBKM 3asiBKM f’A , KOMNYECTBO 3asBOK, KOTOpLIE OXuAalT obcnyxuBaHne L (ganble 3T

KpUTEPUN — TEXHWYECKME), CTOMMOCTb MHTENnekTyanbHoit Haactpoikn C (panblue 3TOT KpUTEpUn —
3KOHOMMYeCKMI).  [lopobHblE  KpUTEpUM  MCMONB3YKOTCA  ANS  CuMCTeM  ynpaeneduss B IP-cetax
TENEKOMMYHUKALMOHHBIX CeTsiX. OfHAKo B JaHHOM Clyyae OHM UMEOT COAepKaHue, COOTBETCTBYIOLLEee 0ObeKTy
NPUMEHEHUS, 1 COOTBETCTBYHOLLMIA cnocob pacyeTa.

Kak yxe oTMeyanocb, CpaBHUTb WHTENNEKTyarbHble HAACTPOMKM C pasHbIMWA MpUHLMNAMKU YNpaBneHus ¢
MOMOLLbH0 YaCTUYHBIX KPUTEPUEB, KOTOPbIE ABMNSIOTCA NEMEHTaMM BEKTOPHOTO KpUTEpUS, HE BCeraa BO3MOXHO.
LlenecoobpasHo NpUMeHUTL PesyNnbTUPYIOWMA CKanspHbIA KpuTepui. [ns  ero co3paHust WCnonb3oBaHa
afauTMBHas (PYHKLUMS NONE3HOCTU:

F =YKy, 0

rae V; — ecoble koapuumeHTbl, K. — i-Il YaCTUUHbIA KpUTEpUiA, [ — KOMMYECTBO YaCTUYHBIX KpUTEpUEB
(I1=4).

[ina onpepeneHns 3HaYeHMii BECOBbIX KOIDMULMEHTOB YaCTMYHbIX KPUTEPUEB MCMOMb30BaHbl AKCMEPTHblE
OLleHK! MPUOPHUTETA ¥, YaCTUYHbIX KPUTEPUEB U CHOPMUPOBAHA MaTPHLi MPUOPHTETOB [5].

OcHoBOM Ans pacyeTa TEXHNYECKMX YaCTUYHbIX KPUTEPUEB Ka4YeCcTBa SBNSAOTCA aHanutuyeckue mogenu MHLUMY
n AHAONY.

[Ona co3faHus aHanUTUYeCKUX MOAENen WHTENNEeKTyamnbHbIX HafACTPOeK MOXHO MPUMEHUTL anmnapaTt Teopuu
MaccoBoro obcnyxmBanns 1 Teopun MapkoBCKUX CryyaiiHbIX NpoLeccoB. [MpoaHanuanpoBaHbl XapakTepuCTMKm
BXOOHOTO MOTOKA 3asiBOK W WHTEHCMBHOCTM OOCNyXuBaHWA 3asBOK. [lpu  CTaUMOHApHOM pexume
WHTENneKTyarnbHble HaACTPOAKA MOXHO OMUCHIBATb HE C MOMOLLBbK CUCTEM AndipepeHumMancHbiX YpaBHEHUI
Konmoropoga, a B Buge anrebpanmyeckix cucteM ypaBHEHHIA.

[MpennoxeH anropuTM NOCTpoeHNUs aHanuTuieckon mogenm VHLLIMY, koTopblil npeacTaBnseT coboi cnegytowme
aTanbl: KOOMPOBKA COCTOSIHUM CUCTEMbl, (POPMUPOBAHWS pPa3MEYEeHHOro rpada nepexofoB CUCTEMBI,
(HOPMMPOBAHUA CUCTEMbI YPaBHEHU W ONpeAeneHUs CTaLMOHApHbIX BEPOSTHOCTENW, pacyeT YaCTUYHbIX
kputepues NHLMTY. MpeanoxeHbl MeTOAbl pacyeta YacTuuHbIX kputepues UHLIMTY.

PaccmoTpeHa cnegytowas aHanutuyeckas mogens MHLMY.

WHUIMY npeactaBneHa B Buae OpHOKaHanbHOM cucTeMbl MaccoBoro obcnyxusanns (CMO). BxogHon noTok
3a5BOK — HEOQHOPOAHbIA: B CUCTEMY MOCTYNatOT ABa kfacca 3asBoK. Hakonutenb Ans 3asBOK — C OrpaHNyYeHHON
eMKOCTbIo: 7 =2 . [ucumnnuHa obenyxuBaHus — C OTHOCUTENbHBIMU NPUOPUTETAMM: 3asiBKM NEPBOrO Knacca
MMEIOT NMPUOPUTET MO OTHOLLEHMIO K 3asiBKaM BTOPOro knacca. 3asiBKM ABYX KNaccoB, KOTOpblE MOCTYNaioT B
cucTemy, 06pa3yloT MyacCOHOBCKME MOTOKM C WHTEHCMBHOCTAMM A M A, , COOTBETCTBEHHO. [INMTEMbHOCTL

06CJ'Iy>KVIBaHMF| 3adABOK KaXOOro Kracca pacnpefeneHa no 3KCNOHeHUManbHOMY 3akOHY C WHTEHCUBHOCTAMU
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u=1/b , p,=1/b,, rne b, v b, — cpeaHasa ANUTENbHOCTb 06CMyXMBaHWA 3asBOK knacca 1 u 2,

cooTBeTCTBEHHO. B CMO Bceraa CylecTByeT CTALUMOHAPHDBIA PEXUM, MOCKONBKY HE MOXET ObiTb GECKOHEYHbIX
ovepenen.

KooupoBaHue COCTOSIHUIA Cy4aiHoro npouecca BbinonHsaeTcs cneayowmm obpasom: (M, Y), rae M={0, 1, 2} -
coctosHne obcnyxuBaroLiero npubopa, KOTOPOe 3aAaeTcs KNaccoM 3asBKM HaxOAsLencs Ha obcrnyxuBaHum
(«0» — npubop ceobogeH; «1» unm «2» — Ha obcnyxuBaHuM B npubope HaxoguTcs 3asBka knacca 1 unm 2,
CO0TBETCTBEHHO). CocTtosHne HakomuTens: Y={0, 1, 2, 11, 12, 22}, rae «0» — 03HAYaET OTCYTCTBME 3aSBOK B
HakonuTene; «1» — MPUCYTCTBME B HakonuTene TOMbKO OAHOW 3asBKM knacca 1; «2» — npucyTCcTBME B
HakonuTene ToNbKO OAHON 3asBKW Knacca 2; «11» — NpucyTCTBUE B HAaKONWUTENE ABYX 3asBOK knacca 1; «12» —
NPMUCYTCTBME B HaKoNMWTENe OOHOM 3asBKKM kmacca 1 WM OOHOW 3asBKM Knacca 2; «22» — MNpUCYTCTBKE B
HakonuTene AByX 3asBOK Knacca 2. 3akoaMpoBaB COCTOSHMS, NOCTPOMB rpady NepexofoB (PUCYHOK 2), COCTaBMB
CUCTEMY YpaBHeHWit OanaHca Ans Kaxaoro W3 COCTOSHWA CUCTEMbl M PELUMB €€, MOXHO OmnpesennTb
BEPOSTHOCTI HAaXOXKEHUS CUCTEMbI B KaX/A0M 13 COCTOSHWUIA P, .

Puc. 2. PasameyeHHbI rpad nepexonos Mapkosckoro npouecca ansa MHLUITY

XapaktepucTuku npeanoxenHon VHLIMY npu HangeHHbIX 3HaYeHUsX CTaluMOHapHbIX BEPOSTHOCTEN COCTOSHWIA
CryyaitHoro NpoLecca paccunTbIBAKOTCS NPY NOMOLLM CrIEAYHOLMX BbIpaXEHNN:

Cpe,que Y1CI0 3aABOK B ovepeu:
Leioro = ps+p,+2ps+2pg+2p,+ po+py+2p,+2p,+2p, (2)

Cpe,que YMCI0 3aABOK B CUCTEME:

Mioi6 = P+ Dy +2p, + 2D, +3Ds 43D + 3D, + 2D +2py +3p, +3p,, +3Dy, (3)
BeposTHOCTb NoTepy 3asBOK:
Pi = ps+ P+ Py + o+ Py + Dy, (4)
Mpon3BOANTENBHOCTL CUCTEMBI:
A=+ A)(1-Pa) (5)
CpenHee obLee Bpems 00CNYXMBaHMS 3aSBKW HA UHTENNEKTYaNbHYHO YCAyTy:

TiiEiOI’O':MEjOiO'/ﬂ' (6)
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CtonT OTMETUTB, YTO npwn yBenuyeHnn Konmn4ecTea KnaccoB ycnyr U anvHbl ovepean npu cepsepe, CroXHOCTb
aHanuTUyecKon Moaenu CyLeCTBEHHO BO3pacCTaeT, YTO YCNOXHAET €€ NPakTU4eCckoe NpuMeHeHNe.

Mpencraeuts VHAMY ¢ nomMowibto 0ObIMHOM CUCTEMBbI MAcCoBOro obcnyxuBaHus yxe Henb3s. MHLAMY moxHo
paccMaTprBaTh Kak HECKOMbKO COEAMHEHHbIX Mexay cobol CUCTEM MacCoBOro 06CNyXMBaHUS, TO €CTb Kak CeTb
MaccoBoro obcnyxusanus (CEMO).

MpeanoxeH anropuTM NOCTPOEHMs aHanuTudeckon mogenu MHAMY, koTopas npeactasnset coboir cnegytowme
aTanbl: KOAMPOBKA COCTOSHWA CUCTEMbI, (DOPMMPOBAHUS pPa3MEYEHHOro rpada nepexodoB CUCTEMb,
(hOPMMUPOBAHMSA CUCTEMbI YPaBHEHU W OMpedeneHnst CTauMOHapHbIX BEPOSITHOCTENM, pacyeT YacTUYHbIX
kputepues NHAMY. MpeanoxeHbl MeTodbl pacdeTa YacTuuHbIX kputepues MHAMY. PaccmoTpeHa cneaytowas
aHanutuyeckas mogens MHAMY.

MpencraeneHo VHAMY B Buage pasomkHyTOM akcnoHeHumansHon CEMO ¢ aBymst ogHOKaHanbHbIMK y3namu, B

KOTOPYHO U3 BHeLLHeMN cpenbl NoCTynakwT 3adaBkKM C  MHTEHCUBHOCTAMU ﬂi]., roe i=1,2 — HOMepa CepBepos,

j =1,2— Knaccbl 3asiBOK. 3asiBKM NnepBoro Krnacca UMerT Gonee BbICOKMI NPUOPUTET, YEM 3asBKM BTOPOrO.

Hakoruterm B 060X y3nax WMeOT OrpaHM4YeHHylo eMKOCTb 7 ; 3ajaguM: # =71, =1 . 3asBka, koTopas

1

NnocTynuna B y3en W 3actana Hakonutesnb 3anoJfIHeHHbIM, TEPAETCA. [nuTenbHoOCTb 06Cﬂy)KVIBaHVIﬂ bij B y3nax

pacnpefeneHa no aKCrnoHeHUmManbHOMy 3aKoHy CO CPeaHUMM 3Hayerusmun b, , b, , b, , b

1, b, by, b,,, COOTBETCTBEHHO.

CunTaeTcs, YTO MPUMEHSIOTCA [Ba Crneuuanu3vpoBaHHbIX cepBepa. [lepBbiit crocobeH obCcnyxuBaTh NuLLb
3aBKM knacca 1, a 3asiBKu knacca 2 OTnpaBnseT Ha BTOpOA cepeep. BTopoil cepsep cnocobeH obenyxmBaTh
NULLb 3asBKI Knacca 2, a 3asBKu knacca 1 nepeHanpasnseT k NepeoMy cepsepy. B Takom cryyae sHayenus b, ,

b,, BynyT oTBeYaTb He CpeaHeMy BpeMeHu 0bCnyxmBaHe, a CpeAHeMy BpeMeHn AelundpaLui Knacca 3asBKi
W NepeHanpaBreHns B Apyroi cepeep.

lMockonbky 3asiBKM B CETM MOTYT TEpsITbCS, NpeacTaBneHHast pasomkHyTas CEMO sBnseTcs HENMMHEHo|, To
€CTb VHTEHCMBHOCTU MOTOKOB 3asIBOK, KOTOpble nocTynatoT B yankl CEMO, He cBs3aHbl Mexay cob0i NMHEHOM

3aBMCMMOCTBIO M He MOTYT ObITb paccyuTaHbl NyTEM PELUEHWS CUCTEMbI NUHENHBIX anrebpanyecknx ypaBHEHWI.
AnutenscHoctb obcnyxuBaHus 3asBok B y3nax CEMO pacnpegeneHa no  3KCMOHEHUMANbHOMY 3aKOHYy C

WHTeHCMBHOCTSIMM obcyxuBamst: 4, =1/b,, , i, =1/b, , ,, =1/b,,, 11, =1/b,, . B pasomkryroit CEMO

npy nio6oil Harpyske CyLLECTBYET CTALMOHAPHBIA PEXIM, NOCKONbKY B y3nax CeTh He MOryT BbiTb GECKOHEYHbIE
oyepean.

[ns onucaHua coctosHMn MapKOBCKOro CRyvaiHoro npouecca MCnonb30BaHO pacnpefeneHne 3asBoK Mexay
yanamu. CocTosiHus 3aKogmpoBaHbl Takum obpasom: (Mi/M2) (rae Mi = (M, Y); M — npubop, M = {0, 1, 2}; Y -
ouepenb, Y =10, 1, 2}). Pacwudpyem 0603HaueHue:

1. ns npubopa M: «0» — y3en cBobogHbIn; «1» — Ha 0BCRyXUBaHMM B y3re HaXOAMTCS 3asiBka knacca 1; «2» —
Ha oBcnyxuBaHMK B y3ne HaxoauTcs 3asiBka knacca 2.

2. [Ins ovepean Y: «O» — HET 3asBOK B ovepeay; «1» — B ovepeayn HaxoauTcs 3asBka knacca 1; «2» — B o4epeam
HaxoauTcs 3asBka knacca 2.

lMoctpoms rpad nepexopoB aHanmoryHo WHLMY, cocTaBuB cucTemy ypaBHeHMin GanaHca Ans Kaxgoro us
COCTOSHAN CUCTEMbI U PELNB €€, MOXHO OMpeaeNnTb BEpPOSTHOCT HAaXOXAEHWSI CUCTEMbI B KaXOAOM U3
OTMEYEHHbIX COCTOAHUA P, .

[Mocne 3Toro MOXHO paccymTaTb BCE OCHOBHbIE XapaKTEPUCTUKN CUCTEMbI.
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CpefHee uncno 3asBOK B 04epeamn Nepeoro cepaepa:

—_ 30 48
Li=p,+p+Dps+ps+ D P+ .0 (7)
k=19 [=37

Cpe,D,Hee YMCno 3asABOK B 04epeamn BTOPOro cepeepa:
L= Dyt Pyt Pt Pt Pyt Dist Pyt Digt Pyt Pyt Pyt
Doyt Pagt Pap T Do T D3g T Dap D3y T P3s T Pyg T Pig T Py T Pyt (8)
Pyt Duyt Pyst Pigt Pag
Torga oblwas anuHa ovepean:
Lidio=Li+Lo O

3arpysku cepBepoB COOTBETCTBYIOLLMM KNAcCOM 3asiBOK ONPEAENsoTCs Kak CyMMbl BEPOSITHOCTE COCTOSIHWN, B
KOTOpbIX COOTBETCTBYIOLLWI CEPBEP 3aHAT 0OCMYXMBAHUEM 3asBOK COOTBETCTBYIOLLErO Kracca:

30 48
Pu =D+ DD D D P = Pat Dt Do Py
k=13 =31
P =P D3t Pyt Pist Pyt PistPot Doyt Doyt Dost Pyt Pyt
Pyt Pyt Pyt Pyt Dsgt Pygt Past Pag T Dus

Pr =Pt Pt Pot Dt Py TPisTPot Pyt Pyt Pygt Pt Pyt

Dyt Dys T Dy T Pagt Pyy T Pap T Pag T Py T Pug
MPON3BOANTENBHOCTU Y3MOB (MHTEHCMBHOCTI OBCTYXEHHbIX 3asBOK COOTBETCTBYHLLErO KNacca Ha BbIXOae
y3710B) OMPEeAEnsoTes Mo hopMynam:
A= Pukhys Ay = Pty Ay = Pothy Ay = Pt (11)
BeposiTHOCTb MOTEPU 3a51BOK COOTBETCTBYHLLETO KIAacca Ha COOTBETCTBYHOLLEM CEpBEpE:

Kﬂ-Lﬁ %ﬂ_ﬁ; @:1_#; E:l_@
/111 +ﬂ’21 //112 /122 +ﬂ12 /121

BeposTHOCTb NOTEPU 3asiBOK COOTBETCTBYIOLEro knacca B UHAMY:

(12)

Py=te Bt e (13)
/111+221 2’22+ll2

CpeaHee 4MCIo 3a9BOK COOTBETCTBYHOLLErO Knacca:

_ 18 24 30 42 - V) 48
M =p+2p,+p,+ D+ D P +2D D+ Y P+ P i Mo =p+p,+p+2p+ Y p2D p,

k=13 =19 m=25 n=37 =25 =43
Mo =p,+2ps+ po+ P+ P +2P,+ Dist Pyt Diot 2P0+ Pyt Do+ Pos T2+ Doy + (14)
Dot D31 F2P3 + Piyt Dss+ D3y +2D5g + Dyg + Dy + Pz +2P44 + Pus + Py

Mxn=p,+p,+2p,+Pis+ Pt P+ 2P+t Pyt Py + Py +2D, +
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2D5+ D33+ D3y + P3s t2D36+ Do+ Pao T Pyt + 2Dy + Pus + Dag + Py T 2P
Onpe,qeneHa BECOMOCTb NOTOKa 3assBOK COOTBETCTBYIOLLIErO Knacca And Kaxaoro n3 cepBepos.
Si=A40=Py)); /o =ﬂ2'1(1'P,411) Sy =An0-Py)s 1y :/11'2(1'11{22)
D ST U U (15)
& = 1610 = 1851 = 1€ =
VERIE fitf, S+, S+,

Bpemsi o6cnyxmBaHns 3asiBkM COOTBETCTBYIOLLENO KNacca Ha KaaoM U3 CEPBEPOB:

— M, — M, — M, — M
O, =—"10,=—%,0, =—2;0, =—# (16)
Ay Ay Z Ay
Torga oblee Bpems 06CNyxMBaHUs 3asiBKW COOTBETCTBYHOLLEro knacca B MHAMY:
Oiizi it o1 = 5110_11+ 521(0_21+C)_11) (Onigi o2 = 5220_22+ & (0_12+O_22) (17)

CnepyeT OTMETWTb, YTO MpU POCTE KOMMYECTBa KNaccoB YCMyr, KONWYECTBa CEPBEPOB, ANMMHbI OYepean npu
cepBepax, yuuTbiBas HEMMHEHOCTb CUCTEM, C NMOMOLLIO KOTOPbIX MOAENMPYIOTCS cepBepa, U 00beANHEHNS 1X
B CeTb, CIMOXHOCTb aHanWUTUYECKOW MOLEeNM CYLWECTBEHHO pacTeT, YTO YCMOXHAET ee npakTh4yeckoe
1Cnonb3oBaHue.

OpHuM 13 yacTuuHbIX kputepmes kavectsa VHLIMTY n MHATY sBnseTcs ux CTOMMOCTb, TOYHEE roBOpS, YMCTas
npueegeHHas ctoumoctb NPV. ®opmynbl pacdeta NPV gna MHLUMY v MHATY ByayT uMeTk 0aMHAKOBLIN BUL.
[nsa pacyeTa BBefeHbl cregyowupe obosHayeHns: P — o6beM JOXOA0B OT BHEAPEHUS MHTENNeKTyanbHoW
HaACTPOMKW; B, — MHBECTULIMOHHBINA KanuTan; B, — TekyLue pacxodbl Ha WHTENneKTyanbHylo HaaCcTponky; A

— rogoBad amopTu3alna OCHOBHbIX CPEACTB, B KOTOPblIE MHBECTUPOBAH Kanutarl; T - nepuog peanusauuu u
aKcnnyatauuu I/IHTeJ'IJ'IeKTyaJ'IbHOIZ Ha/J,CTp0171KI/1 (KOJ'II/NeCTBO J'IeT); t - I'IOpFIﬂKOBbIIh HOMEp Kaxpaoro roaa; r —
rogoBad AUCKOHTHaA CTaBKa.

NPV MOXHO onpefenuTb, Kak OOLyt0 pasHULy Mexay npuBedeHHbIMM [OXOAaMM M pacxojamu  Ha
WHTENMeKTyanbHyo HaCTPOIKY 3a BCE oAbl peannusaLnm 1 akenyaTtauum:

T
wpy = -8R "
o (1+7)
Kak yXe 0TMedanocCb, npu uccnegoBaHnn MHTENNEKTyanbHbIX HAaACTPOEK, KOTOPbIE cCoAaepXat oonbLue ABYX
cneyMann3npoBaHHbIX CEPBEPOB U 06Cﬂy)K|/|Baf0T HECKOIMbKO KNacCoB 3aABOK Ha WHTENNEKTyanbHble YCNyru,
NnpakTMyeckoe WUCnonb3oBaHWe aHanUTU4ECKNX MOﬂeJ'IeIZ He Ll,eJ'IeCOOGpa3H0 yepe3 KUX CNOXHOCTb.
ﬂpeﬂnaraeTCﬂ B TaKuX Cny4aax ucnonb3osaTb MMUTALNOHHbIE MOLENN.

Pa3paboTtka umutaumoHHbix mogenen UHLINY n UHAMY v onpepeneHue cdepbl nx
acheKTMBHOro NpUMeHeHus

Ha ocHoBaHuM pa3paboTaHHbIX aHanuMTUYeckux moaenen ans uccnegosanna MHLIMY n MHAMY npeanoxeHs! nx
UMUTaLMOHHbIE Mogenn. [lpeacTaBneHo anroputM (PYHKLUMOHMPOBAHWUS UMUTALMOHHONW Mogenn MHLMY. Ons
DOCTWKEHWS ONpeeNeHHON TOYHOCTM pesynbTaToB B MOLESb JOMKHO NOCTYNNUTL COOTBETCTBEHHOE KOMMYECTBO
3asBoK. [MponcxoaunT reHepupoBaHWe 3asBOK [BYX KMaccoB C pa3HbIMU MpUOpUTETaMK, KOTOpbIE MOCTYNAaKT B
cuctemy. OTgensHble 6rokuM MogenupyloT npebbiBaHue 3asiBKM B 04epean 1 00CyXMBaHNS 3asiBOK CEPBEPOM,
PaCCYUTBLIBAKOT YaCTUYHbIE KPUTEPUN.
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Anroput™ (PYHKLUMOHMPOBaHNMS UMUTaUMOHHO Mogenn VHOMY npenctasned Ha puc. 3. [ns QOCTUXKEHUS
onpegeneHHon TOMHOCTW pe3ynbTaToB B MOZENb AOMKHO MOCTYNWUTL COOTBETCTBYHLLEE KOMMYECTBO 3asBOK.
[MpoucxoauT reHepupoBaHne 3asBOK ABYX KNAacCOB C pasHbIMU NPUOpUTETaMK, KOTOPbIE Ha Criedytolem Liare
noctynawT B [Ba cepBepa. [lBa cepBepa M oyepean MOAENMPYIOTCS OTAENbHbIMM Briokamu, KOTopble
BbIMNOSHSIOT BCIO HEOOXOAMMYHO NOTUKY 0BCRYXMBAHWS 1 PACCUYNTLIBAKOT YacTUyHbIe kKpuTepun. MpeaycmoTpeHa
nepedaya 3asiBKM Knacca 2, YTOo MOCTynuna B NEPBbIM Cepeep, Ha BTopoi cepsep. [ogobHas npoueaypa
MPOWUCX0aNT W C 3asiBKamm knacca 1, YTo NocTynunu Bo BTOPOW cepaep [6].

Bunnaueso mscy some
7a nowyx cepsicsoi norix

Puc.3. Anroput™ gyHKLMOHMPOBaHMS UMUTaLMOHHON Mogenn NHAMY

[ns moaenuposaHus onucaHHoi cuctembl Ha BM ncnons3osaHo GPSS (General Purpose Simulation System).
B pesynbTaTe TecTMpOBaHUS OTMEYeHHbIX Mogenen Oblno YCTAHOBMEHO, YTO MOMPELLHOCTb Pe3ynbTaTos,
NOMYyYEHHbIX C MOMOLLBID aHaNUTUYECKON 1 uMUTaLmoHHoN mogenen, ans MHLIMY He npesbiwaet 0,85%, ans
UHAMY - 4%.

bonbluee 3HayeHne NOrpeLlHoOCTY NPU CPABHEHUW UMUTALIMOHHON W aHanuTuieckon mogenen MHAOMY B nepayto
oyepedb CBS3aHO CO CHOXHOCTBIO €€ apXWUTEKTYpbl U, COOTBETCTBEHHO, €€ aHaNNTUYECKON W UMUTALMOHHOM
mogenen. onyyeHHble pesynbTaTbl MOATBEPXKAAIOT BO3MOXHOCTb WCMOMb30BaHUS UMUTALMOHHBIX MOAEenen
WHTENMEeKTyanbHbIX HaACTPOeK B TeX Cryyasx, KOrda CO3[aHWe MX aHanuTUYeckux MOAenei npaKThyecku
HEBO3MOXHO.

,U.OI'IyCKaJ'IOCb, YTO CepBepbl MMEKT NOCTOAHHOE BpEMA 06CJ'Iy)KVIBaHI/I$| 3asdBKM COOTBETCTBYIOLLIErO Knacca. ,U,J'IFI
CpaBHEHMA Ka4decTBa d)yHKUMOHI/IpOBaHVIFI MHTENNEKTyanbHbIX HaACTPOEK WCNONb30BaHbl cneaywuime

3HaveHus. [ns cepsepoB WHAMY: g4, =0.4, x4, =0.5, u,, =0.5, wu, =0.4. na cepsepa NHLIMY:
1, =04, u, =04.

N3MeHss 3HauyeHne A, MOXHO CpaBHUTb KayecTBO ynpaBrneHns obcnyxusaHvem 3asBok. CuuTanoch, 4o,
A=A, =4, =4, a 4 =4,+4,, 4, =4,+4,. B pacuerax npunsata croumocts MHAMY 10 000

y.e., a croumoctb MHLMY - 7 000 y.e. KoadhdpuumeHT HopMupoBaHust ans ctoumoctu coctasnseT 1000, ans
Apyrvx nokasatenen — 1. BbINONHWB COOTBETCTBYIOLIME PACcYEThI, NOMyYeHbl pe3ynbTathl, NPeacTaBneHHbIE B
Tabnuue 1.
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Tabnuua 1. PesynbTaTthl pacyetoB

MH 7\‘ L Tuol TooZ ])];1 ])];2 C Fp

any { 0,05 [ 0,159 | 4,375 | 4,373 | 0,115 | 0,117 [ 10 000 | 3,22
Uy | 0,1 10,274 | 3,785 | 4,208 | 0,069 [ 0,067 | 7000 | 2,74
Any { 0,08 [ 0,313 | 4,657 | 4,662 | 0,222 | 0,218 | 10 000 | 3,49
Lry | 0,16 | 0,563 | 4,215 | 5,073 | 0,174 | 0,17 | 7000 | 3,21
any | 0,1 (0,402 | 4,753 | 4,743 | 0,283 | 0,283 | 10 000 | 3,62
ury | 0,2 | 0,76 | 4,522 | 5,617 | 0,253 [ 0,25 | 7000 | 3,53
any { 0,2 (0,793 | 5,081 | 5,094 | 0,518 | 0,517 | 10 000 | 4,08
Ury | 04 1,334 | 501 | 7,169 | 0,534 [ 0,53 | 7000 | 4,42
any { 04 (1,209 519 [ 521 (0,724 | 0,730 [ 10 000 | 4,42
ury | 08 | 1,7 |[5275)8516 | 0,754 [ 0,758 | 7000 | 5,10
any | 0,6 (1406 | 512 [ 516 [ 0,8 | 08 |[10000 | 4,49
ury | 1,2 11,803 | 5,124 | 8,796 | 0,833 [ 0,832 | 7000 | 5,23
any { 0,8 (1,536 | 5,092 | 5,149 | 0,858 | 0,856 | 10 000 | 4,56
ury | 1,6 | 1,86 | 5136 | 9,026 | 0,875 | 0,872 | 7000 | 5,34

Kak BugHO ¢ Tabnuubl 1 Mpu Manbix 3HAYEHNUSIX MHTEHCUBHOCTM NOCTYMNeHUs 3asBk A , korga A < 4, nyuwe
npumensTe MHLIMY. Mpu pocte A u npubnwkenun ee k 4 npeumylectso MHUMY Hapg VHAMY craHoBuTCS
3HAQUNTENbHO MEHbLUE W TMPW  OMpedeneHHbIX 3HayeHusix yxe nydwe npumensats WMHAMY. OcobeHHo
cywectBeHHo npeumylectso MHAOMY owytumoe npu A > 1 . OpHako Takue pesynbTaTbl KacatoTcs Nlb
WHTENMEKTyanbHbIX HaACTPOEK C NPOCTONA CTPYKTypoi (0BCNYXMBAKOT HE3HAYMTENbHOE KOMMYECTBO KIaccoB
3asBok, MHAOTY umeeT gBa cepsepa).

lMpoaHanuaupoBaHo noeeseHne 6onee COXHbIX MHTENNEKTYanbHbIX HAACTPOEK.

PaccmotpeHo HLTY, obcnyxwvBatoLuyto YeTbipe Kracca 3asiBok.

WMHUMY - ogHokaHanbHas CMO. BxogHoi noTok 3asiBOK — HEOOHOPOOEH: B CUCTEMY NOCTynaeT 4 knacca
3asBOK. HakonuTenb Ans 3asiBOK — OgpaHu4eHHoU emkocmbio v =16 . [QuecumnnuHa 6ycdepusaummn — be3
8bIMECHEHUS 3asiBOK: eCny Mpu MOCTYNMEeHU! B CUCTEMY 3asBKM M06Oro Knacca HakonmuTeMb 3anofiHeH A0
KOHLa, TO 3asBka TepsieTcs. AucumnnnHa obenyxuBaHns — ¢ OMHOCUMENbHbIMU npuopumemamu: Yem MeHbLUE
3HaYeHWe Krnacca, TeM Bbille NPUOPUTET 3asBOK. Beakui pa3 u3 Hakonutens Ha obcnyxuBaHue BbibupaeTcs

3asiBKa C HaMBbICLIMM NPUOPUTETOM. [Tpn 3TOM BO BpeMst MOCTYNEHUs B CUCTEMY BbICOKONPUOPUTETHON 3asiBKU
06CnyX1BaHUS HU3KONPUOPUTETHO He NpepbiBaeTcs. MpeanonoXkeHns U JONyLLEHUS: 3asiBKM KIacCoB, KOTOpbIE

noctynatot B cuctemy, obpasyloT npocmbie MOTOKM C MHTEHCUBHOCTAMM A, , rae j =1,4 . [inutensHocTb
00CNyX1BaHUs 3asIBOK KaXOOoro Krnacca pacnpedenieHa Mo KCMOHEHLManbHOMY 3aKOHY C MHTEHCMBHOCTAMU

U, = 1/ b]. , tae b ; — CPepHsist AnuTenbHOCTb obcnyxuBaHus 3asBOK j-20 Knacca.

MpoaHanuauposaHo nosegexue NHAMY ¢ yeTbipbMs cepBepamu, koTopas 00CnyKMBaeT YeTbipe Krnacca 3asBoK.
WHOMY npeactaeneHo B Buge cneaytowen CEMO: WHAMY — pasomkHyTa akcnoHeHumansHas CEMO c 4
yanamu, kotopble oteevatot cepeepam WHAMY. Yanel CEMO - ogHokaHanbHble. Hakonutenu B yanax MMmeloT
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OrpaH14YeHHYI0 eMKOCTb 7. YcTaHoBuM 7; =4, rae i = 1,4 . BXoaHOW NOTOK 3aABOK — HEOOHOPOOEH: B CUCTEMY
nocTynaer 4 knacca 3asiBok C MHTEHCUBHOCTAMM A, rAe i = 1,4 - HomMep cepBepos, j =4 — Knacc 3asiBok.

3asBKM Knacca 4 He MOCTYMalT K YETBEPTOMY CepBepy, a NepeHanpaBnslTCa elle Ha CTagun KOMMyTaLu
MpOrpaMMHbIM KOMMYTaTOpOM. [ucumunnmuubl bydepnsauyum B yanax — ¢ NoTepsiMi 3asiBOK, €ClM HaKoMMUTEnM
3anosHeHbl. JucuunnnHa obernyXuBaHus — ¢ OMHOCUMENbHbIMU NpUOpUMemamu; YeM MeHbluee 3HaueHne
Knacca, TeMm BbICLUMA NPUOPUTET 3asiBOK. Besikuii pas 3 HakonuTens Ha obCnyxuBaHue BbiGMpaeTCs 3asiBka C
HauBbICLLMM MpuopuTeToM. Mpu 3TOM BO BPEMsi MOCTYMIEHUS B CUCTEMY BbICOKOMPUOPUTETHON 3asiBKM

00CMyXMNBaHWS HU3KONPUOPUTETHON HE MpepblBaeTCS. Sa,ﬂ,aHbl MaTpuLbl /= Zj BEpOSATHOCTEN e enav
qlk

3asBKM M3 TEKyLLero ceppepa Ha Apyrie cepeepbl Ui obCnyxUBaHUe Tekywwum cepeepoM, rae i,k =1,4 -
HOMep CepBepoB, Ans knaccos 3assok j=4. Mpu i#k g’ oTBevaeT BEPOATHOCTM Nepeaaum, npu i = k
g’ oTBeYaeT BePOATHOCTM OBCNYXINBAHMS TEKYLLM CEPBEPOM.

MpeanonoxeHue 1 JonyLieHue:
AnutensbHoctb obcnyxuBaHus 3asBok B y3nax CEMO pacnpegeneHa no  3KCMOHEHUMANbHOMY 3aKOHY C

MHTEHCVBHOCTSIMM oBCnyxuBaHus: 4, = l/b[j , TAe i =1,4 - Homep cepsepa, j =4 - Knacc 3asBok. b, -
CpeaHss AnuTenbHOCTL 06CNYXKNBAHINS 3aSBOK J-r0 knacca Ha i-m cepsepe. B Takom cnyvae by;, by, , by;, by,

b, , by, , by, by, bynyT cooTBeTCTBOBATL HE CPENHEMY BPEMEHM OBCMyXMBaHMS, a CpeaHeMy BpPeMEH
AeLnNcpoBaHNA Knacca 3asiBK1 U NepeHanpaBneHunst B Apyroii CEpeep.

[ins onucaHHbIX MHTENNeKTyanbHbIX HaACTpoek pa3paboTka aHanMTU4eckux Mofeneil cBsizaHa ¢ GombLUMMM
CNIOXXHOCTSIMW, MOTOMY [NSi UCCEeoBaHWs TakuX CUCTeM LienecoobpasHo npuberHyTb K MMUTALMOHHOMY
MOZENMPOBaHUIO.

Anroput™  (PYHKLMOHMPOBAHWNS UMUTALMOHHOW MoAenn paccmoTpeHHon WHLMY  asnsetcs  nogo6HbIM
anroputmy umutauuonHon mogenn MHLIMY, kotopas obcnyxuBaeT aBa knacca 3assok. OTnnume 3akniovaeTcs
NULWb B KONMUYECTBEHHDBIX XapaKTepUCTUKaX.

MpeactaBneH anroput™ (YHKLMOHMPOBaHWS umuTaumoHHoin mogerm WHAMY. Mogens WHAOMY ponxHa
paboTaTb B TEYEHWe ONPEAENEHHOTr0 BPEMEHWN WU K HE AOMKHO MOCTYMUTb COOTBETCTBYIOLLEE KOMUYECTBO
3asB0OK. [1poMcxoauT reHeprpoBaHue 3asiBOK YETbIPEX KNACCOB C pasHbIMU NpuopuTeTamn. YeTbipe cepepa
ouYepeamn MoLenupyroTes oTaeNbHbIMU BI0KaMK, KOTOPbIE BbIMOMHSKOT BCH HEOOX0AUMYHO NOMMKY 0BCryXMBaHUS
W paccyMTbIBAIOT XapakTepucTuku. Ecnm k nepsomy M BTOPOMY cepBepam NoCTynunn 3asBku knaccos 1 1 2, To
OHK obcnyxuBatoTcs. Ecnn e nocTynuin 3asiBku knaccoB 3 U 4, TO OHM NepefaloTcs Ha Apyrue cepeepa,

CnocobHble Mx 0BCAYXMTb, B COOTBETCTBUN ¢ O :qu;H MopobHas mpoueaypa NpOUCXOAUT W C 3asBKamy

KnaccoB 1 v 2, KOTOpbIE NOCTYNUAK B TPETUI N YETBEPTLIN CEpBep.

MpoBefeHO CpaBHEHWe pe3ynbTaTos, MOMYYEHHbIX MPU UCTOMNb30BaHUM MPEANOXEHHbIX MOoAenei. Cuntanocs,
4YTO CepBepa MMEKT MOCTOSHHOE CpefHee BpeMsi 06CMyXMWBaHUS 3asiBKM COOTBETCTBYIOLLErO Knacca, a Bpemst
obCnyx1BaHus 1 Bpemst AelundpaLmy 1s BCeX 3asBOK HA BCeX CepBepax OfMHAKoBO. [ns CpaBHeHWs kayecTsa
(hYHKUMOHNPOBAHUS MHTENNEKTyanbHbIX HAACTPOEK MCNoMnb3oBanuCh Crieaytolme 3Ha4YeHUst UHTEHCUBHOCTEN

obcnyxusaHns v aewmdpauum: cepsepbl UHAMY — 2. .. = 0.4, p,, = 0.4, cepsep UHUMY - 11=0.4.

M3MeHss 3HaYeHne MHTEHCMBHOCTEN NocTynneHna 3asaBoK B CUCTEMY, MOXHO CPaBHWUTb Ka4eCTBO YyrnpaBlieHUA

obcnyxusaHmem 3asBoK. CunTanock, 4To BCe ’11‘1‘ ans WHANY opuHakoBble, rae i = 1,4 — Homep cepBepos,
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4
J =1,4- xnacc sasiBok, a A, ans MHUMY 4, :Zﬂlj npu MHAMY. Kpome toro 4, =4, =4, =4,. B
i=1

pacyetax npuHsta ctoumocts WHAMY 25000 y.e., a ctoumocte MHUIMY - 7 000 y.e. KoacbdpuumeHt
HOpMUpOBaHus Ansa ctoumoctu coctasnsaeT 1000, ona apyrux nokasatenen — 1. B pesynbTate MCNONb30BaHMA
MoZenen W BbIMOMHEHWUS COOTBETCTBYIOLUMX PacyeToB [N BXOAHbIX MapameTpoB MOMyYeHbl 3HaYeHus,
npeacTaBnexHble B Tabnuue 2.

Tabnuua 2. PesynbTaTthl pacyeToB

VH A L | Tinn |Trz | Tirs | Tira E E g a C Fo
WHAMY | 0,0062 0,138 3,833 3,867 3,864, 4,386 0 0 0 0 25000 6,26
WHLMY | 0,025 0,084 3,179 3,287 3,371 3,556 0 0 0 0 7000 3,99
WHAMY | 0,007 0,05 3.874 3.89 3.891 4.464 0 0 0 0 25000 6,29
WHUMNY | 0,028/ 0,108 3,251 3,402 3,52 3,7 0 0 0 0 7000 4,12
nHany 0,01| 0,106 4 407 409 479 0 0 0 0 25000 6,66
nHLNY 0,04 0,262 3,644 3,869 4,251 4,859 0 0 0 0 7000 4,83
MHONY | 0,015 0,411 4,299 4,394 4469 5,484 0 0 0 0 25000 6,98
NHLNY 0,06/ 0,907 4,286 5,061 6,512 9,392 0 0 0 0 7000 7,10
WHAMY | 0,025 11 4,908 5,18/ 5,325 7,475 0,0093 0,0069 0,0097| 0,01753 25000 8,15
ALY 0,1 7,562 5,514 7,899 14,629 63,533 0,0585 0,0555 0,0577| 0,05899 7000, 24,85

Kak yxe OTMevanocb, 4Yem 3Ha4yeHue KpUTepUs MeHblue, TeM Jydylle KayeCTBO (PYHKLMOHWPOBAHMS
WHTENMeKTyanbHOM HaaCTponkh. Kak BMAHO M3 Tabnuubl 2, Jaxe MpW He3HAYUTENbHbIX WHTEHCUBHOCTAX
noctynnenusi 3asBok A =0,06 kayecTBO ynpaBneHusi WHTenmnekTyanbHbiMi yenyramm MHIOMY nydwe, yem

WMHLUMY 3agaHHON CROXHOCTY.

lMpoaHanuaunpoBas Tabnuupl 1 1 2, MOXHO caenatb BbIBOA, YTO NPW YCMOXKHEHUU CTPYKTYPbl MHTENNEKTYanbHOM
HaOCTPOVKK (POCTE KONMMYECTBA KINACCOB MHTENMEKTYanbHbIX yenyr, konuyecTsa cepsepos npy UHAMY, pasHbix
BapuaHTax pasMmeLLeHns norukn obeCnyxmBaHNa 3asBOK Ha yCryry U ToMy nogobHoe) 3HaYeHUs UHTEHCUBHOCTY
NoCTynNeHus 3asiBOK Ha ycnyry, npu kotopoir WMHLAMY  dyHKUMOHMpYeT kadecTBeHHee uyem WHLMY,
YMEHbLUAETCA 1 BbIOOP apXMTEKTYpbl 3aBUCUT OT psda akTopoB. [puyem OOHUM W3 BaXHEMLUX SBNSETCS
CTOMMOCTb  MHTENNeKTyanbHoW HaacTpoikn. OpHako npu COBCEM MarblX  3HAYEHWSX MHTEHCUBHOCTM
nocTynneHus 3asBok Ha ycnyry npeumywectso MHOMY cBoguTCS Ha HeT B pesynbTaTe ydyeTa BpeMeHM
nepegayu 3asBOK OT CepBepa K Cepeepy B Cly4ae OTCYTCTBUS HEOOXOANMON NOruK1 06CNYXNBAHNS 415 3asiBKU.

CrepnyeT OTMETUTb, YTO JOCTATOYHO CYLLECTBEHHO HA pe3ynbTaT CPaBHEHUS BIUSIIOT BECOBbIE KO3G(ULIMEHTbI B
0600LLYEHHOM CKanspHOM  KpUTepuW kadyecTBa. B Takom criyyae npu OrpaHUYeHHbIX MHBECTULMOHHBIX

BO3MOXHOCTSIX BECOBOW KOI(PPUUMEHT MpU  YaCTUYHOM KpUTEPUM C Oypet poctatouHo Gombwnm. B
pesyrnbTaTe pacyeToB MpU pPasHbiX 3HAYEHWSIX BECOBOMO KO3(PUUMEHTA CTOMMOCTM WHTENNEKTyanbHOM
HAOCTPOVKM NOMyYeH rpadmk 3aBUCUMOCTM WHTEHCUBHOCTW MOCTYMAEHWS 3asiBOK B CUCTEMY, MPW KOTOPOM
WHOMY dyHKuMoHMpYeT yxe kadyecTBeHHee 3a VHLIIY, oT 3HauyeHns BeCoBOro koadhduLmeHTa npyu CToMMOCTH
(prcyHoK 4).
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MOBbILEHUE CTPYKTYPHOW XXUBYYECTU TENEKOMMYHUKALMOHHOW CETU

HuHa KHA3eBa

AxHomauyus: lMpedcmaeneH Memod NOBbILIEHUS CMPYKMYPHOU Xuey4yecmu meeKkoMMyHUKaUUOHHOU cemu
nymem pekoHghueypayuu cemu, 8bINONHAEMOU Ha OCHOBE OUEHKU OMHOCUMESTbHO20 USMEHEHUS nokazamenel
CMPYKMYyPHOU XUBYyYeCmU — BEMUYUH CPEOHE836EWEHHO20 MaKCUMabHO20 NOmMoka U CPeOHEe838eWEHHO20
Kpamyaliweao nymu 8 cemu, Cryxawux On1s (hopMUpPOBaHUsi CPEOHE838EWEHHOU KOMNIEKCHOU OUEHKU
OMHOCUMENbHO20 U3MEHEHUs! nokazamesneli cmpykmypHoU xueyyecmu. 3adaya pekoHgbueypayuu cemu
cchopmynuposaHa Kak 3adaya IuHelH020 NPo2paMMUpPOBaHUs.

Knioueenle cnoea: cmpykmypHasi Xugyyecms, cemb, PeKOHgU2Ypayus, MakcuMarbHbI NOMoK, Kpamyaliwuli
nymb, KOMNIEKCHas! OUeHKa.

Knrouesnie cnosa knaccugpukayuu ACM: C.2. Computer-communication networks, H. Information Systems -
H.1 Models and Principles, K. Computing Milieux - K.6 Management of computing and information system

BBeaeHue

O hekTNBHOCTb (HYHKLMOHMPOBAHMS TENEKOMMYHUKAUUOHHBIX ceTen (TKC) 3aBucut ot MHorux comcte TKC,
cpeay KOTOPbIX OAHUM W3 BaXHEMLWWX SBRseTcs xuByvecTb cetn. ObecneyeHne xuydectn TKC ctaHoBuTCS
BCe Donee akTyanbHbIM B CBA3M C MHTEHCYMBHBIM Pa3BUTUEM TENEKOMMYHUKALMA B NOCNEAHEE AeCATUNETHE.

MpumenuteneHo K Future Networks — Byaywmm cetam (BC) — B gokymenTax ITU [1] pekomeHgyeTcsi, 4Tobbl
NPOEKTMPOBaHWe, aKcnnyaTauus w paseutme BC ocywecTBnsanmuck Takum o6pasom, uTobbl obecneunTsb
HafEXHOCTb, ©e30nacHOCTb, a TakKe KWBYYECTb, OMPEAEnsiolyi0 BO3MOXHOCTb CUCTEMbl CBOEBPEMEHHO
BbIMOMHATL CBOK MUCCMIO — oBecrneunBaTb NpUeMneMblii YpoBEHb OBCIYXMBaHUS, Laxe ecnu HopMmarbHas
aKcnnyaTauus CeTu OCMOXHAETCH pasnuyHbiMi npobnemamu. o xusyyvectbto TKC noHMmatoT cnocobHOCTb
COXPaHATb M BOCCTAHABMMBATb BbINOMIHEHWE OCHOBHbIX (DYHKUMA B 3afaHHOM OObeMe M Ha MpOTSKEHUM
3a[jaHHOTO BPEMEHW B Clyyae u3MeHeHust cTpykTypbl TKC u ycnoBuii ee hyHKLMOHMPOBaHWS BCMEACTBME
HEKOTOpbIX HeBMaronpuATHLIX BHELWHUX Bo3aencTeuin (HBB) [2, 3]. XKuyyectb TKC aHanuavpytoT 1 oLeHusaroT
Ha pa3HbIX YPOBHSIX MPOEKTMPOBAHWS, MOAENUPOBaHUS U (OYHKLMOHMPOBaHUS. pobneme OLEHKM XMBYYeCTH
TKC nocssiweH pag pabot (benouepkosckuit [.11., Buwresckuin B.M., Tpomos H0.10., JogoHos A.l., KysHeLosa
M. T., MenbHukoB t0.E. , CrekonbHukos FO.M., Manawenko K0.E., C.J. Colbourn, K.Sekine, H.Imai, S.Tarn, u
ap.). B HacTosiLee BpeMs CyLLeCTBYIOT pasnuyHble aHanuTUYeckue MOZEnu 1 MeTOAbl OLEHKN U MOBbILLEHUS
XMBYYECTM CUCTEM, OCHOBAHHble Ha pa3HoobpasHbix nogxogax. Tak, B pabote [2] npeacTaBneHbl MeTOAb
OLEHKM (DYHKLMOHANBHON W CTPYKTYPHOW XXMBYYeCTW, OCHOBAHHbIE Ha WCNONb30BAHUM TEOPETUKO-UrPOBOTO,
SHTPOMUIAHOMO MOAXOOB, a TaKKe JIOrMKO-BEPOSTHOCTHbIX Moaenen. B paborte [3] paccmatpuBatotcs
[ETEPMWHOBAHHHbIE W CTOXacTMYeCkne  MOZENW HEBOCCTaHaBNMBAEMbIX W BOCCTAHAB/IMBAEMbIX CUCTEM,
KOTOpble NO3BOMANT MCCNEAOBaTb NPOLIECChl W3MEHEHWS! CBOWCTBA XXMBYYECTU BO BPEMEHW U YCMOBMSX,
KOTOPbIE HENPEPBIBHO WM AUCKPETHO M3MEHAKOTCS; NPUBEAEHbI METOAbI OLIEHKW KUBYYECTU PasHbIX CUCTEM —
accoLMaTUBHbIX, CTPYKTYPHbIX, acCOLMaTUBHO-CTPYKTYPHbIX. B paboTe [4] npeacTaBneHbl METOAb! BblYUCTIEHMS
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obLLeN XKMUBY4eCTU CETEBON MHAOPMALMOHHON CUCTEMbI B NOMMHOMMANBHON (hOpME, a Takke MeTOAbl, KOTopble
OCHOBaHbl Ha MCMOMNb30BaHUM UCKYCCTBEHHOMO MHTENNEKTA; NPeanOXKeHbl MOLENN U anrOpUTMbl 41 PeLleHns
3apay aHanmaa u OLeHKM XuByYecTn cetei. B paboTe [5] npeanokeHo MCNONb30BaHNE MUHUMAKCHBIX KpUTEPUEB
W 3KCMEpPTHOro Bbibopa CTPYKTYpbl cucTembl, yctomumBon kK HBB. OTmeTuMm, 4TO paccMOTpeHHble obLyme
NpoBrieMbl OLEHKM 1 MOBBILIEHMUS XXUBYYECTU CUCTEM Pa3NUYHOMO HasHaueHus oTHocsaTes 1 k TKC.

MocTaHoBKa 3apaumn nccneaoBaHus

CoBpeMeHHbIE TEHAEHLMM Pa3BUTUS TENEKOMMYHUKaLWA, nepexon K cetam Hooro nokoneHus — NGN (Next
Generation Network — cetn cnegytowero nokonenust), FGN (Future Generation Network — ceTtu Oyaywiero
nokonenust (bC)) — oBycnoBnuBalT BaxHOCTb BOMPOCOB OLEHKW W MOBbIWeHMs xuBydecTn TKC ¢ yyetom
TeHOeHUM ux passutus. MMpu 3ToM ocoboe 3HayeHWe npuobpeTaroT BOMPOCHI 0becneyeHns CTPYKTYPHOM
xuByyectn TKC, pelueHne KOTOpbIX BO3MOXHO Ha OCHOBE PEKOHCTPYKLM, peopraHm3aLm unm pekoHgurypawmm
CETW, YTO MO3BOMMT CO3AaTb CTPYKTYpY, OBECMEeYnBaloLLYi0 BbLIMONHEHENE KPUTUYECKOrO MNOLMHOXECTBA
(OYHKLMIA AN JOCTUKEHWS Lenu (YHKLUOHUPOBaHNS.

Llenbto gaHHoi paboTbl sBneTcs paspaboTka MeToaa OLEHKM W NOBbILUEHUS CTPYKTYPHOM XuByyecTu TKC nytem
PEKOH(Mrypauun CeTn, BbLIMONHAEMON Ha OCHOBE OLEHKM OTHOCWTEMBHOMO W3MEHEHUs nokasatenen
CTPYKTYPHOW XUBYYECTU.

MokasaTenu CTPYKTYPHOM KUBY4YECTH

B matemartuyeckon Teopuu rpadoB nokasaTenn  CTPYKTYPHOM KMBYYECTW MHTEPNPETUPYHTCA  Kak
KONMMYEeCTBEHHbIE Mepbl CBSA3HOCTU ANS CTPYKTYpbl rpadpa: y3noBas CBA3HOCTb, 0606LUeHHas CBSA3HOCT,
MWHUMANbHOE CeYeHne, MaKkCUManbHbl MOTOK, ANMHA MyTU W T.A., TO €CTb 3a4ayus OLEHKW CTPYKTYPHOM
KMBYYECTM CETU MOXHO CBECTU K 3aa4aM aHanu3a CBA3HOCTMW rpacdioB, OLEHKM BEMMYMHBI KpaTHalLMX nyTen u
MaKCUMarbHWUX MOTOKOB, OLIEHKW BEPOSTHOCTU (hopMMpoBaHus paboTocnocobHol cTpykTypbl B crysae HBB u
T.4. [2]. Mpn OLeHKe CTPYKTYPHOM XMBYYECTWN BO3HWMKAET HEODXOAMMOCTL B ONPEAEeNeHnn KpaTyailumux nyTen u
MakcumarbHbIX ABYXMOMKOCHLIX NOTOKOB B CETU, @ Takke B ONPEAeneHuM MX U3MeHeHus npu BnusHun HBB.
Kpome Toro, cyulectsyeT HeobOXoaMMOCTb B ONpederneHn KonmnyecTsa nyTen, KOTopble OCTaloTCA B CETU Npu
HBB, koTOpoe BbipaxaeTcs B yAaneHWM HEKOTOPOWM NMHMM CBA3W (BETBM) M3 CETU, @ Takke B OnpeaeneHum
BEPOSITHOCTM 6e30TKa3HOro (hYHKLMOHMPOBAHMS CBS3M MPOM3BOMBHOM Napbl MYHKTOB () M CTPYKTYpHOM
HaJEeXHOCTU BCei ceTu.

B pabote [6] npuBeageHa OLEHKa BEPOSITHOCTW MCKIIOYEHUS HEKOTOPOro 3afaHHOro NyTU Mpu ydaneHu
HEKOTOPOM MPOM3BONLHON BETBU. [1ONy4eHO BbIpaXeHWe ANs KONW4ecTBa NyTel paHra r, KOTOpble OCTaKTCs
nocne yaaneHns u3 nonHOCBSA3HOM ceTy | BeTBel (B CeTh 0CTaeTes L = Liyax — | BETBEN):

. m, :
M, =20 e g, ()
' 2 n(n-1)C,,

3peck m, , _ —konwnyecTso nyTeil paHra r, KOTopble NPUXOAATCS HA OfHY CBS3b (i~j) B CETU C N NYHKTAMU W Limay

max
BETBAMM (Lmax— MaKCMMarbHO BO3MOXHOE KOMMYECTBO BeTBel cetu, I, f=1,n, i # j, n — KONUYECTBO MYyHKTOB
ceTu. PaHr r— konn4ecTBO BETBEW, COCTABNAOLMX NYTb).

KonuuyecTBo nyTen paHra r, KOTOpble MPUXOASTCS HA OAHY CBSA3b (i—) B CETM C N NyHKTaMu W L BeTBAMM,
onpegensetcs no opmyne:
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M, M,

g nn-1)°

(2)

My

roe g — obLee KonMYeCTBO TATOTEIOLMX Nap.

BeposiTHocTb  Ge30TKa3HOTO  (hyHKLMOHMPOBAHMS CBS3M MPOW3BOMbHON TAroTetowen napbl (i), koTopas
XapaKTepuayeT CTPYKTYPHYH HaEXXHOCTb BCEM CETU, paccumTbiBaeTCs no opmyne:

R .
'D(i/‘) =1_1;[(1_p;y) (i), L , 3)

roe pxy — BEPOATHOCTb Be30TKa3HON paboTbl BETBW MEXAY MPOWU3BOMbHBIMK NMyHKTaMW X U y. cnonb3oBaHue
BbIpaxeHui (1) u (2) no3BoNsieT onpeaennuTb OCHOBHbIE XapakTepucTukn xuBydect TKC — K-cea3HocTb rpada
(ceTn), ouameTp rpadpa (ceTu) v ap.

B 1abn. 1 npuBedeHbl pesynbTaThl pacyeToB uucrna nyteit B cetm co 100 nyHkTamu mobon cryvanHom
(HeonmpeaeneHHoM) CTPYKTYpbl, UMEIOLLEN 3afaHHbIe CTPYKTYPHbIE XapaKTepUCTUKA — YUCMO MYyHKTOB M YUCIO
BeTBen. Puc. 1 npegcraenser rpadukin 3aBUCMMOCTM uyucnia nytem M oT uyucna BetBeW L ans ceTu
HeonpeaeneHHol cTpykTypbl pasamepHoctu n = 100. 3gecb M, — nyT , NONy4YeHHbIE HA OCHOBE aHANMUTUYECKMX
BblpaxeHun (1, 2), Mo+, — NYTW, NOMYYEHHbIE HA OCHOBE Pe3ynbTaToB PacYeTOB NMPOrpammbl, MOAENMPYHOLLEN
CTPYKTYpHbIE XapaKTEPUCTUKKA CETHU.

Ha ocHoBe BbipaxeHuin (1) u (2) MoryT momyyeHbl rpaduknm Ans ceTen 3agaHHOM PasMEPHOCTM C NobbiM
3a[jaHHbIM YMCIIOM BETBEW, aHaNoruyHble rpacuky, NpUBELEHHOMY Ha puc.1, YTO NO3BOMSIET BLINOMHUTL pacyeT
0e30Tka3HOrO  (PYHKUMOHMPOBAHUSI CBSA3N (i—) B CETAX C 3afaHHbIMKM CTPYKTYPHBIMU XapaKTepucTKamu

(I,j=1,n,i#j, n—KONM4YECTBO MYyHKTOB CETH).

Tabnnua 1 - Yucno nyTeit B ceTv HeonpegeneHHom cTpykTypbl co 100 nyHkTamu

4 :y 5 Norapumuyeckoe
Uneno seTae | nucno ” nyten | Yucno nyten SMHMpMKa, OTKIOHEHME

(aHanuTuka) M, nHTEPNONALMS) Moy My OT My, 5, %
130 4,82E+12 1,86E+11 12,5%
160 9,48E+17 9,04E+17 0,1%
190 1,46E+23 1,11E+24 -3,7%
220 1,19E+28 4,18E+29 -5,2%
625 3,38E+69 5,14E+75 -8,2%
1000 3,04E+89 4,65E+96 -1,4%
2000 1,48E+119 1,42E+124 -4,0%
3000 3,82E+136 6,45E+138 -1,6%
4000 8,80E+148 2,99E+149 -0,36%
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PucyHok 1 — 3aBucumocTut uncna nytein M ot uncna Betseit L ans cetu HeonpeLeneHHo CTPYKTYpbl
pasmepHocTi n = 100
[ins pelweHns 3agaym Noucka MakcMasbHbIX ABYXMOMKCHBIX MOTOKOB B paboTe [7] npeacTaBneH 3dhdeKTUBHbIA
BbIYMCNUTENbHbIA anropuT™, KOTOPLIA Ha OCHOBE UCMONb30BaHWS NPOoLEeAYpbl ABONYHOMO KOOMPOBAHNS CEYEHUI
[8] no3sonseT copMUpoBaTL HE TOMBKO MAaTpULy MakCMManbHbIX MEXAYMNOMIOCHbIX NOTOKOB V, HO Takke u
maTpuuy CS KOOOB CEYEHMI, KakablA AMEMEHT KOTOPOW CSst MPeACTaBNseT ABOMYHLIA KO MUHUMANBHOTO
CeYeHNsl, onpefenaloLiero BenuYuHy MakcumanbHoro notoka v, . Pasmep ksagpatHbix mapuy V u CS

OnpegenseTcs YMCOM MyHKTOB ceTW. CeyeHnto, KOTOpPOe pasdensieT, Hanpumep, BepwwuHbl 1, 2, 5 3, 4,
COOTBETCTBYIOT CTPOKM 1, 2, 5 n cTonbusl 3 u 4 matpuubl C npomyckHUX CNOCOGHOCTEN BETBEW CeTW, Ha
nepeceyeHn KOTOpbIX PacrnofiOXeHbl 3NEMEHTbI Ci3, Ci4, C23, Co4, Cs3, Cs4, OMPEAensiolne Habop BeTBew,
BXOASLUMX B yKa3aHHOe CeyeHue. BbluucrieHne 3HaueHuss MpomycKHOW CrMOCOGHOCTU CeYeHust CBOAMTCA K
CYMMUPOBAHUIO 3HAYEHUI Cyy BETBEN, KOTOPbIE BXOAST B CEYEHME.

PaccMoTpuM Kak NpuUMep OpPWEHTUPOBAHHbLIM rpad), M300paXeHHbIM Ha puc. 2, MaTpuua MpPOMyCKHUX
cnocobHocTei pebep rpada npegcTasneHa B Tabn. 2.

B npuBegeHOM npumepe BennymHa nNpomnyckHOM CnocobHOCTM ceveHunst S, KOTopoe OTAENseT BeplumHbl 1, 2, 5 oT
BepLumH 3, 4, cocTaBnsieT: C(S) = C13t Ciat Coz+ Cu+ Cs3 + Css= 0+ 0+9+0+0+7 =16 ep.

A2 )
) "

O
7

PucyHok 2— OpueHTUpoBaHHbI rpad
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Tabnuua 2

o oD =B
0

~ 8 Do o
ot

00

[laHHbIii  anroputM MO3BONSIET OOHOBPEMEHHO C BbIYMCIIEHMEM BENMYMH BCEX CEYEHMIt OMpeaenuTh
MaKcuManbHble MOTOKM Mexay BCeMM napamu BepLUMH rpada. ANroputM OCHOBaH Ha TOM, WO WMHAEKChbl BCEX
eNeMeHTOB MaTpuLbl Cy,, KOTOpbIE HAXOASTCS Ha MEPEceYeHUsiX CTPOK M CTONGLOB, COOTBETCTBYIOLMX KOay
CEYEHMS, COBMAZAlOT He TOMbKO C MHAEKCaMK Beex pebep (X, y), KOTopble BXOAST B CEYEHME, HO U C MHAEKCAMMU
BCEX MeXZYMOMIOCHbIX OTOKOB ¢, KOTOPbIE PA3AENSIOTCS STUM CEHEHMEM.

[ns rpadba, KOTOPLIA NPUBEAEH Ha PUC.2, MaTpULLA MakCMManbHbIX MEXZYNOMOCHBIX MOTOKOB W MaTpuLa KOQoB
MWUHUMAIbHBIX CeYEHNUN NpuBeaeHbl B Tabnuuax 3 1 4, COOTBETCTBEHHO.

Tabnuua 3

ree 11 13 13 13
24 w 16 16 23
F=l6 6 w 17 6
6 6 8 w 6
22 11 16 16 co-

Tabnuua 4
r—- 11101 0001l 00001 OO0l
01110 - 10011 10011 ©1111
Ci=|m1me o100 = MO 01100
g11ge o1100 oo - 01100
L1110 11101 10011 10011 2 - -

Tak, Hanpumep, MakcUManbHbIA NMOTOK @2 = 6 ef., KO COOTBETCTBYHOLLEro MuHUManbHoro cevenns — 01100.

Ceuenvie coctaenstoT pebpa (3, 1), (3, 2), (3, 5), (4, 1), (4, 2), (4, 5) (B Tabn. 4 Hymepauus paspsgoB Koga
COOTBETCTBEHHO — HOMEPOB BEpLUMH rpada — OCyLlecTBEHa cnpaBa Haneeo). BenuumHa cevenus 01100
COCTaBNSET:

C(01100) =Cyt Ot Cs+CyrtCppteis=0+0+6+0+0+0=6ep.
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Mpn HBB, B pesynbTaTe KOTOPOrO HEKOTOpast BETBb CETU By BbIMAET W3 CTPOS, UCMONb30BaHKe Matpupsl CS
[aeT BO3MOXHOCTb MOJyYnUTb HEOOXOAMMYH MHGOPMALMO OTHOCUTENBHO TOTO, KakMe MaKCUManbHble MOTOKM
W3MEHST CBOW BENWUYMHBI NPY YAANEHUM BETBU By, CETH.

MpencTaBneHHble B paboTax aBTopa [6, 7, 9] MeToAbl ONPEAEneHns Yucna nyTen B CETAX pasfnyHON CTPYKTYpbI,
onpefeneHns KpaTyanllmx nyTen v onpefeneHns MUHUMAarbHbIX PaspesoB AN BCEX MakCUManbHUX MOTOKOB
UCNoNb3yloTCa AN OnpefeneHns OTHOCUTENbHOTO WM3MEHEHWS mokasaTenen CTpyKTypHou xueydectn TKC,
NPeanoXeHHbIX B AaHHOW paboTe, — CPEOHEB3BELUEHHOW BEMWYMHLI  MaKCUMambHOrO NOTOKA M
CPEAHEB3BELLUEHHON BENUYMHBI KpaTyaluMx MyTer, chyxawmux Ans ¢opMUPOBaHUS CpeaHEB3BELIEHHON
KOMMMEKCHON OLIEHKM OTHOCUTENBHOMO M3MEHEHUS MOKa3aTenemn CTPYKTYPHOM XMBYYECTH MO BCEM TpebOBaHMAM
Ha nepeaayy MHgopmauuu.

MeToA NOBbIWEHUS CTPYKTYPHOW XKMBY4ECTH

OcHosHon 3agaven TKC sBnsetcs ob6cnyxumBaHne noTokoB TpeOOBaHWIA pasnyHbIX KNaccoB B COOTBETCTBUAM C
TpebyembiM kadecTBoM obcnyxuaHus QoS (Quality of Service) ans cooTBETCTBYHOLLMX KIACCOB NOTOKOB.

Mmeetca TKC, mogenb KOTOPOM OMWCLIBAETCA B3BELIEHHBbIM OPWUEHTWPOBAHHIM rpadoM C 3adaHHbIMM
MaTtpuLami nponyckHbIX crocobHocTei BeTBen cetn (pebep rpaca) € = [cj] ' TpeboBaHuit Ha nepepdady

noTokoB MHdopmauun @ = (@] (i, j = Ln , I # J, N — KONUYECTBO NMYHKTOB CeTH). Kaxabl NOTOK @ NPUHaANEXNT

COOTBETCTBYlOLEMY Krnaccy Kk (k=1,K,K — 4ncno k1accos noTokoe) Kaxgomy kmaccy k nmpucBavBaetcs
MPMOPUTET MCXOAs W3 3adaHHOrO nokasatens kadecTa obcnyxuBaHus QoS. [Insi NOTOKOB COOTBETCTBYIOLLETO
Kracca 3afjaeTcsl UX 3HAaYMMOCTb — «BECY. 3a[al0TCs JONYCTUMbIE OTHOCUTENbHbIE U3MEHEHNS!:

——don
a) KOMNJIEKCHOrO nokasatena CTPYKTYPHOU XMBYYeCTM Ona Cetn B LEnoMm AVPcpss , Y4uTblBatoLLEro
N3MEHEeHUA cpeaHEeB3BELLEHHbIX BEMUYNH MaKCUManbHbIX MNOTOKOB N MUHUMaAnbHbIX ﬂyTeVI;

0) BeNnYMHbI MaKCUManbHbIX NOTOKOB Akt max ANS COOTBETCTBYHOLUMX KNACCOB k MOTOKOB (S, = ﬁ s#tn-
4nCrIo NYHKTOB CETH).

MpeanoXeHHbIN METOA OLEHKU U NOBbILIEHWS CTPYKTYPHOM xuByvecT TKC OCHOBaH Ha pekoHQuUrypaLmumn cetn
nocne HBB, BblpaxawweMcs B yganeHUM HekoTopon BeTBU Ly U3 ceTW. PekoHdurypauns cetu
OCYLUECTBMSETCA Ha OCHOBE OMpejeneHus TpacC HEKOMMYTUPYEMbIX KaHanoB A7 nepefadn MOTOKOB
TpeboBaHW ¢ Lenblo obecneyveHns 3afaHHOro nokasatens kadectea obcnyxuBanms QoS. MeTog coctouT B
BbINOMHEHWN CreayoLMX OENCTBUN.

Vmaxcp (

1. OnpeneneHme CpeaHEB3BELLEHHbBIX BEMNYNH — MaKCMMallbHOro NnOoTOKa C MCNOJIb30BAaHMEM MaTpuL

MakcUMarbHbIX MEXOYMNOMKCHLIX MOTOKOB V' 1 KogoB ceveHuin CS) M kpatyaiwmx nyTei P mincp (c
ncnonb3oBaHuem Tabnuupl nyteit T) [7, 9].

—Hee .
2. PacyeT cpeHeB3BELLEHHbIX BENMYMH MaKCUMAnbHOTO MoToka B CETU Vmaxep M KpaTyalliero Nyt B cetu
—Heg . .
P mincp nocne HBB (yoaneHus HekoTopoil BETBU By W3 ceTh). [JaHHbI pacyeT OCYLLECTBMSIETCS Ha OCHOBE
CKOPPEKTUPOBaHHOM MaTpuubl VHe¢, nomyyaemoir M3 ucxogHow V nocne onpedeneHust 3HayeHWin Tex
MakcumarbHbIX MOTOKOB, KOTOpble W3MeHWnuch B pesynbtate HBB, M ckoppekTMpoBaHHOM Tabnuubl nyTen
Tr#ee, nonyyaemoit M3 ucxogHoit TI1 nocne onpefeneHnst 3HAYeHU TexX KpaTvalluMx MyTen, KOTopble
n3MeHunuck B pesynbtate HBB.
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3. OnpepeneHne OTHOCUTENBHOTO M3MEHEHUS MoKa3aTenel CTPYKTYPHOW XMBYY4eCTW — AN MakCUMarbHbIX
noToKoB (4):

— Hee

7188 Vmaxcp - Vmax cp
AVmaxcp — (4)
maxcp
W ANs MUHAMAnbHbIX nyTed (5):
—_H88
S Hes Pm/ncp - Pm/n cp
Pmln o - = . (5)

P mincp

4, (DOpMVIpOBaHVIe cpe,qusssemeHHoﬁ KOMMIIEKCHON OLEHKM OTHOCUTEJTbHOTO WU3MEHEHUA rnokasarternen
CprKTypHOVI KUBYYECTH:

AV'Dcps3 = AVmaXCP * VVf + APmincp *VVr ’

roe Wru W,— BecoBble XapakTepuCTUKV OLIEHOK ANs MOTOKOB U MyTeil, COOTBETCTBEHHO, OnpeaensiemMble UCXOAs
u3 ycnosus: Wi+ W,=1.
[laHHble BeCOBbIE XapakTepucTuku Hanbonee LenecoobpasHo nosyyaTb SKCNEPTHLIMYU METOAAMM.

5. CpaBHEeHME MONYYEHHOro 3HAYEHWst OTHOCUTENIBHOrO W3MEHEHUsI KOMMIEKCHOMO MoKasaTensi CTPYKTYpHOM

KUBYYECTH AVPoss 3aiaHHbIM JOMYCTUMBIM U3MEHEHWEM:

AVP tpes < AVP opes . (6)
3pech AW?SL — 3a[laHHOe AONYCTUMOE OTHOCUTENBHOE M3MEHEHWe KOMMIIEKCHOMO NoKasaTens CTPYKTYpHOM
XUBYYECTU.

Ecnu ycnosue (6) BbINOMHEHO, 3TO 03HaYaeT, 4To HBB He okasano CyLLECTBEHHOTO BNUSIHUS Ha XWUBYYECTb CETH,

cnejoBaTenbHO — HUKAKUX AEUCTBUIA, CBA3aHHBIX C U3MeHeHWeM CTpykTypbl TKC, npeanpuHumMath He cnegyer.
WHave — nepexog k 1. 6.

6. CpaBHeHme MaKCUManbHOrO OTHOCMTENBHOrO M3MEHEHWUs1 MakCMManbHbIX MOTOKOB Knacca Kk ¢ 3afaHHbIM
M3MEHEHNEM MaKCUMarbHbIX NOTOKOB AXgt max COOTBETCTBYHOLLETO Kracca Kk, nnu npuopuTeTa:

rr(la)xAV”ee (k)<A*,, .. )

stmax

7. ®opmupoBaHue nepeyHst TpeboBaHWit (MOTOKOB, ANS KOTOpbIX YcnoBue (7) He BHINOMHSETCS) Ha
PEKOHMrypaLuio ceTu:

Viimax (K) = Vimax (K) + A (K)

stmax

Ay (k) Vimax (K)
roe s - TO 3HavyeHue, koTopoe obecrieuuBaeT TpebyeMmylo BENUUMHY - stmax noToka

COOTBETCTBYIOLLETO Kracca K.
8. MocTpoeHne MaTpuLbl AonycTUMbIX MyTeit M ans Beex Tpebosanuin V" (k) Ha pekoHdurypaumio.

9. ®opmynupoBaHue 3aaa4um PeKoHDMIypaLMm ceTh Kak 3agavn NIMHENHOro NporpaMMUPOBaHNS:
MakCUMU3MPOBATb B3BELUEHHYIO LieneByto PYHKLMI0 — CyMMapHYK eMKOCTb NMyTen CEeTU, KOTOpble NpeaCTaBeHbl
B MaTpuue M, (Mnn cymMmapHyo NPONyCKHYK cnocobHOCTb):

F=> fc,— max

uieM

(8)
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(30ecb i — HOMep MyTW, ¢; — NPONYCKHas CMOCOBHOCTb i —r0 MyTW, fi— BEC (LEHHOCTb) NYTU g, , KOTOPbINA
onpenensieT OTHOCUTENbHYK LENecoobpasHOCTb WCMONb3oBaHUsS NyTUM W MOXET ObiTb BbibpaH 0OpaTHO
NPOMOPLMOHANbHO €ro AnMHE, paHry, CTOMMOCTM U T.N., T.e. BbIOOpP f 3aBUCUT OT KPUTEpUS, MO KOTOPOMY
OCYLLECTBASIETCA ONTUMM3ALMS pacnpesenerus kaHanos. [pu onTuMmU3aumm no AnuHe (paHry) B kavectse fi
MOXHO, Hanpumep, B3sTb OTHOLLIEHME CaMOro AfIMHHOMO NyTM MHOXeCTBa M K AnuHe (paHry) paccmaTpyBaemoro
[-ro nyTL:
Imax rmax
f.=b- ym f =b -
l; r;
roe b — koacpduumeHT, BoibMpaembli Takum 06pa3om, YTobbl Bee f; Bbinun LenbiMu Yncnamm, Yto obecneynsaet
BO3MOXHOCTb MOMYYEHNS LIENOYNCIIEHHONO PeLLEHNS)

npu cnegyroLnx orpaHUYeHnAaX:

1). MponyckHble CnocoBHOCT MyTel He MOTYT NPUHUMATL HETaTUBHBIX 3HAYeHUIA, T.e. ¢; >0 Ans BCex i, M ;
2). CymmapHasi eMKOCTb COBOKYMHOCTW NyTen Mgt = { u:(s,t) } MeXZy napow S u t NyHKTOB CETK, ANs KOTOPbIX

cywjectByeT TpebosaHue V., [OMKHA PaBHATLCSA (ECTM 3TO BO3MOXHO) KomuuecTBy kananos V7P (k) ,

stmax

KoTopble Heo6X0AMMO OpraHN30BaTh B Myyke MeXay YkasaHHO napol NyHKTOB, TO eCTb

S (s <V (K) 0

ui(s,tyemy

(3mecb (s, t) — - nyTb MHOXecTBa M, ucnonb3yembiit Ans pacnpeaenenus tpebosanus V7P (k) , ci(s, t) -

stmax

EMKOCTb 3TOr0 NyTH);

3). Onsa noboi BeTam (pebpa rpada) a(x, y) cetn cymmapHasi EMKOCTb BCEX NYTEN, BKIIOYAKOWMX 3Ty BETBb, HE
MOXET MpeBbIaTb EMKOCTH C(X, ¥) 3TON BETBM:
, <
Vugea(x,y)
10. PekoHdpurypaums cetu — hopMMpoBaHUE HOBOM CTPYKTYPbI C Y4ETOM MOMYyYEHHbIX B pesynbTaTte peLueHus
3apaun (B COOTBETCTBUU C LieneBoit dyHKkumen (8) u orpaHuderuamm (9) u (10)) Tpacc npsMbIX kaHanos Ans

pacnpesenenus Tpeboranuit V70 (k) .

stmax

11. [N pekoHDUrypupoBaHHON CeTu (PKPC) — pacyeT CpeaHEB3BELIEHHbIX BEUYMH MAKCUManbHOMO MOTOKa

—pKec o =pKepc
V maxcp ¥ KpaTyanLero nyt P mincp .

12. OnpegeneHne OTHOCUTENBHOMO M3MEHEHWSI MOKa3aTenen CTPYKTYPHON XWUBYYECTW PEKOH(UIYpMpOBaHHOM
ceTu:

—  [Ans MakcumanbHbIX NOTOKoB (11):

— —pKec
AVZ]Kizp - Vmaxz 'Vmaxcp (11)
V maxcp
— W AN MUHUManbHbIX nyTen (12):
=y 5 Prpe
— p.. P
AP ey = 02270 (12
Pmincp

13. ®opmupoBaHMe CpeOHEB3BELIEHHON KOMMMEKCHOM OLEHKM OTHOCMTENBHOMO WM3MEHEHMs mnokasaTtenei
CTPYKTYPHO KUBYYECTU PEKOHUIYPUPOBAHHOM CETH:
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— pKghe — pKepc
ooekbe AV *W. . APnming *W
AVPcpes — maxcp oy mincp r (13)
14, CpaBHeHMe MONyYeHHOro 3HaveHus (13) OTHOCWUTENBHOTO W3MEHEHWSI KOMMMEKCHOTO MoKasaTens
== prgpe

CTPYKTYPHOI WBY4ECTU PEKOHDUTYPUPOBAHHON CETM AVPees 3afaHHbIM OMYCTUMBIM W3MEHEHWEM MO
ycnosuto (14):

AVP O < AVP " (14)

BoinonHeHve ycnosus (14) osHavaeT, 4To nonyyeHo obecneveHne TpebyeMbix nokasaTenen xusyvecTt cetu. B
NPOTMBHOM Cyyae — BblpaboTka crneayowmx BO3MOXHbIX PEKOMEHAALMIA:

— yBenn4yeHne nponyckHbIX cnocobHocTei onpeneneHHbIX BETBEN CETU Ha BbIMMCNEHHYI0 B pesynbraTte
pelleHns 3afayn BENUYMHY;

—  M3MEeHeHWe Npy1opuUTETOB OnpeaeneHHbIX TpeboBaHui;
—  OrpaHu1yeH1e BENNYMHbBI MOCTYNAIoLLMX B CETb TpeBGOBaHNIA;

— W3MEHEeHUa 3adaBaeMblX npenenbHo AOonyCTUMbIX 3HAYEHUI OTHOCUTENbHBIX M3MEHEHUI NS NOTOKOB

—don
COOTBETCTBYHOLEro Knacca Aks max M anst ceTv B Uenom AV P cpes .

3aknoueHue

MpedctaBneH METOA OLEHKUM W MOBbIWEHUS CTPYKTypHoit uBydectn TKC nyTem pekoHdurypauum cetu,
BbINMOMHAEMON Ha OCHOBE OLEHKM W3MEHEHWs nokasaTeneil CTPYKTYPHOW KMBYYeCTM B pesynbTaTe
HebnaronpuaTHOrO  BHELHero Bo3AeicTBMS.  [peanoxeHbl  MokasaTenu  CTPYKTYPHOM  XKWBYYeCcT —

CpeaHeB3BeLLEHHble BEeMMYMHbI MaKCUManbHOroO MoToka V”BXCPM KpaTyanwmx nyTen Pmincp | crnyxallue Ans
(hOpPMUPOBAHUSI  CPEOHEB3BELUEHHON KOMMMEKCHOM OLEHKM OTHOCUTENBHOTO W3MEHEHUst MokasaTenei

——Hes

CTPYKTYPHO XMBYYECTH AVPepes 3apaya noBbIlweHNs CTPYKTYpHOM xuBydecTn TKC nytem pekoHgmrypawmm
chopMynMpoBaHa Kak 3agaya NUHEHOro NMporpaMmMUpoBaHus, peLleHne KoTopor Mnbo no3sonut obecneynTtb
Tpebyemble nokasatenn xuBydyectn TKC, nnbo obecneunt BbipaboTKy pekoMeHZauuii No: YBEUYEHMIO
MPOMYCKHbIX CMOCOBHOCTEN OnpefeneHHbIX BETBEN CETW Ha BbIYWCIEHHYIO B pesynbTaTe pelleHust 3agay
BEMUYMHY; W3MEHEHWNIO MPUOPUTETOB OMNpedeneHHbIX TpeboBaHWI; OrpaHNYeHNo BENUYMHBI MOCTYMalWmx B
ceTb TpebOBaHNI; N3MEHEHWIO 3a4aBaeMbIX NPEAENbHO AONYCTUMBIX 3HAYEHUII OTHOCUTENbHBIX U3MEHEHWUN ANs

—don
NOTOKOB COOTBETCTBYHLLEro Knacca Akst max W ONA CETU B LIENOM A VP cpes
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PA3PABOTKA MOJENN NONb30BATENA UHOOPMALIMOHHBIX CETEM KAK
NNOXO®OPMAJIU3OBAHHOIO OB BEKTA

AHactacua CmupHoBa

AHHOmauyus: npednoxeH nodxod K co30aHu0 Modenu nomb3ogamesns UHGOPMAUUOHHbIX cemeli nymem
opmanuzayuu 00HO20 U3 eaxHEUWUX UX 6X00HbIX napamempos. Modenb crnyxum Ons noebilEHUs
aghgpekmusHocmu u docmosepHocmu MOAenUposaHusi UHGOpMaUUOHHbIX cemell. B npednoxeHHol modenu
Kpumepuem (hopMUPOBaHUS Si81iemcsi NPUMeHUMOCMb ee 015 aHanu3a u cuHme3a UHEopMayUOHHbIX cemedl.

Knroyesnbie cnosa: UHGhOPMaUUOHHbIe cemu, nonb3osamerib UH(DOPMAUUOHHBIX  cemel,
nnoxoghopmaru3osaHHble 06bekmbl, 2robanbHas UHGhOPMaUUOHHas UHpacmpykmypa

Knwoveenie cnoea knaccugpukauyuu ACM: 1.6 SIMULATION AND MODELING - 1.6.5 Model Development,
C.2 COMPUTER-COMMUNICATION NETWORKS - C.2.1 Network Architecture and Design, K. COMPUTING
MILIEUX - K.6 Management of computing and information system

BBeaeHue

Ceitvac, korga o6LLecTBO MEHSETCS U3 UHAYCTPUAMNBHOTO K MHEOPMALMOHHOMY, OCOBEHHO OCTPO CTOUT BOMPOC
CO3aHNA CETW, B KOTOPOI KaXabl YENOBEK CMOXET MMETb BO3MOXHOCTb CO3[aBaTb MHKOPMALMIO U 3HAHUS,
HaxoauTb U PacnpoCTPaHsATb UX, UMETb K HUM OCTyn, OOMEHMBATbCH UMW TaK, YTODbI Kbl MHOMBMAYYM
“Men BO3MOXHOCTb MOMYYMTb MX M MONHOCTbK peanu3oBaTb CBOW NOTeHuman, cnegys ayxy «Bceobuiei
Aeknapaunm npaB uyenoseka». Beab Ana pasBMTMS  KAXOOTO YENOBEKA OCHOBY COCTABMSHOT VMEHHO
obpa3soBaHue, 3HaHNs 1 MHopmaums, cBoOOAHbIA AOCTYN K HAM NPUBEAET K bnarococTosHuio obulecTsa.

PaHblUue WH(OKOMMYHUKALMOHHbIE W TENeKOMMYHUKALMOHHbIE CETW CO3AaBanucb, ONTUMWU3MPOBANUCH W
W3MEHANUCL MyTEM aHanUTUYECKMX OLEHOK W CcTaTuCTUyeckux pacyeToB. OfHaKo npeBpalleHne ux B
WHopmaumonHble cetn (UC) He MoxeT ObiTb MPOaHanNM3MPOBaHO TakMMWM MeTogdamu, a Tpebyet
MOZENMPOBaHMs U hopmanmuaumu Kaxgoro u3 atmx waros 1, 3, 4, 6]. CnegoBaTtenbHo, C Lienblo aHanmaa,
CUHTE3a W ONTUMMU3ALMM HYXHO pewuTb 3adayn ycroBHoro pasbuenns WC Ha coctaBHble 4actu, U
(hopMann3oBaTh KaXayl W3 HWX AN Nocresylowero MOLenupoBaHUs UX B3aMMOOTHOLIEHWA W COCTOSHUIA B
pamKax CrOXHOW CUCTEMbI.

KoHuenuus nobanbHon MHpopMaumoHHon uHpactpyktypsl (TAW) umeet ayanbHyo cywHocts. C ogHow
CTOPOHbI rMo6anbHOCTL MHAOPMALMOHHON MHMPACTPYKTYpbl 0BecneynBaeTcs CO3LaHMEM BCEMUPHOW CETU
CBA3W, koTopas coyeTaeT B cebe HalMOHanbHbIe, pervoHanbHble N BEAOMCTBEHHbIE CETU KOMMYyHWKaumi. C
JPYron, oHa npegnonaraet hakT nepcoHanu3almm cea3mn Ans Kaxgoro 0TAenbHoro nosbaosatens [15-17].

B paMKax KoHuenuuu "MW nonb3oBatenu SBNSIOTCA UCTOMHUKAMU K I'IOTpe6I/ITeJ'I$|MVI I/IH(*)OpMaLl'VIM, KOTOPbIE
NCnonb3yrT yCcnyru NC, 1 co3galoT noToku COO6LI.I,€HI/II7I poaHOro Bmnaa WU Ha3HaYeHUA. VIMeHHO nonb3oBaTenu
npeabaBnAarT K CeTu Tpe6OBaHI/1$| no fAoctaBke W o6pa60TKe MHCbOpMaLlI/II/I C cobntogeHnem OTAENbHbIX
KaueCTBEHHbIX 11 KONMWUYECTBEHHbIX NMOKa3aTeneil. MHCbOpMaLl'IAOHHaﬂ CeTb NpeaocTaBngaeT nosib3oBatenam Ha6op
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pasnnyHbIX BUOOB CBA3N M yCNyr, KakK no 06pa60TKe MHCbOpMaLl,VIVI, TaK U psaa opyrux, CBA3aHHbIX C obnerveHem
NoNb30BaHUA CBA3bIO U NONYy4YeHUA pasanHoﬂ MHCbOpMaLl,MM.

YunTblBas BblLLECKa3aHHOE, MOXHO yTBEPXOaTh, YTO LEHTPanbHbIM obbektom MC aBnsieTcst nonb3oBaTenb.

CywecTsytolme Mogenu, ucrnonbsyemble ansa copmanusaum WC, 3avactyio SBRSIOTCS YPOBHEBbIMK 1
OCHOBaHbl Ha CEeMWYyPOBHEBOW MOLENW B3aUMOAEWCTBUS OTKPbITbIX CuUCTeM [2, 4], ogHaKko BCTpeyaetcs W

YeTbipexypoBHeBas Mogerb, a Takke Stratified Reference Model (SRM), onucanHas B [2].
OpHako YeTkoro onpefeneHns — KTo e OH, Nonb3oBaTenb WHAOPMALMOHHOM CEeTU, 4O CUX MOp HET, NOITOMY

aKTyanbHbIM 33jaH1eM SIBMSIETCS MOBbILEHWe 3DEKTUBHOCTM 1 AOCTOBEPHOCTM MoAenupoBaHus UM nytem
(hopmanuaaLmm 0aHoro 13 Hanboree BakHbIX BXOAHbIX NapamMeTpoB — Mogenu nomnb3osatens UC.

MocTaHoBKa 3apaum

Ha nepeom atane ¢opmanusaumm MC moxeT GbiTb Mcronb3oBaHa ypoBHEBas Mofenb AN onpefenieHus
NPOLIECCOB, MPOTEKAOLLWX B CETU HA KaXOM U3 ee YPOBHEN, N METOLbl MaTeMAaTUYECKOro, UMUTALMOHHOIO UNu
9BPUCTNYECKOTO MOAENMPOBaHUS ANS ONUCAHWSA KaXAOoro U3 HUX. 3aTeM cneayeT copmynupoBatb (ecnm a1o
BO3MOXHO) MoZenb npoueccos, npoTtekawowux B MC B uenom. Ha ocHoBe ¢hopmann3oBaHHOM Moaenu
npoLeccoB co3gaetca opmanu3oBaHHas Mogens MM B Lenom, KoTopas MeTodamu aHanorui u
NPeAnonoXeHN oKasbiBaeT CBOK afekBaTHOCTb peanbHOCTU. To ecTb Bce pa3paboTaHHble MaTemMaTnyeckine
MOZENM Kaxaoro M3 ypoBHe: (hopManuayloTcs U «BBOLAATCS» B HaOCMCTEMy — B AaHHOM cnyyvae MC. 3ta
MoZenb MOXET TecTupoBaTbcst Ha OBM, 6narogaps 4emy MOXeT 6biTb BbIMONHEH psif BaXHbIX Ans paspaboTku
1 cosganus IC onepaumin — 0T NPOBEPKM €€ afieKBAaTHOCTU peanbHOCTU [0 CUHTe3a KOHKpeTHbIX AC.

Ha gaHHbI MOMEHT cyliecTBytoT paboTbl NO KOHLUENUWW JOCTyna nonb3oBaTens, chopMynMpoBaHO MOHSTUE
cnyx6, ycnyr n nnatgopm, KOTopble NPEACTaBNAT, NPOBEAEH aHaNN3 BapUaHTOB OpraHU3aLmn MHUA ocTyna
[1, 3, 6, u ap.], n paspaboTaHbl CTaHOAPTU3UPOBaHHble MHTEPENCHI NPOTOKOMbI AOCTYNa MoMb3oBaTens
(pekomeHpaumm MCO cepum Y), a Takke MeTOOOB pacnpeferneHus notokoB uHgopmauun B WUC, metomsl
pa3pabotku cTpykTypbl IM B 3aBUCHMOCTY OT pasnnyHbIx dakTopos [3], paspaboTaHbl MeTOAbI KnaccudmkaLmm
YCNyr, HOPMaTWBHO-NPABOBblE akTbl W TexHWdyeckne TpeboBaHus K 0a3oBbiM ceTaM. OTHOCMTENBHO
nonb3osatens MM - ero onucaHus CyLIECTBYIOT C TOYKM 3pPEHUS CETU U ee OpraHu3auuu, pacyeTa notoka
JaHHbIX W HarpysKy Ha CETb, YTO OH CO3AaeT.

Ho npobnema otcyTcTBIS hopMan13oBaHHOMO OnucaHus rnaeHoro gurypanta WC - nonb3oeatens - octaeTcs
OTKPbITOM.

Monb3oBaTenu SBASIOTCA UCTOYHUKAMW M NOTPedUTENsMN MHGOPMALMK, KOTopble ucnonb3yrT yenyrn UC, v
CO30AKT MOTOKN COOOLLEHWA PasfNYHOrO BUAA W Ha3Ha4eHus. VIMEHHO nonb3oBaTenu NpeabsBnslT K CETH
TpeboBaHMs no AocTaBke M 00paboTke uMHDOpMaUMM ¢ COOMIOOEHUEM OTAENbHbIX KAYECTBEHHBIX U
KOMYECTBEHHbIX NOKa3aTesnen.

CnoxHocTb 00bekTa, KOTOpbIM npeactaenset coboit nonb3oBatens WC, onpeaensiet €ro MHOrorpaHHoCTb,
HesiBHas B3aMMOCBSI3b M B3aMMOOTHOLLEHWE E€T0 XapaKTEpPUCTWK, @ TaKkKe CNOXHOCTb B hopMmanu3aumm atux
napameTpoB. OfHaKO YETKMX METOAOB aHanM3a nnoxoopManu3oBaHHbIX OOBLEKTOB ANns Uccnegyemon
npeamMeTHOM 061acTu eLle He NPeanoXeHo.

Hacrosiwaa paGota nocssieHa paspaboTke hopmanu3oBaHHOM mMopenu nonb3osatens WC, kotopas B
AanbHemnwwem no3BoSINT NPON3BECTM UCCNEA0BAHMS, HanpaBeHHble Ha 3aaayqn u3ydeHus n moaenuposanns UC
B L|eoM.
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PaspaboTtka mogenu nonb3oBatensi UHOPMaLMOHHbIX CeTel Kak nnoxogopmanm3oBaHHOrO
obbekTa

Monb3oBaTenb MOXeT ObiTb NpeacTaBneH kak Nnoxoopmani3oBaHHbIi 06BEKT MO MHOMMM npuynHam. Bedb
nnoxogopmanu1aoBaHHble 00bekTbl 06MaaaT CBOACTBaMM, NNOXO WM3BECTHBIMU anpuopy U MEHSKLWMMIACS B
npouecce tyHKUMoHnpoBaHus [9]. CoBpeMeHHbIN NONb30BaTENb, Kak NIIoXoqopMan3oBaHHbIN 0OBEKT, 4OMKeH
ObITb NOABEPrHYT CUCTEMHOMY aHanuay, KOTOpbld B AaHHOM Crly4ae BbICTYNaeT WHCTPYMEHTOM MO3HaHMUS
cnoxHoro obwbekta. OpgHako cnegyeT obpatuTb 0coboe BHWMaHWME Ha TO, 4YTO, HECMOTpS Ha Gornbluoe
KOnM4ecTBo pa3paboTok B 061acT CUCTEMHOTO aHanu3a nnoxoopManin3oBaHHbIX 0GBEKTOB, HENMb3S CKalaTb,
yTo paspaboTaHHble MeTofbl CO3Aanu WaeanbHbli WHCTPYMEHT AN MPOBEAEHWS CUCTEMHOTO aHanuaa.
MeToouku pasnuuHbiX y4eHblXx M aHanutukoB (CteHdopa OntHep, Cnaptak HukaHopos, HOpuit YepHsik,
AnaTtonuin KaTpeHko) pasHsATCs, W 0fHa W3 MPUYMH 3TOTO — pasfnuyHble NpeaMeTHble 06nacTi, B KOTOPbIX Bbin
MPUMEHEH 3TOT CUCTEMHBIA aHanm3. [1Ns MHEOPMALIMOHHBIX TEXHOMOTMI Takoi METOAWKM MOKa HE CO3AaHO.

[ns 4eTkoro MoHMMaHus, 4To Xe Coboil MpeacTaBnseT NNoxohopManu3oBaHHbIM OOBEKT, uccnegosaTenu
npeanaratoT paccMaTpuBaTb C OOHOW CTOPOHbI Kak Habop napameTpoB, TpebGoBaHUiA U KpuTepueB (KOTOpble
NpeabsBNSET NoNb30BaTENb), @ C APYroi — Kak 3aKOHOMEPHOCTH, 3aBUCHMOCTY W MEXAHW3Mbl B3aMMOCBS3M 3TUX
MapaMeTpoB C BXOAHLIMM COCTOSHUSIMU 00bEKTa ((PUHAHCOBbIE BO3MOXHOCTM MOMb30BATENS U CTOMMOCTb YCRyT,
npenocTaBnseMblx ceTbto). Knaccudukauyms Taknx 06bekToB npeacTaBnseT coboit ynopsgoyeHne u paspabotky
CXeMbl COOTHOLUEHMS NapaMeTpoB 0ObEeKTa, AaHHbIX O HEM W €ro pe3ymnbTUPYHOLLEro NOBEAEHUS B Pa3fnyHbIX
YCOBUSIX.

PaccmatpuBas 06beKT C OpraHu3aLMOHHON, YNPaBMSIOLLEN TOYKN 3peHUs CriegyeT NOHUMaTb, YTO CyLIeCTBOBaTb
OH OymeT B aKTMBHOW cpede (HagcucTeme), M B3aMMOAENCTBOBATb OygeT C Heil, MOSTOMY MOMbITKY
OXapaKTepu3oBaTb €ro aBTOHOMHO OT HEe SBMSAIOTCA Hepa3yMHbIMW, BeAb, B KOHEYHOM CuyeTe, MMEHHO
HagcucTeMa BNMSIET Ha CTaburnbHOE (yHKLUMOHMPOBAHWE W 0BecneynBaeT HOPManbHYK KU3HEAEATENbHOCTb
obbekta [10]. M3 BblleCckazaHHOTO BbiTeKaeT HEOOXOAUMOCTb U3yYeHUs Kak MOBeAeHUs Monb3oBaTens, Tak U
TpeboBaHui, koTopble OH NpeabsaBnseT k UC.

[lns paccMOTPEHMS CIOXHOM CUCTEMbI, KOTOPOWN SBNSIETCS NIOX0hOpMani30BaHHbIA 06BEKT, MOXHO MPUMEHUTb
acUMNTOTMYECKWN aHanu3 — annpoKCUMaLMo CRoXHbIX 06bekToB Gonee npocTbiMM. TO €CTb Nonb3oBaTenb
OyneT npefcTaBneH kak Habop AMCKPETHbIX MAPAMETPOB W XapaKTEPUCTUK.

Kak ccopmynuposatb TpeboBaHus K chopmanusauy nonb3oBaTeneit Tak, 4Tobbl OHM Kacamucb TOJbKO
(OKU3HEHHO BaXHbIX», KOTOPbIE MMEKT HEMoCPEACTBEHHOE BIUSHUE Ha MOBELEHWE MONb30BaTens, acnekTos,
0TBpOCHB Maro3HauMmble W B3auMo3ameHsieMbl? [OMHS O AyanbHOW CTPYKType nnoxodopManu3oBaHHOMO
00beKTa, HYXHO paccMOTpeTb ABE B3aMMOAENCTBYIOLMX 0BnacT — BHYTPEHHIOW W BHELHIOW cpedy Ans
oObekTa. B KOHKpETHOM crnyyae — xapakTepucTuku nonb3oBateneit MC, mux notpebHocTu u TpeboBaHMs K
WHdopmaumorHbiM yenyram (MY) n ux xapaktepucTuku. epsble onpeeneHsl ¢ MOMOLLbI0 NPOBESEHHOro
COLManbHOr0 MCCnefoBaHnNs (aHKETUPOBAHWSA) AOCTATOMHOM BblbopkM nonb3oBatenen WC, aHanusa pbiHka
nonb3oBateneit MY, a Takke aHanusa COUMONOTMYECKUX U MApKETONOrMYECKUX UCCMEeLOBaHUA, KOTOpbIE Yxe
ObinK BbINOMHEHBI ¢ NogoBHOM Lenbto. BTopble npeactasnsoT coboi Habop xapakTepuctik KUY, kotTopble MOXET
NPeaoCcTaBuTb COBPEMEHHAs MHPOPMALMOHHAs CeTb, CBA3aHHbIE C MoMb3oBaTenem 1 ero TpebosaHuammu LY.

B pabote npeanoxeH psa xapakTepucTuk Nonb3oBaTensi, OnuckiBatoLmx ero noseaexue B VIC. HeobxoaumocTb
CHWKEHUS| PA3MEPHOCTM UCXOAHbIX [aHHbIX SBNISIETCS OHO U3 OCHOBHbIX BEX B CUCTEMHOM aHanmae, noaTomy,
paccmaTpuBas NMPeLNoXeHHbI psia XapakTepucTuk nonb3oBatens MM u xapakTepucTuk coBpemeHHbIx M,
ObiNo  BbIOBMHYTO MPEANONOXeHWe O HEYEeTKOW, HO FOrMYeckM OOOCHOBAHHONM B3aMMOCBS3M HEKOTOPbIX
XapaKkTepucTUK. 3amMeTM Takke, YTO BCe I3TW NPEMNONOXEHUS SBNSIOTCS NPOAYKTAMU  3BPUCTUYECKOM
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0eATenbHOCTN U UMEKT BEPOATHOCTHYKO npupoay. |_|OJ'Iy‘-leHHbIe XapaKkTepUCTUKn Obinu MWHUMU3NPOBaAHbI, U
Obina paspaGOTaHa mogenb nonb3osatens WC, ocHoBaHHas Ha NpeanoXeHHbIX XapakKTepuctukax, Kotopas

npeacTasneHa Ha puc. 1.

XapaKkTepuCcTUKM Nonb3oBaTens:

® Obwue:

-TMon;

- Bospacr;

- O6bpasoBaHue;

- Pon pestensHocTy;

- Chepa pesTenbHOCTY;

- YpoBeHb [JOXOA0B B CEMbE;

® Cnieyucgpuyeckue:

- CtaumnoHapHocTb (S);
- Mo6unbHocTb (M);

- PuckoBaHHocTh (R);

- O6yyaemocTsb (O);

-MpuemnemocTb HoBLUECTB (P);

Xapaktepuctuku UY:
® MNepeveHb NY;
® CteneHb noTpebHocTn B LY (Us);

® CteneHb NOTPeBHOCTU B KayecTBe
1y (Ug);

® Pog Y
® CrommocTb UKY (L (nky));

® CTOMMOCTb Ka4eCTBEHHO

ynyJweHHoun UKY (L, (yny4.));

¢ Croumoctb WY (L (ny));

® KoadhdmumeHT rotoBHocTn NY (K);
® Touka nodkntoyeHusi kK UC:

- PuKcHMpoBaHHas;

- HedpukenpoBaHrHas;

- Toyka NpOCTpaHCTBa;

® TexHonoz2usi MOOKMOYEHUSI:

- NpoBoaHas;

- BecnnoronHas.

OrpaHuyeHus:

- HOpMaTuBHblE aKTbl (MECTHble, OTpacrneBble,
TEXHUYECKMe);

- TpeboBaHuWs k kKa4yecTBy NnepeaaBaeMblx
AaHHbIx (Q0S) Npu 3arpy>XeHHOCTU KaHana He
6onee 75% OT yCTaHOBNEHHON

Ycnosus:

- K20,99997;

- L (MKY) = L (ynyy.) < L (UY);

- Ug min = 0,33.

PucyHok 1. Mogenb nonb3osartens MHPOpMaLMOHHbIX CETEN

Mogenb nonb3oBartens
MHOPMaLIMOHHOWN
cetu

¢0pMaJ‘IVI30BaHHaF|

MoJeslb nofb3oBaTens

NC ero noBegeHus un

TpeboBaHUI.

Knaccudukauus

Kputepun

(npuMeHUMOCTb Modenu Ans paboTbl

BbipaxeHwe 1 onucbiBaeT (hopMan13oBaHHy0 Moaenb nonbaosatens UC:

K20.99997, 11 ey <Ly U yry

U=1{4,5x,E, Ar,F,S,M,R,0,P,Us,Uq,......}

roe A - BoO3pacT,
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Sx - non,

E — 0bpa3soBaHue,

Ar — cthepa gesTencHoCTH,

F — Bug pedtensHoCTH,

S — CTauMoHapHOCTb,

M - mobunbHocmb

R - puckosaHHoCMb

O - oby4aemocms,

P - npuemnemocms Hogwecms

Us — mpebosaHusi kK cmoumocmu ycryau,

Uq — mpebosaHus k kadecmay ycnyeu,

L(uky) — cmoumocms uHghopMayUOHHO-KOMMYHUKaUUOHHOU ycryau,
Li(yryy.) — CTOMMOCTb KQYECTBEHHO YNyYLIEHHON MHDOPMALIMOHHO-KOMMYHUKALMOHHOM YCnyTL,
Li(uy) — cToMmMOCTb MHPOPMALIMOHHOI yenyTu,

K — koadphuLmeHT roTOBHOCTM YCNyTu.

Kaxpasa u3 XapaKTepUCTUK OnucCbiBa€T oOnpeaeneHHylo CTOPOHY MOBeAEHMA NOonNb3oBatend, WUMeeT
onpefeneHHyo WKany 1 3Ha4eHne ee paHxX1upyeTca B npeaenax ot 0 po1.

[ns Toro, 4ToBbl AoKa3aTb BO3MOXHOCTb MPUMEHEHUS W afeKBaTHOCTU MOAEN MO HbIHELWHWUM peanusm W
OLEHK/ XapaKTepWUCTWK COOTBETCTBMS CO34aBaeMOM MOAENU MOBEEHUI0  COBPEMEHHbIX  peasnbHbIX
nonb3osateneit IC, ncnonb3aytowmx MY, npoBeaeHo COLMONOrYeckoe UccneaoBaHne Cpeam CnyyanHom rpynnel
nonb3oBaTtenei MHOpMaLMOHHOM ceTh. Ha ocHoBaHuM Moaenu nonb3oBaTens WY, npeanoxeHHOW BollLe,
CAEenaH BbIBOA O HEOOXOAMMOM ANs OAHO3HAYHOMO OMPEAENEHNs KaXOoro KOHKPETHOO Monb3oBaTens Habopa
xapaktepuctuk. peanokeHo NPOBECTM aHKETMPOBaHWE Monb3oBaTenen C LEMbo nonyveHns obyyarolyen
BbIOOPKM BXOAHBIX AaHHbIX, WUCMOMb3ys KOTOPbIE, B [aNbHEAWEM MOXHO 6bino Obl NOMy4nTb KOHKPETHOE
npeacTasneHne o rpynnax nonb3osateneil VIC M ux xapakTepucTukn, a Takke NOCNELyIOWero BblgeneHus
MPW3HAKOB UMK rPyNn NPU3HAKOB, XapaKTEPHbIX A1 KaX4Oro knacca, NpUMEHUB METOAb! Knaccudukawmu.

MyTem knaccudmkaLmuy XapaKkTepucTK Nonb3oBaTenei ¢ NoMOLLbK METOLIOB KIACTEpPHOr0 aHanmaa, UCronb3ays
pas3nnyHble MeTobI 06'be,D,VIHeHVIF| (MeTOJJ, O,D,MHO‘-IHOﬁ CBSI3W, MONHOM CBSA3W, HEB3BELUEHHOro nonapHoro
cpeaHero, B3BELEHHOro MnonapHoro cpeaHero, MeauaHbl, Bap,qa) 1 pa3nn4yHble Mepbl pacCToAHUA (MeTpVIKa
SBKJ'IVIJJ,a, KBagpat METPUKN 3BKJ'IVI,U,a, METPKnKa L|e6blllJeBa, MaHxeTTeHckas MeTpVIKa), aBTOP npuLlen K BbiBoOAY,
4yTo d)opmanmsoBaHHyro MOA€ENb MOXHO YyTOYHUTb ONNCaHNEM B3a1MOCBSI3EN XapaKTepUCTUK, KOTOPbIE ABHO HE
KOPPENUPYHT. 370 no3BONMMO npuBecCTn d)opmanmsoBaHHyro MOAenb Nonb3oBaTensa MHq.)OpMaLLI/IOHHOVI ceTn,
OnnCaHHY0 B BblPaXXeHUU 1,k [0NOJTHEHHOMY BbIpaXeHUI0 2.

K>0.99997,1] (uxy)<L (yryu.)<L (xong.) )

U ={(M, Ar),(4,F),(Uq,R),(O,P),(Sx,E),S,Us,.....}

lNocne atoro pa3paboTaH nporpaMMHbIN NPOAYKT Ha A3blke C++ B nporpammHoit cpeae QT, B OCHOBE KOTOPOro
NEeXWT MeToq pacTyLUMX nupamuganbHbix ceTen [12-14]. PesynbTaThl €ro No3BOnMAM BbIAENNUTL XapaKTepHble
QNS HECKOMbKWX KIaccoB Nofb30BaTenen COBOKYMHOCTH NMPU3HAKOB, YTO ONMCaHbI B BblpaxeHun 3,

Knac | = {Sx(m), Ar(ntxeHepHas aestensHocTb), £(0,6...0,79), M(0..0,19), S(0,4...0,59), (3)
P(0,4...0,59), 0(0,8...1)}
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Knac Il = {Sx(m), Ar{cchepa ycnyr), £(0,6...0,79) , M(0..0,19), S(2), Ug(0,2...0,39)}

Knac Ill = {Sx(w), Ar(npoussoacTso), £(0,6...0,79), M(0,2...0,39), S(0), 0(0,8...1),
P(0,4...0,59)}

Knac IV = {Sx(m), Ar(urxeHepHas gestensHoctb), £(0,6...0,79) , M(0..0,19), S(0,2...0,39),
0(0,8...1), P(0,4...0,59), R(0,4...0,59)}
KnacV={..}.

MprBOAS 3TO ONMCAHUE K NPEANOXEHHbIM 40 hOpMann3aLuy 3HaYEHUIM XapakTepPUCTUK, MOXHO CKasaTb, YTO
knacc | MOXeT BKMoYaTb B CEOS MYXYMH, 3AaHUMAIOLLNXCS MHXEHEPHON OeATENbHOCTbI0, UMELLMX BbICLLEE
oOpa3oBaHue, UMerLMX HeobxoaumocTb B MobunbHocTM ans nogknioveHus k VIC B npegenax 100 km ot
061aCTHOrO LIEHTPa, UMEIOLLMX BbICOKYI0 NMOTPEOGHOCTL B CTALMOHAPHON TOUKe noakmodeHus k UC, roToBbix ¢
9HTY31a3MOM BOCMPUHUMATL HOBYK WHOPMauWo C cdepe WHEPOPMALMOHHBIX TEXHOMOMN U Xenarowmx
obyyatbcs B ucnonb3oaHuu yenyr MC. CxopHoe onucaHue gaetcs no BCem knaccam. Knacc V BKMKOYaeT B
cebs nonb3oBaternein, He NONaBLUKX B NpeablayLMe YeTbipe Knacca.

3akniouyeHue

MpeanoxeHHas B pabote MoAenNb NONb30BaTENS MHPOPMALMOHHBIX CETEN ABNSETCS TMOKOI N AMHAMUYHON ANs
MONOSIHEHNS €€ MH(hopMaLMen, 1 KOMNAKTHOM ANA BHeAPEHUS €€ B MOAESNb MH(OPMALMOHHON CETU B LIENOM,
oTobpaxas BHYTPEHHWE W BHELUHWE MPOLIECCHI B3aUMOAENCTBUS STUX MOLENEN, YTO MOMOXKET B ONTAMM3ALIAM,
CUHTE3€e 1 ynpaBneHnn MHGOPMaLMOHHBIMK ceTamu. Bonee Toro, paspaboTaHHas Moaenb UMEET NPaKTUYECKYHO
LleHHOCTb, TaK KaKk OCHOBaHHas Ha Heil Knaccudvkaums nonb3oBateneit MC, wncnonb3ywowas MeTomsl
KNacTepHOro aHann3a u MeToAbl PacTyLUMX NupamMuaanbHbIX CeTel, MOXET ObiTb NPpUMEHUMa paspaboTymkamu
WH(OPMALMOHHBIX CETEN, TaK Kak U3y4eHUe NoNb30BaTENbCKOrO KOHTUHIEHTA W NpaBuUIibHas ero cTpaTudmkalms
SBNSETCA OQHON M3 LieneBbIX 3aaay npu noctpoeHuu C.
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MPOrPAMMHbIA KOMMNNEKC AHANU3A KOHBIOHKTYPbI ONTOBOMO PhIHKA
ANEKTPO3HEPT A U MOLLIHOCTW

anuHa CtapkoBa

Abstract: B cmambe npusodumcs aHanu3 mekyuweeo COCMOSHUS PbiHKa 3mekmpodHepauu Pocculickol
®edepayuu, paccmampugarmcsi Kioyesble MOMEHMbI NOCMPOEHUSI NPO2paMMHO20 KOMNIEKca aHanusa
KOHBIOHKMYPbI 0NMOB020 PbIHKA 3IEKMPOSHEPRUU U MOWHOCMU, npedHa3Ha4eHHo20 Ol ONepayuoHHO20 U
007120CPOYHOR0 NPOHO3UPOBaHUS NOMPEBNEHUS MIeKMPOIHepauU, a makxe 0nsg nodO0epXKU NPUHSMUS
UHBECMUUUOHHbIX peweHull no npuobpemeHurd unu npodaxe akmugos, no pasMeweHuo 0b6beKkmos
cmpoumenbCcmea Ha HOBbIX UNU Ha yxe Oelicmeyrowux 3nekmpocmaHyusx. Pacwuperue yucrna 8HeWHUX
cgaseli MonuUBHO-3HepP2emMuUYeCcKkoeo Komniekca, nepexod om co30aHus U30MIUPOBaHHbIX SKOHOMUYECKUX U
aHepeemuyeckux modenel, npueodsm K Heobxodumocmu co30aHUsI NPO2paMMHbIX Komniekcos modened,
No380MSIOWUX Ompaxamb nNpouecc 3HepeonompebneHuss 8 omoerbHbIX CeKmopax 3KOHOMUKU C Pa3fudHbIM
yposHeM Oemanu3ayuu U aepeaayuu ModenupyeMbix nokasamesnel, NO3BOMAWUX MaKxe nposodums
MHO208apuaHMHble CcueHapHble pacyémbl. Co30aHHbIU NnpoepaMMHbIU KOMNIEKC aHanu3a KOHBIOHKMYPbI
0NMOB020 PbIHKa 3MEKMPO3HEpaUU U MOWwHocmU codepxum modynu mModenuposaHusi U Npo2HO3UPOBaHUs
KOHEYH020 nompebrieHusI JeKmMpPOIHepaUU, NOMepPb AMEKMPOIHEP2UU 8 CEMSX, YuCIa Yacos UCNOb308aHust
MOWHOCMU, @ makxXe JI0KabHbIX MaKCUMyMO8 NnOMpPebNeHuUss 3MeKmpPOIHepaUU Ha CPEOHECPOYHY U
doneocpoyHyo nepcnekmugy. [lonyyeHHble pe3ynbmambl Mo2ym 6bimb UCNOb308aHb! 05 (hopMUPO8aHUS
payuoHanbHolU cmpameauu passumus SHep2emuKuU Kak cmpaHbl 8 UerioM, mak u omoesibHbIX eé cybbekmos 8
yacmHocmu.  [pozpaMMHbI  KOMNIEKC — peauoHanbHOU  MOOeNU  KOHBIOHKMYPbl  ONMO8020  PbIHKA
3M1eKMPO3HEP2UU U MOWHocmu peanusogaH Ha 6ase PROGNOZ Platform (uHmezpuposaHHas nnamghopma s
c030aHus  UHGhOPMAUUOHHO-aHamumuyeckux cucmem U cucmem  noddepXKU  NPUHAMUs  peweHud,
0bbeduHsIoWas MexHOM02UU NOCMPOEHUS XpaHunuw, 0anHbIX, cpedcmea (hopMUPOsaHUS OMYEmHOCMU U
onepamusHo20 aHanu3a OaHHbIX, UHCMPYMEHMbI MOOeUPO8aHUs U NPOSHO3UPOBaHUSI).

Keywords: KOHbIOHKMypa 0NMO8020 phbIHKA 3MEKMPOdHepauu U MowHocmu P®;  modenuposaHue
anexmponompebeHusi; SKOHOMeMPUYECKoe MOOeUpPosaHUe; UHOPMAULIOHHO-aHaMUMUYECKUe CUCMeMbI;
cucmemb! NOAOBPXKKU NPUHSMUS PeWeHUL; XpaHunuwa 0aHHbIX.

ACM Classification Keywords: H. Information Systems. H.4 Information Systems Applications: H.4.2 Types of
Systems — Decision support (e.g., MIS).

Conference topic: Business Informatics.

BBeaeHue

OneKTPo3HEeprus SBNSETCS OLHUM M3 Hanbonee 3HaYMMbIX NPOAYKTOB, MPeAHA3HAYEHHbIX ANs NPOMEXYTOYHOTO
NoTPeBNeHNst NPEANPUATUAMU, N COCTABNSIET CYLLECTBEHHYIO OO B 3aTpaTax MHOMMX BULOB SKOHOMUYECKOI
[eaTenbHOCTU. JeduunT SNeKTpOIHEPrM Hen3BeXHO BNEYET K OrpaHUYEHN0 SKOHOMMYEecKoro pocTa. Kpome
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TOr0, HeJOOLeHKa OXMAAeMoro noTpebreHns SnekTPo3Heprin NpuBOAUT K HEOBXOAMMOCTM WUCMONb30BaHMs
[OpPOrX MUKOBbIX CTAHLMA. 3aBbllEeHHbIA NPOrHO3 NOTPebneHns 3neKTPOIHEPruM MPUBOAWT K YBEINUYEHWIO
n3gepkek Ha nopdepxaHne B paboyeM COCTOSHUM M3MULWHWX PEe3epBHbIX MOLLHOCTEN. [lpousBoauTent
3NEKTPOIHEPTUM 3aMHTEPECOBAHBI B MPOrHO3aX 3MNeKTponoTpebneHms ¢ Lienblo onepaTMBHOTO pearnpoBaHus Ha
CMpoC M C Lenblo ONTUMAnbHOro pasBuUTUS MHAPACTPYKTYpbl. SHMEKTUBHOCTE MEPONPUSTUI MO YNPaABNEHMIO
noTpebneHnem 3aNeKTPOSHEPrM, Ka4yeCTBO NIaHNPOBaHNSA U 3KOHOMUYHOCTb PEXWUMOB PaboTbl SHEPTrOCUCTEMDI
ONpegensTCcs [OCTOBEPHOCTbIO MPOrHo3a. [oBbiEHWE TOYHOCTWM NPOrHO3a NOTPEBrneHus 3neKTPO3Hepruu
CnocoBCTBYeT  3KOHOMUM  SHEPrOPecypCoB, YBEMUYEHMO APPEKTUBHOCTM paboTbl M COOTBETCTBEHHO
yBENNYEHWNIO NPUBLINK NPEANPUATUIA SHEPTETUKN.

Takum 00pa3om, NpPOTHO3MPOBAHME [OMHAMMKMA 3neKTponoTpebneHns B CTpaHe npuobpetaeT 0cobyro
akTyanbHocTb. [1pOrHo3upoBaHne anekTponoTpebneHns SBASETCS MHOrO3TanHbIM U MHOTOYPOBHEBbLIM
npoLeccom, pe3ynbTaTbl KOTOPOrO MOrYT WCMOMb30BaTbCs ANs (DOPMMPOBAHWS PaLMOHAmbHONM CTpaTerim
Pa3BUTUS SHEPTrETUKN KaK CTPaHbI B LIENIOM, TaK 1 OTAEMbHBIX €€ CYGBEKTOB B YaCTHOCTM.

AHanu3 poccUIUCKOro pbiHKa 3NeKTPOIHEPreTUKU

B 9KOHOMWMKE 3HEPreT4ecKoi 0Tpacu No-NPexHeEMy COXPaHSITCH AOMrOCPOYHblE TEHAEHLMUW. TW TEHAEHLMM
NPOSIBNAOTCS B yBenuyeHun obbeéMa noTpebnsieMoi SHepruum, MOBbILLEHUMM MPOM3BOACTBA W MOTPebneHus
SHEpruM, a TaKkke pacTyliei ansepcudukaumm eé uctouHnkos [1]. Hanbonee MOLLHbIMM OBUXYLLMMU CUNTaMu
crpoca Ha SHepruio BbICTYMAKT POCT YMCMEHHOCTW HaceneHus W pocT JOXOA0B HaceneHws. o AaHHbIM
komnaHuu BritishPetroleum «3a nocnegHue 20 NeT YACNEHHOCTb HAaceneHns Mupa yeenuumnace Ha 1,6 mnpg.
YernoBeK U, KaK OXuOaeTcs, BO3PacTeT Ha 1,4 mnpa. venosek B npeactosiwme 20 net. PeanbHbli 4OX04 B Mupe
yBenuuunca Ha 87% 3a npowepime 20 net u, ckopee Bcero, Bo3pactér Ha 100% B TeuyeHue CredytoLLmx
20 net» [2].

B HacTosAwmMin MOMeHT B coctaBe EguHoil Ouepretudeckoir Cuctemsl (EQC) Poccum  yHKUMOHMPYIOT
69 permoHarnbHbIX S3HEProcucTeM, KOTopble, B CBOK ovepedb, 06pasytoT 7 O6beanHEHHbIX aHeprocucTem (O3C):
CpenHen Bonru, Ypana, LieHTtpa, CeBepo-3anapa, tOra u Cnbupu. Paseutie EQuHON SHEpreTnieckon CUcTeMbI
Poccun npomcxoguno nyTém noatanHoro o6beayHeHns 1 opraHu3aumn napannenbHoi paboTbl permoHanbHbIX
SHEPreTMYECKMX CUCTEM, (HOPMUPOBAHUS MEXPErnoHanbHblX 0BbeanHEHHbIX aHeprocuctem (O3C) m ux
nocrnegytowero obbeauHeHWs B cocTaBe EpuHoON aHepreTudeckoi cuctembl. [lepexom k Takon copme
opraHusauun Obin obycnosneH HeobXOAMMOCTbIO 60mnee pauyoHanbHOr0 WCMOMb30BaHWUS 3HEPreTUYECKNX
PECYpPCOB, NOBbILIEHUS SKOHOMUYHOCTU U HAZEXHOCTU 3nekTpocHabxeHus cTpaHbl. PakTnyeckoe notpebneHne
anektpoaHeprin no EQC Poccum B 2011 1. coctasmno 1 038 250 Thic. MBT-y, UTO Bbile aKTUMECKOTO 3HAYEHUS
B 2012 1. Ha 1,7% ¥ Bbiwe 3HaveHus B 2010 r. Ha 2,8% (puc. 1, [3]).
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PucyHok 1. O6BEm nompebneHus anekmpoaHepauu 8 PO (mbic. MBm-4/mec)
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MoTpebreHne anekTposHeprum B POCCMM HOCUT BONMATWIbHBIA XapakTep, TECHO CBS3AHHBIN C «yTSHKENEHHON»
CTPYKTYPOI 3KOHOMMKM, KOTOpasi Xapakrepusyetcs notpebneHnem 6onblumx OOBLEMOB 3MEKTPOSHEprum
SNEKTPOEMKMMI OTPACNSMW NPOMBILLNEHHOCTY NPWU OTHOCUTENBHO HU3KOW OMBEPCUMUMKALMN NPOMBILLNEHHOCTY
W HE3HAUMTENBHOW JONE HEANEKTPOEMKOI Chepbl YCIyT.

,D,MHaMVIKa SJ'IeKTpOI'IOTpe6J'IeHI/IFI PO npenmMyLiecTBeHHO 3aBUCUT OT AUHAMMUKX NPOMbILWNEHHOro NPOU3BOACTBA,
YTO OTPaXaeTcAa B BbICOKOIA 3N1aCTUYHOCTM 3ﬂeKTp0n0Tpe6J'IeHMﬂ B NPOMbILLIIEHHOM NPOMU3BOACTBE (Ta6J'I. 1)

Tabnuya 1. Cmpykmypa nompebneHus anekmpoaHepauu 8 2011 2. [4]

MIH.kBT.4ac Jons, %

[obblya nonesHbix uckonaembix, obpabatbiatoLLme Npou3BOACTBA, NPOU3BOACTBO U

567 909,3 54,5
pacnpeaeneHue anekTPOIHEPriun, rasa 1 ol

Cenbckoe X03AMCTBO, OXOTa 1 NIECHOE XO3ANCTBO 15 525,1 1,5
CTpoutenscTao 11810,9 1,1
TpaHcnopT u cBs3b 90 354,9 8,7
[pyrvie BUabI 3KOHOMUYECKON AEATENBHOCTY 119 630,5 11,5
Hacenenve 130 889,3 12,6
lMoTepu B SNEKTPOCETSX 105 002,1 10,1
Bcero 1041 122,1 100,0

CoBpeMeHHbI NEKTPOIHEPreTUHECKMI KoMNeKe Poccumn HacunTbiBaeT okono 700 aneKkTpoCTaHUMi €AMHUYHON
MOLLHOCTbI0 cBbiwe 5 MBT. CtpykTypa BbipaboTki 9neKkTpoaHeprim no tunam anektpoctaHumin EQC Poccun
npeacTasneHa Ha (puc. 2, [5]).

5,7%
o0.cT.
16.9% npeanp.

62,2%
15,2 % T2C

c

PucyHok 2. Cmpykmypa 8bipabomku 31ekmposHepauu no munam anekmpocmaryuti E3C Poccuu

Nnaupyrollee  MONOXEHWe  TENNOSHEPreTUKM  SBNSETCS  WUCTOPUYECKM CMOXKMBLUEACS W SKOHOMMYECKM
OnpaBAaHHOM 3aKOHOMEPHOCTbIO Pa3BUTHSI POCCUACKON 3HepreTuki. Hambonbluee pacnpocTpaHeHue nonyymunm
TENMoBbIE 3MNeKTpocTaHuMM obLlero nonb3oBaHWs, paboTakle Ha OpraHWYeckom Tonnuee (ras, yromb).
OCHOBHOW 3ajayeil pa3BUTUS TENNOBOI reHepaLnmn SBNsSeTCs 06eCneyYeHne TEXHUYECKOrO NEPEBOOPYXEHNS
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PEKOHCTPYKUMM  JEACTBYIOWMX 3NMEKTPOCTAHUMIA, @ Takke BBOA HOBbIX TEHEPUPYIOLMX  MOLLHOCTEN.
lMopoaHepreTka SIBMSIETCA  KITKOYEBLIM — 9NEMEHTOM  obecrneyeHnss CUCTEMHON  HapéxHocT  EanHon
OHeprocucTembl CTpaHbl, pacnonaras 6onee 90% pesepsa perynumpoBoYHOM MolHocTM. [3C aBnaTCs
Hanbonee MaHEBPEHHbIMU W CMOCOBHbI MU HEOBXOAMMOCTW ObICTPO CYLIECTBEHHO YBENUUMTb OOBLEMBI
BblpaboTKM, MOKPbIBAs MWKOBble HArpysku. B HacTosAwmMi MOMeHT Ha Tepputopun PO akcnnyaTtupyetcs
10 aTOMHbIX CTaHUWIA, PACCONOXKEHHbIX NPEMMYLLECTBEHHO B EBponeiickoit yacTu Poccumn u Ha CeBepo-3anage.
B cTagum cTpouTenbCcTBa HaXo4ATCS €€ 5 aTOMHbIX 3NIEKTPOCTaHLMIA.

I'IporpaMMHbM KOMMJIeKC aHasfin3a KOHBLIOHKTYPbI ONTOBOIro
PbIHKa 3N1EeKTPO3HEeprum 1 MOWHOCTH

MayumB cywecTsylowme Metogbl M MOAENM  MPOTHO3MPOBAHWS  SHEPronoTpebrneHust B LEenoM, W
anekTponoTpebneHns B YaCTHOCTH, Obln BbISBIEHbI CNEAYIOLLME TEHAEHLNM:

— pacwmnpeHune 4ncna BHeEWHUX cBazel TON/IMBHO-3HEPreTn4eCKoro Komniaekca,

— nepexoa OoT Co3aaHunA MU30/INPOBAHHbLIX 3KOHOMUYECKUX U SHEPreTuyecCKux MOAEI’IEVI K UX

CUHTE3Y;

— CO34aHMe Komnnekcos MO,CI,EIIEI\;L NO3BO/IAOWKNX OTPaxKaTb npouecc 3HepI'OI'IOTpe6fIEHVIF| B
OTAENIbHbIX CEKTOPAX 3KOHOMUKM C pPa3/iIMd4HbIM  YpPOBHEM AeTannsaumm wn arperaunm
moaennpyembix rnoKasaTtenen, NO3BO/IAOWNX TaKXKe NPoBOAUTb MHOIToBapuaHTHbIe CUEHAPHbIE

pacyéTbl.

Tak BO3HMKNA MOes CO34aHWs MPOTPaMMHOTO  KOMMMEKCA aHanmu3a  KOHBIOHKTYPbl  OMTOBOMO  PbiHKa
ANeKTPoaHeprMM 1 MollHocTM PO, Llenamu cosmaHus [aHHOTO MPOrpamMMHOr0  KOMMnekca sBnseTcs
onepauuoHHoe M [ONrOCPOYHOE MPOTrHO3MPOBAHME NOTPEBNEHUS 3MEKTPOSHEPTM, a TaKkke MOALepxKKa
NPUHATUS. MHBECTULIMOHHBIX PELLUEHW MO MPMOBPETEHM0 UMK Npodaxe akTMBOB, MO pasMELLeHN0 0GbEeKTOB
CTPOUTENLCTBA Ha HOBbIX UMK HA YXE AENCTBYIOLLMX SMEKTPOCTAHLINSX.

OBbekToM MOAENMPOBAHNS AAHHOTO NPOrPaMMHOTO KOMMIEKCa BbICTYMAET KOHBIOHKTYPa PErMOHarnbHOM pbiHka
9NEKTPO3HEPruM B YaCTU Crpoca Ha 3MEKTPOSHEPTUIO U MOLWHOCTb C YY4ETOM BAWSHUS KOHEYHbIX LieH Ans
OCHOBHbIX pynn noTpebuTeneit: NPOMBbIWNEHHbIX MPEANPUATUIA, AOMOXO3SNACTB, OPraHOB MYHWLMNANBbHOTO
ynpaBnexus 1 NpeanpusTil, NPegoCTaBASIOWMX KUMNLHO-KOMMYHAmbHbIE YCIyrn U ApYrX TPYNN KOHEYHbIX
notpebutenen. CornacHo 3 ctaton ®3 Ne 35 ot 23.03.2003 B pegakumm o1 29.06.2012 nog onToBbIM PbIHKOM
aNeKTpoaHeprum Byaem noHnMatb cepy obpaleHns 0cobbix TOBApPOB — AMEKTPUYECKON 3HEPrN 1 MOLLHOCTY B
pamkax EguHon aHepreTuyeckon cuctembl Poccun B rpaHnuax eauHoro 9KOHOMUYECKOro npocTpaHcTea P ¢
y4yacTMeM KpYMHbIX MPOM3BOANUTENEN U KPYMHBIX NOKynaTenei anekTpuyeckoi 3Heprim U MOLLHOCTU, a Takke
WHBIX UL, NOMyYMBLUMX CTaTyC CyObEeKTOB OMTOBOTO PblHKA W AEMCTBYIOWMX HA OCHOBE MpaBWfl OMTOBOMO
pbIHKa [6].

lMporpamMMHbIA KOMMMEKC aHamnM3a KOHBIOHKTYPbI OMTOBOTO PbliHKA SMEKTPOSHEPrAn U MOLLHOCTU BKIIOYAET B
cebs YeTbipe OCHOBHbIX broka:

1. Briok NporHo3npoBaHmMsl KOHEYHOO NOTPEBNEHNS SNEKTPOIHEPruK (puc. 3).
2. bok NporHo3upoBaHus NoTEPb ANEKTPOIHEPriW B CETSX.

3. Briok NporHo3MpoBaHUs YMcsa 4acos UCMoMb3oBaHNa MoLHoCTH (YHAM).
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4. bnok NPOrHO3MpOoBaHNA NokKanbHbIX MakCUMyMOB I'IOTpe6J'IeHI/1$|.

Brnok nporHosvpoBaHua 3NeKTPo3HEPruME PerMoHanbHOM paspese

OKB3]] Mo KaTeropum noTpeBGnAe Mo MOLHOCTH Hacenenue

7
- MPOMEILWNEHHOCTD

. - Kateropusa 1 (cebiwe 10 MB1/vac) -Tropogackoe
CENbCKOE XOsAHCTRO -Kateropua 2 (o1 670 KB1/4ac go 10 MBT/4ac) - Cenbekoe
TRaHCNOpTH cBAsh - Kateropusa 3 (po 670 KBYT/Mac)
- CTPOMUTENBCTBO
.- poyne B[ )

Pucyrok 3. Knaccucpukayus nompebumened, 4515 KOmopbIx CMposmes NPo2HO3bl KOHEYHO20 3riekmponompebieHus

[TporHo3npoBaHWe anekTponoTpebneHns Ha rog Bhnepéa B NPOrpamMMHOM KOMMIEKCEe OCYLECTBMSETCA B
AMHaMuKe No Mecsuam, Ha cnegylowme 4 rofa — B KBapTaibHOW AWHaMUKE W Ha cnegytowme 15 net — B rogoBown
OnHamuke. [ns  pelleHWsl NOCTaBMEHHbIX 33dad  ObiMo  MpUHSTO  pelleHMe O  MOAenMpoBaHUM
anekTponoTpebneHns nepable 5 NeT B eXeMecavHoN AuHaMuKe ¢ NocneaytoLen eé arperaumei 4o KBapTanbHO
OVNHAMUKKM, COOTBETCTBEHHO CO 2 MO 5 rofbl BKIIOUYMTENBHO.

[Ona obecneyeHns NPOrpaMMHOTO KOMMMEKCa aKTyanbHbIMA AaHHbIMK, HeobXoauMbiMW Ans  pacyéTta
pe3ynbTUPYIOLWMX NokasaTtenen, Obinu 1CNonNb30BaHbl AaHHbIE TakiX OdMLManbHbIX UCTOYHUKOB, Kak Poccrar,
HekoMmepyeckoe napTHEPcTBO «CoBeT pblHKa», CUCTEMHBIA onepatop EAMHON SHEpreTMYeckom CUCTEMBI,
®epepanbHas cnyxba no Tapudam, gaHHsle meTeoponorudeckux cnyx6, IEA — Electricity Information, IEA —
World Energy Outlook, IEA — World Energy Statistics and Balances n gpyrux.

TpyoHOCTM, CBSI3aHHbIE C MOJTyYEHWEM ANIMHHLIX BPEMEHHbIX PSAOB MOTpebneHus anekTposHeprn PO B
perMoHanbHOM paspese, CBs3aHbl C MU3MEHEHWsIMM B cTaTucTuyeckom yuéte (¢ 2005 r. anektpobanaHcel PO 1
PErMOHOB CTanm hopMmUpoBaTLCs B COOTBETCTBUM ¢ OBLLEPOCCUICKUM KNacCUUKaTOPOM BUAOB 3KOHOMUYECKOM
pestenbHocTy; ¢ 2010 r. npombiwneHHoCTb nepeluna ¢ knaccudmkatopa OKIM Ha knaccudmkatop OKM3M u
Apyrve), C HETOYHOCTbIO CBELAEHWI, NMONYYaEMbIX OT CyOHEKTOB PbIHKA ANEKTPOIHEPreTUKN.

B HacToALWMA MOMEHT OCHOBHbIE UCTOYHMKM AaHHbBIX MO NOTPEBNEHMIO anekTposHeprun — CUCTEMHBIN onepaTop
EauHon SHepreTuyeckoir cuctemebl 1 PoccTat. OgHako CyLecTBYHOT ONPeAEnEHHbIe pasnnuns B 9TUX AaHHbIX.
CuctemHbI onepaTop He YyuuTbiBaeT noTpebrieHne 3MneKTPOIHEPrUM «BHECUCTEMHOMY 3NEKTPOIHEPreTUKON
(3HEeproycTaHoBKW, HE UMEIOLLME BbIXOL B SNEKTPOCETb «06LLero nonb3oBaHnsy), a PoccTat, B CBOW ovepess,
YUYMTbIBAET NMOMHOE NOTPebreHne aNeKkTPO3IHePrM B pernoHe. [uHamuka anekTponoTpebneHns B permoHax no
JaHHbIM CuctemHoro onepatopa EQC 6Gonee noruyHa u OTpaxaeT AMHAMUKY M3MEHEHWI pervioHanbHoM
3KOHOMMKKU. HO AiaHHble CUCTEMHOTO OnepaTtopa He CTPYKTYPUPOBaHbI MO BUAAM SKOHOMUYECKOH JeATeNbHOCTM.
[103TOMYy Ha OCHOBaHMM JaHHbIX PoccTata Obinu paccunTaHbl 4OMM BUOOB SKOHOMMYECKOW LEATENbHOCTU B
anekTpobanaHce PervoHoB, MOCMEe Yero, B CUIY OTHOCMTENbHOM YCTOMYMBOCTM MOMYYEHHBIX 3HAYEHMI Jonen,
Obin nponaBeaéH pacyéT noTpebneHuns anekTpoaHeprim no B Ha ocHoBaHUM AaHHbIX CUCTEMHOrO onepartopa:
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NoTpedaeHne anekTpoaHeprua B3 ., =
= [loTpedaeHnAe NEKTPOIHEPIHN PETHOHOM BCETOC, 1. oneparop E3C %
* Hoaa noTpediaenna aAeKTPpoaHeprEd B3, corar

[ns mMogenvpoBaHus nokasateneit NoTpebneHnst aNeKTPOSHEPrud WUCMONb30BanMCh MPEUMYLLECTBEHHO ABa
Knacca MOfenei: SKkCTpanonsaumoHHble U dakTopHble. CormacHo NpoBeAEHHOMY WUCCNEA0BAHNIO, MPUEMIEMYIO
TOYHOCTb B MPOTHO3MPOBAHUM 3NEKTPONOTPEONeHns Ha rof Brnepén OanT SKCTPAnoNAUMOHHble MOAENM.
[peanockIKoN 3KCTPanONAUMOHHBIX MOAEnen ABMAETCH TO, YTO MCXOAHbIN MOAENbHbIA PsL COAEPXKMT BCHO
HeobxoauMyH MHGOPMALMIO ANt NOCTPOEHUSI NPOrHO3a No BbIBpaHHOMY NOKA3aTenio.

[ns NoCTpOEHMsI CPeaHECPOUHbIX U [ONMFOCPOYHBIX MPOrHO30B HEOOXOAMMO YYWTbIBATb BIUSIHUE BHELLHMX
(haKTOPOB, HaNpUMep U3MEHeHe 0O6BLEMOB NPOMBILLNEHHOTO NPOU3BOACTBA. TakiM 06pa3oM, CPEAHECPOYHOE W
A0NTOCPOYHOE MOZIENMPOBAaHIE ONMPAKTCS Ha (haKTOPHbIE MOAENN.

B cBoto 04epeab, NOCTpoeHe hakTOPHbIX MOAENeN NoapasyMeBaeT:

— Ha/anuyne ANNHHbLIX BPEMEHHbLIX pAAOB MoAeNnpyembixX U 06'bFICHFHOU.I,MX noKasartenen, Ha

OCHOBE KOTOPbIX MOYXHO MAEHTUOULMPOBATL MOLENN;

— Hanuume 3HauyeHui CUEeHapHbIX noKasatenen Ha nepunoge nporHoO3MpoBaHunA AOnAa
NOCTPOEHMA NPOrHO30B MOAENTNPYEMDBIX NMEPEMEHHDbIX.

OTnnunTenbHOM 0COBEHHOCTBIO MOCTPOEHWSt (haKTOPHLIX MOZenend B rogoBOM AMHAMMKE M AMHAMMUKE MO
MecsluaMm SBMSeTCS npefBapuTenbHas OYMCTKA [aHHbIX B AWHAMUKE NO Mecsuam OT CE30HHbIX konebaHuw,
koTopas ocyllecTBnsnacs ¢ nomoweto npoueaypbl Census Il [JaHHas npouegypa MO3BONSET PasfioXuTh
NCXOOHbIA psA Ha [OBe COCTaBMAKLLME: TPEHO-LMKIMYECKYID M CE30HHYK. B cuny naMeHeHus amnnutygpl
konebaHns Ce30HHOrO hakTopa 1 OTCYTCTBMS OTHOCWTEMNBHO MOCTOSHHOM CE30HHOM Bapwauuu, NpYMeHsnach
MynbTUNAMKaTUBHAA Mogenb. [lpu 3TOM  WUCXOAHbIA  psf  paccuMTbIBaETCS € MOMOLLBID  0BpaTHbIX
npeobpa3oBaHniA Moce MOAENMPOBaHMUS TPEHA-LMKIIMYECKOH COCTABNAOLLEN BPEMEHHOTO psaa.

Ha ocHoee gaHHbix Pocctata (¢ 2005 no 2007 rr.) o noTpebrneHun anekTposHeprn pasnuuHbiMu B[ B
€XerogHo AMHaMMKe Mo PervoHy Bbinn paccunTaHbl 4ONM ANeKTponoTpebneHns no OTAeNbHbIM KaTeropusm
notpebutenen: kateropns-1 (notpebnenue cebiwe 10 MBT/vac); kateropus-2 (notpebnenune ot 670 KBT/uac go
10 MBt/yac) u kateropus-3 (notpebnenne meHee 670 KBt/uac). [onn «norpannyHbix» B[ onpepensmvch
9KCMEPTHO, COrMTAaCHO HanmWumMio Ha TEPPUTOPUN PErYOHA KPYMHBIX M CPEAHWX NPeanpusTUiA COOTBETCTBYHOLLETO
BUAa LeaTenbHocTW. llocne YMHOXEHUS COOTBETCTBYHOLMX AOMEN Ha noTpebrieHne anekTposHeprin Bobinu
HalaeHbl 3Ha4eHns NoTpebneHns anekTPO3Heprun Ans OTAeNbHbIX KaTeropuin noTpebutenen B COOTBETCTBIAN C
BbIBpaHHO Knaccudmkaumen (CM. pUcyHok 3).

lMocne nomnydyeHus BCEX MOAENbHbIX 3HAYeHMM, Obin NpoBedéH OKTECTMHr C MepuoaoM WaeHTUdMKaLmm
1993-2010rr. B wuTore 6bif0 MOKA3aHO, YTO KOMMYECTBO PErMOHOB C CyLLECTBEHHbIM OTKMOHEHWMEM OT
(haKTUYECKMX AaHHbIX HEe3HAYMTENbHO, a OTKMOHeHMe no Bcen Poccum He npesbiwaeT 5%. Takum obpasom,
ObINO NPUHATO peLUeHne He U3MEHSTb METOAMKY pacyéTa, KpoMe TOro, MpW paciumpeHnn obyyaroLen BbIbopku
(oo 2011 r. BKNIOYNTENbHO) YOAETCH KOPPEKTHEE YYUTbIBaTb (DAKTOP WMHEPLMOHHOCTW W MOrPELUHOCTW Mo
«KPUTUYECKMY PErnoHaMm.
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B 6roke npoeHo3uposaHus nomepb 311eKmposHepauu 8 cemsx Bbin BBEAEH BCrIOMOraTenbHbIM nokaaTens —
KO3(h(ULMEHT NOTepb, 3HAYEHWS KOTOPOrO MOLENMPOBANNCH C MOMOLLBID MPUMEHEHUS 3KCTPanONSLMOHHOM
mozerm ARIMA (p,q,d). Mpwn 3ToM UTOrOBas BeNYMHa NOTEPL OMpeaensieTcst No opmyne:

[loTepH 2/1€KTPO2HEPTHH B CETAX =
= Koa¢PHUHEHT NOTEPDb X
% (MoTpednenne aeKTPIHEPray HacenenneM + [loTpednenne anexkTpoaneprun B3g)

MomMnMo pacyéta 3HayeHuin abcomoTHbIX MOTepb MPOrPaMMHbIA KOMMMEKC Aa€T BO3MOXHOCTb pasfenieHus
NoTEPb SMEKTPOSHEPTMN B CETSX Ha ABE TPyNnbl: TEXHOMOTMYECKME U KOMMEpPYECKMe MoTepu, C YY4ETOM
COOTBETCTBYHOLLMX AONEN.

[MporpamMMHbIA KOMMAEKC aHanu3a KOHBIOHKTYPbl OMTOBOMO PbiHKA SMNEKTPOSHEPriM W MOLLHOCTM MO3BONSET
MPOrHO3MpOBaTb YMCNO YacOB WCMOMb30OBAHWUS MOLLUHOCTK ANs TPEX KaTeropun notpebuteneir, a Takke Ans
FOPOACKOTO U CENbCKOTO HaceneHusi. Yvcno 4acoB WCMOMb30BaHMS MOLWHOCTM — OTHOLUEHME CYMMApPHOro
3asBMIEHHOrO rOA0BOr0 3MEKTPONOTPeONEHMs KOO KaTeropueit noTpeduteneit B permoHansHoM paspese K
bakTuyeckon noTpedbnsemMon  MakCUManbHOM MOLUHOCTM MO KakaoW KkaTeropuu noTpebuteneit B Yackl
MaKCUMaIbHbIX HAarpy3oK Mo KaxgoMy PEervoHy.

[MporpaMMHbIA KOMMAEKC pervoHarnbHOM MOAENU KOHBIOHKTYPbI ONTOBOMO PbiHKA 3IEKTPOSHEPIMM U MOLLHOCTU
peannsoBaH Ha 6ase PROGNOZ Platform (puc. 4), co3aaHHOI BEAYLWMM POCCUICKAM Ppa3paboTumMKoM CUCTEM
BusHec-aHanmuaa komnanuen «MporHos». PROGNOZ Platform — uHTerpupoBaHHas nnatgopma ans copaHus
WH(OPMALMOHHO-aHANMTUYECKMX CUCTEM U CUCTEM MOAAEPKKM MPUHATUS pelleHuit, obbeauHsoLas
COBPEMEHHbIE TEXHOMOTMM MOCTPOEHUS XPaHWMULL, [aHHbIX, CpeacTBa (POPMMPOBAHWS OTYETHOCTN U
OnepaTUBHOTO aHann3a LaHHbIX, UHCTPYMEHTbI MOAENMPOBAHNS 1 MPOrHO3MPOBaHNS [7].

MHCTRYMEHTH SHAANTHYECHDI oGpalGoTHI I NPEAOCTAGAEHNA HHBOpMaLNN

MIDENT Hp OBAH HE [
W
porHcauponanue | NOKEaTEReR

*

HKomerpyrrap
BTYATOR

AHanMTHWIBCKHE
ETTL

Jrcnpecc-anand: MEpeMEHNE e pALE

CpeacTEa pa3zpaGoTHH 1 HHTEIPALNOHHEIE KOMNOHEHTH
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3akniouyeHue

Vicnonb3oBaHue nogobHbIX Mogdenen U peanu3oBaHHbIX Ha UX OCHOBE MPOrpaMMHbIX KOMMMEKCOB NO3BOMSET
OCYLLECTBAATb MPOrHO3MPOBaHWe pasBUTUS U (PYHKLUMOHMPOBAHWS 3MEKTPOSHEPreTUKM, YTO BO MHOTOM
onpegenser sHepretTuyeckytd Ge3onacHoCTb CTpaHbl B LENOM. B couyeTaHun €O CLEHapHbIM MOAXOLOM W
UCMONb30BAHMEM  COBPEMEHHBIX  MH(DOPMALMOHHBIX  TEXHOMOMMA  OHWM  NPeACTaBnAT  3PeKTUBHbIN
WHCTPYMEHTapuit ANs NOAAEPKKN MPUHATUAS yNPaBMEHYECKUX PELLUEHUIA Ha roCyAapCTBEHHOM YpOBHE B ciepe
3HepreTuku. PesynbTaTbl NPOTHO3WMPOBaHUS  3MnekTponoTpebneHnss MoryT ObiTb  MCMONMb30BATLCA  ANs
(hOPMUPOBAHMUS paLMOHarNbHON CTpaTernn pasBUTUS SHEPTETUKW Kak CTpaHbl B LENOM, Tak U OTAENbHbIX eé
CyObEKTOB B YaCTHOCTH.
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