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ABSTRACT

Context. The problem of decision tree model synthesis using the fractal analysis is considered in the paper. The object of study is
a decision trees. The subject of study is a methods of decision tree model synthesis and analysis.

Objective. The objective of the paper is a creation of methods and fractal indicators allowing jointly solving the problem of deci-
sion tree model synthesis and the task of reducing the dimension of training data from a unified approach based on the principles of
fractal analysis.

Method. The fractal dimension for a decision tree based model is defined as for whole training sample as for specific classes.
The method of the fractal dimension of a model based on a decision tree estimation taking into account model error is proposed. It
allows to built model with an acceptable error value, but with optimized level of fractal dimensionality. This makes possibility to
reduce decision tree model complexity and to make it mo interpretable. The set of indicators characterizing complexity of decision
tree model is proposed. The set of indicators characterizing complexity of decision tree model is proposed. It contains complexity of
node checking, complexity of node achieving, an average model complexity and worst tree model complexity of computations. On
the basis of proposed set of indicators a complex criterion for model building is proposed. The indicators of the fractal dimension of
the decision tree model error can be used to find and remove the non-informative features in the model.

Results. The developed indicators and methods are implemented in software and studied at practical problem solving. As results
of experimental study of proposed indicators the graphs of their dependences were obtained. They include graphs of dependencies of
number of hyperblocks covering the sample in the features space from size of block side: for whole sample, for each class, for differ-
ent set error values and obtained error values, for varied values of resulted number of features and instances, also as graphs of de-
pendencies between average and worst tree complexities, decision tree fractal dimensionality and tree average complexity, joint crite-
rion and indicator of feature set reduction, and between joint criterion and tree fractal dimensionality/

Conclusions. The conducted experiments confirmed the operability of the proposed mathematical support and allow recommend-
ing it for use in practice for solving the problems of model building by the precedents.

KEYWORDS: decision tree, sample, fractal dimension, indicator, tree complexity.

NOMENCLATURE <Dc> is a correlation dimension;
€ is a maximum acceptable error value; Dy, 1s a data fractal dimension relatively the accu-
® is a set of model parameters; racy (error) of the synthesized model;
¢j' is a complexity of achieving of i-th leaf node; D is a fractal dimension of k-th class;

D is a fractal dimension of the sample;
E is a model error;
fis a model quality criterion;

¢; 1s a complexity of checking for i-th node it’s can
be obtained as number of i-th node’s successors;

Ciree 18 @ worse complexity of computations for the F() is a model structure;
tree model; Fi... 1s a joint multiplicative criterion for decision

i, is an average complexity of computations for the ~ tree model;

tree model: Iy 1s a coefficient of features reduction;

D is a fractal dimension; Jj 1s a number of feature;
K is a number of classes;
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K is a number of classes;

L a number of intervals on which the ranges of feature
values will be separated;

[ is a hypercube side length;

[ is a length of the interval;

L is a number of intervals;

N is an number of input features;

N is a feature subset size;

n(/) is a number of hyperblocks of side with the / size
covering the sample;

n;4 is a number of instances belonging to a rectangular
hyperblock formed by feature intervals;

n;qx 18 a number of k-th classes exemplars, which are
given in each rectangular hyperblock formed by features
intervals;

n(/) is a number of hyperblocks with the side of / size

covering the sample;
ni(I) is a number of hyperblocks with the side of /

size covering the sample for k-th class;

gy is a number of hyperblocks with the side of /-size

covering the k-th class of the sample;
opt is a symbol of optimum;
Q is a number of clusters;
7 is a heuristically defined cut-off radius;
r1s a Euclidean distance between pair of points;
S' is a subsample size;
S'is a number of precedents;
tree is a tree recognizing model;
U is a total number of tree nodes;

u, is a type of the i-th node of the tree;

X is a data sample;

x; is a j-th input feature;

x* is a s-th instance of a sample;

x'; is a value of j-th input for s-th instance;

X7 is a maximal value of x;;

X7 is a minimal value of x;;

Y' is a class of majority of instances hit to the i-th
node, which is a leaf;

y is an output feature vector;

' is a value of output feature values for s-th instance.

INTRODUCTION

Decision trees are a popular tool for solving problems
of building models on precedents in diagnostics, pattern
recognition, and forecasting in various practical areas [1—-
4]. One of the most significant advantages of models
based on decision trees is their interpretability (conven-
ience for human perception and analysis).

The object of study is a decision trees.

It is now known a large number of methods to synthe-
size a model based on decision trees [5—11]. However, as
a rule, the known methods in their goal functions (the
criteria for the training quality) do not take into account
the characteristics of the training sample. This in practice
can lead to the construction of non-optimal models.
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On the other hand, the model synthesis for big data
sets unusually requires the preliminary reduction of the
data dimensionality size, which is explained by the high
iterativity of the known training methods, as well as the
need to obtain a model that provides a good generaliza-
tion of the data. At the same time, the traditionally used
methods of informative feature selection [12—15] and of
sample formation [16-21] have such common disadvan-
tage as they are not directly related to each other and
come from different points of view on the informativeness
of features or instances.

The subject of study is methods of decision tree
model synthesis and analysis.

One of the promising areas of data analysis is a fractal
analysis [22-31]. There are various approaches to the
definition of fractal parameters for data [25, 27]. How-
ever, they are also not interconnected with each other and
with the decision tree model training process.

The objective of the paper is a creation of methods
and fractal indicators allowing jointly solving the problem
of decision tree model synthesis and the task of reducing
the dimension of training data from a unified approach
based on the principles of fractal analysis.

1 PROBLEM STATEMENT

Let we have an original data sample X = <x, y> a set
of S precedents (instances. exemplars, observations) char-
acterizing dependence y(x), where x={x'}, y={)'}, s=1, 2,
... S, characterized by the set of N input features {x;},
j=1,2,...,N, and output feature y. Each s-th precedent
can be noted as <x’, y">, x'={x";}, ' € {1,2, .., K}, K>1.

Then the problem of model synthesis of the depend-
ence y(x) will be considered in a search of such structure
F() and adjusting such values of parameters ® of a model
<F(), ®>, which will satisfy the model quality criterion
AF(), o, <x, y>) — opt. Usually, the model quality crite-
rion is defined as a model error [2]:

S
E :%Z(ys — F(o,x*))*> - min.

s=1

2 REVIEW OF THE LITERATURE

The key concept in a fractal analysis is a fractal di-
mension, which is defined as coefficient describing the
fractal structure or the set on the basis of a quantitative
assessment of its complexity as the coefficient of varia-
tion in details and with a scale conversion.

The Hausdorff-Besicovich dimension according to
[25, 28] is defined as

1< Jog(n()
10g(1)
[

One of the most affordable ways to determine the
Hausdorff-Besicovich dimension is box-counting method
[29, 30], which consists in repeating fractal object coating
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by hypercubes of equal size and counting minimum num-
ber of hypercubes which contain points of the object.

By consistently reducing the hypercubes size [ we will
get a set of points with coordinates (log(n(/)), 10g(l*1)),

which define a curve, which slope determined by the lin-
ear regression, is a fractal dimension:

Dzlimw.

-0 log[lj
/

The Takens’” method [31] is used to determine the cor-
relation dimension:

(Dc) = _{ﬁi’%} .

where R ={ry| r, < r}, |R| is a cardinality of the set R, >0.

The common disadvantage of considered methods
[22-31] for determining the fractal dimension is that the
cardinality of the set must satisfy the inequality
N<2log,S, which shows that the number of data points S
required for accurate dimension estimation of the

N
N-dimensional set must be at least 102 . It leads to large N
values even for small sets.

The common feature of all above described methods
for determining the fractal dimension is that sample di-
mension and dimension of the model trained on its basis
are defined with no connection to each other. It limits
their practical application.

In [32] the methods for estimating the fractal dimen-
sion allowing characterize properties of the sample. The
sample instances are represented as points in the feature
space. Then clusters will correspond to the compact areas
in a feature space, which will be combined into classes.
Different geometric shapes can describe clusters. Fractal
analysis of the sample in the feature space can be per-
formed by setting the elemental form for clustering and
varying the size of the cluster for partitioning the sample
into fragments. For the sample fractal dimension analysis
the method [32] contains following stages.

Initialization stage. Set a learning sample <x,> and L
the number of intervals on which the ranges of feature
values will be separated.

Sample normalization stage. If feature values are non-
normalized, they should be normalized by mapping to the
inerval [0, 11: ] = —xp" o™ =7

Clustering stage. Divide the range of each feature val-
ues on L intervals of length /: /=1/L . Form clusters as
rectangular blocks at the different features interval inter-
section.

Data analysis stage. Determine the number of in-
stances belonging to a rectangular hyperblock formed by
feature intervals #,,. Determine the number of k-th classes
exemplars, which is given in each rectangular hyperblock
formed by features intervals 7; .
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Determine the number of hyperblocks with the side of
I-size covering the k-th class of the sample in the N fea-
tures space:

N L
I’l(k) = 2 z {1 | ni,q’k > 0}
i=lg=1

Determine the number of hyperblocks with the side of
I size covering the sample in the N features space:

n(l) = %i{l mq > 0= %i{l ini,q,k > 0} .

i=lq=1 i=lg=1| |k=l

Stage of fractal dimension estimation. Determine at a
given / the fractal dimension of k-th class, k=1, 2, ..., K:
p®) = 1og(n(,())/1og(r1)-

Determine the fractal dimension of the sample at a
givenl: D = 1og(n(1))/1og(r1).

This method operates with rectangular blocks of the
same size, covering the feature space by them. The single
controlled parameter of the method is defined by the
number of intervals L, which are divided in ranges of the
feature values.

It is obvious that number of clusters Q> K, O=L", and for
each feature L>2. To provide generalization properties of
clusters we impose restriction O < NS.

Thus, we obtain K<L"<NS, L>2. Taking logarithms
log(K) < Nlog(L) < log(NS) we obtain after transformations:

2<L< m . Note that minimum step for varying the L
values is 1. If the upper limit value 4/ns is less than 2, it
can be replaced with S. This is due to the fact that on the
each feature axis will not be more than the S points and
feature axis partition on more than S intervals will obvi-
ously lead to occurrence of the empty intervals. For large
N values, the given number of partitions S on each feature
will lead to forming of a huge number of blocks equal S,
which make a computation very hard, and in some cases
practically non-realizable. Therefore, it is reasonable in
this case to set the value of the upper limit of L by the
round(log(S)), where round is function of rounding to the
nearest integer number. Evaluation of indicator D for
small values of L requires high cost of computing re-
sources and computer memory resources than for large L
values. However, the analysis accuracy for small L values
will be lower while the generalization level will be higher
than for large L values.

Consider possible ways to implement this method. If
we assume that the data structure will be created contain-
ing the counters of instances numbers belonging to each
of rectangular hyper-block in the feature space, it will
require at least 2L" memory cells where 2 bytes will be
given to represent L" integers. In turn, for each hyper-
block we need to evaluate belonging of the sample in-
stances, which would require about 2SL" comparisons.
This approach, obviously, is practically applicable only
for small N. Since to determine the fractal dimension it is
not important to know how many instances hit in each



e-ISSN 1607-3274 Panioenekrponika, iHpopmartuka, ynpasminss. 2020. Ne 1
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2020. Ne 1

block, but it is important to know how many blocks con-
tains instances, then to reduce the computational and
memory costs are encouraged to use the following ap-
proach.

The advantage of the described method and of the
sample quality indicator determined on its basis is the fact
that they does not depend of the model synthesis method,
and of the results of its work and allow to evaluate the
properties of the single sample.

The disadvantages of this method are the uncertainty
in the choice of the L parameter value, and absence of
relation between the method and the quality of the synthe-
sized model.

3 MATERIALS AND METHODS

The decision tree model consists of nodes connected
by the links. The node can be a root (having no parents), a
leaf (having no successors), or an internal (having parent
and successors nodes). Each node of the tree (excluding
leafs) contains check on one of the features. As a result of
checking the recognized instance on this node, it will be
redirected to one of the successor nodes of this node, de-
pending on what interval of checked feature values it falls
into.

For a decision tree based model, we define the fractal
dimension as the minimum number of rectangular blocks
in the feature space needed to cover the training data set.
Since the leaf nodes of the model based on the decision
tree correspond to rectangular areas in the feature space,
and the instances of the training sample belong by the
model only to these areas, the number of leaf nodes in the
tree is the fractal dimension of the decision tree.

Let u, is a type of the i-th node of the tree (u;, = 1 if

i-th node is a leaf; u; = 0, otherwise), U is a total number

of tree nodes. Then the number of hyperblocks with the
side of / size covering the sample in the normalized fea-
ture space can be evaluated as:

U
n(l)= ZM,- .
i=1
By analogy for &-th class in the sample we can define:
U .
ny (1) =Z{1|u,- =LY’ =k}, k=1,2,... K,
i=1

where Y’ is a class of majority of instances hit to the i-th
node, which is a leaf, K is a number of classes.
It is obviously, that

K
()= m (D).

k=1

To estimate the fractal dimension of a model based on
a decision tree, we will use an approach similar to neural
networks [33-35].

Initialization stage. Set the training sample <x, y>, the
model synthesis method, the model training quality crite-
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rion as error function E, and the maximum acceptable
error value €.

Sample normalization stage. If feature values are non-
normalized, they should be normalized by mapping to the
interval [0, 1].

Formation and analysis of data partition stage. Se-
quentially changing the value of L =2, ..., S

— determine the length of the interval /;

—quantize the sample features, partitioning their
ranges of values on L intervals;

— determine the number of hyperblocks of side with
the / size covering the sample in the space of the N fea-
tures n(/);

— prune a recognizing model tree by a given method,
minimizing the error function £ to achieve an acceptable
level ¢;

— estimate the error £ of the constructed recognizing
model tree.

The fractal dimension determining stage. For every /,
for which the model error E is acceptable, determine the
data fractal dimension relatively the accuracy (error) of
the synthesized model tree:

log(n())

o)

This method operates by rectangular blocks of equal
size, covering by them the feature space. The single con-
trolled parameter of the method is given threshold value
of the model error €.

Obviously, the smaller the given & value, the more
detailed model should be, i.e., it will need to form a larger
number of clusters Q, and hence the greater should be the
L value. Accordingly, with a decrease of the given ¢, the
cost of computing resources and computer memory re-
sources will increase for the sample analysis.

The advantage of the proposed method and sample
quality indicator determined on its basis is the fact that
they are related with quality indicator of the synthesized
model, and automatically sets the optimum value of the L.

The disadvantages of the proposed method are the un-
certainty of & parameter values choice and its depend-
ence on the training quality and model functioning princi-
ples on which it is defined. It should also be noted that the
error function used in the method is only one of the syn-
thesized model characteristics, but it does not take into
account the model dimension and generalizing properties.

Therefore, the fractal dimension of the trained model
is proposed to be determined on the basis of the below
method taking into account the model dimension.

In addition to the tree fractal dimensionality we can
take into account complexity of calculations.

For i-th node it’s complexity of checking c¢; can be

Djyoe = E(tree)<¢

obtained as number of i-th node’s successors.
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For i-th leaf node the complexity of achieving ¢j' can

be evaluated as a sum of complexities of checking of all
nodes in the path from the tree root to the i-th leaf node.

For the tree model the worse complexity of computa-
tions can be estimated as the maximal complexity of the
leaf nodes:

Clree = Max {c¢j' |u; =1}
i=1,2,..,.U

For the tree model the average complexity of compu-
tations can be estimated as the average complexity of the
leaf nodes:

U
Ctiee :LZ{CI.” lu; =1}
n(l) ;5 l

Generally, when the model error is acceptable, we
need to minimize the average computational complexity
of leaf nodes reaching, as well as minimize the worst
complexity of leaf nodes reaching.

For the decision tree model synthesis the proposed set
of fractal indicators allows to define a system of criteri-
ons:

Dype — min
a N . .

Ctree min
w .

Cfree — Min

Since in the general case the number of features in the
original set and the number of features used by the model
based on the decision tree may differ, it is advisable to
consider it as a characteristic of the model quality. Then it
is possible to determine on its basis the coefficient of fea-
tures reduction as:

N
Iy=—]1<N'<N.
N N

Obviously, the greater the coefficient of feature reduc-
tion, the simpler the model, provided that acceptable ac-
curacy is achieved. In the best case 7, = N, in the worst

case [, =1.

It is possible also to define one joint multiplicative cri-
terion for decision tree model synthesis based on the frac-
tal analysis as:

D

a w
F _ treeCtreeCtree
tree —
Iy

— min.

Using proposed fractal indicators as individual, and as
combined it is possible to solve different tasks in the
process of decision tree model synthesis from unified
point of view.

4 EXPERIMENTS
To study the complex of proposed sample and
model fractal indicators they were implemented in
software. The developed software was used in compu-

© Subbotin S. A., Gofman Ye. A., 2020
DOI 10.15588/1607-3274-2020-1-11

102

tational experiments to study the applicability of pro-
posed indicators for solving the problems of automatic
classification.

Several datasets for different tasks [4, 36—38] charac-
terized in Table 1 were used for experimental study.

Table 1 — Characteristics of the tasks for methods experi-
mental study

Task Source N S K
Fisher Iris [36] 4 150 3
Agricultural plant classification on [37] 55 248 2
remote sensing data
Diagnosis of Arrhythmia [38] 279 | 452 2
Air-engine blade diagnosis [4] 10240 | 32 2

For this datasets several series of experiments were
conducted.

The first series of experiments were devoted to study
the methods of data dimensionality reduction using fractal
indicators for model synthesis. Here it is needed to evalu-
ate fractal dimensionalities of original datasets and their
classes. Then is possible to study dependencies of n(/)
from /' for the entire sample and the classes, for different
given ¢ values and obtained values of error £ , as well as
dimensions of the formed data subsample: subsample size
S" and feature subset size N'.

The second series of experiments were concerned to
study the methods of decision tree model synthesis using
fractal indicators. For each task we need to built a tree
model and study dependencies between sample properties
and proposed indicators.

5 RESULTS

For each data set as a result of the experiments, the
fractal dimensions of the data and the decision tree mod-
els constructed on their basis are calculated.

For example, the computed fractal dimension of the
sample for the Fisher Iris data set [36] is D =0.59034,
and fractal dimension assessments of the classes:
D =0.68223, D® = 0.6212, DY = 0.53407.

Graphs of dependencies from /" in a logarithmic sys-
tem of coordinates for the entire sample and the classes
are shown in Fig. 1 and Fig. 2, respectively. On Fig. 2

markers of different sizes encode the different classes.
5

SR T

log(n(l))

05 1 15 2 25 3 35 4 45
log(I'™)

Figure 1 — Graph of dependency of (/) of a sample from from /"

"in a logarithmic coordinate system
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]
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log(n(1)
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05 1 15 2 25 3 35 4 45

log(7™)

Figure 2 — Graphs of dependencies of n,(/) of classes from /™' in
a logarithmic coordinate system

Fig. 3 shows the schematic graph of generalized de-
pendencies of (/) of sample from /"' in a logarithmic sys-
tem of coordinates for different set values of € and ob-
tained values E.

Fig. 4 presents the schematic graph of generalized de-
pendency of n(/) from /"' in a logarithmic coordinate sys-
tem for varied values of V' and S'.

Fig. 5 shows the schematic graph of generalized de-
pendencies between ¢, and ¢" ..

Fig. 6 presents the schematic graph of generalized de-
pendencies between D, and ¢” ..

Fig. 7 shows the schematic graph of generalized de-
pendency between Fi,.. and 1.

A
n(l)

»
!

)

Figure 3 — Schematic graph of generalized dependency
of n(l) from /"' in a logarithmic coordinate system

A

A
n(l)

»

0

Figure 4 — Schematic graph of generalized dependency of n(/)
from /"' in a logarithmic coordinate system
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a
c tree

>

4 tree

Figure 5 — Schematic graph of generalized dependencies
a w . a —_ W a w
between C iree and C tree- 1 —Cpree C trees 4 2 —-C tree< C ree

-

A
D tree

cutre;
Figure 6 — Schematic graph of generalized dependencies
between D, and ¢“;,...:
1 — basic relation; 2 — for decreasing of / or n(/) or U or ¢"jyee;
3 — for increasing of / or n(l) or U or ¢" .

A
F tree ]

Figure 7 — Schematic graph of generalized dependency
between F,, and Iy :
1 — for increasing of model complexity of computations (¢,
and/or ¢"},.), 2 — for decreasing of model complexity of compu-
tations (¢” ;.. and/or ")

Fig. 8 presents the schematic graph of generalized de-
pendencies between F,., and D,

D tree
Figure 8 — Schematic graph of generalized dependency
between F,,, and D,
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6 DISCUSSION

As it can be seen from Fig. 1 and Fig. 2 the proposed
indicators of the fractal dimension allow show the differ-
ences between classes. These indicators can be used in
methods of sample selection, defining quality criteria of
formed subsamples on the base of the proposed indicators
of the fractal dimension.

If formed subsample or its classes on indicators of the
fractal dimension are significantly differ from similar
parameters of the original sample, it is possible that, the
sample does not have the representativeness relative to the
original sample. Also the proposed indicators at the sev-
eral subsamples-candidates comparing could be used as
their quality measures: among subsamples-candidates
should be preferred that which have indicators of the frac-
tal dimension with closest values to the original sample
indicators values.

As it can be seen from Fig. 3, a change of the speci-
fied components of formed subsample dimension (num-
ber of features N' and the number of instances '), also as
E and € affect the position of the straight line connecting
points of dependence n(/). The greater the € value the
greater the n(/) and the less the E value the greater the
n(l).

From the Fig. 4 we can see that the less S' value and
the bigger the V' value the bigger the n(/) value,

As it can bee seen from thr Fig. 5 the bigger the " ..
the bigger the .. The smaller ¢, comparing with
¢" ree the slower ¢, grow.

Fig. 6 indicates that the bigger ¢“,.. value the bigger
the D,.. value. If we have decreasing of / or n(/) or U or
" ree; then Dy, value will grow slowly comparing with
increasing of [ or n(/) or U or ¢"yee

From the Fig. 7 we can bring that the bigger the Iy
value the less the Fy.. value. If model complexity of
computations (cye. and/or c¢"..) increased then the
bigger Fi,..and vice versa.

As it can be seen from the Fig. 8 the Ftree indicator
will receive the greater value the greater the Dy, /,
n(l), N', ¢ yees €*"ee and the less the Iy indicator value.

CONCLUSIONS

The urgent problem of decision tree model synthesis
using the fractal analysis is considered in the paper.

The scientific novelty of obtained results is that the
fractal dimension for a decision tree based model is de-
fined as for whole training sample as for specific classes.
The method of the fractal dimension of a model based on
a decision tree estimation taking into account model error
is proposed. It allows to build model with an acceptable
error value, but with optimized level of fractal dimension-
ality. This makes possibility to reduce decision tree model
complexity and to make it mo interpretable.

The set of indicators characterizing complexity of de-
cision tree model is proposed. It contains complexity of
node checking, complexity of node achieving, an average
model complexity and worst tree model complexity of
computations. On the basis of proposed set of indicators a
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complex criterion for model building is proposed. The
indicators of the fractal dimension of the decision tree
model error can be used to find and remove the non-
informative features in the model.

The practical significance of obtained results is that
the developed indicators and methods are implemented in
software and studied at practical problem solving. The
conducted experiments confirmed the operability of the
proposed software and allow recommending it for use in
practice for solving the problems of model building by the
precedents.

The prospects for further study may include the op-
timization of software implementation of proposed meth-
ods and indicators, also as experimental study of proposed
indicators on the larger complex of practical problems
having different nature and dimension.

ACKNOWLEDGEMENTS

The work was conducted in the framework of the state
budget scientific project “Development and research of
intelligent methods and software for diagnosing and non-
destructive quality control of military and civilian equip-
ment” (State register No. 0119U100360) of National Uni-
versity "Zaporizhzhia Polytechnic" under partial support
of international project "Innovative Multidisciplinary Cur-
riculum in Artificial Implants for Bio-Engineering
BSc/MSc Degrees” (BIOART, Ref. no. 586114-EPP-1-
2017-1-ES-EPPKA2-CBHE-JP)" co-funded by the Eras-
mus+ Programme of the European Union and "Virtual
Master Cooperation on Data Science (ViMaCs) funded by
the DAAD.

REFERENCES

1. Geurts P, Irrthum A., Wehenkel L. Supervised learning with
decision tree-based methods in computational and systems biol-
ogy, Molecular Biosystems, 2009, Vol. 5, No. 12, pp. 1593—
1605.

2. Breiman L., Friedman J. H., Olshen R. A., Stone C. J.
Classification and regression trees. Boca Raton, Chapman and
Hall/CRC, 1984, 368 p.

3. Heath D., Kasif S., Salzberg S. Induction of oblique decision
trees [Electronic resource]. Baltimor, Johns Hopkins University,
1993, 6 p- Access mode:
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.48.92
08&rep=rep 1 &type=pdf

4. Rabcan J., Levashenko V., Zaitseva E., Kvassay M., Subbotin
S. Non-destructive diagnostic of aircraft engine blades by Fuzzy
Decision Tree, Engineering Structures. — Vol. 197, 109396.

5. Quinlan J. R. Induction of decision trees, Machine learning,
1986, Vol. 1, No. 1, pp. 81— 106.

6. Breiman L. Bagging predictors , Machine Learning, 1996, Vol.
24, No. 2, pp. 123-140.

7. Utgoff P. E. Incremental induction of decision trees, Machine
learning, 1989, Vol. 4, No. 2, pp. 161-18e6.
DOI:10.1023/A:1022699900025

8. Hyafil L., Rivest R. L. Constructing optimal binary decision
trees is np-complete, Information Processing Letters. — 1976,
Vol. 5, No. 1, pp. 15-17.

9. Subbotin S. A. Postroyeniye derev’yev resheniy dlya sluchaya
maloinformativnykh priznakov, Radio Electronics, Computer
Science, Control, 2019, No. 1, pp. 122-131.



e-ISSN 1607-3274 PaznioenexkrpoHika, iHpopMaruka, ynpasiinss. 2020. Ne |
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2020. Ne 1

10.

11.

14.

19.

20.

21.

22.

23.

24.

Amit Y., Geman D., Wilder K. Joint induction of shape features
and tree classifiers, IEEE Transactions on Pattern Analysis and
Machine Intelligence, 1997, Vol. 19, No. 11. pp. 1300-1305.

Subbotin S. A. Metody sinteza modeley kolichest-vennykh
zavisimostey v bazise derev’yev regressii, realizuyushchikh
klaster-regressionnuyu approksimatsiyu po pretsedentam, Radio
Electronics, Computer Science, Control, 2019, No. 3, pp. 76-85.

. Jensen R., Shen Q. Computational intelligence and feature se-

lection: rough and fuzzy approaches. Hoboken, John Wiley &
Sons, 2008, 300 p.

. Subbotin S. The instance and feature selection for neural net-

work based diagnosis of chronic obstructive bronchitis, Applica-
tions of Computational Intelligence in Biomedical Technology.
Cham, Springer, 2016, pp. 215-228. DOI: 10.1007/978-3-319-
19147-8 13

Miyakawa M. Criteria for selecting a variable in the construc-
tion of efficient decision trees, IEEE Transactions on Com-
puters, 1989, Vol. 38, Ne 1, pp. 130-141.

. Tolosi L., Lengauer T. Classification with correlated features:

unreliability of feature ranking and solutions, Bioinformatics,
2011, Vol. 27, No. 14, pp- 1986—-1994.
DOI:10.1093/bioinformatics/btr300

. Chaudhuri A., Stenger H.. Survey sampling theory and meth-

ods. New York, Chapman & Hall, 2005, 416 p. DOI:
10.1201/9781420028638

. Subbotin S.A. Methods of sampling based on exhaustive and

evolutionary search, Automatic Control and Computer Sciences,
2013, Vol. 47, No. 3, pp. 113-121.  DOL
10.3103/s0146411613030073

. Subbotin S.A. The sample properties evaluation for pattern

recognition and intelligent diagnosis, Digital Technologies :
10th International Conference, Zilina, 9-11 July 2014 : pro-
ceedings. Los Alamitos, IEEE, 2014, pp. 332-343. DOL
10.1109/dt.2014.6868734

Lavrakas P.J. Encyclopedia of survey research methods. —
Thousand Oaks: Sage Publications, 2008, Vol. 1-2, 968 p. DOI:
10.4135/9781412963947.n159

Lukasik S., Kulczycki P. An algorithm for sample and data
dimensionality reduction using fast simulated annealing, Ad-
vanced Data Mining and Applications, Lecture Notes in Com-
puter Science. Berlin: Springer, 2011, Vol. 7120, pp. 152—-161.
DOI: 10.1007/978-3-642-25853-4 12

Subbotin S. A. The training set quality measures for neural
network learning, Optical Memory and Neural Networks (In-
formation Optics), 2010, Vol. 19, No. 2, pp. 126-139. DOL:
10.3103/s1060992x10020037

Cheng Q. Multifractal Modeling and Lacunarity Analysis,
Mathematical Geology, 1997, Vol. 29, No. 7, pp. 919-932.
DOI:10.1023/A:1022355723781

Eftekhari A. Fractal Dimension of Electrochemical Reactions,
Journal of the Electrochemical Society, 2004, Vol. 151, No. 9,
pp. E291-E296. DOI:10.1149/1.1773583.

Dubuc B., Quiniou J., Roques-Carmes C., Tricot C., Zucker S.
Evaluating the fractal dimension of profiles, Physical Review,

YK 004.93

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

1989. - Vol. 39, No. 3. - P. 1500-1512.
DOI:10.1103/PhysRevA.39.1500
Camastra F. Data Dimensionality Estimation Methods: A sur-
vey, Pattern Recognition, 2003, Vol. 36, No. 12, pp. 2945—
2954. DOI: 10.1016/S0031-3203(03)00176-6
de Sousa P. M., Traina C., Traina A. J. M., Wu L., Faloutsos C.
A fast and effective method to find correlations among attrib-
utes in databases, Data Mining and Knowledge Discovery,
2007, Vol. 14, Issue 3, pp. 367-407. DOI: 10.1007/s10618-006-
0056-4
Roberts A., Cronin A. Unbiased estimation of multi-fractal
dimensions of finite data sets, Physica A: Statistical Mechanics
and its Applications, 1996, Vol. 233, No. 3-4, pp. 867-878.
DOI:10.1016/s0378-4371(96)00165-3
Kumaraswamy K. Fractal Dimension for Data Mining [Elec-
tronic resource]. Access mode:
https://www.ml.cmu.edu/research/dap-papers/skkumar_kdd
_project.pdf.
Li J. Du Q., Sun C. An improved box-counting method for
image fractal dimension estimation, Pattern Recognition, 2009,
Vol. 42, No. 11, pp. 2460-2469.
DOI:10.1016/j.patcog.2009.03.001.
Popescu D. P., Flueraru C., Mao Y., Chang S., Sowa
M.G.,Signal attenuation and box-counting fractal analysis of op-
tical coherence tomography images of arterial tissue, Biomedi-
cal Optics Express, 2010, Vol. 1, No. 1, pp. 268-277.
DOI:10.1364/boe.1.000268
Takens F. On the numerical determination of the dimension of
an attractor, Dynamical Systems and Bifurcations Workshop
Groningen, 16-20 April 1984 : proceedings. Berlin, Springer,
1985, pp. 99-106. DOI: 10.1007/bfb0075637
Subbotin S. A. Metriki kachestva vyborok dannykh i modeley
zavisimostey, osnovannyye na fraktal’noy razmernosti, Radio
Electronics, Computer Science, Control, 2017, No. 2, pp. 70—
81.
Zong-Chang Y. Establishing structure for artificial neural net-
works based-on fractal, Journal of Theoretical and Applied In-
formation Technology, 2013, Vol. 49, No. 1, pp. 342-347.
Crisan D. A., Dobrescu R. Fractal dimension spectrum as an
indicator for training neural networks, Universitatea Politehnica
Bucuresti Sci. Bull. Series C, 2007, Vol. 69, No. 1, pp. 23-32.
Subbotin S. A. The neural network model synthesis based on
the fractal analysis, Optical Memory and Neural Networks,
2017, Vol. 26, No. 4, pp. 257-273.
Fisher Iris dataset [Electronic resource].
https://archive.ics.uci.edu/ml/datasets/Iris
Dubrovin V., Subbotin S., Morshchavka S., Piza D. The plant
recognition on remote sensing results by the feed-forward neu-
ral networks, International Journal of Smart Engineering Sys-
tem Design, 2001, Vol. 3, No. 4, pp. 251-256.
Arrhythmia Data Set [Electronic resource]. Access mode:
http://archive.ics.uci.edu/ml/datasets/arrhythmia
Received 20.11.2019.
Accepted 16.02.2020.

Access mode:

®PAKTAJILHAY AHAJII3 BUBIPOK I MOJEJIEN HA OCHOBI JEPEB PIINIEHB
Cy660tin C. O. — na-p TexH. Hayk, mpodecop, 3aBigyBau kadeapu mnporpamHux 3aco0iB HarioHanbHOro yHiBEepCHTETY
«3armopi3bKa MoNiTEXHiKa», 3amopihxKks, YKpaiHa.
T'ogman €. O. — kaH]. TEXH. HAYK, CTApIINI HAYKOBUH CHIBPOOITHIK HAyKOBO-IOCIHITHOI YacTHHN HarioHansHOTO YHiBepcHTe-
Ty «3anopi3bKa MONITEXHIKa», 3aMOpikoKs, YKpaiHa.

AHOTAIISA
AKTYaJIbHICTb. Y CTaTTi pO3MIIAAAETHCS MpoOIeMa CHHTE3y MOJICI Ha OCHOBI JIepeBa PillleHb 3 BUKOPUCTAHHIM (PPaKTaIbHOTO
aHanizy. O0’€KTOM JIOCIIKEHHS € JiepeBa pimieHb. [IpeMeToM JOCTiPKeHHS € METOIM CHHTE3y Ta aHali3y MoJieliel Ha OCHOBI Je-
PEB pilleHb.
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MeTa po6oTH — CTBOPCHHS METO/IB i ()paKTAIBHUX IHIUKATOPIB, IO JO3BOJSIOTH CIIJIBHO BHPIMIUTH 3aady CHHTE3y MOJEeNi Ha
OCHOBI JiepeBa pillleHb 1 3aBIaHHs CKOPOYEHHS PO3MIPHOCTI HAaBYAJbHUX JaHUX 3a JOIOMOIOI0 €MHOTO IiIXOIY, 3aCHOBAHOTO Ha
MIPUHLMIAX (PAKTAIBHOTO aHAII3Y.

Meton. ®pakranbHa PO3MIPHICTB /I MOJIENI Ha OCHOBI JiepeBa pillleHb BU3HA4YEHa K Uil BCiel HaB4anbHOT BHOIPKH, Tak i s
KOJKHOTO KJIacy. 3allpOlOHOBAHO METO/] BU3HAYCHHs (paKTaabHOI pO3MIpPHOCTI MOJIElNi, 3aCHOBaHHUI Ha OL[IHIOBaHHI JepeBa pillleHb
3 ypaxyBaHHsIM noxuOku Mmoneni. Ile no3Bossie moOyayBaTH MOJENb 3 HPUAHATHUM 3HAYCHHSM IIOMHJIKH, aje 3 ONTUMi30BaHHUM
piBHEM (pakTaIbHOI PO3MIPHOCTI, IO AO3BOJISAE 3MEHIIUTH CKIAIHICTh MOJIENi JepeBa pilieHb 1 3poduTH ii Oinpm 3po3yminoro. 3a-
IIPOIIOHOBAHO HAOIP MOKA3HMKIB, 1[0 XapaKTepHU3yIOTh CKIAIHICTh MO/ Ha OCHOBI JepeBa pimeHb. BiH MiCTHTb CKIaIHICTE Hepe-
BIPKH BY3IIB, CKJIQIHICTh JOCSATHEHHS BYy3JIa, CEPEHIO 1 HAWTIpIIy CKJIAJHICTh 004nCIeHs Mozeli aepeBa. Ha ocHOBI 3ampomnoHoBa-
HOTO HabOpy IMOKA3HUKIB 3aIIPONOHOBAHO KOMIUICKCHHUI KpHUTepiil moOynoBu Moneni. [naukaTopu (ppakTanbHOT po3MipHOCTI ITOMUII-
KH MOJIeJIi JiepeBa pillieHb MOXKYTh OyTH BUKOPHCTAHI JUISl MIOIIYKY i BUJaJeHHs HeiHGOpMaTHBHUX O3HAK B MOJEIII.

Pe3yabraTi. Po3po06iieHi MOKa3HUKH | METOIM pealli3oBaHi B IPOrpaMHOMY 3a0e3MeueHHi i BUBYCHI PU BUPIIICHHI IPAKTHIHUX
3aBaaHb. B pe3ysbrari eKCIepuMeHTaNnbHOro JOCTiKSHHS 3alPONIOHOBAHUX TTOKAa3HUKIB OTpUMaHi rpadiki 3aIe)KHOCTEH MiX HH-
MH, BKIIIOUAIO4X Tpadiku 3aJIe)KHOCTEH YHCIia TinepOIoKoB, M0 OXOIUTIOIOTH BHOIPKY B MPOCTOPI O3HAK, BiZl pO3Mipy OOKy OIOKy:
Ut Beiel BUOIPKH, IJIs1 KOXKHOTO KJIacy, AJsl PI3HUX BCTAHOBIICHHX 3HAYEHBb MOMIJIOK 1 OTPUMAaHUX 3HAYCHb MOMIUIOK, AT PI3HHX
3HAUCHb Pe3yJbTYIOUHX UYHCEN O3HAK i €K3eMIUIAPIB, TaKoX rpadikiB 3aJeKHOCTEH MK CEpeIHBOIO 1 HAWTIPIIO CKJIAJHOIAMU
JepeBa, (hpakTanbHOI PO3MIPHICTIO AepeBa pillleHb 1 cp AHIB CKIAIHICTIO IepeBa, 00’ e AHAHUM KPUTEPIeM 1 IHIMKATOPOM CKOPOUCHHS
Habopy O3HAK, a TAKOX MIX CIIJIBHUM KpUTepieM i ppakTaiabpHOi po3MipHICTIO JepeBa.

BucnoBku. [IpoBeneHi excriepuMEeHTH MiATBEPAWIHM MPAIe3JaTHICTh 3alIPOIIOHOBAHOTO0 MaTEMAaTHYHOTO 3abe3ledeHHs Ta J0-
3BOJIAIOTH PEKOMEH/IyBaTH HOr0 [JIst IPAKTUYHOTO BUKOPUCTAHHS IS BUPIILCHHS 3aBaHb 100y J0BH MOJENEH 110 IPEeLeACHTaX.

KJIFOYOBI CJIOBA: nepeBo piuiens, BUGipka, (ppakranbHa po3MipHICTh, iIHIUKATOP, CKIAAHICTh JepeBa.
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AHHOTALUA

AKTyanbHOCTB. B craThe paccMarpuBaercst mpobiaemMa CHHTE3a MOJENN Ha OCHOBE JiepeBa PELIeHHH ¢ UCTIOIb30BaHNEM (hpak-
TanbHOro aHanm3a. OOBEKTOM HCCIIeOBaHMS SBIISIIOTCS JepeBbsl penieHui. [IpeameToM rccie1oBaHus SIBISIOTCS METOIBI CHHTE3a U
aHajaM3a MoJieJiel Ha OCHOBE JIEPEBBEB PEILICHUMH.

Ileab paGoThl — cO3aHNE METOIOB M (PPaKTAIBHBIX UHIMKATOPOB, MO3BOJIIOIINX COBMECTHO PEIINTD 3aa4dy CHHTE3a MOJIEIH
Ha OCHOBE JIepeBa PEIEHU 1 3a/1auy COKpAILEHUs] pa3MEPHOCTH 00yUarouX AaHHBIX C IOMOIIbIO €ANHOTO MOAX0/1a, OCHOBAHHOTO
Ha NPUHLMIAX (PAKTAIEHOTO aHAIU3A.

Meton. @pakransHas pa3MepHOCTH AJISI MOJEIH Ha OCHOBE JiepeBa PElIeHH onmpeaereHa Kak sl Beceil oOydaromiell BEIOOPKH,
TaK W IS KaxJoro knacca. IIpenmoxen MeTon onpeneneHust (pakTanbHOH pa3sMEpPHOCTH MOJIEIH, OCHOBAHHBIN Ha OILEHKE JepeBa
pelIeHui ¢ y9eTOM HOTPEITHOCTH MOJETIH. DTO MO3BOJIIET IIOCTPOUTH MOZEINE C IIPUEMIIEMBIM 3HAUYSHUEM OIIMOKH, HO C ONTUMU3H-
POBaHHBIM YpOBHEM (ppaKTaJbHON Pa3MEpPHOCTH, UTO ITO3BOJISIET YMEHBIIUTH CIIOXKHOCTh MOJENH JIepeBa PEIICHUI U cIelaTh ee
Oonee nonsATHOH. [Ipemnoxen Habop MokaszaTesel, XapaKTEPU3YIOLIUX CJI0KHOCTb MOJZIENIM Ha OCHOBE JiepeBa perieHnid. OH conep-
KUT CIIOXKHOCTH IIPOBEPKHU Y3JI0B, CI0XKHOCTh JTOCTI)KEHUS y3/1a, CPEIHIO U HaUXyALIYI0 CJIIOXKHOCTb BBIUMCIICHUI MOJENHU JepeBa.
Ha ocHoBe mpemiokeHHOro Habopa MoKa3zaTeNnei MpeiokeH KOMIUIEKCHBIH KpUTepuil mocTpoeHus Monenu. Muaukatops! ¢pak-
TaTbHON Pa3sMEpHOCTH OLIMOKM MOJEIH AePeBa PEIICHUH MOTYT ObITh MCIIOJIB30BaHbI IS TMOUCKA U yJadeHHs HEMH()OPMATUBHBIX
MIPU3HAKOB B MOJIETIH.

Pe3yabTarhl. PazpaboTanHble MOKa3aTeNy M METOABI PEANN30BaHBl B IMPOrPAMMHOM OOECIEYCHHH M M3YYEHBI IPH PELICHUN
MIPaKTUYECKHX 3a7ad. B pesynbprare sKCIIEpHMEHTAIBHOTO HCCISIOBaHUS TIPEIJIOKEHHBIX [T0Ka3aTeNei MoaydeHs! rpauky 3aBUCH-
MOCTEeH MeXly HUMH, BKIIOYAIOIHe TpaduKN 3aBUCHMOCTEH dHciIa THUIEpOIOKOB, OXBATHIBAIOIINX BEIOOPKY B IPOCTPAHCTBE IPH-
3HAKOB, OT pa3Mepa CTOPOHBI OJIOKA: JUIsl BCeil BBIOOPKHY, IS KQXKAOT0 Kiacca, IJIsl Pa3IMYHBIX YCTAHOBICHHBIX 3HAYEHHH OIINOOK 1
HOJIyYESHHBIX 3HAUCHUH OMIMOOK, JUIsl Pa3iMYHBIX 3HAYCHUH PEe3yJIbTHPYIOLIMX YUCEN IPU3HAKOB U SK3EMIUIIPOB, TAKXKe rpauKoB
3aBUCHMOCTEH MEXIy CpeaHeil W HauxyALIeil CIOXKHOCTSIMHU JaepeBa, (QpakTaabHON pa3MEpHOCTBIO JepeBa peUIeHHH W CpeqHeit
CIIO’KHOCTBIO JIepeBa, 00bEeANHEHHBIM KPUTEPUEM U MHAMKATOPOM COKpaIleHHs Habopa NMPHU3HAKOB, a TAKKE MEXKIY COBMECTHBIM
KpHTEpHEeM U (PpaKTaTbHON Pa3MEPHOCTHIO AEPeBa.

BriBoasl. IIpoBeieHHBIE SKCIEPUMEHTHI HOATBEP N pabOTOCIIOCOOHOCTh PEIOKEHHOTO MATEMATHIECKOTO 00eCIeUEeHHS 1
MO3BOJIIOT PEKOMEHI0BATh €r0 sl IPaKTUYECKOI0 UCIONb30BaHUs I PELICHUS 3a4au IOCTPOCHUS MOJIENIEH 110 IpeLeIeHTaM.

KJIFOUEBBIE CJIOBA: nepeBo pemenuii, BEIOOpKa, (hpakTaabHas pa3sMEepPHOCTb, HHIUKATOP, CII0KHOCTh JiepeBa.
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IMPOI'PECUBHI IHOOPMAIINHI
TEXHOJIOTITI

PROGRESSIVE INFORMATION
TECHNOLOGIES

IHNPOI'PECCUBHBIE UH®OPMAIIMOHHBIE
TEXHOJIOT'UAN

UDC 004.9

METO/J ABTOPU®IKAILIl TEKCTY HAYKOBO-TEXHIYHUX
MYBJIKAIIIA HA OCHOBI JIIHI'BICTUYHOI'O AHAJI3Y
KOE®IIIEHTIB MOBHOI PI3HOMAHITHOCTI

Bucouska B. A. — KaHx. TexH. HayK, HIOIEHT, noueHT Kadenpm «laHopmariiiHi cucreMu Ta Mepexi,
HamionaneHuii yHiBepcuteT «JIpBiBChKa MOINTITEXHIKaY, JIbBIB, YKpaiHa.
AHOTALIA

AKTyalbHicTh. ABTOpU(QIKALs aBTOPCTBA TEKCTY € TEXHIKOIO BU3HAYEHHS aBTOPA TEKCTY, KOJIM HEOTHO3HAYHO, XTO 1i HaIliCcaB.
Ile xopHCHO, KoM AEKiNbKa IOl MPETeHAYIOTh Ha aBTOPCTBO OjHiel myOiikamii abo y BUMaakax, KOJM HIXTO HE MPETEHAYy€E Ha
ABTOPCTBO TEKCTOBOTO KOHTEHTY, HANPHUKIIA, TaK 3BaHi TPOJi B COLIaNbHUX Mepexax min yac iHdopmariiinoi BiliHu. CKIagHiCTh
po0JIEeMH aBTOPCHKOTO TEKCTYy, OYEBUAHO, CKCIIOHEHIIIaIbHO BHINA, OLIbIIA KUTBKICTh BIpOTiTHUX aBTOPiB. HasBHICTH aBTOPCHKHUX
TEKCTOBUX 3pa3KiB TaKOX € CYTTEBOIO IPH MPOCYHEHHI Ii€i mpobieMu. ATpuOymis aBTOPCHKOTO TEKCTY BKIIIOYAE HACTYIHI TPH
npobeMu:

— BHSIBJICHHSI aBTOpa TEKCTOBOTO aBTOpa 3 I'PYIH IMOBIPHHX a00 O4YiKyBaHHX aBTOPIB, /16 aBTOP 3aBXKAU 3HAXOJUTHCSA y IPyIHi
ITiI03PIOBaHMUX;

— He igeHTHdiKalis aBTOpa TEKCTOBOIO aBTOpa 3 IPYNH BiporigHuX abo O4iKyBaHHMX aBTOPIB, Jie¢ aBTOP MOXKe HE OyTH B rpyIi
Ii103PIOBaHHUX;

— OLIIHKA MOXJIMBOCTI IAHOTO TEKCTY, HAITMCAHOTO JAaHUM aBTOPOM YH Hi.

ToMy 3amada aBTOMATHYHOIO BM3HAYEHHS aBTOpPA TEKCTOBOTO KOHTEHTY HAyKOBO-TEXHIYHOTO CIPSIMYBAaHHS € aKTyaJbHOMO W
notpedye HOBHUX (OCKOHATIIINX) MiAXOAIB 10 11 pO3B’sS3yBaHHS.

MeTol0 gocHigKeHHSI € pPO3POOJICHHS METOAy BHU3HAUCHHS aBTOpa y YKPAalHOMOBHHMX TEKCTax Ha OCHOBI TEXHOJIOTIT
JIHTBOMETPIl.

Meton. Po3po6ieHHO JIIHTBOMETPUYHHH METOJ aJITOPUTMIYHOrO 3a0e3MeyYeHHs MPOIECiB KOHTEHT-MOHITOPIHTY UIs
pO3B’sA3aHHS 3a1adi aBTOMAaTHYHOTO BHM3HAYEHHS aBTOpa YKPaiHOMOBHOTO TEKCTOBOTO KOHTEHTY HA OCHOBI TEXHOJOTil
CTAaTUCTUYHOTO aHaJi3y Koe]ili€HTiB MOBHOI Pi3HOMAaHITHOCTI. [IpoBeAeHO IEKOMITO3UIII0 METOAY BH3HAYECHHS aBTOpa HA OCHOBI
aHaNi3y TaKWX KOe(iIlieHTIB MOBJCHHS SK JIEKCHYHA Pi3HOMAHITHICTH, CTYHiHb (Mipa) CHHTaKCHYHOI CKJIAIHOCTI, 3B’SI3HICTH
MOBJICHHSI, 1HAEKCH BHHITKOBOCTI Ta KOHIIEHTpauil Tekcry. IIpoaHaii3oBaHi TakoX IapamMeTpd aBTOPCHKOIO CTHIIIO SIK KUIbKIiCTBh
CIIIB y IEBHOMY TEKCTi, 3arajibHa KUIBKICTh CIIiB IIOTO TEKCTY, KUTBKICTh PE4eHb, KUIBKICTh IIPUIMEHHUKIB, KIJIBKICTh CHOJIyYHUKIB,
KUJIBKICTh CJiB i3 4acToTor 1, Ta KUNBKiCTH CliB i3 wacToToro 10 Ta Oinbmie. OcoOMMBOCTAMEH PO3POOJICHOTO € aJamnTarlis
MOP(OJIOTiYHOrO Ta CHHTAKCUYHOIO aHaNi3y JEKCHYHHUX OAMHMIL 10 OCOOIMBOCTEH KOHCTPYKILiH YKpPaiHOMOBHHX CIIiB/TEKCTIB.
ToOTo npu aHai3i JIHIBICTUYHUX OJMHUIIb THUIY CJIiB, BpaXOBYBaJlach HAJIIGKHICTH 10 YaCTHHHU MOBH Ta BiIMIHIOBaHHs B MeXaX i€l
yacTuHH MOBH. [ 1poro mpoBaauBcs aHami3z (uiekciii nmx cmiB i kiacudikailii, BUAIIEHHS OCHOBU IJisi (OpMYyBaHHSI
BIJMOBITHUX an(aBiTHO-YaCTOTHUX CIOBHUKIB. HamoBHEHHS LMX CIOBHUKIB B MOAAJBIIOMY BPaXOBYBAIMCS Ha HACTYIHHUX KPOKax
BHU3HAUEHHS aBTOPCTBA TEKCTY SK PO3PaxyHOK MapaMmeTpiB Ta KOeQilieHTIB aBTOPCHKOTO MOBIECHHS. [l iHAMBIAyaTbHOTO CTHITIO
IMICbMEHHHKA TI0Ka30BHMH € caMe CIIy’O00Bi (CTOIOBI abo OIOpHI) CI0Ba, OCKUIBKM BOHM HisK HE IIOB’S3aHi 3 TEMOIO i 3MiCTOM
myGriKarii.

PesyabTaTn. [IpoBeneHo mopiBHSHHS pe3ynbTaTiB Ha MHOXHUHI 200 0ZHOOCIOHMX POOIT TEXHIYHOTrO crlpsiMyBaHHs Oinst 100
pi3HuX aBTopiB 3a nepiox 2001-2017 pp. Juis BU3HAYCHHS Y 3MIHIOIOTHCS i K KOE(IlieHTH Pi3HOMaHITHOCTI TEKCTY IIMX aBTOPIB B
Ppi3Hi IPOMIXKKH Yacy.

BucnoBku. Busisieno, mo s obpanoi ekcriepuMeHTanbHOT 6a3u 3 noHan 200 poOiT Halkpammx pe3ysbTaTiB 3a KpUTEpieM
LIUTBHOCTI JOCSTAaE METOA aHalli3y cTaTTi 0e3 mo4aTKoBoi 000B’s13K0B01 iH(OpMaLii SK aHOTALIl Ta KIFOYOBI CII0Ba PI3HIMH MOBaMH,
a TaKOX CIIUCKY JIiTepaTypHu.

KJIIOYOBI CJIOBA: TtekcroBuit koHTeHT, NLP, KOHTGHT-MOHITOPIHT, CTOI-CIIOBa, KOHTEHT-aHANi3, CTaTUCTHHHHMA
JIHTBICTHYHHM aHai3, KBAHTUTATHBHA JIIHIBICTHKA.

ABPEBIATYPA IT — indopmaniiiHa TeXHOIOTIS.
IC — indopmarniiina cucrema;
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HOMEHKJUIATYPA

S — cuctema BU3HAYCHHS aBTOPA;

A — MHO>XMHA aBTOPCHKHX CTaTTEH;

D — MHO>XHMHA CTAaTTEH It TOCIIHKEHHS

K — MHOXWHA KOe(IIlieHTIB aBTOPCHKOTO MOBJICHHS;

H — mHOXMHAa KOe(DiliEHTIB MOBJCHHS HEBIZIOMOTO
aBTOpa JIOCHIPKYBAaHOTO TEKCTY;

L — cIIOBHUK CITy)KO0BHUX CIIIB;

C — pe3ynbTaTu NOPIBHAHHSA KOE]ILi€HTIB MOBJIEHHS
BiJJOMHX aBTOPIB Ta JOCIIXKYBaHHOTO TEKCTY;

0 — Oomeparop NapCUHTy TEKCTYy Il BU3HAYCHHS
MHOXHHH ITapaMeTpiB aBTOPCHKOTO MOBJICHHS;

[ — oTepaTop BU3HAYCHHS KOCQIIi€HTIB aBTOPCHKOTO
MOBIICHHSI BiIOMUX/IOCIIKYBaHUX Ty O TiKaIii;

 — OTIepaTop MOPIBHAHHS KOS(IIliEHTIB aBTOPCEKOTO
MOBJICHHSI BiIOMUX/IOCTIIKYBaHUX ITyOmiKamii;

¥ — omeparop (HopMyBaHHS MHOXHHH ITyOJIKaIii 3
MOJIOHMMH  3HAYCHHSIMH  KOE(II[IEHTIB  aBTOPCHKOTO
MOBJICHHST;

® — omepaTrop MAaIIMHHOIO HABYAaHHA CHCTEMH Ha
OCHOBI TOTEpenHBO 3i0paHOi CTATHCTUKU PO3PaXxyHKiB
KOE(DIIIEHTIB aBTOPCHKOTO MOBJICHHSI;

0 — omepaTop poO3paxyHKYy CTYIEHHS HaJeKHOCTI
JOCIIIDKYBAaHHOTO ~ TEKCTy KOHKPETHOMY aBTOpY 3
MHO)XWHH TIOTEHIIHHIX aBTOPIB;

K, — xoe(ilieHT pO3MOBCIOKEHOCTI;

N, — BIIHOLIEHHS KiBKOCTi MiBUOIPOK 3 TEBHOIO
JIIHTBICTUYHOIO OJUHHULICIO;

N, — 3aranpHa KiTbKiCTh TiABUOIPOK;

K, — xoedinieHT TeKCHYHOT pi3HOMaHITHOCTI;

W — KiTIBKICTB CJIB Y IIEBHOMY TEKCTI;

N — 3arajpHa KiJIBKICTh CIiB IIBOTO TEKCTY;

K, — koe(iIlieHT CHHTAKCUYHOI CKJIaJHOCTI;

P — KiTBKiCTh OKpEeMHUX peUCHb;

W — KUIBKICTB CIIIB Y BCbOMY TEKCTi;

K, — xoeilieHT 3B 13HOCTI MOBJICHHS;

Z — KiNBKICTh TPUHMEHHHKIB;

S — KUIBKICTB CITOJYYHUKIB;

1,,, — 1HIEKC BUHATKOBOCTI TEKCTY;

W\ — KIILKICTB CIIIB 13 4aCTOTOO 1;

I}, — iHOEKC KOHIICHTpAILlii TEKCTY;

W10 — KIIBKICTB ¢i1iB 13 yacToToro 10 Ta Oinblie;

F —dacroTa cioBa B YaCTOTHOMY CIIOBHHUKY

i — paHr cj0Ba B YACTOTHOMY CJIOBHUKY;

k — noBXWHA CIIOBa Y (OHEMAX;

C — crana;

r — paHr ciioBa y hoHeMax;

M — KUILKICT 3HAYEHb CJIOBA;

f—dacrora cioBa;

y — cepelHs JOBKHHA CKIIaI0BHX;

X — TOBXKMHA MOBHOI KOHCTPYKIIT;

b — TOKa3HWK, MO XapakTepu3ye AMHAMIKY 3MiHU
JIOBKMHH CKJIQJIHHKIB (3aK0H Ji€, skiio b<0);

p» — WMOBIPHICTh BHKOPHCTaHHS CIIOBa, K€ MA€ X
3HA4CHb;

® — CepeHs KUIBKICTh 3HAaU€Hb CIIOBA Y CIIOBHHKY.

© Bucombka B. A., 2020
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BCTYII

BaxnuBuMmu 3aBIaHHSIMH MOBO3HAaBCTBA Ha OCHOBI
JIHTBOMETPii € CTBOPEHHS 1 MOPIBHAHHS CIIOBHHKIB (Y
TOMY YHCIIi YaCTOTHHUX Ta CTATUCTUYHHUX ), aBTOMaTUYHUX
CIIOBHHKIB, Te3aypyciB, CHCTEM creHorpadii,
aBTOMAaTHUYHE BH3HAUCHHS MOBH, iHOPMAIIHHUNA MOUIYK
tomo [1]. Hampukian, aas MOIEIIOBaHHS MPOIECIB
iHpOPMAIIHHOTO TIOIIYKY 3HAXOAATh CTAaTUCTHYHI 1
nepeximHi #MoBipHOCTI Mopdem Tekcty [2]. Ha ocHOBI
noOyZoBaHUX  TaOMUIb  MOJETIOIOTH  TEPEBIPKY
JIOCHI/PKYBaHOTO ~ CJIOBa Ha  HAsBHICTb  HOMHUJIKH,
MPONIOHYIOTh KiJbKa HANOIBII HMOBIpHUX BapiaHTiB [3].
JlinrBOMeTpiss — Tramy3b MPUKIAAHOI JIHIBICTHKH, IO
BUSIBIISIE, BUMIPIOE Ta aHANI3YE KUTBKICHI XapaKTePUCTHKH
OIMHUIP PI3HMUX PIBHIB MOBH 4 MOBJIEHHS. OmHuM 3i
cnoco0iB  oxapaKTepu3yBaTH JiTepaTypHe 0aratcTBO
TEKCTy € OLIHIOBAHHS XapaKTepy BUKOPHUCTAHHS MOBHHUX
ONMHUIIP HAa BCIX MOBHHMX piBHAX. lle mae 3mory
OTOTO)KHIOBATH TIOHSTTSI 0araTcTBo 1 pI3HOMaHITHICTh
MOBJIEHHS. Y CBOIO HYepry CTHJIEMETpis SIK MiApO3.Ii
NPUKIIAAHOI JIHIBICTUKY BHSBISIE Ta aHANI3Ye KiJIbKICHI
XapaKTEPUCTUKH TIEBHOTO (DYHKIIOHATIBHOTO CTHIIIO MOBH
Y MOBJICHHS aBTOPIB TEKCTOBOTO KOHTEHTY, TOOTO
aBTOpPChKOi arpuOymii [4]. ATpuOymis momnsrae y
BU3HAYCHHI METOIOMAa KBAaHTUTATHUBHOI JIIHTBICTHKH
JIOCTOBIPHOCTI, aBTEHTHYHOCTI aBTOPCHKOTO TBOPY, HOTO
aBTOpa, MICII ¥ Yacy CTBOpPEHHS Ha OCHOBI aHaJi3y
TEXHOJIOTIYHAX 1 CTHJIICTHYHHX 3aKOHOMIpHOCTEH Ta
ocobnuBocTel  KoedillieHTIB MOBHOI PI3HOMaHITHOCTI
KOHKpPETHOT'O aBTOpau i/ab0 KOHKPEHTHOTO TEKCTOBOI'O
TBOpY [S5]. Hampuknan, ofHi€ro i3 BiJOMUX MOBO3HABYHMX
npoOyieM € Tpollec BH3HAYEHHS aBTOPCHKOI aTpHOyIil
YPUBKIB TICBHOTO TEKCTOBOTO KOHTEHTY [6]. Jlnst mporo
00YNCITIOTh YaCTOTH CIIOBOBXXKMBAHb Y 3aIlPOIIOHOBAHHUX
ypuBKkax [7]. BUKOPUCTOBYIOUM 4YaCTOTHI CIIOBHHKH
ABTOPCBKOI TBOPYOCTI 3arajioM 4M OKPEMHX HOTO TBODIB,
BHU3HAYAIOTh aBTOpa TBOPY (ab0 TBip — SIKIIO II€ TO3BOJIIE
cnoBuuk) [8]. Hemomixkom € 30epexxeHHs  abo
aBTOMAaTHYHE T'CHEPYBAHHS BEJIMKHUX MAacHBIB JaHUX Yy
BUTJISIAI YAaCTOTHHX CIIOBHHKIB aBTOPCHKHX TBOPIB [9].
OmnpalffoBaHHs TaKUX CJIOBHHKIB BUMarae 0arato dacy, a
30epexeHHs — Oarato pecypciB [10]. ¥V cBow uepry, €
aBTOPHU 3 MAJIOYHCENBHOIO TBOPYICTIO, 10 YHEMOKIIUBIIIO
TOYHE BIJIBOPEHHS pPE3YJbTATiB aHANI3y aBTOPCBHKOI
atpuOymii  [11]. Bimommii wMeToxm HaTyBaHHS —JUIs
BU3HAYCHHS TPHUBAJIOCTI PO3MUIBHOTO ICHYBaHHS OBOX
CHOPITHEHNX MOB, IPYHTYETHCSI Ha MPUIYIIECHHI IIPO TE,
II0 OCHOBHA YacTHHA JIEKCHYHOTO CKJaxy Oynb-sKoi
MOBH (SiIepHa JIEKCHKA) 3MIHIOETBCS 3 OJHAKOBOIO
IIBUJKICTIO 1 BHMarae MiApaxyHKY IPOIEHTHOTO
CHIBBITHOIICHHS CIUTBHUX €JIEMEHTIB y OCHOBHOMY
cnoBuUKyY [12]. MonudikoBaHi METOIU TJIOTOXPOHOJIOTIT
3aCTOCOBYIOTh  [UIS  BU3HAUCHHS JWHAMIKA  3MIiHH
aBTOPCKHOT'O MOBJICHHS B MOTO TEKCTOBOMY KOHTEHTI Ha
NpOTA31 TPUBAJIOr0 Hacy Ui JaTyBaHHS HaOIMKEHOTO
nepiogy, B SKOMy OyB CTBOpPEHHMH KOHKPTHHMHI TEKCT
TBOpYy Lporo asTopa [13]. Tomy 3amadua aBTOMAaTUYHOTO
BU3HAYCHHS aBTOPa TEKCTOBOTO KOHTEHTY € aKTyaJIbHOIO
i moTpebye HOBUX (IOCKOHANIIMKX) TIOXOMIB OO il
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pO3B’sI3yBaHHS, HANpPUKIAX, HA OCHOBI CTaTUCTHIHOTO
aHali3y KoeQiIieHTiB MOBHOI pi3HOMaHITHOCTI [ 14].

MeTo0 JAOCTIIUKEHHI € pO3pOOJICHHA METOdY
BU3HAUCHHS aBTOPA B YKPaiHOMOBHHX TEKCTaX HA OCHOBI
TexHoJorii JiHrBometpii. s mocsarHeHHS MeTn Oy
NIOCTAaBJICHI TaKi 3aBJIaHHS:

—Ha OCHOBI aHalizy KOeQIli€HTIB JIEKCUYHOTO
ABTOPCHKOTO MOBJICHHSI B €TaJJOHHOMY TEKCTi PO3POOHTH
ITOPUTMHU BU3HAYEHHS aBTOpa TEKCTY;

— po3poOMTH TporpamMHe 3a0e3Ne4yeHHs KOHTEHT-
MOHITOPIHTY Ul BH3HA4YE€HHsS aBTOpa B YKpPaiHOMOBHHX
TeKCTaX HAa  OCHOBI  JIHTBOMETPUYHOTO  aHAII3y
BU3HAYCHHUX CTOIIOBHX CIIiB TEKCTOBOI'O KOHTEHTY

— 3OICHUTH aHaNi3 Pe3yNbTaTiB EKCIEPUMEHTAIBHOL
anpoOariii  3aIpPONOHOBAHOTO METOAy  KOHTEHT-
MOHITOPIHTY Ul BU3HAYEHHS aBTOpa B YKPaiHOMOBHHUX
HAyKOBHX TEKCTaX TEXHIYHOTO MPOQiIo.

1 IOCTAHOBKA IMPOBJIEMH

CucreMy BU3HA4YCHHS aBTOpa B YKPaiHOMOBHHX
TEKCTaX Ha OCHOBI TEXHOJIOTII JIIHTBOMETpIi MojaMo SK
Koptex S=<4, D, L, K, H, C, a, u, y, %, 0, ®>. Baromum
3HAYCHHSM Y KBAHTUTATUBHIN JIIHTBOCTATHCTHUIN €
posmonin  (AUCTpUOYILis) JIHTBICTHYHOI OAWMHMII Y
TEKCTi — TPUCYTHICTh JIHTBICTHYHOI OJUHHIN B PI3HHUX
(3a3Buyail piBHHX) migBuOipkax (ypuBkax) [15]. Sxmo
JMOCTIKyBaHA JTHTBICTHYHA OAWHUI  (YHKIIOHYE
TIIBKH B ONHIN HiABHOIpII, X04a i 3 BUCOKOIO YacTOTOIO,
TO Taka BHOIpKa € HEpenpe3eHTATHBHOIO CTOCOBHO IIi€l
JIHTBICTHYHOI  OOWHHIIN [16]. Baxiuso, KOJIH
JOCI/DKYBaHa JIHIBICTUYHA OAMHHIS € PIBHOMIPHO
PO3MOJIICHOI0 B TeHEpaNIbHIM CYyKYIMHOCTI Ha TPHUKIJIAJIL
HayKOBO-TEXHIUYHHM CTaTTe yKpaiHOMOBHHMX ITyOJiKariin
[17]. BiamoBigHo BU3HAYaIOTh KPUTEPIl TSI pO3PaxXyHKY
Koe(ilieHTIB aBTOPCHKOTO MOBIEHHS sk K=p(L)°a(4)
ado H=p(L)°a(D), ne K={ K,, K, K,, K., 1, I;;} Ta
H={K,, K, K, K., I, I;} BIANOBIIHO aBTOPCHKOTO
BIJOMOTO TEKCTy Ta JOCHiJP)KyBaHOTO TEKCTy CTaTTi
BimmoBimHO. s  IBOTO  aHANI3YIOTh  KOe]imieHT
posnoscrokeHocTi [18]: K,=N,/N..

IIpore xapakTepuCTHKH, OJepXaHI Ha MaTepiaii
BHOIpKM, 3a3BWYail BigPI3HATIOTBCS BiJ PEATBHUX
XapaKTEepUCTHK TEHEPAIbHOI  CYKYITHOCTi, OCKLIBKH

3aBKIM TMPHUCYTHS B KBAaHTHTATHBHIA JIHTBOCTATHCTHII
BITHOCHA HETOYHICTh jociipkeHHss [19]. Posmomin
YaCTOTH JIIHTBICTUYHUX OJMHHIL MOBH B TEKCTOBOMY
KOHTEHTI Ma€ TIeBHY pETYJSPHICTh 1 YTBOPIOE HOTO
CTaTHCTHYHY (YacTOTHY, HMOBIpHICHY) cTpykTypy [20].
Takuif po3moaT € BiAMIHHAM JUIS KOXXKHOI 3 MOBHHUX
eJIeMeHTIB — JiekceM, Mopdem, dorem Tomo [21]. Tomy
JMIHTBOCTATHCTUYHI ~MapaMeTpH  aBTOPCHKUX  CTHIIIB,
BCTaHOBJICHI Ha PI3HUX PiBHAX ((POHEMHHX, MOp(HEMHHX,
N-TpaMHHX, JIEKCEMHHMX TOIIO), MAalOTh HEOJAHAKOBY
CTHIICiIeHTH()IKOBAaHMY MOTY>KHICTB aBTOCBKOTO
MOBJICHHA A pi3HUX map cTtwiiB [22]. Hampuxiaz,
CTIOpiHEH] CTWII  YiTKilIE  PO3MEXKOBaHi Ha
CHHTaKCHYHOMY piBHI, @& MEHII CIOpiTHeHI — Ha
nexkcnyHoMy [23]. i 1ibOr0 aBTOMATHYHO CTBOPIOIOTH
YacTOTHI CJIOBHHMKM TEBHHUX JIHTBICTHYHHUX OJWHHIL Ta
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3aBISKA HHUM aHAI3YIOTh CEpPEeNHI0 MOBTOPIOBAHICTH
clioBa B TEKCTi, koedimieHT hapax legomena (cioBa, siki
MaloTh 4YacToTy | y mocmimkyBaHili BuOIpIi), iHAEKC
BHHSTKOBOCTI, iHE€KC KOHIEHTparii Tomo [1-5, 14, 24].

Po3paxyHok KoegilieHTiB MOBHOi Pi3HOMaHITHOCTI
MTOBHHEH TIPUITY CKaTH B32€MO3B’ 30K TaKuX
KOeQIIli€HTIB, SK:

— JIeKCUYHa pi3HOMaHITHICTE (K~=W/N): BiIHOIIEHHS
KUTBKOCTI CIIIB [0 3arajbHOI KiTBKOCTI CIOBO(GOPM
TEKCTY, 3HaUCHHS KoedilieHTa JIexKuTh y Mexax [0;1];

—cryninb  (Mipa) ~ CHHTAaKCHM4YHOI  CKJIaJHOCTI
(K=1-P/W): BimHOIICHHS KUTBKOCTiI PEYECHBb 0 KUTBKOCTI
CIIiB ITEBHOTO TeKCTy [14];

— 3B s13HICTh MOBJICHHSA (K, =(Z+S)/(3P)): BiTHOIICHHS
KUTBKOCTI TPUHAMEHHUKIB 1 CIIOJIyYHHKIB 10 KUIBKOCTI
OKPEMHUX PCUCHB;

— IHAEKC BUHSATKOBOCTI TEKCTY (L.=W/W):
BapiaTHBHICTh JIEKCHKH, TOOTO 4YacTKa TEKCTy, SKY
3aiiMaloTh CJI0Ba, 1110 Tpanwiucs 1 pas;

— iHmexc KoHmeHTparii Tekcty ([,=Wi/W): dactka
TEKCTY, SIKy 3alMaloTh ClloBa, o Tparmwincs 10 pasiB i
oineme [14].

OckinbKH Koe(illieHT — BeNUYIHA a0CONIOTHA, MOKHA
Yy TEBHHX MEXaX HEXTYBAaTH JOBXHHOI TOPIBHIOBAHHUX
TekcTiB  [46].  Teopermunmii  iHTEpec  CKIamae
JIOCTIKCHHS BHYTPIIIHBOI «IMHAMIKI» TEKCTY B YaCTHHI
CHIBCTaBICHHA KOEQIIIEHTIB 3 Pi3HUX HOTO MITSTHOK MiX
c000¥0 Ta 13 3arajIbHUM [UISI BChOTO TEKCTY KOe(iIlieHTOM
[1-5, 14, 41, 47]:

— U1 JICKCHMYHOI Pi3HOMAHITHOCTI YUM OUIBIIMM €
OTPUMYBaHHH JIECATKOBUH Ipi0, TUM BUIIOIO € JIEKCUYHA
PI3HOMAaHITHICTH JOCIIKYBaHOTO TekcTy [14];

— ISl CHHTAKCUYHOI CKJIQJIHOCTI YUM OUTBIIHM € Api0
(B Mmexax [0;1]), TuM O0araTOCHIBHIIIMMH 3arajioM €
pEYCHHS TaKOTO TEKCTy, a OT)Ke, — BHUIIAa MOXIIUBICTh
PI3HOMAaHITHOCTI CHHTAKCHYHUX BiTHOIICHb MK CJIOBaMHU
B OKpeMOMY peueHHi [ 14];

— 7151 3B’SI3HOCTI MOBJICHHS IOPIBHIOE OIMHUIN, KOJH
B OJHOMY pEYEHHI € TpH CHOJY4YHI eJeMEHTH
(npuitmMeHHUKY 1 crionyyHuKH) [14].

Hani  HeoOXiZHO po3paxyBaTH 3HA4YCHHS CTYICHIB
MPUHAICKHOCTI JTOCTIPKYBAHOTO TEKCTY BiJIOBITHUM
aBTopaM i3 CHOUCKYy MOAIOHMX 3a  3HAYCHHIMH
Koe(]illieHTaMH MOBJICHHS B JJOITYCTUMHX MEXKaX:

C=o(K,H)*0(K,H) "y (K,H)*y(K,H).

Pesynbratom  ¢QyHKIiOHYBaHHA ~ cucTtemu ~— Oyxe
paHroBaHUH CITHCOK MTOTEHIIHHIX aTopiB
JOCIIJDKYBAaHOTO ~ TEKCTYy  YKPaiHOMOBHOi ~ HayKOBO-
TEeXHIYHOI IyOmikarii. 3MEHIIeHHS TO3UIH TEeKCTy
CYTTEBO 3QJIKHUTH BiI KUTBKOCTI myOmikamii aBTOPiB,
4acoBOI'0 TPOMDKKY caMHX MyOJjikaiii, HasBHOCTI
JIOCTOBIPHUX  JaHUX [P0  MNPUHAJIEKHICTH  TEKCTY

KOHKPETHOMY aBTOPY, O0OCATY CTATUCTUYHHUX MAHHUX IS
MAIIMHHOTO HABYaHHS CHCTEMH JUIsI  (OpPMYyBaHHS
YaCTOTHUX CJIOBHHUKIB BUKOPUCTAHHS CA\IYKOOBHX CIIiB
KOHKPETHUM aBTOPOM.
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2 AHAJII3 JIITEPATYPHUX JKEPEJI

3a marumu YC 00YMCIIOIOT TaKi XapaKTEePUCTHKH SIK
0araTcTBO CIIOBHHKA, iHAEKC pi3HOMaHITHOCTI (K|) —
BiJJHOILIEHHSI 00csry cioBHHKA JekceM (W) no obGcsary
tekcry  (N), tTobro K~W/N. 3rinno Tabm 1
Halipi3HOMaHiTHiIIa, Hai0arariia JieKcMka — y Moesii,
Jaimi 3a crmajgoM — Yy  XYJOXKHIH 1po3i, pO3MOBHO-
noOyTOBOMY  CTHJI, MyOJIIMCTHI, HayKOBOMY Ta
odimiitHo-IimoBOMY cTHUTI [14, 25].

CepenHsi TIOBTOPIOBAHICTH ClIOBa Yy TeKCTi A €
BIJJHOIICHHSIM 00cCsry TekcTy N 10 00csAry CIOBHHKA
nekcem W (oOepHeHa 1O iHAEKCY pPi3HOMaHITHOCTI),
T00TO A=N/W [26]. 3a mamumm YC, KOXHE CIOBO Yy
PO3MOBHO-TTOOYTOBOMY CTHIII B CEpeIHBOMY BXKHTO 14
pasiB, a B HaykoBoMy ctuui — 17 [27].

Tabmnuis 1 — Pesynbratu Koe(illieHTiB MOBJICHHS 3T1THO
CTHJIIB YKpaiHChKOi MoBH [14

Ctuib WIN W\IN WW | Wi/W | Wi/N
HayKOBHUH 0,059 | 0,427 | 0,025 0,189 | 0,890
Iy OJTIIUCTUIHUI 0,070 | 0,450 0,031 0,121 0,804
JII0BUI 0,030 | 0,280 | 0,0085 | 0,303 0,935
MOETUYHUN 0,103 | 0,495 | 0,052 0,098 | 0,789
XymoxHpoi posu | 0,067 | 0,430 | 0,029 0,149 0,821
PO3MOBHUMI 0,073 | 0,465 | 0,034 0,161 0,789

IHgekc BHHSITKOBOCTI XpaKTEpU3ye BapiaTUBHICTh
JEKCUKH, TOOTO YacTKy TEKCTy (CJIIOBHHKA), SIKY
3aiiMaroTh CJI0BA, 10 Tpamwmcs 1 pa3 (tadm. 1) [28]:

— ClOBHHKA [,,, — BIJHOIIEHHS KIUIBKOCTI JIEKCEM i3
yacToTor 1 W 1o 3aranbHOl KiabKOCTI JiekceM: 1,=W/W
[14];

—TekcTy [, BIAHOIIEHHS KITBKOCTI JIEKCeM i3
gactoToto 1 W) 1o obcesry texcty N: [=W,/N [14].

IHmexc KoHIeHTpamii BKa3ye Ha YacCTKy TEKCTY
(cmoBHEKa), AKy 3aliMalOTh cioBa, mio Tpammiucs 10
pasiB i 6imbme (Tabmn. 1) [29]:

— CIIOBHHMKA [;; — BIJHOIICHHS KUIBKOCTI CIIB Y
CJIOBHHKY 3 a0COr0THOIO yacToToro 10 1 Oinbiie (W) no
3arajibHOi KiJIbKOCTI ciiB y cinoBuuky (W): I, =Wio/W
[14];

— TeKCTy [, — BITHOMICHHS CYMHU aOCOJIOTHHUX YacTOT
cIiB 3 abcomoTHO YacToToro 10 i 6imbime Wy, 1o o0csry
Texcty N: 1,,=Wy, /N [14].

MogBneHHsI Hamae IepeBary HEBENHUKiH KiTBKOCTI
OJIMHHIIb, SKI 9acTo BUKOPHCTOBYIOTH [30]. dopmyroTh
aapo  OyIOp-AKOi MOBJIGHHEBOI IJICUCTEMH, TOII SK
MepeBaXHa KUTBKICTh OIMHHUIh € HHU3bKOYACTOTHUMH
[31]. Lo 3akoHOMIpHICTH 3ayBaxkuB II¢ yducHui [[proi Ha
mo4y. XX CT., Ha3BaBIIM ii 3aKOHOM TiepeBaru [32].
JleranpHime AOCTIANB IO 3aKOHOMIPHICTh HIMEIbKHIA
MoBo3HaBenbs JIk. Ling, chopmymroBapmm 3akoH Zipf’s
law, stkuii BCTAHOBITIOE 3aJIeKHOCTI [33]:

— YaCcTOTH CJIOBa Ta WOTO paHry y CIOBHHKY: Y
YaCTOTHIIIOTO CJIOBO BUIUH paHr npu F-i=const [34];

— YacTOTH CIIOBA Ta HOTO JOBXHWHHU: YMM YaCTOTHIIIE
CJIOBO, THM BOHO KopoTire npu k=C 1g r [35];
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—YacTOTH CJIOBA Ta KUIBKOCTI HOro 3HAa4YeHb: YUM
YAaCTOTHIIIE CJIOBO, THM BOHO OaraTO3HAYHINIEC IIPH

m=Cy[f [36];

— 4aCTOTH CJIOBA Ta WOTO MOXO/PKEHHS: UMM JABHIIIIC
CJIOBO, THM BOHO 4YacToTHimie [37].

3rigHO  3aKOHy  HiMempkoro  MoBo3HaBig L.
Mennepata [OBXKMHa MOBHOI KOHCTPYKIii (CiIOBa,
CIIOBOCIIONTyYeHHS, HaA(Ppa3oBOi €IHOCTI, pEUCHH:)
00CpHEHO TPOMOPITiiHA 10 JOBXHHH 1i CKJIAIOBUX
(ckmamiB, CIiB, CIOBOCHOJYYEHb 1 T. X.), TOOTO YHM
JIOBIIA MOBHA KOHCTPYKIIiSl, TUM KOPOTHI i1 CKIIa/IoBi
[14]. 3riaso mocmimkens I. AnpT™anna y=ax’.

3akoH KpuiuoBa BCTaHOBIIOE — 3aJICKHICTH
KIUJIBKICTIO 0araTO3HaYHUX CJIiB Ta 4acToTOoO [14]:

MK

P =1/2% px=(0-1)""/o"

Jlesiki OCHOBHI KiJIbKICHI XapaKTEPUCTUKU MOBHU JyKe
npocti. Hanpukaz, pissuus Mix kinbkictio ciis (10°—
10%), kinbkicTio MOpdeM (JeKiTbka THCAY), KiIbKiCTIO
CKIaziB (BiJ IEKIJIBKOX COTEHb A0 JCKUIBKOX THCSY) 1
KinbkicTio honem (Bix 10 mo 80) [31-37]. Bucnosmnrorots
MPUITYIICHHAS, [0 TaKi CITIIBBiJHOIICHHS IIOB’sI3aHi i3
BJIACTHBICTIO JIIOACHKOI mam’sTi. 3a3HaUYMMO TaKOX, IO
YUM YacTOTHIIIE CJIOBO, TUM UIBWIIC JIFOIMHA HOTO
3Moke npuragati. OmHAK BiICYTHI JOCTIKCHHS B TaTy3i
3aJIeKHOCTI 3MiH KOG(II€EHTIB JIEKCHYHOTO aBTOPCHKOTO
MOBJIICHHSI Ha TIPOTS31 Mepiogy HOTo TBOPUOCTI.

3 MATEPIAJIU TA METOH

Busgneno [14], mo TekcT ykpaiHOMOBHOI Ka3KU Mae
K.=0,77, a TekcT ykpaiHOMOBHOI HaykoBOi ctaTti — 3,0,
TOOTO 3B’SI3HICTH y IPYyroMy TeKcTi y 3,9 pa3iB cuibHilIa,
HDK y nepmomy. OQimiiHUX  cTaHAapTiB  JUIs
KOE(QIIi€HTIB Pi3HOMAaHITHOCTI MOBJICHHS Ui K; Ta K He
iCHye, aje Opi€EHTHPOM M  CIIBCTABICHHS Ta
OIIIHIOBAHHS SIKOTOCh TEKCTY B OIJHOPITHIN TPy TEKCTiB
€ CepeIHbOCTATHCTHYHA HOpPMa BEIMYMHU KoedimieHTa
UL pIBHUX 32 JOBXHHOIO YpPHBKiB. MiHIMaIbHUM
po3MipoM (IOBXHHOIO) ypuBKa mnpuitmemo 100 cmis,
BBXAaTHMEMO, IO KOSPIi€HTH TYT yXKe CTadili3yI0ThCs,
BiZloOpaXkatoun peaibHi OCOOJMBOCTI MOBH  aBTOpA.
bau3bkicTh a0 BiflaeHiCTh OKPEMOTo 1HIUBITyalbHOTO
koedillieHTa BiJ] CEPeAHBOrO CIY)XXUTh OCHOBOIO JUISI
OLIIHIOBAHHS PI3HOMAHITHOCTI MOBJICHHS y BiAIIOBITHOMY
TEKCTi. 3aJ0BUTBHAMU BBaXKAKOTHCSA TEKCTH, KOCQII[iEHTH
PI3HOMAaHITHOCTI SKHX HOTPAIUIIFOTE Y 30HY CepenHix
KBaJIpaTHYHUX BiIXMJICHb D BiJl IIEBHOTO CEPEIHHOTO

AHami3 Ta iHTepmpeTamis Ha JIHIBICTUIHOMY piBHI
CTIJIICTHYHUX  OCOOJMHMBOCTEH 1  3aKOHOMIPHOCTEH
MUCHMEHHHUIIBKOTO CTHIIIO IIEBHOTO aBTOpa (abo meBHOI
JiTepaTypHOI emoxXy) BKJIIOYAE TOJaHI HAHOCHOBHIIII
eTany, nogaxi B anr. 1 [14].

Asroput™ 1. Anani3 Ta IHTepIpeTaIis Ha
JIHIBICTUYHOMY piBHI CTHJIICTHYHUX OCOOIMBOCTEH 1
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3aKOHOMIPHOCTEH NHCHMEHHHIBKOTO CTHJIFO IE€BHOIO
aBTOpa

Etam 1. Bigbip Ta  mepBuHHE OTIpAIIOBaHHSA
TEKCTOBOTO KOHTeHTy. J[ist Binbopy OynytoTh (iabTpu
TEKCTy 3a TapaMeTpaMu (OCHOBHA MOBa TEKCTY, 00csT
TEKCTOBOT BHOIpKH, 4YacOBHH TNPOMDKOK myOuiKaii,
JoKepeo myodikaii, popmar o). OCHOBHUMH KPOKaMH
TIEPBHUHHOTO ONPAIIOBaHHS TEKCTY €:

— TIPUBEAEHHSI HOTO 10 €AMHOTO (hopMaTy (HapHKIIaa
YCYHEHHS TeriB, SKIIO NonepenHs myoOuikamis € y
[HTEepHeT-pecypci y BUMIIASI CTaTHYHOT CTOPIHKK);

—ycyHeHHS iH(popMaliifHOr0o TIIyMy (PHCYHKIB,
(hopMyn, CITUCOK JiTEpy TapH, aHOTAIlil IHITUMH MOBaMH
TOIIO), IKUI HEe BIUTMBAE HA Pe3yJIbTaT, alie 301IbIIye Yac
OIIPAIIOBaHHS;

— IPUBEICHHS 10 €AUHOTO 00CSTYy (CKOPOUYCHHA Y pasi
moTpebu, 3abuparoun HeiH(OPMATHUBHI TUIAHKHA ITOYATKY
Ta 3aKIHYCHHS TEKCTY).

Ertan 2. Jlemarusaiiss ~ TEeKCTOBHX  JIHIBICTUYHHX
onuHuIb. O6’exHaHHS cioBodopM M JeMoro MoBH [14].

Eran 3. YcyHnenus HEOTHOPITHOCTI TEKCTOBUX
JIHTBICTUYHUX  ONWHHIG. PoO3B’s3aHHA  mpoOieMu
HEOTHOPIMHOCTI TEKCTOBUX JIHTBICTUYHUX OIMHUIIG,

HANpUKJIA, i3 TOTISAAY BiTHOIICHHS MO PI3HUX BHUJIB
MOBH (aBTOPCHKa, HE aBTOPCHKA 1 T. II.).

Etam 4. [loOynoBa CHCTEMH YaCTOTHUX CJIOBHUKIB,
OpraHizailii Ha OCHOBI CTaTHCTHYHUX PO3MOMALTIB Y
MOTPIOHMX YACTOTHHMX INKajax. YaCTOTHHH CIOBHUK —
THII CIIOBHHUKA, € HABEACHO KUIBKICTh BXKUBaHb (4acTOTY)
MEBHOI JIIHTBICTHYHOI OJMHUIN MOBH (CKJIady, CIIOBa,
CJIOBO(OPMH, CIIOBOCIIONIYYEHHS, i1ioMH, (hpa3eosorizmy)
B PI3HMX TEKCTaxX IMEBHOTO oOcsry. 3a3BHW4Yai, MOJar0Th
aOCOJIOTHY Ta BIIHOCHY 4YacTOTY B)KMBaHHS MOBHHUX
OJIMHUIb, CIIOBHUKOBI CTATTi PO3MILIYIOTH 32 CIaJaHHAIM
YacToT.

Etam 5. [lomyk  mapameTpis, 1o aJIeKBaTHO
BiZIOOpaXaloTh CTPYKTYpPY YacTOTHOTO CIIOBHHKA. Taki
mapamMeTpd  JalTh  3MOTY  C(hOpPMYJIOBaTH  KilbKa
OCHOBHHUX JIIHTBOCTATHCTUYHHX METOJIB JOCIIKCHHS
TEKCTY:

— METOZ ONOpPHUX CJHiB (HIpaXxyHOK 3arajbHOi
YaCTOTH BXXMBaHHS Ta 3HAXO/KCHHS BiJJICOTKOBOTO

CKJIQJy CITy>)KOOBHMX CIIB: NPUHMEHHHKIB, CIIOJYYHHUKIB,
4acTOoK);

— METOA pPO3AUIOBUX 3HAaKiB (MiIpaxyHOK JIHMIIE
KUTBKOCTI BHYTPIITHIX i 30BHIMTHIX PO3AUTOBHX 3HAKIB);

—MeTon  pedeHb  (MApaXyHOK  JIHIIE
BU3HAYCHOI JOBXXUHH);

— CHHTaKCHYHUN MeTop (MiIpaxyHOK pO3ALTIOBUX
3HAKiB, CJIiB 1 pE€YCHb IIEBHOI TOBXUHH);

— KOMOIHOBaHMA (MTO€AHAHHS CHHTAKCUYHOTO METOIY
1 OTIOPHUX CIIIB).

Etan 6. [lepeBipka napameTrpiB Ha e(EKTHBHICTS.
AHani3 Ta NOpPIBHHS OTPUMAaHU pPe3yJbTaTiB Ha BIIOMHUX
aBTOPCBKUX TBOpaxX JUIl BU3HAYCHHS 3aKOHOMIpHOCTEH
BIUIMBY  aBTOPCBHKOI  CTWIICTHMKM Ha  (opMyBaHHS
aBTOPCBKOi CTPYKTYpH YacTOTHOTO CJIOBHHMKA 33 LUMHU
rapamMeTpamy.

Etan 7. MarematuyHe MOZENIOBaHHS JIEKCUKOCTATHUC-
TUYHUX PO3IIOMLTIB.

Etan 8. [ToOynoBa  craTucTMYHMX  KiacH(iKallii,
TOOTO  aBTOPCHKMX  €TAJOHIB, IO  BiZOOpaKarTh
CTHJIICTHYHI 3aKOHOMIPHOCTI B MeXXaxX TBOPIB IIE€BHOTO
aBTOpa YW MEBHOI JITEPAaTYpPHOI'O CTHIIIO 3 BpaxyBaHHIM
JITepaTypHOI €MOXU Ta OCOOJMBOCTEH MOBH, Ha SIKii
HarucaHi cami aHaJli30BaHl TBOPH.

Etan 9. Iurepnperarnist  pe3ynbrariB i3 MO3MLIH
CTWIICTUYHHX YSBJICHb Y BH3HAUYCHOMY 4YacOBOMY
MPOMIXKY, 3arajgpbHOi ¥ aBTOPCHKOI CTWINICTHKH 3
BpaxyBaHHSAM YacOBUX IapameTpiB. TaKMM YHHOM TaKOX
BHpIIIEMO 3aBJaHHA AaBTOPCHKOi  arpuOymii, sKe
chopMyrOEMO  HACTymHUM 4uHOM. Hexaili icHye
CTaTHCTHYHO OIPalbOBAHUN TOPOOOK aBTOpa (€TajoH).
HeoOXigHO OIIHUTH HAJEXKHICTh MEBHUX YPHBKIB [0
CTAJIOHYy 13 3aCTOCYBaHHSM BIiJIIOBITHUX METO/IB.
I'padiune 300pakeHHS BIZHOCHOI YaCTOTH  IOSIBH
cy’)k00BHX CITiB B YpHBKY 4 Ta B €TajJOHI MOJaHEe Ha
puc. 1. Koeoimient xopemsuii Iyt cIyk00BUX CIiB Y
LbOMY BHUINAJKYy ckinanae R, 4=0,7326. HaBenemo Takox
KOCQIIIEHTH KOPEIAIil AT KOKHOTO 31 CIY)OOBHUX CIIiB
s ypuBkiB 1-4 (tabm. 4). AHamizyroun KoegillieHTH
KOpeJsimii JUIst  CIy)KOOBHX  CJiB, TPUXOAUMO [0
BHCHOBKY, MIO HMOBIpHICTh HAJIEXKHOCTI YPHUBKIB [0
JIOCTIIKYBaHOTO €TaJIOHy HaHOUIBIIOIO € it YPUBKY 4,
3a HUM — YpuBOK 2, YpuBok 1, Ypusok 3. 3ayBaxkxumo,
oo [UIA BCiX YOTHPHOX YPUBKIB IPOCTEKYIOTHCS
CTaOlIPHO BUCOKI KOe(IlliEHTH KOPEISIIT Uil 4acToK, 10
MOXEMO PpO3YMITH SIK BiZICyTHICTh BIUIMBY YacTOK Ha

pedeHb

aBTOPCBKMIA  cTWib.  JlogaTkoBO A ypPUBKIB
MPOaHAaII3yeEMO YaCTOTHOCTI TOSB JIMIIC MPUAMCHHHKIB i
CHONYYHHKIB, 3HaWIEMO  BIAMOBimHI  KoedimieHTH

KOpEJISIIii Ta MOPiBHAEMO pe3ynbTaTh (Tadm. 2).

—Meron ciiB  (WIpaxyHOK JIMINE CIB TEBHOL
JTIOBKHHH);
0,0500
=—Eranon = Ypusok 4
0,0400 -
0,0300 A
0,0200 a
0,0100
0,0000

T & (> 5 D N Q9 @ 2 o SO L S O L &
q&*‘é\b + o ﬁ\o@eo&o&&o%m&&oq

Pucynok 1 — BinHocHa yacToTa mosiBu ciiy00BHUX Ci1iB B YPHUBKY 4 Ta B eTaJloHi
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Ta6muus 2 — Koediuientn kopessuil s ciryx00Boi
YaCTHHH MOBH Ta KOXKHOTO 3 YPHBKIB

Ne | Ipmitmennnk | Cnomyunuk | Yactka | R, ¢y U
1 0,72 0,79 1 0,6076 | 0,6900
2 0,4928 0,5714 0,9580 | 0,7066 | 0,4913
3 0,1517 0,1624 0,8800 | 0,2810 | 0,2254
4 0,5639 0,9544 0,9594 | 0,7326 | 0,6905
YpuBok 4 Tak 1 3aIMIIMBCS HaHiIMOBIPHIIINM

KaHIUIaTOM II0JI0 HAaJEKHOCTI HOro J0 eTaloHy, a
HaCTYITHUM i3 HE3HaYHWM BIIpMBOM CTaB YpHUBOK 1,
naimi — YpuBok 2. YpuBok 3, SK 1 y IONEpeaHbOMY
JIOCITI/KeHH], Ma€ HaHMEHIy HMMOBIPHICTh HaJEXaTH JI0
etaioHy. Jns MiATBEp/KEHHS PE3yJbTATiB 3BEPHEMOCS
1o [1-4], 3 AKX y34TO YPUBKH TS JOCITIHKCHHS.

4 EKCHEPUMEHTHU
Ilin wac mOCHIIKCHHS pPO3POOJICHO CHCTEMY 3
MOXJIMBICTIO ~ OOpaHHS  MOBH/MOB  aHAaJi30BaHOTO

KOHTEHTY, peanizoBana Ha Web-pecypci Victana (puc. 2).
AHaN3yI0UH CKJIAoBi (OPMYN A OMIHKH OaratcTBa
TBOPY, IPUXOIMUMO IO BHCHOBKY, IIO Tpeba 3HAWTH TaKi
BEIIMYUHH SIK KIJIBKICTH CIHIB 1 CIOBO(GOPM, pEUCHB,
CHOJYYHHUKIB 1 IPUAMEHHHKIB, CIiB i3 4acToTOlO | Ta He
Menmo 3a 10. Ha cepmepi micis 3amycky mporiecy
pO3paxyHKy KOC(]IIi€HTIB  PI3HOMAHITHOCTI  TEKCTY
3aIlyCKAETHCSI AITOPUTM aHai3y IbOTO TEKCTY (air. 2).

Anroputm 2. AHaJII3y CTHIIIO aBTOCHKOT'O MOBJICHHSI.

Eran 1. [lepeBipka JOBXWHM TEKCTy — JIMIIHE
BIJICIKA€THCH.

Eram 2. OunmieHHst TOCTiIKYyBaHOTO TeKCTy (mudpw,
CIECTICUMBOIH, (YOPMYITH, PUCYHKH).

Eran 3. BusHaueHHS KiTBKOCTI peueHs P.

Etan 4. BuzHaueHHsI KiTbKOCTI CITiB Y TEKTI N.

HAYKDR CTATTI

METCYAUKM

BIRMIOTEEA KOHTAKTA EOMOR! CACHA

FACS HYNN-CM

ITe
(Br3HaeHHA Kink

il pIBEHE
CHIIX OLIHOK MOBJICHHA)

Poapaoysan CumeTimi

N Koadument Breiie

PaspaxyRok

TeKEIROT piTHOMARITHOCTI: K W= 445

CHHTAKCHMHOT cczagmocT Ks = 1 P=61

5B AIHOCTI M

28KC BHERTROBOCTI: It = W1 /W W1 =357 | Int

ami: Tkt = W10/ W Wip=3 . Ikt

We=a45 0.0067415730337079

Pucynok 2 — Pesynbrat pobotu anroputmy Ha Web-pecypci
Victana (http://victana.lviv.ua/nlp/linhvometriia)
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Irzesc

Eran 5. BusHaueHHs KiUIBKOCTI CiTiB W (32 4acTOTHHM
CJIOBHHKOM OCHOB CITiB).

Etam 6. Po3paxyHok KoedirmieHTa JIEKCUIHOL
pizHomanitHocti: K;=W/N.
Etan 7. Po3paxyHok  koeillieHTa  CHHTAKCHYHOT

ckmagnocti: K=1-P/W.

Etan 8. BuzHaueHHs KiJIBKOCTI CIIB, IO 3yCTPLIHCS
TOYHO OJIUH pa3, To0To W;.

Etan 9. Po3paxyHok iHIOEKCy BHHSATKOBOCTI TEKCTY :
1, wt— W]/ W

Etam 10. Bu3HaueHHs KUTBKOCTI CIIiB, IO 3YCTPUIHCS
Oinbmre 9 pasis, ToOTO W)

Etam 11. Po3paxyHOK iHIOEKCY KOHIIEHTpAIii TEKCTY:
Li=W/W.

Etan 12. BusHaueHHs KUIbKOCTI IPUAMEHHHKIB Z.

Etan 13. BusHaueHHs KUIBKOCTI CIIOJIYYHUKIB S.

Etan 14. Po3paxyHok koedirienTa 3B’SI3HOCTI
mosieHHs: K, =(Z+S)/(3-P).

Ertan 15. BuBenenns pe3ynbTatiB Ha pecypcei Victana.
Amnanizyroun ckiaioBi GopMys Ui OLIHEHHs OaraTcrTsa
TBOpPY, 0aunMo, 110 Tpeba 3HANTH KiJIbKICTh PEUYCHb, CIIB 1
cioBoopM, TPHUHAMEHHUKIB 1 CIIOJyYHHKIB, CJIiB i3
yacToTor0 1 Ta wdacroToro, He MeHmow 3a 10. Jlns
3pYYHOCTI BHECEMO 3HaliieHi ngaHi y Tabmmmro. Ha
iHpOpMAIIfHOMY  pecypci TepemaeTscsi  CPopMoBaHA
Tabmmms (Tabn. 3) Ta OTpEMAaHi Pe3yIbTaTH JOCIIIHKCHHS
BUBOJATHCS Ha ekpaH. CIHparoynch Ha BHUKJIAJICHE BUIIE,
OLIHAMO  0ararCTBO YpPHUBKIB TBOPIB  OJHOOCIOHHX
HAyKOBHX CTaTe TEXHIYHOrO CHpsMyBaHHS BicHuka
HamionansHoro yHiBepcutery «JIbBIBCBKa MOMITEXHIKa»
cepii «IHhopmarriiiHi cucTeMu Ta Mepesxi» 3a mepiox 2001—
2017 pp. 3a 1onoMororo KoeillieHTiB Pi3HOMaHITHOCTI Ta
3B’S3HOCTI  MOBJIEHHS, IHIEKCIB  BHHSATKOBOCTI  Ta
KOHIEHTpauil Tekcry. i aHamizy BHOEpEMO YacTHHY
niepiy (10000 3HakiB) KOXHOI cTarTi (anr. 3).

Anroput™ 3. AHalli3 CTaTUCTUKHA (PYHKIIOHYBaHHS
CHCTEMH BHSBIICHHS MHOXXHHH CTOIOBHX CIiB i3 215
HayKOBHX CTaTe TEXHIYHOTO CIPSIMYBaHHS

Etam 1. Ananiz 100 HaykoBuX cTaTteil Ha BU3HAYCHHS
Jiama3oHy ONTHUMAaJbHOTO PO3MIPY JOCIHIIKYyBaHOTO
Tekcty. CrouaTky OynM TpoaHami30BaHI TEKCTH B
MOBHOMY 00Cs31, a MOTIM Il TEKCTH OYJIM ITpOoaHalli30BaHi
Ha pIi3HI BEIMYMHM 3HaKiB. Pe3ynpTaTé mokazaiu, o

Tabmuns 3 — [Ipuknan pe3yapTaTy poOOTH aNTrOPUTMY aHATIZY
CTHIIIO aBTOpa IryOutikanii Ha pecypcei Victana

Koedirmient Jani PospaxyHok
JIEKCUYHOT W=184; K=0,6237
Ppi3HOMaHITHOCTI: N=295
K=W/N
CHHTaKCHYHOI P=18; K=0,902
CKJIaJIHOCTI: W=184
K=1-P/W
3B’ I3HOCTI MOBJIEHHS: 7=20; K.=0,889
K=(Z+S)/(3-P) §=28;

P=18
BuUHsATKOBOCTI: I, =W /W | W\=141; | I,~0,7663
W=184
KOHIICHTpAIIii: Wi0=2; 1,/0,01
L=W /W W=184
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ONTUMAJIBHUM  JOCHIDKEHHSAM TEKCTIB €  Jiamas3oH
[100;10000] 3nHakiB. @ Menme 100 3HakiB —
HeinopMmaTuBHA OTprMaHa iH(pOpMAILLisl, YaCTO 3HAUYCHHS
Koe(illieHTIB PI3HUX aBTOPIB MO/i0OHI, @ OJHOTO X aBTOpa
Ha pI3HHUX TECTaX — CYTTEBO DPI3HATHCA. SKmo Oinpmie
10000 3HakiB — cyTrTeBo Koe(illieHTH BXKe He
3MIHIOIOTBCS, aje aHaJord JUisi JOCTIDKEHHS MaroTh
pi3Hy JOBXHHY 1 3-3a Opaky pi3HOMaHITHOCTI aHAaJOTiB
BEJIMKOI JIOBXXKUHH, Oys10 00paHO MakcHMallbHE YUCIIO JUIS
ananizy 10000.

Eram 2. Ananiz monax 200 omHOOCIOHHX pOOIT
TEXHIYHOTO cHpsiMyBaHHS MoHax 50 pi3HUX aBTOpIB 3a
mepiox 2001-2017 pp. mns BU3HAUYCHHS X 3MIHIOFOTHCSA i
SIK Koe(ilieHTH Pi3HOMAHITHOCTI TEKCTY IIMX aBTOPIB B
Pi3HI IPOMIXKKH 4acy.

Eram 3. Ananiz momax 200 omHOOCIOHHX pPOOIT
TeXHIYHOTO crupsmMyBaHHSA Oinst 100 pi3HEX aBTOpPiB 3a
nepiox 2001-2017 pp. i BU3HAYCHHS UM 3MIHIOIOTHCS 1
K Koe(ilieHTH PI3HOMaHITHOCTI TEKCTY IIMX aBTODIB B
Pi3HI IPOMIXKKH Yacy.

Eram 4. Ananiz monan 200 omHOOCIOHMX pOOIT
TeXHIYHOTrO crpsMyBaHHa Oinst 100 pi3HMX aBTOpIB 3a
mepiox 2001-2017 pp. ansg BU3HAYCHHS CTHIIIB MOBIICHHS
[IUX aBTOPIB.

Etam 5. Arani3 oTpuMaHHX KOEQIIiEHTIB MOBJICHHS
6ins 100 pisamx aBTOpiB 3a mepiox 2001-2017 pp. misa
BHU3HAYCHHS IIMHOXHHH aBTOPIB 3 MOMIOHUM CTHIIEM,
110 1 4 eTaoHi poOOTH (KOJIEKTUBHI pOOOTH, aBTOPH SIKHUX
NPUCYTHI cepel] JOCIIIPKYBaHUX OJHOOCIOHMX poOiT).

Etan 6. AHani3 OTpUMaHUX pe3yJbTaTiB Ha erami 5.
[epeBipuTH, Y¥ B OTPUMAaHUX IiJMHOXHHAX MPUCYTHI
CIpaBKHI aBTOPM LUX eTaJoHMX TekcTiB. OOparn
HaMKpalyii ajaropuTM JJisi BU3HAYEHHS CTHIIIO aBTOpa B
YKpaiHOMOBHHMX HAayKOBO-TEXHIYHHX TEKCTax Ha OCHOBI
TEXHOJIOT11 KBAHTUTATHBHOI JTIHBOCTATHCTHKH

5 PE3YJIbTATH
Jonst YUCTOTH IOCHIIHKEHHS HEOOXI1IHO
MpOaHaNli3yBaTH, YW BIUIMBAa€E 4ac myoOiikauii poOiT Ha
Koe(illieHTH pPI3HOMAHITHOCTI TEKCTy, TOOTO YW He
3MIHIOIOTBCSL 1Ii KOe(illieHTH 3 4YacoM Ha BHOIpII THX
caMuX aBTOpPiB Ta TeKcTiB. CrovyaTky MpOoaHaNi3yeMO SIK
3MIHIOETBCSI 3arajibHUil 0OCSAT CliB B OJHAKOBUX 32

po3mipoM ypumBKax B miamazoni 2001-2017 pp. Sx
0aguMo 3 YacoM Ti X caMmi aBTOPH YAacCTillle BXKUBAIOThH
KopoTIi ciosa (puc. 3a).

3 gacoM KoedimieHT JeKCHYHOI pi3HOMaHITHOCTI K;
CYTT€EBO He 3MiHIO€ThCSA (puc. 36—3r). AHANOTIYHO 3 YacoM
KOe(II[IEHT CHMHTAKCHYHOI CKJIAAHOCTI K TaKOX CYTTEBO
HE 3MIHIOETBCS. A 0Ch KOe(illieHT 3B’A3HOCTI MOBIICHHS K,
3 yacoM 3a 16 poKiB 3MEHIIY€EThCs, XO4a He cyTTeBO. Ha
nmovartkax (2001 p.) konuBaeThes B mianazoni [0,5;1,2], a B
B KiHIIi Iepioxy — B piama3oHi [0,4; 0,9] (puc. 4).

AHaJOTIYHO  TMOPIBHAEMO  PO3MOJALIM  1HJICKCIB
BHUHSTKOBOCTI Ta KOHIEHTpamii (puc. 5). fAkmo po3max
PO3IOALTY CYTTEBO HE 3MIHIOETHCS B 4aci s I, TO A
I, € pikcoBaHi 3Ha4YHI 3MiHU. 3 YaCOM aBTOp LUX POOIT
BCE YacCTilIe IIOBTOPIOIOTH JEsIKi TEPMIiHH B CBOiX poOoTax
monaz 10 pasiB, 3BYy)XyrOuM KOJIO CBOiX AOCHiIpkeHb. Ha
puC. 5T TOJaHWi pe3yNbTaT aHamizy Koe]ilieHTIB
MOBJICHHS JJIsi OJHAKOBMX 32 pO3MIpOM YypHBKax B
mianazoni 2001-2017 pp. sk MiHIManbHe, MakcUMalibHE
Ta CepelHe 3HA4YCHHS 3a el mepion (BU3HAUCHHS
KOJIMBaHHS 3Ha4eHb B LbOMY 4YacOBOMY IPOMDXKKY).
binpmr cyTTeBe KonMBaHHSA crioctepiraemo 3a K, (puc. 6).

OKpeMo MpoaHaji3yeMOo PO3MOIiT BHKOPHCTAHHS BCiX
cioBodopm (puc. 6r), CIIiB MO0 OAHOMY a3y, CIiB IMOHAJ
10 pasiB, BXHTHX B JOCHIDKYBaHHX TEKCTaX JUIL
OJTHAKOBHX 33 pOo3MipoM ypuBKax B miamasoni 2001-2017
pp- (puc. 7a). Ha puc. 76 momanumii aHami3 BXXHBaHHSI
NPUAMEHHHKIB, CHOJTYYHHKIB Ta OKPEMHX pEUYeHb B
JIOCHI/DKYBaHMX TEeKCTaxX Uil OAHAKOBHUX 3a PO3MIpOM
ypuBKkax B amianazoni 2001-2017 pp., ne Z — KiIbKiCTh
NPUHMEHHHUKIB, S — KUIBKICTh CHIOJYYHHKIB, P — KUIbKICTh
OKpEeMHX pedYeHb. 3TiIHO pHC. 7B 3 4YacoM aBTOpH
BXXHMBAIOTh KOPOTIII PEYEHHS JUIS ONHCY IPEIMETHOI
oOyacti, HDK Ha TOYATKaX MJOCHIDKYBAaHOTO IMEPiony.
SKmo KiIBKICTh TNPHHMEHHWKIB 3MEHIIYETHCS, TO
pO3MOALT  BXHBAaHHA  CIOJIYYHHKIB  CyTTEBO  HE
3MeHIIyeTbes (puc. 7r). Ha puc. 8a—80 momanuit aHami3
3MiHM JUHAMIKH B)XMBaHHSA CJIIB B JOCIiIKyBaHUX
TeKCTax 3a BU3HaueHui mepion. Ha puc. 88—9r momanmit
pe3ynapTaT  aHa;ily 3MIiHM  JUHAMIKA ~ B)KHBaHHSI
NPUHMEHHHKIB, CIIOJTyYHHUKIB Ta pedeHb B
JIOCTIIKYBaHUX TEKCTaX 32 BU3HAYCHUH MEPiojl.

1000 BMAX BMIN CAVG —
> I”I
0,
H NN T NO 0D —~ A 0O 0
SSSESESSES5E5552 -~ s s c 2 2 535 2 % =
[\l o\l o\l o\l e e\ e e lNe le Ne Ne Ne N o B a\Na\ N <t el o [} ()] <t O [ele} S
— — — — — N
a 0
1 2
0.5 lMl “l ,” 1
0 0

— = = —
AN T O 0 [>2e]
—

101
121
141
161
201

B

e e e
N < o

101
121
141
161
181
201

T

Pucynok 3 — Po3noain: a — ciiB Ta koe(illieHTiB MOBIICHHS JJIsl OTHAKOBHUX 32 PO3MIpOM ypuBKax B mianazoni 2001-2017 pp.:
0-K;B—K;r—K,
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Pucynok 6 — Pe3ynbraT ananizy KoedilieHTiB MOBJICHHS [UIsl OTHAKOBHX 3a pO3MipoM ypuBKax B miamasoni 2001-2017 pp.: a —
MiHiMalIbHE, MAKCUMAJIbHE Ta Cepe/IHE 3HAUCHHs 3a 1ei mepio 1ust Kj; 6 — rpadik AnHamiku 3MiHU KoedillieHTIB 32 BUSHAUYCHU I
mepiof; B — ricrorpama JUHAMIKH 3MiHH Bci KOe(illieHTiB 32 BU3HAUYECHHUI TIEPioA; T — BXKUBaHHS c10Bo(opM (BCiX, 1o 1 pasy Ta
noHax 10 pasiB)

© Bucomnbka B. A., 2020
DOI 10.15588/1607-3274-2020-1-12

115



e-ISSN 1607-3274 PapioenexrpoHika, inpopmaruka, ynpasminss. 2020. Ne 1
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2020. Ne 1

20
15 |
10 +
5
0
§ § % ® 2 8 %I 8 % §
a
100
50
0
e
AN T O 0 O AN T O 0o O
— e e ]
B

e e e e e T e T B B
(@] <t O >} [} N < O [~} (=}
—_ o = = = N

r

Pucynoxk 7 — AHami3 4acTOTH BXXUBaHHS CIIB: a — oHAK 9 paziB (W1g); 6 — mapameTpiB 3B’SI3HOCTI MOBJICHHS; 8 — pe-
YeHb; 2 — IPUIIMEHHHKIB, Ta CIIOJIyYHUKIB
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Pucynok 8 — Pe3ynbraT aHanizy 3MiHH JMHAMIK{ BXXMBAHHS CJIB B JOCII/DKYBaHHX TEKCTax 3a BU3HAYCHUH Iepio: a — TMHAMIiKa
3MIiHH IIapaMeTpiB MOBJICHHS B 4aci; O — po3Io/IiJl 3Ha4eHb IIapaMeTpPiB MOBJICHHS 32 00YMOBJICHHUI Iepio/l TOCIiIKEeHb; B — IMHAMI-
Ka 3MiHM B)XMBaHHS CIIOJTy4YeHb, IPUHMEHHHKIB Ta PEUCHb B JOCIIIKYBAaHUX TEKCTaX; I' — PO3NO/ALI 3HAUCHb BKMBAHHS CIIOJIY4EHb,
MPUIMEHHHKIB Ta PEUCHb 32 BU3HAUCHUIT [IePio/1 JOCIIPKeHb CTHIIIB aBTOpa

JoBenu, mio icHye 1WHamika 3MiHH HE JIMIIe
Koe(iLlieHTIB ~ MOBJICHHS  aBTOPCBKOTO  TEKCTY 3a
BH3HAYCHUH Tepios Horo TBopuocTi. Takok € muHaMika
3MIHA 1 OKPEMHUX CKJIAIOBUX, SK KUIBKICTh B)KHBAHHS
CI0BO(OPM Ha 3araibHy KiIBKICTB CIIiB, CIIONYYHUKIB Ta
MIPUAMEHHHKIB, PEYeHb y BHU3HAUYEHOMY OOCS31 ypHUBKY,
c10BoQOpM, AKi BXKHBaHI JIHMIIE OJMH pa3, Ta sKi BKUBaHi
monaz 10 pasis.

6. OBGI'OBOPEHHSA
Jst OUIBII TOYHOTO BH3HAYECHHS BEIMYUHU HPHPOCTY
KO)KHOTO 13 JOCHI[DKYBAaHOTO TapamMeTpy HeoOXimTHO
MPOBECTH OINBII CYTTEBE JOCHIKEHHS Ha OLIbLIIN
BUOIpI SK CaMUX OJHOOCIOHUX TBODIB, TaK 30UIBIINTH
Jiama3oH JOCTIDKCHHS TBOPUYOCTI PI3HUX aBTOpl Ha
ONTBIINIA YaCOBHUIT MPOMIXKOK TBOPYOCTI.
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Jani npoananizyeMo BHOIpKY 32 aBTOPCBKHM CTHIIEM
Ta o0epeMO HaWKpalMi aJrOpUTM JUIi BHU3HAYCHHS
ctimo  aBropa. Ha pme. 9a rpadik BimoOpaxkae
BHU3HAYCHHS CTIJIIO aBTOpa IO Koe(illieHTaX MOBIICHHS.
Ha puc. 96 rpadik i3 HakonmMUeHHSIM BimoOpaskae 3MiHU
3arajgbHOI CyMH 3a KoedimieHtamu MoBieHHs. Ha puc. 98
HOpMOBaHHUI Trpadik BigoOpakae 3MiHy BKJIaJCHHSA
KO>KHOTO 3Ha4YCeHHS 32 Koe(ilieHTaMiu MOBJICHHS.

Sk Oaunmo, KOe(illieHTH aBTOPCHKOTO MOBIICHHS
OKpiM Kz 3HAYHO HE 3MIHIOIOTHCS B 3aJ€KHOCTI Bij
CTHJIFO KOHKTEPHOTO aBTOpa JUIi YKpaiHOMOBHHX
HayKOBO-TEXHIYHHUX TEKCTIB. AOO 3MiHU € B MJIIMX MeXax,
0 YCKJIAIHIOE TIPOLEC IACHTU(IKAIIT 0COOIHUBOCTEH
CTHJIIO MOBJICHHS KOHKPETHOTO aBTOpa B MHOMHHI
aHali30BaHUX aBTOPCHKUX CTHIIB. | 4rM OLIBIION0 € Taka
MHOXKHHA, THM CKJIQJIHIIIO0 Oyae mporiec imeHTHdikamii
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CTHITIO KOHKPETHOTO aBTOpa 0e3 TOJaTKOBHX MapaMeTpiB
anamizy. Tomi mpoaHami3yeMo BHOIPKY 3a aBTOPCHKHM
CTWIEM 3a JOAATKOBUMH IIapaMETpaMH SK 3arajbHa
KUTBKICT pedYeHb B OIHAKOX 3a OOCSTOM YpPHBKIB,
KUTBKICTH CHIB y BHOIpI, YacTOTHICTP Ta IMOsKa
NpuiiMEeHHMKIB Ta croay4yHukiB. Ha puc. 10 rpadik
BiJJoOpakae BU3HAYECHHS CTUIIIO aBTOPa MO JOAAaTKOBUX
rapameTpax aBTOPCHKOI'0 MOBJICHHS.

Ha puc. 106 rpadik i3 HakomMYEeHHSIM BigoOpaxkae
3MIHM 3arajJbHOI cymH 3a mnapamerpamu. Ha puc. 10B
HOpMOBaHWI Tpadik BimoOpakae 3MiHy BKJIQJICHHS
KOXKHOTO 3HAa4YeHHS 3a mapamerpamMu. Sk 06aunmo
BBEICHHS JIOJAaTKOBHM TApaMETPiB 3MEHIIUTH MHOXHHY
aBTOpIB, CTIWJII  MOBJICHHS  SIKMX TOMIOHI  uis
YKpaiHOMOBHOTO HayKOBO-TE€XHIYHOTO CTHITIO
myOmikamii. BBenmo 1me OomaTkoBi mapamMeTpu K
KITBKICTP  peYeHb, CHOJIYYHHKIB Ta MNPUHAMEHHHKIB
(puc. 11) Ta npoananizyemMo auHaMmiky (Tadi. 4).

B Tabn. 4 HaBemeHi pe3ynbTaTH aHAN3y CTWIO 94
aBTOpiB  Ha omHOOCIOHMX mparmsax (monanm 200
OJTHOOCIOHUX POOIT) TEXHIYHOI'O CIIPSIMYBaHHS 3a Mepioj
2001-2017 pp. MHnga KOXHOTO aBTOpa BHUBEACHO
cepenHbOapUPMETHYHE 3HAUEHHSI KOXKHOTO KoedilieHTa
Ta mapamMeTpa MOBJICHHS Ha OCHOBI aHANi3y ICKIIbKOT
Horo poOiT 3a wueil Bu3HaueHwd mnepiox. Takox
MPOaHaJli30BaHl CTHII 4-X CTaTrTeil OJHOTO0 aBTOPCHKOTO
konekTuBy mijg Ne 1-4 (B TaOnuii BUIIEHO XUPHUM),
YacTHHA aBTOpPIB SKUX € B Tabn. 4 mig Ne 69 Ta 93 (B
Tabnuui BuaLIeHO KypcuBoM). OpHak 3amana BHOIpKa
TeKcTiB i aHanmizy (moHanm 200) Ta KiTBKOCTI aBTOPIB
(94) He rapaHTy€e TOYHHX pe3ynbTaTiB. JOCIiIKEHHS Ma€e
OyTH IPOJIOBXKEHE HA OLNBIIIH KITBKOCTI TEKCTIB, A0 SKUX
HE3aBXIM MaeMo JocTyn. B momampmomy HE0OXimHO
TaKOX BIOCKOHAJIMTH METO]| 3apaxyHOK aHaji3y TEeKCTiB
METOJIaMH CTHJIEM aTpii Ta III0TOXPOHOJIOTIT.
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Pucynok 9 — [letansHuii aHaii3: a — IpoOLECy Y Yaci BU3HAUCHHS CTIIIIO aBTOPa 10 KoedilieHTax MOBJICHHS; O — 3MiHM 3aTaibHOL
CyMH 3a Koeilli€eHTaMi MOBJICHHS; B — 3MiHH BKJIAJICHHS KO>KHOTO 3HAYCHHS 32 Koe(illiEHTaMH MOBJICHHS
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Pucynok 10 — JletanbHuit aHammi3: a — mporecy BU3HAYCHHS CTUIIIO aBTOPA IO MapaMeTpax MOBIICHHS; O — 3MiHM 3arajibHOi CYMH 3a
Koe(illieHTaMi MOBJICHHS; B — 3MiHHU BKJIQJICHHS KOKHOTO 3HAYCHHSI 32 KOe(illieHTaMH MOBJICHHSI;, I' — 3MiHHU MapaMeTpy SIK 4acToTa
nosiBu cioBa noHaz 10 pazis (W)
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Pucynok 11 — JletanpHuii aHami3: a — mpoliecy BU3HAUYCHHS CTHJIIO aBTOPa IO apaMeTpax MOBIICHHS; 6 — 3MiHHU 3arajbHOI CyMH 3a
KoedimieHTaMi MOBJICHHS; B — 3MiHU BKJIQJICHHS KO>KHOT'O 3HAYCHHS 32 KOe]ili€eHTaMI MOBJICHHS

Tabnuist 4 — Pe3ynbTat poOOTH aJropuTMy aHANi3y CTHIIIO aBTOpa MyOikaiii Ha iHpopMaliiHOMyY pecypei Victana

Ne N S P Y4 w W Wio Iy Lo K. K, K

1. | 631,3 | 40,7 38 | 56,7 | 377,7 | 277,7 | 5,7 | 0,015 | 0,73 | 0,88 0,9 0,6
2. 658 42 31 59 345 241 8 | 0,023 0,7 | 1,07 | 091 | 0,52
3. 614 32 46 69 391 287 4 0,01 | 0,73 | 0,73 | 0,88 | 0,64
4. 622 48 37 42 397 305 510,013 | 0,77 | 0,81 | 0,91 | 0,64
S. 680 34 55 62 414 314 4 0,01 | 0,76 | 0,58 | 0,87 0,6
6. 709 35 52 46 398 285 6 10,015]0,72 | 0,52 | 0,87 | 0,56
7. 732 67 55 59 429 329 610,014 | 0,77 | 0,76 | 0,87 | 0,59
8. 749 49 46 73 478 375 710,015 | 0,78 | 0,88 0,9 | 0,64
9. 734 29 30 26 381 273 710,018 | 0,72 | 0,61 | 0,92 | 0,52
10. 730 51 41 70 433 317 710,016 | 0,73 | 0,98 | 0,91 | 0,59
11. 665 33 40 46 425 324 4 | 0,009 | 0,76 | 0,66 | 091 | 0,64
12. 723 35 41 54 401 280 6 10,015 0,7 | 0,72 0,9 | 0,55
13. 780 34 41 43 479 366 610,013 ]0,76 | 0,63 | 0,91 | 0,61
14. 685 39 42 53 432 333 510,012 | 0,77 | 0,73 0,9 | 0,63
15. 674 35 39 63 404 316 710,017 | 0,78 | 0,84 0,9 0,9
16. 700 42 50 46 485 406 610,012 | 084 | 0,59 0,9 | 0,69
17. 695 39 53 51 436 332 310,007 | 0,76 | 0,57 | 0,88 | 0,63
18.] 709,5 | 49,5 48 58 399 |1 292,5 | 9,510,024 | 0,73 | 0,75 | 0,88 | 0,56
19. 661 24 63 53 391 275 4 0,01 0,7 1 0,41 | 0,84 | 0,59
20. 631 31 34 45 350 249 7 0,02 | 0,71 | 0,75 0,9 | 0,55
21. 654 28 39 35 361 240 510,014 | 0,66 | 0,54 | 0,89 | 0,55
22.] 6823 | 37,7 39 | 50,3 | 398,7 | 296,3 | 4,7 | 0,012 | 0,74 | 0,75 0,9 | 0,58
23. 706 31 45 | 68,5 374 275 | 850,023 | 0,73 | 0,74 | 0,88 | 0,53
24.1 712,5 33 51 48 | 4425 | 3315 4 | 0,009 | 0,75 | 0,53 | 0,88 | 0,62
25. 846 26 54 57 440 299 10 | 0,023 | 0,68 | 0,51 | 0,88 | 0,52
26.| 726,3 39 51| 61,3 |441,3 | 3323 | 6,7 | 0,015 | 0,75 | 0,68 | 0,88 0,6
27. 598 0 83 40 386 309 4 0,01 0,8 | 0,16 | 0,78 | 0,65
28. 652 28 34 45 405 296 2 | 0,005 | 0,73 | 0,72 | 0,92 | 0,62
29. 697 46 56 | 59,5 450 | 361,5 510,011 0,8 | 0,63 | 0,88 | 0,65
30.| 1325 2 66 9 538 360 19 | 0,035 | 0,67 | 0,06 | 0,88 0,4
31. 726 46 42 56 493 399 4 | 0,008 | 0,81 | 0,81 | 0,91 | 0,68
32.| 689.,5 28 | 47,5 57 | 407,5 296 | 5,5 | 0,014 | 0,73 | 0,61 | 0,88 | 0,59
33. 683 | 43,5 | 48,5 63 446 357 ] 5,510,012 0,8 1 0,74 | 0,89 | 0,65
34. 658 47 41 48 399 277 310,008 | 0,69 | 0,78 0,9 0,6
35.] 682,6 45 60 | 47,8 | 416,2 318 | 6,2 | 0,015 | 0,76 | 0,59 | 0,86 0,6
36. 679 32 64 50 381 280 510,013 10,73 | 043 | 0,83 | 0,56
37.]1 673,5 33 39 58 419 329 | 7,510,018 | 0,79 | 0,78 | 0,91 | 0,62
38. 717 46 45 53 422 310 610,014 |0,73 ]0,73 | 0,89 | 0,59
39. 761 | 28,3 | 39,3 | 48,5 440 | 3158 | 53 | 0,012 | 0,71 | 0,65 | 091 | 0,58
40. 693 60 45 44 366 242 810,022 | 0,66 | 0,77 | 0,88 | 0,53
41. 670 30 38 55 449 356 310,007 {079 | 0,75 | 0,92 | 0,67
42. 732 45 53 63 402 290 610,015 0,72 | 0,68 | 0,87 | 0,55
43. 666 49 44 55 412 318 710,017 | 0,77 | 0,79 | 0,89 | 0,62
44. 652 36 55 46 389 287 4 0,01 | 0,74 0,5 | 0,86 0,6
45. 716 | 27,5 47 | 74,5 | 4135 293 | 5,5 0,013 | 0,71 | 0,73 | 0,89 | 0,58
46.] 704,8 | 45,8 | 54,8 60 | 4588 360 610,013 ] 0,78 | 0,66 | 0,88 | 0,65
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Ne N S P Z w W]o Ik, Iwr KZ K\- K[

47. 656 46 50 | 57,5 | 422,5 | 341,5 | 45 [ 0,011 | 0,81 | 0,69 | 0,88 | 0,64
48. 705 49 31 50 474 369 110,002 0,78 | 1,06 | 0,93 | 0,67
49.] 661,5 31 32 | 49,5 | 402,5 302 510,012 | 0,75 | 0,84 | 0,92 0,6
50. 644 37 28 66 400 310 8 0,02 | 0,78 | 1,23 | 0,93 | 0,62
51.] 1602 1 100 3 442 245 30 | 0,068 | 0,55 | 0,01 | 0,77 | 0,28
52. 689 36 44 65 458 369 710,015 | 081 | 0,77 0,9 | 0,66
53. 708 | 56,5 | 43,5 62 | 442,5 | 336,5 | 5,510,012 | 0,76 | 0,91 0,9 | 0,63
54. 708 46 49 83 475 392 510,011 | 0,83 | 0,88 0,9 | 0,67
55. 645 | 37,7 | 39,3 | 58,7 403 | 3023 | 43 | 0,011 | 0,74 | 0,84 0,9 | 0,62
56. 620 40 36 55 411 323 2 | 0,005 ) 0,79 | 0,88 | 0,91 | 0,66
57. 699 32 46 68 401 302 610,015 0,75 ] 0,72 | 0,89 | 0,57
58.] 715,5 34 45 58 352 | 2235 | 8,510,024 | 0,63 | 0,68 | 0,87 | 0,49
59. 666 | 35,5 40 63 | 401,5 305 | 6,51 0,016 | 0,76 | 0,82 0,9 0,6
60. 728 51 49 59 430 313 610,014 (073|075 | 0,89 | 0,59
61.| 717,5 | 26,5 56 | 57,5 | 433,5 | 321,5 | 6,5 | 0,015 | 0,74 0,5 | 0,87 0,6
62.] 714,5 | 48,5 46 65 | 418,5 | 304,5 | 6,5 | 0,016 | 0,73 | 0,86 | 0,89 | 0,59
63. 730 39 42 62 440 323 610,014 | 0,73 0,8 0,9 0,6
64. 683 42 38 52 438 339 4 10,009 | 0,77 | 0,82 | 0,91 | 0,64
65. 699 41 | 49,5 60 427 314 610,014 |0,74 | 0,69 | 0,88 | 0,61
66. 695 41 | 38,5 | 61,3 | 422,5 | 3183 | 7,5 | 0,018 | 0,75 | 0,89 | 0,91 0,6
67. 691 | 44,7 40 51 | 436,7 | 336,7 | 5,7 10,013 | 0,77 | 0,82 | 0,91 | 0,63
68. 711 19 60 67 396 268 610,015 0,68 | 048 | 0,85 | 0,56
69.| 6888 | 41,3 | 49,7 | 49,3 | 416,8 | 3219 6 10016 | 0,77 | 0,67 | 0,88 0,6
70.| 704,5 38 59 | 47,5 412 | 303,5 | 5,5 0,013 | 0,74 | 0,49 | 0,86 | 0,58
71. 700 35 40 | 68,5 | 418,5 | 320,5 610,014 | 0,77 | 0,88 0,9 0,6
72. 665 28 41 42 406 309 510,012 | 0,76 | 0,57 0,9 | 0,61
73.] 708,5 | 47,5 42 | 57,5 434 | 3235 | 6,5 | 0,015 | 0,75 | 0,84 0,9 | 0,61
74. 691 40 47 65 421 311 4 0,01 | 0,74 | 0,74 | 0,89 0,6
75.] 668,8 | 34,5 44 | 55,8 | 3683 | 262,5 | 6,8 | 0,018 | 0,71 | 0,73 | 0,88 | 0,55
76.| 691,7 50 | 41,8 | 58,2 | 425,7 | 3313 | 6,5 | 0,015 | 0,78 | 0,88 0,9 | 0,62
71. 731 54 49 71 420 301 710,017 {072 | 0,85 | 0,88 | 0,57
78. 665 | 32,3 | 41,7 65 376 | 2757 | 1,7 0,02 | 0,73 [ 0,79 | 0,89 | 0,57
79. 642 | 56,8 | 44,8 | 52,3 | 337,5 | 2303 | 7,8 | 0,023 | 0,68 | 0,81 | 0,87 | 0,52
80. 680 33 42 55 379 251 510,013 | 0,66 0,7 | 0,89 | 0,56
81.| 677,5 36 | 64,5 72 | 373,5 255 | 6,5 | 0,018 | 0,68 | 0,57 | 0,86 | 0,55
82. 647 32 62 50 422 308 310,007 |0,73 | 0,44 | 0,85 | 0,65
83. 768 47 | 51,5 58 | 452,5 323 | 5,510,012 | 0,71 | 0,68 | 0,89 | 0,59
84. 745 61 45 59 439 319 610,014 | 0,73 | 0,89 0,9 | 0,59
85. 691 | 423 39 | 55,3 | 396,7 289 710,018 | 0,73 | 0,85 0,9 | 0,57
86.| 724,2 | 36,8 | 59,6 | 68,4 | 3942 | 2788 | 5,8 | 0,015 | 0,71 | 0,61 | 0,85 | 0,55
87.] 665,5 43 | 35,5 72 399 299 610,015 0,75 | 1,09 | 0,91 0,6
88.| 686,5 45 | 41,1 | 56,9 | 414,5 | 312,6 | 5,9 | 0,012 | 0,75 | 0,86 0,9 0,6
89. 729 32 62 75 380 261 710,018 | 0,69 | 0,58 | 0,84 | 0,52
90.| 733,5 45 50 65 | 486,5 392 5 0,01 0,8 | 0,76 0,9 | 0,66
91.] 682,5 | 39,7 49 61 | 394,2 291 510,013 10,74 | 0,74 | 0,88 | 0,58
92.] 691,8 | 47,8 | 47,8 60 | 4034 | 3016 | 7,8 | 0,019 | 0,75 | 0,79 | 0,88 | 0,58
93.1 6945 | 38,1 | 54,3 | 585 | 4174 | 3131 | 64 | 0,015 | 0,75 | 0,62 | 0,87 0,6
94.] 661,1 | 24,8 | 44,7 | 54,7 | 402,7 | 299,7 | 4,7 [ 0,012 | 0,74 0,6 | 0,89 | 0,61
95. 708 28 36 64 419 309 810,019 (0,74 | 0,85 | 091 | 0,59
96. | 668,8 57 1 29,8 56 | 418,3 | 325,8 | 6,8 | 0,016 | 0,78 | 1,28 | 0,93 | 0,63
97.] 662,5 | 34,8 | 37,8 | 39,8 | 4103 303 510,012 | 0,74 | 0,67 0,9 | 0,61
98.] 671,3 | 41,1 | 44,2 | 57,1 | 395,6 299 6 10,015 0,76 | 0,76 | 0,89 | 0,59

BUCHOBKU

Po3poGiieHo MeTox BU3HAYEHHS aBTOpa TEKCTY Ha
OCHOBI aHaNI3y KOEQIIi€HTIB JIEKCHYHOTO aBTOPCHKOTO
MOBJICHHSl B €TAJIOHHOMY YPUBKY aBTOPCBKOTO TEKCTY.
Po3po0iieHo  aropuTM  JISKCHYHOTO —aHami3y —yKpai-
HOMOBHHX TEKCTIB Ta QITOPHTM CHHTAKCHYHOTO aHa-
Ji3aTOpa TEKCTOBOTO KOHTEHTY Ha OCHOBI aHAi3y KOX-
HOTO CJIOBa 3 BpaxyBaHHAM HOTr0 YacTMHH MOBH Ta
BinmMmiHIOBaHHA. To0TO Tmpm aHami3i JIHTBICTUYHUX
OIMHUIIb THIYy CIIB, BPaxOBYBaJach HAJEKHICTh M0
YaCTMHU MOBM Ta BIAMIHIOBAHHS B Me)XaX L€l 4acTHU
MoBH. [l 1bOTO MpBagMBCs aHaNi3 (QUEKUid UX CIIB
JUIA KJIacU(ikalii, BUIUICHHS OCHOBH JJs (hOpMyBaHHS
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BiJIMOBiTHUX aJi(haBiTHO-YACTOTHUX CJIOBHUKIB. Harog-
HEHHS IIMX CJIOBHUKIB B MOAAIBIIOMY BPaxOBYBAJIHCS Ha
HACTYITHUX KpPOKax BH3HAYEHHS aBTOPCTBA TEKCTY SK
PO3paxyHOK MapaMeTpiB Ta KOCQIII€HTIB aBTOPCHKOTO
MoOBJIeHHS. J11 1HOMBIZyalbHOTO CTHIIIO NHCBMEHHHKA
MMOKa30BHMH € came CciykO00Bi (cTomoBi abo ormopHi)
CJIOBa, OCKUIBKM BOHM HISK HE IIOB’S3aHl 3 TEMOIO 1
3micToM myOutikarii. Po3poGieHo anroputm BU3HAYCHHS
CTONOBUX CIIB TEKCTOBOTO KOHTEHTY Ha OCHOBI
JHTBICTHYHOrO aHali3y TEKCTOBOrO KOHTEHTY. Moro
ocoONMBOCTSMU €  ajanTtaniss Mop(oJOoriyHOro Ta
CHUHTaKCHMYHOTO  aHaJli3y JIEKCHYHUX OJUHHUIb 10
0co0nMMBOCTEH KOHCTPYKIIH YKpaiHOMOBHUX CIIiB/TEKC-
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TiB. HaBeneHo TeopeTHYHEe Ta eKCIIEPUMEHTAJIbHE
OOTpYHTYBaHHS ~ METONy  KOHTCHT-MOHITOPIHTY  Ta
BU3HAYCHHS CTOIOBUX CIIiB YKPaiHOMOBHOTO TEKCTY.
Mertox CHOpsAMOBaHO HA ABTOMATHYHE BHSBICHHS
3HAYYIIUX CTOIOBHX CJIiB YKpalHOMOBHOTO TEKCTy 3a
paxyHOK 3arpoIIOHOBaHOTO (HOPMAJIBHOIO MIIXOMy [0
peaiizauii MapCHHTY TEKCTOBOTO KOHTEHTY HayKOBO-
TEXHIYHOTO CHPSMYBaHHS. 3allpOIIOHOBAHO MiAXiJ [0
pPO3pOOJIEHHST TPOTPaMHOTO  3a0e3Me4YeHHS KOHTEHT-
MOHITOPIHTY Ul BU3HA4YE€HHs aBTOpa B YKpPaiHOMOBHHX
HayKO-TEXHIYHHUX TeKcTax Ha ocHOBI NLP, ctunemenrii
ta Web Mining. IIpoananizoBaHo po3poOIICHOO
cucreMoro moraz 200 oAHOOCIOHNX HAYKOBUX ITyOmiKamin
31 Bcix HOoMmepiB BicHumka HarmionampHOTO yHiBEpCHTETY
«JIpBiBCBKA TOMiTEXHIKA» cepil «IH(popmamiiiHi crucTeMu
Ta Mepexi» (YkpaiHa) 3a mepiog 2001-2017 pp.
JocmimKkeHo BHYTPINIHIO «AWHAMIKY» ITMX TEKCTIiB
JIOBUIBHO OOpaHHMX aBTOpIB uepe3 aHami3 KoedillieHTiB
3B’I3HOCTI MOBIICHHS, JIGKCHYHOI pPI3HOMAaHITHOCTI Ta

CHHTAKCHYHOI  CKJIAJHOCTI, a  TaKoX 1HJIEKCIB
KOHIICHTpALlii Ta BHHATKOBOCTI I MEPIINX k, n Ta m
(6e3  3aromoBka) CIiB  aBTOPCBKOTO  ypPUBKY  Ta
aHaJII30BaHOTO.

JocmimkeHo pe3yibrartu EKCIIePUMEHTAIBLHOT
anpooarrii 3aMpONOHOBAHOTO METOLY KOHTEHT-

MOHITOPIHTY IUIsi BU3HAUYEHHS aBTOpa B YKPaiHOMOBHHX
HAayKOBHX TEKCTaX TexHiyHoro mpodimo. I[IpoBexeno
MOPIBHSAHHS pe3yibTariB Ha MHOXHKHI 200 ogHOOCIOHHMX
pobit TexHiuHOTO cnpsiMyBanHs Oinst 100 pi3HEX aBTOpIB
3a mepiog 2001-2017 pp. 1ns BHU3HAYEHHA YU
3MIHIOIOTBCSL 1 SIK KOE(ILIEHTH Pi3HOMAHITHOCTI TEKCTY
LMX aBTOpiB B pi3HI NpoMikku yacy. Ha ocHOBI
PO3pOOJIEHOrO TMPOrpaMHOro 3a0e3NedeHHsT OTPUMAaHO
pe3yibTaTd  eKCIepUMEHTAIbHOI  ampobarii  3ampo-
MOHOBAHOTO METO/AY KOHTEHT-MOHITOPIHTY IS BH3Ha-
YeHHs Ta aHaJli3y CTOMOBUX CIIB B YKPaiHOMOBHHX Hay-
KOBHX TEKCTaX TEXHIYHOTO TMpoQiTf0 Ha OCHOBI
texronorii Web Mining. Bussneno, mo mias obOpanoi
eKcrepuMeHTanbHoi 6a3u 3 moHax 200 pobit HalKpammx
pe3ynmbTaTiB 32 KPHUTEPieEM IMUIBHOCTI IOCSTAaE METOJ
aHaiizy crarti 6e3 moyaTkoBoi 000B’s3k0BOI iH(OpMaLii
SIK aHOTallii Ta KIIIOYOBI CJIOBA PI3HUMHU MOBaMH, a TAKOXK
cnucKy Jiteparypu. llopanbIioro ekcriepuMeHTaIbHOTO
JIOCII/DKEHHsT ToTpeOye ampoOaris  3arporoHOBaHOTO
MeTOMy Ui BH3HA4YEHHS CTHJII0O aBTOpa 3 IHIIMX
KaTeropil TeKCTiB — HAYKOBUX T'YMaHITapHOTO MPOhiIro,
XYIOXHIX, MyOMIIACTAYHUX TOIIO.

NOoJAKHU

PoboTy BMKOHaHO B paMKax Jep)KOIOJDKETHOI TeMHu
«Metoau Ta 3aco0u (YHKIIOHYBaHHS CHCTEM MiATPUMKH
MIPUHHATTS pillleHh Ha OCHOBi oHToMoOTI» (ID:839 2017-
05-15 09:20:01 (2459-315)). docmimkeHHs IPOBAIIIOCH
B MeXax CIUIBHUX HAyKOBHUX JOCITIDKEHb Kadeapu
iHpopmaniiHux cuctem Ta Mepexx HY  «JIpBiBCchka
moJliTexHikay Ha Temy «JlocmimkeHHs, po3poOieHHS i
BIIPOBAIKEHHSA IHTENEKTYaIbHIX PO3IOIIIEHNX
iHpOpMaIIfHUX TEXHOJIOTI Ta CHCTEM Ha OCHOBI
pecypciB 0a3 [aHUX, CXOBHII JaHHX, ITPOCTOPIB AaHUX Ta
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3HaHb 3 METOK IPUCKOPEHHS IpoueciB (HOpMyBaHHS
cydacHOTro iH(popMamiifHOTO CcycminbeTBay. Haykosi
JIOCTI/KEHHS MTPOBAAMIINCA TaKOX B paMKax iHII[IaTHBHOT
TemaTuku pociuimkeHs kadeapu ICM HY «JIbBiBChKa
MOJIiITeXHIKa» Ha TeMy «Po3poOyieHHsS iHTEIeKTyalbHUX
PO3MOAUICHUX CUCTEM Ha OCHOBI OHTOJIOTTYHOIO MiTXOIy
3 METOIO iHTerpaii iHpopMaliiHUX pecypciBy.
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YK 004.9
METOJ ABTOPU®PUKALIMU TEKCTA HAYUHO-TEXHUYECKHUX IMYBJUKALIMA HA OCHOBE
JUHI'BUCTHYECKOI'O AHAJIN3A KOO®PUIMEHTOB SI3bIKOBOI'O PASHOOBPA3USI
Boicoukasi B. A. — kaHA. TexH. HayK, JOIEHT, NOUCHT Kadenpbl «HGDOpMAaNMOHHBIE CHCTEMBI W CETH», HalmoHambHBIH
yHHBepcUTeT «JIbBOBCKAsI MOJUTEXHUKA», YKpanHa.

AHHOTALNUSA

AKTYaJIbHOCTBb. ABTOPU(UKALIMS aBTOPCTBA TEKCTA SIBISETCS TEXHUKOW ONpENeNIeHNs aBTOpa TEKCTa, KOTAa HEOAHO3HAYHO, KTO
ee Hamucajl. JTO IOJIE3HO, KOTJa HECKOJIBKO YeJIOBEK NMPETCHAYIOT Ha aBTOPCTBO OJHOM MyOJMKAlMU WX B CIIy4asX, KOTJa HUKTO
HE TIPETEHIYeT Ha aBTOPCTBO TEKCTOBOTO KOHTEHTA, HANpUMEp, TaK Ha3bIBaEMbIC TPOJUIH B COLMANBHBIX CETAX BO BpeMs
MHPOPMAIIMOHHOW BOMHBEL. CJI0KHOCTH MPOOJIEMBI aBTOPCKOTO TEKCTa, OYEBUAHO, SKCIIOHEHIIMATIBHO BEIIIE, OOJbIIee KOIUIESCTBO
BO3MOXHBIX aBTOpPOB. Hamnmume aBTOPCKHX TEKCTOBBIX OOpPAa3lOB TakKXkKe SBIAETCS CYNICCTBEHHBIM NPH TNPOABIKCHUH OSTOU
poGIIeMbl. ATpUOYIHS aBTOPCKOTO TEKCTa BKIIIOYALT CJICIYIOIINE TPH IPOOIEMBI:

— BBISIBJIICHHE aBTOpPA TEKCTOBOTO aBTOpa W3 TPYIIIBI BO3MOXKHBIX WM OKUIAEMBIX aBTOPOB, IJI€ aBTOpP BCErla HAXOIUTCS B
IpYIIIE I10JI03PEBACMBIX;

— He UIeHTH(UKALMS aBTOpa TEKCTOBOI'O aBTOPa M3 IPYIIIEI BO3MOXKHBIX MIIN 0)KUIAEMBIX aBTOPOB, I'/Ie aBTOP MOXKET He OBITh B
rpymIie Mo03peBacMbIX;

— OLICHKA BO3MOXKHOCTH JJAHHOTO TEKCTA, HAITMCAHHOTO TaHHBIM aBTOPOM HJIH HET.

ITosTOMy 3amaua aBTOMaTHYECKOTO OMpPENEeNICHHsI aBTOpa TEKCTOBOT'O KOHTEHTA HAyYHO-TEXHUYECKOTO HANPABICHHUS aKTyalbHa
1 TpeOyeT HOBBIX (00Jiee COBEPIIEHHBIX ) MMOIXOIOB K €€ PEHICHUIO.

Leasro uccienoBanus SABISETCS pa3padoTKa METOIa ONPEICIICHHs aBTOpa B YKPAWHOSA3BIYHBIX TEKCTaX HA OCHOBE TEXHOJIOTHH
JIAHTBOMETPHH.

Metoa. Pa3paGoTaHo JIMHIBOMETPHYHUII METOJ| ITOPUTMHYECKOTO OOECIIEUEHHS! INPOLECCOB KOHTEHT-MOHHMTOPWHIA IS
pelIeHHsT 3aJaydl aBTOMaTHYECKOrO OIpEleeHHs aBTOpa PYCCKOS3BIYHOIO TEKCTOBOTO KOHTEHTa HAa OCHOBE TEXHOJIOTHH
CTaTHCTHYECKOT0 aHaan3a K0P (UIMEHTOB A3bIKOBOTO pazHooOpasus. [IpoBeieHns IeKOMITO3UIMN METO/Ia ONPE/Ie/ICHHs aBTopa Ha
OCHOBE aHajM3a TakuX KOd(P(DHUIMEHTOB peur Kak JIKCHYecKkas pa3HooOpasue, CTeleHb (Mepa) CHHTAKCHUECKOW CIIOXKHOCTH,
CBSI3HOCTB PEYH, HHACKCH UCKIIOUUTENFHOCTH M KOHIEHTPAK TeKcTa. [IpoaHani3upoBaHbl TakKe MapaMeTphl aBTOPCKOTO CTHIIS
KaK KOJIMYECTBO CJIOB B ONPENCICHHOM TEKCTE, 00IIee KOJIMYECTBO CIIOB ATOTO TEKCTa, KOJIWYECTBO MPEIUIOKEHHH, KOIUYECTBO
IIPEUIOTOB, KOJIMYECTBO COIO30B, KOJMYECTBO CJIOB C YacToToi 1, kommdecTBO citoB ¢ yactorod 10 m Gombme. OcobGeHHOCTSIMU
pa3paboTaHHOTO SBISETCS afanTanuss MOP(OIOTHYECKOT0 M CHHTAKCHUYECKOTO aHaIM3a JIGKCHYECKHX CJUHHUI K OCOOCHHOCTSIM
KOHCTPYKIMI YKPAaHHOSI3BIYHBIX CIIOB / TeKCTOB. TO €CTh NpH aHalIW3e JIMHIBUCTUYECKUX EIWHHUI] THUIA CJIOB, YYHTHIBAIAChH
MIPUHAJIEKHOCTD K YaCTH PEYM U CKJIOHEHHE B IpeJeax 3Toi yacTu pedr. J[jis aToro npoBoamics aHanu3 GpiaeKCuid STuX CIIoB Ui
KJaccuUKaluy, BbIICICHHE OCHOBBI I (JOPMHUPOBAHUS COOTBETCTBYIOIIMX ayi(h)aBUTHO-4AaCTOTHBIX cioBapeil. HamonHenue stux
cloBapeil B JAanbHEHIIEM YYHMTHIBAIMCH HA CIEOYIOUIMX LIarax ONpeIeseHHs aBTOPCTBA TEKCTa Kak pacyeT IapaMeTpoB U
k023 puUIIeHTOB aBTOPCKOi peun. /i1 MHIUBHIYaTbHOTO CTHIIS MHACATENS MMOKAa3aTeIbHBl MMEHHO CITy>KeOHBIE (CTOI MIIM OTIOPHEIC)
CJIOBa, TIOCKOJIBKY OHHM HUKAaK HE CBSA3aHBI C TEMOH U COAEPKaHUEM ITy OIMKAIHH.

PesyabTatsl. [IpoBeneHO cpaBHEHHE pe3ynbTaToB Ha MHOKecTBe 200 CaMOCTOSATENBHBIX pab0T TEXHHYECKOTO HANpPaBICHUS
okoyio 100 pasznmunbix aBropoB mepuoy 2001-2017 rr. [dns onpeaeneHuss MEHSIIOTCA U KaK KOI(QQHIMEHTHI pa3HOOOpa3Hs TEKCTa
9THX aBTOPOB B pa3HbIE IPOMEXXYTKH BPEMEHHU.

BoiBoabl. BrisiBiieHO, 4TO /17151 BRIOpAHHOM 3KCIIEpUMEHTAIBRHON 6a3bl u3 6osiee 200 paboT JIydIuX pe3ysbTaToB MO KPUTCPHIO
IUIOTHOCTH JIOCTHTAeT METO]| aHalli3a CTaTh 0e3 HayaabHOW 00s3aTerbHON MHGOpPMALUKM KaK aHHOTALWHM U KIIOYEBbIE CJIOBA HA
Pas3HbIX S3BIKAX, a TAK)XKE CIIUCOK JIUTEPATyPHI.

KJIFOUEBBIE CJIOBA: tekcToBBIi KOHTEHT, NLP, KOHTEHT-MOHHTOPHHT, CTOIN-CJIOBA, KOHTEHT-aHAJHN3, CTaTHCTHYCCKHM
JIMHTBUCTUYECKUH aHaJIM3, KBAHTUTATUBHBIX JIMHTBUCTHKA.

YK 004.9
THE SCIENTIFIC AND TECHNICAL PUBLICATIONS TEXT AUTHORITICATION METHOD BASED ON
LINGUSTICAL ANALYSIS OF LANGUAGE DIVERSITY COEFFICIENTS
Vysotska V. — PhD, Associate Professor of Information Systems and Networks Department, Lviv Polytechnic National
University, Lviv, Ukraine.

ABSTRACT

Context. Authorization of the authorship of the text is a technique for determining the author of the text, when it is ambiguous
who wrote it. It is useful when several people claim to be the authors of one publication or in cases where nobody claims to
authorship of text content, for example, so-called trolls in social networks during an information warfare. The complexity of the
problem of the author’s text, obviously, is exponentially higher, more likely authors. The presence of author’s text samples is also
significant in advancing this problem. The attribution of the author’s text includes the following three problems:

— author discovery of text from probable or expected authors group, where the author is always in a suspects group;

— not identification of the author of a text author from a group of probable or expected authors, where the author may not be in a
group of suspects;

— assessment of the possibility of this text, written by the author or not.

Therefore, the task of automatically determining the author of text content of scientific and technical direction is relevant and
requires new (more perfect) approaches to its solution.

Objective of the study is to develop a method for determining the author in Ukrainian texts based on the technology of
lingometry.
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Method. Lingvometric method of algorithmic provision of content monitoring processes for solving the problem of automatic
determination of the author of Ukrainian-language text content on the basis of technology of statistical analysis of linguistic diversity
coefficients is developed. A decomposition of the method of determination of the author on the basis of analysis of such broadcasting
factors as lexical diversity, degree (degree) of syntactic complexity, speech connectivity, singularity indexes and text concentrations
is made. Also, author’s style parameters are analyzed as the number of words in a particular text, the total number of words in this
text, the number of sentences, the number of prepositions, the number of conjunctions, the number of words with the frequency of 1,
and the number of words with a frequency of 10 or more. The features of the developed is the adaptation of the morphological and
syntactic analysis of lexical units to the features of the designs of Ukrainian-language words / texts. That is, in the analysis of
linguistic units of the type of words, the affiliation with the part of speech and declarations within this part of the language was taken
into account. To do this, an analysis of the flexion of these words was carried out for classification, the allocation of the basis for the
formation of the corresponding alphabet-frequency dictionaries. The filling of these dictionaries was further taken into account in the
subsequent steps of determining the authorship of the text as the calculation of parameters and coefficients of copyright broadcasting.
For the individual style of a writer, it is precisely service (stop or reference) words that are indicative because they are not related to
the topic and content of the publication.

Results. A comparison of results on a plurality of 200 individual technical works of about 100 different authors over the period
2001-2017 has been made to determine whether the coefficients of the diversity of the text of these authors are different at different
intervals.

Conclusions. It has been found that for the chosen experimental base with over 200 works of the best results, the method of
analysis of the article without initial obligatory information as annotations and keywords in various languages and the list of
literature achieves the density criterion.

KEYWORDS: text content, NLP, content monitoring, stop words, content analysis, statistical linguistic analysis, quantitative
linguistics.
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ABSTRACT

Context. In this paper the authors propose a method for data compression to be used for presenting information in the form of 2D
matrix barcode. The proposed method is based on both a structural-logical approach and using three colors in a barcode instead of
two colors as it is in standard black-and-white barcodes. This approach allows to increase data density keeping the same area as bi-
color barcodes take. In the paper authors present the data compression method and demonstrate the barcoding technology.

Objective. The goal of the work is to develop a method of data barcoding that would allow to encode more information in the
form of 2D matrix barcode.

Method. The method of tricolor matrix barcoding with compression is proposed. The main idea of the method is to compress in-
put textual information on the stage of alphanumeric sequence transformation into a set of barcode patterns, which will form a result-
ing barcode symbol. It is possible due to intermediate transformation of input characters from initial notation, which is determined by
cardinality of an input alphabet, to a notation defined by cardinality of barcode patterns alphabet. Choice of the input alphabet influ-
ences overall compression, and it is an important step of the method to choose the initial alphabets for the textual information to be
encoded. Use of three colors over standard two colors is also an important component for creating a barcode symbol with increased
informational density. As ternary notation is used, the second transformation from the intermediate notation to the ternary one pro-
vides more compression. The proposed method allows to represent more textual data in a single barcode symbol than bicolor barcod-

ing approaches do.

Results. The method of tricolor matrix barcoding with compression has been developed and described. Authors provided an ex-
ample of the method implementation on test data that had been barcoded using the method.

Conclusions. The experiments conducted for this research have confirmed that the proposed method provides more informa-
tional density as compared with black-and-white matrix barcodes. The prospects for further research might include studying noise
immunity issue in order to guarantee error-free scanning and increased reliability of the barcode, and extending the barcoding soft-

ware to be used in any alphabet.

KEYWORDS: textual Data Protection, Automated Data Capture, Barcoding, 2D Barcode, Tricolor Barcode, Grayscale Barcode,

Black-Gray-White Barcode.

ABBREVIATIONS
BGW-Code is a black-gray-white barcode;
DNM is a decimal numbers mode;
HNM is a hexadecimal numbers mode;
TDM is a textual data mode;
ASM is an ASCII symbols mode.

NOMENCLATURE
B is an area of barcode symbol;
s is a number of cells in a barcode pattern;
g is a number of colors, or number base;
V is a maximum capacity of a barcode symbol;
Q is a symbolism (an alphabet) of barcode;
Q¢ is an alphabet of informational (textual) sym-

bols;
Q,.x 18 an alphabet of auxiliary (technical) symbols;

Py is a cardinality of any alphabet X;

T is an input alphanumeric sequence;

U is a resulting sequence of barcode patterns;

n is a number of adjacent symbols of the same type in
the input sequence T;

m is a number of barcode patterns;

tj is an element (one character) of the input se-

quence T;
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W; is a subsequence consisted of elements tj ;
®j is a barcode pattern;

u, is a subsequence of barcode patterns;

U ,(35) (Pa) is a compression coefficient.
Qinf

INTRODUCTION

One of the important problems in the field of modern
information technologies is an issue of information sup-
port of automated relocation of objects (goods, freights,
medical supplies, documents, parcels etc.) [1]. Automated
objects relocation systems are based on using automated
identification that enables entering required data into a
computer system by its automated scanning from the ob-
ject.

High demand for automated identification is deter-
mined by the desire to improve control on objects reloca-
tion, reduce production costs, and increase its profitability
and efficiency.

Among various types of automated identification, it is
the barcoding technology [2, 3] that has been widely dis-
tributed. It happens due to the low cost of both barcode
patterns production and scanning equipment.
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Barcoding is the way to represent and store informa-
tion on a carrier using elementary discrete graphical
shapes, such as circle, ellipse, square, rectangle, hatch
(straight, oblique), triangle, polygon (hexagon, octagon)
etc. Information is represented in the form of combina-
tions of elements with different coloring.

Barcoding provides an optical way of information
scanning, including distant scanning [4, 5]. A barcode is
placed on an object surface, and it is moving along with
the object throughout its trajectory.

Since the invention of barcoding (the first patent for
the barcode was received in 1952), it has been more than
60 years, however barcoding is still considered as one of
the advanced technologies. Moreover, a lot of experts
believe that barcodes are among the most prominent dis-
coveries of the 20th century.

There is a number of barcode types which can be di-
vided into 3 main groups: linear, stack, and matrix. A few
up to several dozens of alphanumeric codes can be repre-
sented in the form of linear barcode. Several hundred
characters can be represented in the form of stack bar-
code. Up to several thousand symbols can be represented
in the form of matrix barcode. The subject of this research
is matrix barcoding.

Matrix barcode is a two-dimensional array of discrete
graphic items combined as one image. The structure of
such an array is called a barcode pattern (BC-pattern).
The majority of matrix barcodes are black-and-white.
However, in recent years there has been growing interest
in the development of multicolor matrix barcodes. The
most well-known among them are Microsoft’s High Ca-
pacity Color Barcode [6] and High Capacity Color QR
code [7].

Multicolor barcodes provide larger data density in
comparison with black-and-white equivalents; however,
they have a disadvantage, which is narrow scope of appli-
cation. This is due to as yet higher cost of color printers
compared to black-and-white printers, as well as the high
cost of consumables for color printing. Therefore, multi-
color barcodes are unable to replace black-and-white bar-
codes in all areas of applications, considering that black-
and-white printing can be more efficient than a color one
in certain use cases.

Since modern printing equipment, namely laser print-
ers, provide a high black-and-white printing quality with
the required resolution, we consider that it is appropriate
to add one more color, the gray, representation of which is
not a challenge using black-and-white printer. Thus, we
propose to create black-gray-white barcode patterns
(Fig. 1) with existing black-and-white printing equipment.
As aresult, it is expected that matrix barcode data density
will be increased.

Subsequently, let us call such black-gray-white bar-
codes a BGW-Code.

However, to achieve high rate of data density, it is es-
sential to apply a structural-logical approach for increas-
ing barcodes density, in addition to the use of the third
color.

© Dychka I., Onai M., Sulema Ol., 2020
DOI 10.15588/1607-3274-2020-1-13

126

Figure 1 — An example of BGW-Code symbol

The object of study is the process of transforming
textual information into a barcode.

The process of a barcode symbol creation becomes
more complex because of procedure of data compressing,
which is an important part of the method proposed in the
paper. Therefore, the process of data barcoding consists of
two stages: compression of input information, and trans-
forming compressed data into a barcode symbol.

The subject of study is the methods for data com-
pression and barcode construction.

The methods being developed by authors are aimed at
providing a possibility to encode more data into a single
barcode symbol.

The purpose of the work is to develop the method of
forming barcode symbol with increased informational
density.

1 PROBLEM STATEMENT

Requirements to a barcode as a way to store and input
information are as follows:

1. Miniaturization of barcode pattern (limited area B is
allocated for a barcode pattern ; superimposing on an
item).

2. Significantly increasing capacity V of a barcode pat-
tern ; without changing its geometrical dimensions.

3. Widening the concept of a barcode pattern in order
to obtain portable data file (the barcode pattern has to
contain not only an access key to information but com-
plete information about the item).

Let us consider a problem of increasing data density
of a matrix barcode. Factors of increasing data density
could be both a number of colors g used in barcode and
the use of specific methods for data compression, which
enable increasing capacity J of a barcode pattern o; .

In this research we consider tricolor barcode, i.e.
g =3, in which black, white, and gray colors are used for

elements representation. Such tricolor barcode patterns
are easily produced by using an ordinary printer.
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Increasing data density basically means increasing of a
ratio between an initial data sequence needed to be en-
coded and a resulting sequence of barcode patterns, which
represents by a compression coefficient U.

Therefore, the formal definition of the task to be
solved in this research is as follows:

B(®;) - min
V(w;)—> max,Vi,o; € Q.

()
UPQ, ) (Py) = max

n’

Thus, in this paper we present the new method of al-
phanumeric data compression; these data are a subject of
representation in the form of black-gray-white barcode.

2 REVIEW OF THE LITERATURE

Methods of information barcoding as well as barcodes
themselves are the subject of research for many scientists.

In [8], the author presents a method to generate and
decode two-dimensional color barcode consisted of sev-
eral blocks, which are a black-and-white configuration
block that encodes auxiliary information about the bar-
code itself and a set of color data blocks that encodes ac-
tual data.

In the patent [9] it is proposed to store information de-
coded from a barcode in a form of character-based data in
an auxiliary field (e.g. a comment field).

The authors of [10] propose a new approach of decod-
ing color barcode, which does not require a reference
color palette. They describe an algorithm, in which groups
of color bars are decoded at once, what is exploiting the
fact that joint color changes can be represented by a low-
dimensional space.

A prototype for generating and reading a HCC2D
code format on both PC and mobile phones is presented
in [11]. The authors provide experimental results consid-
ering different operating scenarios and data densities in
comparison with 2-dimensional barcodes.

The authors of [12] describe a method of high capacity
color barcodes generation, which operates due to embed-
ding independent data into two different printer colorant
channels via halftone-dot orientation modulation.

In [13], an approach for localization and segmentation
of a 2D color barcode when it is read using computer vi-
sion techniques is presented. The authors develop a pro-
gressive strategy to achieve high accuracy in diverse sce-
narios and computational efficiency.

The authors in [14] propose both a system and a
method to encode and decode data in a color barcode pat-
tern using dot orientation and color separability. They
aver the method to be robust against interseparation mis-
registration with a small symbol error rate.
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COBRA system, which is a visible light communica-
tion (VLC) system for off-the-shelf smartphones, is pre-
sented in [15]. The proposed system is able to encode data
into specially designed 2D color barcodes. To achieve it,
the authors developed a new COBRA barcode optimized
for streaming between small-size screen and low-speed
camera of smartphones.

As presented, a lot of various solutions for barcoding
exist, however there still are different relevant problems
concerning data barcode representation improvement,
which requires some new approaches in data compress-
ing.

3 MATERIALS AND METHODS
A barcode symbol consists of barcode patterns. In its
turn, a barcode pattern consists of s elements, which are
matrix cells on a carrier. Each cell can be either black,
gray, or white.
We assume that maximum capacity of a barcode sym-

bol equals ¥ barcode patterns. In this case, ¥ <3°, where
3 is a number of colors and s is a number of cells in the
barcode pattern (Fig. 2). As shown in Table 1,

|4

max =3~ barcode patterns. A set of all possible barcode

patterns with a fixed s forms the multiplicity, or the al-
phabet Q of cardinality P, =3°. Let us call this alphabet
a symbolism of barcode.

The symbolism of barcode consists of informational

patterns  C;.¢ and auxiliary patterns Q, ., ie.

Q=0 UQ,,, . Capacity of informational patterns is

PQinf and capacity of auxiliary patterns is o, - Thus,

— 3S

aux

Fo  +Fo
To represent information on a carrier, we use F_ . in-
mn
formational barcode patterns.
Auxiliary patterns are used to switch between encod-

ing modes, indicate START and STOP barcode patterns
and setup a scanner.

Table 1 — Dependence of barcode pattern maximal capacity on
barcode pattern digital capacity

Maximal capacity of a
svalue | 3'value barcolie pattern, B g{Vp-eC(;fde
max
4 34 81 Very small
5 3 243 Small
6 3¢ 729 Middle
7 3 2187 Large
8 38 6561 Very large
9 3 19683 Ultra large
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s=4 s=5 s=06 s=17 s=38
4 |3 51413 6 4 71615 8| 7116 |5
21 2 |1 3 1 4 | 3|21 4 13121
8 | 7
6|5
514 716154 6 |5
4 | 3
3121 30201 4 | 3
21
2 |1

Figure 2 — Bits arrangement in a barcode pattern according to digit capacity s

Let us represent an input / long alphanumeric se-
quence T = ft,...1;, . Elements of the sequence belong to
extended ASCII, i.e. ;, € ASCII(256),i=1,2, ..., h.

Let the set ASCII be presented as the following:
ASCII = {LU DU C} where L is a letters set, D is a digits

set, and C is a special symbols set.
The sequence T divides into adjacent subsets that are
consisted of elements belonged to one of ASCII subsets:

T =wwy... W, (1)
where w; =ft,...1, is a subsequence of the input se-
quence which contains elements ¢ of only one set of
ASCII subsets, namely L, D or C. The subsequences
Wy, Wy, ..., W, can be situated in any order in the input

sequence 7.
Let alphanumeric symbols #; belong to an alphabet 4,

which belongs to ASCII, i.e. ¢; € 4, A € ASCII. Cardi-

nality of the alphabet 4 is considered to be equal P,. The
alphabet A4 corresponds with a numeric set
{0, 1, ..., P,— 1} that represents numbers of the symbols
of the alphabet 4 in the alphabet.

Now we turn the subsequence w; =ft,...t, formed

out of the symbols of the alphabet 4 into a barcode. In the
barcode form, the subsequence #t,...#, corresponds to a
subsequence u, consisted of m barcode patterns:
U, =mm,..0, where o; < Q.

In turn, the alphabet Q¢ corresponds with a numeric
set {0, 1, ..
code symbolism, which are used for representing textual
data, can be numbered from 0 to Fy .

o PRy - 1}, as barcode patterns of the bar-

The above-mentioned transformation is considered as
w > u,, ie. (fty...1,) > (00,...»,, ). Then the con-
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dition for transforming n adjacent symbols belonging to
the alphabet 4 into m barcode patterns belonging to the
alphabet Q;, ¢ (i.e. the barcode symbolism) is as follows:

n(Py)—>m(ky,, ). @)

Practically, the transformation (2) means a transforma-
tion of n-digits number in a notation P, into m-digits
number in a notation Fo_ .

The transformation (2) will be with compression if

n] logs PA[>mJ logs Pme[ and at the same time,
Py -1< Pé”mf -1 where Pj -1 and Pé”inf —1 are quanti-

tative equivalents of, correspondingly, maximal n-digits
number in a notation P, and maximal m-digits number in
a notation By . n]logs P4 is a length of the ternary
sequence, which corresponds to an alphanumeric se-
quence w; = ftp...t, .

To let n symbols long alphanumeric subsequence
w; = tty...t, be transformed into #m long barcode patterns
subsequence u, = ®®,...0,, Wwith compression, it is
necessary that the following condition is met:

Pl-1<Py -1,
inf

n] log; PA[ > m] logs o, [

It is important that ] logz Py[ =s. Thus, it is neces-

sary and sufficient condition for transforming the subse-
quence w; =tt,...t, of alphanumeric symbols from the

alphabet 4 into the subsequence w®,...®,, of barcode

patterns from the symbolism Q;  with compression:

Py <P?
A7 Oy 3)

n] log; PA[ > ms,
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where ms is a number of tricolor cells on a carrier that
represent the subsequence w .

Such a transformation is necessary for ensuring space-
keeping data representation on a carrier and increasing
data density of barcode patterns with their fixed geometri-
cal dimensions and at the same time, unchanging carrier
size.

We define a degree of input data compression as a ra-
tio of a length of ternary sequence that corresponds with
alphanumeric sequence w; to a number of cells on a car-

rier that represents subsequence w; in barcoded form and
refer to it as a compression coefficient:

( _n] 10g3 PA[
Uiy (P) = @

Thus, the data compression problem (3) consists in
finding such P, with fixed PQinf , as well as parameters n

and m, so that maximum value of U;,S) (P4) is guaran-
"

inf

teed.

4 EXPERIMENTS

Let us consider s = 7, i.e. large BGW-Code will be
considered, thereby achieving barcode symbols with ca-
pacity of 2187 barcode patterns (see Table 1). Thus, the
symbolism of the barcode comprises 2187 tricolor bar-
code patterns, each of which consists of 7 cells. The bar-
code patterns correspond to a numeric set
{0, 1, ...,2186}.

15 barcode patterns let be considered as auxiliary
ones. In this case, 2172 barcode patterns remain for repre-
senting information.

The inequality system (3) for large BGW-Code is as

follows:
1,450
T 10; 1,429
1,400
1,350
28; 1,306
1,300 30; 1,286
32; 1,257
1,250
34;1,238 | |B8; 1224 91 1,214
1200 || 16; 1,179 100; 1,190
- 46: 1,143 121; 1,143
1,100
1,050
26; 1,000
1,000 80; 1,000
10 50 110

Pl <2172™
{ 4 Q)

n]logy Py[>7m’

Now we need to solve the system (5) relatively to P,.
Only integer values are considered as solutions, and the
compression coefficient is calculated according to (4):

n|logs P
Ul () =108 Eal
sought for each P,, so as maximum compression coeffi-
cient will be achieved. Fig. 3 defines dependence of a
compression coefficient on a cardinality P,.

The Table 2 below shows some integer solutions
(P4, n, m) that provide compression of data when it is
represented as a barcode.

If w; is the subsequence of decimal numbers, maxi-
mum compression with a compression coefficient 1.429
will be achieved when each 10-digits subsequence of ad-
jacent decimal numbers corresponds with 3 barcode pat-
terns. Practically, transformation “10” — “3” means that
10-digits decimal number transforms into 3-digits number
in a notation 2172.

The alphabet P, = 28 that is composed of 16 hexa-
decimal numbers {0 — F} and 12 other random symbols,
such as letters and special characters, provides a possibil-
ity to represent hexadecimal sequences, e.g. exe-files, in
the form of barcode. In this regard, we should use the
transformation “16” — “7” where each 16-digits subse-
quence corresponds with 7 barcode patterns, which means
that 16-digits hexadecimal number is transformed into 7-
digits number in a notation 2172. With this transforma-
tion, 16-digits subsequence is compressed with a com-
pression coefficient 1.306 (see Table 2).

The alphabet P,= 267 provides a possibility to repre-
sent an input information comprised of any ASCII(256)
symbols in the form of barcode.

Such n and m values are

267; 1,179

300; 1,143

242; 1,000

160 210 260 310

Figure 3 — Dependence of a compression coefficient on a cardinality P, of the alphabet when s = 7
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In this case, the compression coefficient equals 1.179
and each subsequence consisted of 11 alphanumeric sym-
bols corresponds with 8 barcode patterns, i.e. the trans-
formation “11” — “8” means that 11-digits number in the
notation 267 transforms into §-digits number in the nota-
tion 2172.

From Fig. 3 and Table 2, we can assume that it is most
appropriate to use the following 4 compression modes for
an input alphanumeric sequence 7 (see Fig. 4):

— DNM, Decimal Numbers Mode: PA = 10, the mode
for compressing decimal subsequences,

— HNM, Hexadecimal Numbers Mode: PA =28, the
mode for compressing hexadecimal subsequences,

— TDM, Textual Data Mode: PA = 88, the mode for
compressing alphanumeric data (overall number of sym-
bols in the text shall not exceed 88),

— ASM, ASCII Symbols Mode: PA =267, the mode
for compressing subsequences composed of ASCII(256)
symbols.

To switch between the modes, switch symbols
175 —Wy1g; that corresponds to appropriate auxiliary
barcode patterns, the mode switchers, are used. For in-
stance, the mode switcher ®,;7, corresponds to the bar-

code pattern number 2172 in the barcode symbolism and
provides a transition from ASM to DNM.

Before a barcode image be plotting on a carrier, the
input alphanumeric sequence (1), which shall be repre-
sented as a barcode, is reduced to the following form:

T = owjow,...ow; , where © is a mode switcher,
we {(,02172, ceey ('02181} . Each Subsequence w; = tltz... tl‘l
is encoded under the rules of the appropriate mode.

In DNM, the following transformation is performed:

10 ) 3
S 5107 5 Y 0,2172" wheret; € {0, 1,2, ..., 9}.

i=1 r=1

In HNM, the transformation
6 7 ‘
4287 5 > 0,2172 is  performed,  where

i=l1 r=1

t e{0,1,2,...,27}.

12 . 7
In TDM, the transformation > £,88"" — > ,2172"
i=1
is performed, where ¢;€ {0, 1, 2, ..., 87}.
In ASM, the following transformation is performed:

r=1

11 8

342677 5 Y ©,2172" wheret; € {0, 1,2, ..., 266}.
i=1 r=1

As a result of these transformations, the array of num-
ber from the range 0+ 2171 is obtained instead of the
input alphanumeric sequence 7. Then, each number is
replaced by the appropriate barcode pattern from the
symbolism and is arranged on a carrier. The barcode

symbol can have either square or rectangle shape.

Table 2 — Some integer solutions of the system (5) for s =7

Cardinality of alphabet 4, Type of transformation, Compression coefficient,
P U(7) P What can be represented
4 n—m 2172( 1)
10 10 -3 1.429 Decimal numeric sequences
28 16 —»7 1.306 Hexadecimal numeric sequences
30 9 -4 1.286 . . . .
0 155 1257 Textual 1nf0rmat10ns groirriplzltstzfsof uppercase Latin-
34 1356 1238 P
88 12 -7 1.224 Textual information comprised of Latin alphabet
91 17> 10 1.214 and/or Cyrillic alphabet
100 553 1.190 Shortened ASCII(128)
267 11 —38 1.179 ASCII(256)
P, =267
ASCIl Symbols Mode
wW3z175 n - w2180
W74 w2181
w2172
Hexadecimal Numbers
P, - 88 Textt:alPati I:node Mode P, - 28
127 — 7 “1g” _, 57
w2173
w2177 w3179
w2176 w
Decimal Numbers Mode 27e
€107 “37
P,=10

Figure 4 — Interconnection between the compression modes
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The method of compression of alphanumeric informa-
tion, which is to be represented as a BGW-Code, is as
follows:

1. Taking into account the parameter V, which is the
capacity of a barcode symbol, the cardinality of the sym-

bolism Q is defined as Pq = 3" where s =] logz V| .
2. A necessary number F, — of auxiliary barcode

patterns shall be chosen. A number of informational bar-
code patterns is P =Fo—Fqo -

(s)

3. Local extrema of a compression coefficient U,
O,

inf
are found. For this purpose, the system (3) is solved with
established s and Fq . Solutions are a set of alphabet

cardinality P, values, under which a local extremum of a

(s)
£ Qinf

transformation “n” — “m” for each P, .
1

compression coefficient U is achieved, and a type of

4. A number y of the compression modes is deter-
mined, where y is a number of chosen local extrema of
the compression coefficient U;,S) . Modes transmission

inf
rules shall be defined.

5. An appropriate alphabet is formed for each mode.

6. Rules of partitioning input alphanumeric sequences
to subsequences of adjacent symbols, which consists only
of symbols of the appropriate mode alphabet, are formed.

7. Each obtained subsequence is processed by the
rules of the appropriate mode and transformed into nu-
meric form, which is a sequence of numbers from the
range 0+ Fp = —1.

The proposed method of data compression can be used
for random symbol sequences input using a keyboard.

5 RESULTS
Let us consider an input textual information consisted
of 82 ASCII symbols, which shall be represented in the
form of BGW-Code (all the data are fictional):

OLEKSIY KLYMENKO, 01/02/1990,
XX83629, 36 KHRESHCHATYK STR, ©6)
0156318044 KYIV-21 UKR.

As a result of the analysis of the alphanumeric se-
quence (6), which is conducted by the appropriate soft-
ware, the syntax analyzer, the following string is ob-
tained:

12 12 12

OLEKSIY_KLYMENKO, 01/02/1990, XX8362°

12 12 10 12 :

9, 36_KHRESHCHATYK_STR, ;1740156318044 ),,5, KYIV-21_UKR

In this string, 2 mode switchers were inserted: ®,;7¢ ,
to switch from TDM to DNM, and ;77 , to switch from
DNM to TDM.
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Each 12-digits subsequence (there are 6 such subse-
quences) shall be replaced by 7 numbers (the transforma-
tion “12” — “7”) from the range 0+ 2171, and each 10-
digits subsequence consisted of decimal numbers shall be
replaced by 3 numbers (the transformation
“10” — “3”) from the same range 0 +~2171.

Eventually, a numeric sequence comprised of 47
numbers from the range 0 + 2186 (as 2172 informational
barcode patterns with numbers 0 + 2171 and 15 auxiliary
barcode patterns with numbers 2171 + 2186 compose the
symbolism Q), including 2 mode switchers ;74 and

®5177 , which correspond to numbers 2176 and 2177, is
obtained as follows:

0202221 2111100 1212101 1012020 1221120 0200011
2021120 0110022 2212011 0010200 2100120 0110020
1000111 2102222 0000002 1201022 1100022 1001010
0020101 1010022 2200200 0000211 2221122 1012121
2002011 1202111 2022222 2022212 0101121 1210121
2020021 2220112 0210210 2002012 0122212 2222121
0001020 0101212 1212222 2222122 0012101 0210100
1002002 1212012 1202122 0212202 1100201.

To obtain a barcode symbol, each of 47 symbols shall
correspond to a barcode pattern consisted of 7 tricolor
cells (see Fig. 2).

Since a barcode symbol acquires the rectangle shape,
one more barcode pattern shall be added to 47 patterns of
the barcode: w,g, that represents Pad symbol, a place-

holder.

Thus, the barcode symbol presented in Fig. 1 com-
prised of 336 tricolor cells, as 7 x 48 barcode patterns is
equal to 336. The dimension of the barcode symbol is
16 x 21 cells.

6 DISCUSSION
Let us consider the obtained results in order to discuss
efficiency of the method.
If the textual sequence (6) consisted of 82 symbols of
the alphabet with cardinality P, = 88 is represented on a
carrier as a black-and-white barcode image, it would re-

quire 82] log, 88[ =574 black-and-white cells. If the

same sequence (6) is represented as a tricolor BGW im-
age, it would require 82] log, 88[ =410 tricolor cells. In

other words, data density of the barcode symbol increases
approximately in 574/410 = 1.4 times. It happens due to
transition from two-color to tricolor image.

As a result of the use of both three colors and the pro-
posed compression method, it takes 336 tricolor cells
(see Fig. 1) to represent the textual sequence (6).

Thus, the proposed method provides data density with
the compression coefficient 410/336 =1.22. The total
effect of the transition from two-color to tricolor image
alongside using the compression method provides com-
pression with the coefficient 574/336 = 1.708.

Increasing data density by 1.708 times is assured due
to trichromatism (1.4) and the compression method
(1.22). Indeed, 1.4 x 1.22 =1.708.
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Thus, the multicolor barcoding method proposed in
the paper allows to perceptibly increase amounts of in-
formation that can be stored in the form of barcode. In the
example above, the data density effect is up to 70%. De-
pending on the area of application and a specific use case,
it can ensure significant benefits, such as autonomous
access to large amount of actual data, instead of keeping
some general information with a link to more data, which
is much more convenient, reliable, and in some cases,
even more secure way to get information.

CONCLUSIONS

As barcodes are widely used in multiple fields of hu-
man activity, there still are various issues concerned with
encoding information. And one of such problems is bar-
coding more data using the same area of barcode graphi-
cal representation.

The scientific novelty of obtained results is that the
method of tricolor barcoding with compression is firstly
proposed. Compression is achieved due to input data
transformation into barcode patterns. The proposed trans-
formation method provides transforming a subsequence of
input characters into a shorter subsequence of barcode
patterns which will form then the resulting barcode sym-
bol. Use of three colors in the barcode ensures additional
compression due to use of ternary notation. Combination
of these two approaches allows to barcode more informa-
tion using the same area of a barcode symbol then it
would be with use of binary notation without compres-
sion.

The practical significance of the proposed method is
that more textual information can be encoded in the form
of a single barcode symbol. It can be successfully used in
various practical applications when size of the overall
barcode symbol is essential, especially when there are
quite a lot of data to be barcoded.

Prospects for further research are to study noise
immunity issue, which must be considered in order to
guarantee error-free scanning and increase reliability of
the barcode, and to extend the barcoding software to be
used in any language, not only Latin and Cyrillic alpha-
bets but also some specific alphabets, such as Korean,
Georgian, Arabic etc., and hieroglyphics.
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AHOTAIIA

AKTyanbHicTh. Po3risiHyTO 33734y OTpUMaHHS TPHKOJIPHUX MAaTPHYHUX LITPUXOBUX KOIIB IigBHIIEHOT iH(GOpMAIIIHHOT Iiib-
HOCTI JUIsI IPE/ICTaBICHHS TeKCTOBOT iH(popMaltiil. 3anpornoHOBaHMI METOA 0a3y€eThCsl HA CTPYKTYPHO-JIOTTYHOMY MiIXO/i Ta BUKOPH-
CTaHHI TPHOX KOJIBOPIB y IITPUXKOJOBIH MO3HAUI 3aMiCTh IBOX, SIKi IIHPOKO BUKOPHCTOBYIOTHCS Y YOPHO-OUTHX IITPHXOBUX KOAAX.
Taxwif miaxix 103Bossie 30UTbIMTH iH(pOpMaNiiHy MIIIBHICTH, 30epiraloyn Ty camy IUIOUIY, IO MaB OM YOPHO-OiMMil MTPUXOBHI
KO/I.

Mertoa. 3anponoHOBaHO METOJI TPUKOIIPHOTO MaTPHYHOTO MITPUXOBOTO KOJIYBaHHS 3 yIuinbHeHHsIM. OCHOBHA i/iess MeToLy Ho-
Jsirae 'y yHiibHEHHI BXiZHOI TekcToBOi iHdopmamii Ha erami HmepeTBOpeHHs andaBiTHO-IM(PPOBOI MOCIITOBHOCTI Yy CYKYIHICTh
IITPUXKOJOBHX 3HAKIB, SKi CHOPMYIOTH PE3yJbTYIOUy IITPUXKOAOBY MO3HAUKy. Lle € MOXIMBHM 3aBASKH MPOMIKXHOMY IEPETBO-
PEHHIO BXiJJHUX CHMBOJIB 3 IOYAaTKOBOI CHCTEMH YHCIICHHS, SIKa BU3HAYAETHCS MMOTYXKHICTIO BXIAHOTO adaBiTy, y CUCTEMY YHCIICH-
Hsl, BU3HAUCHY MOTY)KHICTIO andaBiTy MITPUXKOAOBUX 3HAKIB. Bin BOOpYy modaTkoBoro andasiTy 3aje)KUTh OCTATOYHE YIIITbHEHHS,
ToMy OOpaHHA angaiTiB AT TEKCTOBOI iH(pOPMAIlii, TKa KOAY€ETHCS, € BAXKIMBUM KPOKOM MPOMOHOBAHOTO METOAy. BukopucranHs
TPBOX KOJNBOPIiB (HOPHOTO, Ciporo Ta OiIoro) 3amicTh ABOX (YOPHOTO Ta OLIOr0) TaKOXK Bifirpae 3HAUHY POJIb y MPOIECi CTBOPEHHS
IITPUXKOJOBOI MO3HAYKK 3 MiIBHIIEHOIO iH(GOpMamiiHOIO miIbHICTIO. OCKUIBKY BUKOPHCTOBYEThCS TPIiKOBa CHCTEMa UYHCIIEHH,
JpyTe IepeTBOPEHH BX1THOI MOCIIITOBHOCTI 3 MPOMDKHOI CHCTEMH YHCIIEHHS Y TPIHKOBY CHCTEMY YHCIICHHS 3a0e3medye e Oinpie
VINTBHEHHS. 3aMpONOHOBAaHUK METOJ] TO3BOJISE MPEACTABIATH OBl TEKCTOBOI iH(pOPMAIIT y BUTIISAAI OJHIET ITPHUXKOIOBOI MO-
3HAYKH, HIXXK MOYKHA [PEJICTABUTH, BUKOPHCTOBYIOYH IiIXO/H ABOKOJIPHOTO IITPUXOBOTO KOAYBaHHSI.

PesyabTaT. Po3po0ieHo Ta omucaHo METOJ TPHKOJIIPHOIO MaTPUYHOTO IITPUXOBOTO KOXYBaHHS 3 yIIinbHeHHAM. HaBeneHo
MPUKJIAJl OPAaKTUYHOTO 3aCTOCYBAaHHS METOJy Ha HaOOpi TECTOBHMX NAHUX i3 AEMOHCTPALIEIO BiMOBIAHOI TPUKONIPHOI MaTpUYHOL
IITPUXKOJIOBOI TO3HAYKHU.

Bucnosku. [IpoBeneHi B paMKax IbOTO JOCTIKEHHS €KCIIEPUMEHTH IiITBEPAMIH, IO TPOIIOHOBAHUHA MeTO 3abe3mneuye Oinb-
1y iHGopMaLiifHy IIUIBHICTH MOPIBHSAHO 3 YOPHO-OUIMMH MaTPUYHUMH INITPUXOBHMH KomaMH. [lepcrieKTHBM MOJaibIINX TOCIHTi-
JDKEHb MOXKYTb HOJISITAaTH y BUBYCHHI MTAHHS 3aBaJIOCTIMKOCTI, sika HeoOXiqHa uis 3a0e3nedeHHs 6e3OMUIKOBOIO CKaHYBaHHS Ta
iJIBUILEHOI HAAIHHOCTI IITPUXOBOrO KOJY, & TAKOXK Y PO3IIMPEHHI MPOrpaMHOro 3abGe3nedeHHs Julsl IITPUXOBOrO KOIYBaHHS Ha
IHIIII MOBH Ta HETHITIOBI ai(haBiTH.

KJIFOUYOBI CJIOBA: 3axuct TekcToBOi iH(opMaii, aBTOMaTHYHE BBEACHHS IaHUX, LITPUXOBE KOAYBaHHS, MAaTPHUHI IITPHXO-
Bi KOJIM, TPUKOJMIPHI LITPUXOBI KOJIM, LITPUXOBI KOIM Y TPAAIEHTI CIpOro, YOPHO-Cipo-Oisli MITPUXOBI KOJH.
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CXXATHUE JAHHBIX ITPX YEPHO-CEPO-BEJIOM HITPUXOBOM KOANUPOBAHUHU

Juuxa U. A. — n-p TexH. Hayk, npodeccop, AekaH (akynpTeTa IPUKIaAHON MaTeMaTHKU HallmoHaIbHOrO TEXHHYECKOTO yHH-
Bepcutera YKpaunsl «KueBckuil nonurexuuueckuil ”HCTUTYT uMeHH Urops Cuxopckoro», Kues, Ykpauna.

Omnaii H. B. — kana. TexH. HayK, TOUEHT Kadeapsl MPOrpaMMHOTO 00eCTIeYeHHsT KOMITBIOTEPHBIX cHCTeM HalmoHampHOTO Tex-
HUYECKOr0 YHUBepcuTeTa YkpauHbl «KueBckuil noaurexuuueckuit MHCTUTYT uMeHu Mrops Cukopckoro», Kues, Ykpauna.

Cyaema O. K. — acnupant kadeapsl IporpaMMHOrO 00ECHEYCHUs: KOMIBIOTEPHBIX CHCTeM HalMOHAIBHOrO TEXHHYECKOro
yHHUBepcuTera YKpauHsl «KueBckuii nonurexauueckuit ”HCTUTYT uMeHH Urops Cuxopckoro», Kues, Ykpauna.

AHHOTALUA

AKTyabHOCTB. PaccMoTpeHa 3a1a4a MoTy4YeHHs TPEXLBETHBIX MATPUUHBIX LITPHXOBBIX KOJOB C MOBBIICHHOH HH(OPMAIMOH-
HO#{ TUTOTHOCTBIO JUTS NIPEJCTABICHUs TeKCTOBOH nHpopMaruu. [Ipe/uioxkeHHbIH METO/I OCHOBBIBACTCS HA CTPYKTYPHO-JTOTHYECKOM
MO/IX0/IC U Ha HCIIOJIL30BAHMHM TPEX LBETOB B IITPUXKOZOBOM H300paKEHHH BMECTO IBYX, KOTOPBIE IIMPOKO MCIIOJIB3YIOTCS B Uep-
HO-0ebIX MITPUXOBBIX KoJax. Takoi MOAXOM MO3BOJISET YBEIWYNUTHh MH()OPMAIMOHHYIO INIOTHOCTB, COXpAHSS Ty K€ CaMylo ILIO-
majab, KOTOPYIO 3aHMMaJl OBl YepHO-OEIIBI ITPUXOBOH KOZ.

Merton. [IpenoxeH MeTOA TPEXLBETHOTO MaTPUYHOIO ITPUXOBOTO KOJUPOBAHMS cO cokatueM. OCHOBHAS MIesl METO/a 3aKIII0-
YaeTcsl B CXKaTHU BBEIICHHON TEKCTOBOM MH(pOpPMaLMK Ha dTamne NpeBpalleHus anaBUTHO-IU(POBON MOCIEIOBATEIEHOCTH B COBO-
KYIHOCTb IITPUXKOIOBBIX 3HAKOB, KOTOPbIe (JOPMHUPYIOT KOHEYHOE IITPUXKOJOBOE M300pakeHHe. DTO BO3MOXKHO Oyaropaps mpo-
MEXYTOYHOMY HPEeOoOPa30BaHUIO BXOASAIIMX CHMBOJOB M3 HCXOJHOM CHCTEMbI MCUHCIICHUS, KOTOPas ONPEIENACTCS MOLIHOCTBIO
BXOJLIero anaBuTa, B CHCTEMY MCUMCICHHS, ONPEICICHHYI0 MOIIHOCTBIO anaBUTa MITPUXKOJOBHIX 3HaKOB. OT BBIOOpA HCXO.-
HOro ajdaBuTa 3aBUCUT OKOHYATEIBHOE CXKATHE, I0ATOMY BBIOOD ai(aBUTOB I KOAUPYEMOI TEKCTOBOW MH(OpMAIMHU SBIISETCS
BaXHBIM IIIATOM HPEATIOKEHHOTO MeToa. VICIoNnb30BaHne TpeX BETOB (YEPHOTO, CEPOTO M OENIOro) BMECTO ABYX (YEPHOTO M Oero-
T0) TAaK)XXe UTpaeT HEMAJIIOBAXKHYIO POJIb B IIpolecce (JOPMUPOBAHUS IITPHUXKOAOBOTO H300pasKeHUsSI C ITOBBIIIEHHOW HH(OPMAIMOH-
HOH IUIOTHOCTEIO. ITOCKONBKY MCIIONB3yeTcs TPOMYHASI CHCTEMa MCUHCIICHUS, BTOPOE NpeoOpa3oBaHe BXOSIIEH IOCIeI0BaTeb-
HOCTHU U3 IIPOMEXYTOYHOH CHCTEMBI HCUMCIICHHSI B TPOUYHYIO CHCTEMY HCUHCIIEHHUs oOecreunBaert enie Oonpliee cxarue. [Ipemno-
JKEHHBIH METOJ{ MO3BOJISIET MPEJCTaBIATh OOJBIIOE TEKCTOBOM MH(OPMAIMHU B BUJE OJHOTO LITPUXKOJOBOTO M300pa)KeHHs, YeM
MOXKHO HPEJICTABUTh, UCIIOJIb3YS MOAXO/bI ABYXLBETHOTO IITPUXOBOIO KOJAUPOBAHHS.

PesyabTarbl. Pa3paboTaH 1 OIMCAaH METOJ TPEXLBETHOIO MaTPUYHOTO LITPHUXOBOTO KOAUPOBAHMS CO CxxkaTHeM. [IpuBeneH mpu-
Mep HPaKTHYECKOro MCIOJIb30BaHMS METO/a Ha HabOpe TECTOBBIX JaHHBIX C JIEMOHCTPAIMEH COOTBETCTBYIOLIETO TPEXIBETHOTO
MAaTpPHYHOTO IITPUXKOZTO0BOIO H300pAKEHHUSI.
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BriBoasl. [IpoBeneHHEIE B paMKax 3TOTO HCCIEJOBAHUS SKCIEPUMEHTHI TOATBEPAMIN, YTO NPEIOKEHHBIH MeTo obecneynBa-
eT 0O0JBUIYI0 MHPOPMALMOHHYIO IUIOTHOCTh I10 CPaBHEHHUIO C YEPHO-OENBIMH MAaTPUYHBIMH LITPUXOBBIMHU Kopamu. IlepcrieKTHBBI
JAaJbHEHUIINX UCCICAOBAHUN MOTYT 3aKJIIOUaThCsl B U3YUYEHHH BOIPOCA IIOMEXOYCTOMYMBOCTH, KOTOpas HeoOxoanma Juis obecnede-
HUA 0€301IHMO0YHOr0 CKAHMPOBAHUS U MOBBILICHHOH HAJIGAKHOCTH IITPUXOBOTO KOJA, @ TAKKE B PACIIMPEHUH IIPOrPaMMHOr0 obec-
MEYHT U IS LITPHXOBOTO KOJUPOBAHUS HA JIPYTUE SI3bIKU U HETHIIMYHbIC a1(haBUTBI.

KJIFOYEBBIE CJIOBA: 3ammrta TeKCTOBOM HH(POPMAIIH, aBTOMATHUECKHHA COOp AaHHBIX, IITPUXOBOE KOAUPOBAHNE, MATPHY-
HbIC IITPUXOBBIC KOJBI, TPEXIBETHbIC IITPUXOBBIC KOJbI, IITPHXOBBIC KOJABI B TPAJHEHTE CEPOro, YEPHO-CEPO-OENble IITPUXOBBIC
KOJIBL.
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ABSTRACT

Context. The article describes the relevant planning process of software projects, planning problems and different solutions to
these problems basis on use of the Scrum methodology.

Objective. The purpose of the work is to develop the technology for solving the sprint planning task in the face of uncertainty
and possible risks from software development standpoint.

Method. The most used software life cycle models are described. The choice of the Scrum as a widely used representative of ag-
ile methodology for software development is justified. An analytical review of the methods for estimation of the complexity of user
stories is carried out. The major problems of sprint planning are highlighted. The model of the business process to implement an IT-
project by Scrum in the form of an BPMN-diagram has been developed. The algorithm to solve the problem of Sprint Backlog plan-
ning with uncertainty has been elaborated. The common process of user stories selection from Product Backlog to Sprint Backlog and
ways of solving the possible problems are considered. The task of estimation of labor intensity of user stories and the task of risk
evaluation in planning are formalized. The technology of user story selection for Sprint Backlog has been developed. Numerical stud-
ies of the decision support technology proposed in the article are carried out. It allows suggesting it as the practical tool during sprint
planning. The method of adequacy evaluation of proposed technology is offered. The set of key performance indicators for assessing
the team performance is selected.

Results. The sprint planning technology was developed, which project managers, product owners and development teams for in-
creasing the effectiveness of decision-making process can use.

Conclusions. The conducted experiments have confirmed the importance of the proposed decision support technology and allow
recommending it for use in practice for planning of software projects. Scientific novelty is to improve the sprint planning process
with the assistance of the proposed technology, which alleviates uncertainty while defining labor intensity of user stories and de-
creases time spent on decision making.
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ABBREVIATIONS
IS is an Information System;
IT is an Information Technologies;
KPI is a Key Performance Indicators;
LI is a Labor Intensity;
RMS is a Residual Mean Square;
SP is a Story Points;
US is a User Story.

X; is a selection indicator of i -th US for implementa-
tion in the sprint;

TP is a team performance;

Wq is a weight coefficient of q-th key performance
indicator;

Uq is an utility function;

KPIq is a value of q -th key performance indicator;

NOMENCLATURE
| is a set of user stories in a sprint;

|I | is a strength of the set | ;

KPI&"’orSt is a worst value from set of values of q-th
key performance indicator;

KPlgESt is a best value from set of values of  -th key

A™" is a judgment matrix;

ajj is a paired comparison of i-th US and j-th US
(i,jel);

Sj,i €| is alabor intensity of i -th US;

performance indicator.

INTRODUCTION
The attractiveness of Ukraine in the world market of
software development services for foreign companies is

g; is an average relative size of labor intensity of i -th
us;

D is a sample variance;

o;j is the estimation of RMS of i -th US;

Cl; is a confident interval of LI of i -th US;

V is ateam velocity;

p; is a priority of i -th US;
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constantly growing. The IT share in GDP of Ukraine is
4% by the start of 2019 and it is raising [1]. The number
of IT companies, complexity of IT projects, requirements
for quality and skills of specialists are increasing. As a
result, the software development process is making more
and more complex. On the one hand, this process is char-
acterized by the complexity of coordination of IT-
professionals, where each member of the team has differ-
ent experience and qualifications. On the other hand, it is
necessary to take into account a large number of require-
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ments from users of future programs, which are some-
times controversial. There are many models of software
development. The most commonly used software devel-
opment lifecycle models to date are [2]: Waterfall model,
V-model, Incremental iteration model, Prototype model,
Spiral model.

All aforementioned models have their advantages and
disadvantages for software development. However, Agile
methodologies for software development have been get-
ting more and more popularity today. The most utilized
among Agile methodologies is the Scrum methodology
[3, 4]. It is a flexible development cycle model that allows
developers to take advantage of existing coding practices
and enables the client to make changes to requirements at
any time limiting the negative impact on development
teams during the sprint course. Its main feature is in-
volvement of all participants into the process: both client
and performer. The use of Scrum allows you to detect and
eliminate deviations from the desired result in the earlier
stages of software development.

Software development with Scrum consists of small
iterations, or sprints, which are essentially small projects.
Sprint duration is a fixed time period of 1-4 weeks. It has
the same length until the end of the project. When sprint
is over, a new working version of the product should be
received. The following actions are analysis and refocus-
ing on the new tasks of the next cycle. The effectiveness
of sprint and an IT-project, in general, is directly depend-
ent on the planning process, so solving of the sprint plan-
ning task is the very important and actual problem nowa-
days.

The object of study is the planning process of sprint.

The subject of the study is the theoretical and meth-
odological tool for assessing and selection the set of tasks
for sprint.

The purpose of this work is to develop a decision
support technology for solving the sprint planning task.

1 PROBLEM STATEMENT

The sprint planning activity is a selection of a set of
user stories or tasks which development team commits to
solve within a single sprint, assessing their complexity
and efforts with evaluation of possible risks that may oc-
cur while developing software during the sprint. In its
turn, it means that the development team literally finds the
optimal solution of the planning problem in the face of
uncertainty.

The mathematical formulation of the planning task can
be presented in the following way:

— to estimate labor intensity of every US sj,i el from

the proposed set of user stories;
—to choose subset of user stories {US;} from the pro-

posed set | for next sprint according to labor intensity of
every US s;,i e | and the team velocity V .

2 REVIEW OF THE LITERATURE
In order to plan a sprint, it is necessary to evaluate the
complexity and labor content of user stories. There are
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most commonly used methods for evaluating the com-
plexity of a story [5, 6]: T-Shirt Sizes method, Planning
Poker method, Dot-voting method, Ordering Rule
method. Almost all of these methods are based on heuris-
tic approaches. The aforementioned techniques do not
need much time, they are quite accurate for comparison of
the work efforts of one US to another, and as such they
are used on many IT-projects. Regardless on sufficient
number of methods for solving the sprint planning prob-
lem, they still remain open some issues that development
teams face.

To reduce the subjectivity of the judgments of stake-
holders, it is necessary to use formal methods based on
different mathematical models. There are many scientific
articles showed the way of calculating efforts or labor
intensity of user stories. The journal publications [7, 8]
proposes using of Bayesian network for effort calculation;
the reports at scientific conferences [9, 10] demonstrate
unusual implementation of Bloom’s Taxonomy for com-
putation of complexity of user stories; the works [11, 12]
reveal how to construct and use fuzzy logic framework
for complexity calculation. These scientific works show
the applicability of the proposed methods for assessing
the complexity of user stories, but they require a very
long period of time for preparation. For each IT-project,
the team has to build own model or own framework, and
this requires additional financial and time resources, as
well as the availability of experienced specialists in the
mathematical field. Such a disadvantage can lead to in-
crease project times, which is unacceptable to Product
Owner.

All of the aforementioned methods and approaches
have a disadvantage: there are no recommendations for
planning tasks when the complexity of the estimated user
stories exceeds the average sprint velocity for the team.
Scrum methodology [3, 4] proposes to decompose large
user stories in such cases, and then choose a set of stories,
the complexity of which corresponds to the velocity of the
sprint. The problem there is that the task of optimal user
story selection is task in the face of uncertainty, because
the likelihood of different choices is unknown most of the
time. In such cases, the team and the Product Owner are
guided only by benefits they get in return, with no risk
assessment recommendations in every case.

3 MATERIALS AND METHODS

In general, the model of the business process of soft-
ware development using the Scrum methodology can be
represented in the following form (Fig. 1). The Business
Process Model and Notation Specification [13] was cho-
sen to model the diagram.

Before the start of software development, Product
Owner and development team conducts the first meeting.
It is called the Kickoff Meeting, which provides the op-
portunity for Product Owner to explain vision and scope
of the project. The following meeting is the Product Back-
log Grooming Meeting, which is devoted to creation of
Product Backlog — the main document of the project.
Product Backlog can be considered as the software re-
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Figure 1 — Scrum model of software development

quirement specification, which consists of epics and user
stories. Sprint Planning Meeting is carried out before
starting of the sprint. The main purpose is to prioritize and
evaluate the content of Product Backlog and form the
Sprint Backlog. It means that set of user stories from
Product Backlog are selected for the next sprint. The big-
gest problem at this stage is to correctly evaluate the
complexity of each story as well as to assess related un-
certainty if any. Every day, a Daily Scrum is conducted to
determine the status and progress of work during the
sprint, identify early obstacles, and make decisions to
change the strategy needed to meet sprint’s goals.

The Sprint Retrospective meeting is undertaken on the
last day of the sprint. It goes as following:

— team members answer two questions: “what has
been done well in the past sprint?” and “what needs to be
improved in the next one?”;

— highlights improvements of the development proc-
ess;

— evaluates the efficiency of the team in the past sprint
and predicts the expected performance in the next sprint;

— identifies existing problems, proposes possible solu-
tions and assigns team members responsible for them;

— makes estimates of the probability of completion of
all necessary work on the product.

Sprint Review Meeting is conducted at the end of the
sprint. It may be used by the team to demonstrate the ver-
sion of the product to all interested stakeholders.

Thus, solving the Sprint planning task allows to in-
crease the effectiveness of decision-making process by
project managers. So, the main purpose of this study is to
develop decision support technology for sprint planning.

Referring to [3, 4], the general model of solving the
sprint planning task can be represented in the following
form (Fig. 2).

The first step of planning is to prioritize each user
story in Product Backlog. Product Owner handles this
activity. Due to the prior prioritization, all user stories are
sorted by importance to the business. Typically, Sprint
Backlog creation is the selection of user stories with the
highest priority from Product Backlog, unless otherwise
discussed with the client.
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According to the algorithm above, the next step is to
solve two problems:

1) estimation of labor intensity of each user story from
Sprint Backlog;

2) evaluation of uncertainty and possible risks from
software development standpoint.

The determined estimations of Sprint Backlog should
be compared with the team velocity. Velocity is a meas-
ure of the amount of work the team can do during a single
sprint. Depending on the results, there are three options:

1) The labor content of all Sprint Backlog stories is
roughly equal to the team’s predicted speed and effort. In
this case, the Sprint Backlog is not changed, and the team
works as usual.

2) If the estimated labor content of Sprint Backlog less
than the velocity of the team, then Sprint Backlog is filled
with the next user story from the ordered Product Backlog
list.

3) A difficult situation arises when the number and
complexity of user stories in Sprint Backlog are much
greater than the speed of the team. Therefore, the task
selection of the highest priority user stories arises, but
their number must be as high as possible. Otherwise,
Product Owner changes the priorities of user stories or
decomposes some of them, and the stories are re-
evaluated.

Solving of the problems from above results in creation
of Sprint Backlog. After the sprint, the sprint results are
analyzed, and the velocity is modified. Its updated value
is used for further calculations in the next sprint. Velocity
is calculated by totaling the points for all fully completed
user stories.

Let’s consider the tasks presented above in details.

The task of evaluating uncertainty is to predict im-
plementation of a sprint in the context of incomplete in-
formation. There is a risk of failing of team commitments
when there is not enough input data for sprint planning.
Therefore, one of the important tasks in sprint planning is
to assess the uncertainty to mitigate any possible risks that
may arise in the following cases:
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Figure 2 —The algorithm of solving the sprint planning task

1) Changing the team composition:

— temporary occupation of a team member on project
tasks unrelated to development, for example, demonstra-
tion to a client of a product demo, which may happen
even in another country;

— missing employees due to improving their skills or
supporting the IT company by attending an IT conference,
conducting an online training, involvement into pre-sales
activities for new clients, etc.;

— temporary absence of a team member due to the ur-
gent need to use his expertise on other projects;

— temporary absence of a team member due to illness;

— lowering of team member performance due to objec-
tive or subjective reasons.

2) Changing of the Product Backlog before the start of
the sprint:

— some user stories can be added, deleted or modified
on demand of the client, it leads to changing of the labor
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intensity of these user stories, labor intensity of the sprint
and the whole project;

— changing of project scope;

— changing user story priorities in Product Backlog
can cause Sprint Backlog failure;

— incorrect estimation of complexity and labor content
of the user stories in Sprint Backlog;

— misinterpretation of the client’s wishes, in other
words, changing of the content of some user stories.

In each case, the Product Owner should decide how to
assess any uncertainty and mitigate risks. Uncertainty can
be taken into account in two ways.

The first way is to reduce velocity of the next sprint,
in case if probability of complications is big enough.

The second way of evaluating of sprint risks is to raise
the labor intensity of the user story:

LI of US = f (complexity, risk, efforts).
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Then the final estimation of the user story should be
slightly increased by a couple of units used by the team
for the evaluation. However, the adjusted estimates
should be used with care in the decision making process
as of their expert judgment nature.

We can use different, more formal way of uncertainty
evaluation — calculation of interval estimation instead of
point estimation:

Confident interval =[LI of US + uncertainty]. (1)

As a measure of uncertainty, it is suggested to use the
residual mean square for estimates of the confidence in-
terval. The RMS shows the average deviation of user
story estimation from the mathematical expectation of a
set of user stories in Sprint Backlog. Therefore, when
Sprint Backlog is being evaluated with a high likelihood
of time failure, it is highly recommended to use the pes-
simistic values of the labor intensity of the user story. It
means the usage of the maximum value from the confi-
dence interval.

The RMS can also be used to analyze the estimations:
the large value of RMS characterizes the imbalance of the
user story estimations. This means that the labor intensity
of some user stories is very high. According to the Scrum
methodology [3, 4, 14], implementation of user story
should not exceed one working day or 12 hours. So, the
user story should be divided into separate tasks and re-
evaluated.

Consider the task of estimating the labor intensity
of the user story.

User stories in Sprint Backlog are evaluated in units
used by the team: man-hours or story points [5, 6, 14].
Although the Scrum methodology recommends story
points as an abstract metric for assessing the labor content
of user story, some IT companies use time as a unit of
story complexity. In the latter case, there are a certain
number of hours to complete the story. A more qualified
developer can complete the stories in a part of the allotted
time, and then begin to perform the next task or switch to
tasks that are not directly related to the sprint goals.
Moreover, a developer with no experience can spend ex-
tra time for solving a specific problem. Thus, estimations
of the user story are not objective in this case. This disad-
vantage can be minimized by using a different rating scale
based on comparisons of labor content to implement user
story. It is suggested to use Story Points as a unit of
measurement.

1 SP is the unit of labor intensity of the story or the ef-
fort of the whole team to implement the simplest require-
ment or user story.

The number of Story Points to develop the same func-
tionality differs from team to team, but this does not mean
that time costs will be different, as each team means its
value for 1 SP. Assessing stories in SP makes sense only
within the same project and the same development team,
because the labor content of the tasks is compared with
each other.

Thus, in order to evaluate the complexity of the user
story, it is necessary to make subjective paired compari-

sons on the selected scale. Paired Comparison Method is
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one of the appropriate decision making tools because of
its simplicity and effectiveness. It lets to describe values
and compares them to each other. In [15] the scale of
comparison for subjectively paired comparisons was pro-
posed:

— equal importance — 1;

— moderate importance — 3;

— strong importance — 5;

— very strong importance — 7;

— extreme importance — 9;

— these marks for intermediate cases — 2, 4, 6, 8.

The effectiveness of this scale has been proven by
comparison with many other scales in many applications
[16].

The process of pairwise comparison is conducted as
following. All user stories need to be compared with each
other. The obtained estimates are entered into the judg-
ment matrix. When comparing an element with itself, the
ratio equals 1. If the first user story is more important than
the second, then an integer from the scale is used, other-
wise the inverse value is used. The lower off-diagonal
elements are determined by the upper off-diagonal ele-
ments. The number of different paired comparisons in a

rank-ordering of N objects isN(N—1)/2. Then the

judgment matrix is used to calculate the estimation of user
stories. Most scientific papers uses eigenvector to calcu-
late values of user stories [15]. However, Crawford and
William in work [16] showed that the geometric mean
vector is computationally easier than eigenvector and sta-
tistically preferable to the eigenvector.

Let’s formalize the process of user story evaluation
based on the mathematical apparatus proposed in [15] and
[16].

Let us denote | as the set of user stories in the current
sprint, the complexity of which should be evaluated,

whereas |I| =n is the strength of the set of user stories.
Then & is the result of a paired comparison of the i -th
and j-th (i, jel) user stories, which is written to the
judgment matrix A™", where ajj =—
a..

ji

The average relative size g; of LI of i-th US is cal-

and djj =1.

culated as geometric mean of judgments
1

n

iel. Q)

n
gi =| [ I3
j=1

Let us assume k,k €| is the number of the US cho-

sen as the standard. There is recommendation for the first
sprint to choose a standard user story, which labor content
is known from team past experience on similar projects,
or such story that has the minimal labor content. Standard
US for the following sprints is the one which complexity
in SP can be found in the easiest way based on the experi-
ence of the previous sprints.

Suppose Sy, k €l is a known value of LI in story

points of standard US. According to aforementioned des-

139



e-ISSN 1607-3274 Pagioenexrponika, inpopmaruka, ynpasminss. 2020. Ne 1
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2020. Ne 1

ignations the labor intensity of i -th US can be calculated
by the following formula [17]:

_ i
Ok
where g,k €| was calculated by the formula (2).

Si Jzkjiel, kel , 3)

It is necessary to use formula (1) to determine uncer-
tainty of the complexity of user stories, where uncertainty
is determined by residual mean square. Analyzing the
input data, it is clear that it is impossible to find the RMS,
but only RMS estimation by means of the sample vari-
ance. The following formula was proposed in science
paper [13] for finding the sample variance Dp of the

judgment matrix A™" for creation of the sprint backlog:

obleneea]
Da=—— lnaij—lng— . (4)

Sprint backlog is formed in such a way that there is no
idleness of the team. So, the implementation of one user
story is a process independent from implementation of
another user story. Assume that each story contributes
equally to the overall variance. In this case, the sample
variance of the sprint backlog is the sum D[s;] of the

sample variances of the every user story

n
Da = D[si]=nD[s;] .
i=l1
The estimation of RMS of i-th US is calculated in
following way:

D
o; = /D[] = TA : (5)

Then confident interval Cl; can be found such as:

Cli Z[SiiSiGi]. (6)

Thus, the algorithm of finding estimates of the labor
intensity of user stories has been presented.

Consider the task of selection of user story from
Sprint Backlog in the case when it is not necessary to
change the priorities of a user story.

In general, the scale of priority evaluation may differ
from one IT project to another. Product Owner chooses a
way to evaluate the user stories herself.

Let’s X; is the variable that indicate whether or not

the i-th user story is selected for implementation in the

current backlog sprint: X =1 when i-th user story is

selected and X; =0 — otherwise. So, the variable can only
take two values

X ={0,1},iel. (7

Sprint backlog has to include the highest number of

top priority user stories:
n

Z PjXj — max. (8)
i=l
The labor content of sprint backlog should not exceed
the team velocity
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Zn:SiXi <V. 9
i=1

Based on the aforementioned objective functions and
constraints, the model of selection of user stories for the
sprint backlog can be defined in the following way: find
the set of user stories satisfying the objective function (8)
and constraint (9) under condition (7). This task belongs
to the class of integer programming problems with Boo-
lean variables.

4 EXPERIMENTS
Let’s consider usage of the decision support technol-
ogy for sprint planning by example. There is IT-project
for creating IS. It is known, that team have chosen Scrum
as model of software development lifecycle. The team
conducted several sprints, so velocity now is equal to
V =60SP . The product owner for the current sprint have

proposed five user stories. He evaluated priority of each
user story on the 5-point scale:
P =4;py =5;p3 =3; pg =5; ps =3 . The team has com-
pared US to each other. The judgment matrix of pairwise
comparisons is presented in Table 1.

Table 1 — The judgment matrix

No

Us 1 2 3 4 5
1 1,00 3,00 3,00 0,50 2,00
2 0,33 1,00 0,50 0,25 0,50
3 0,33 2,00 1,00 0,33 0,50
4 2,00 4,00 3,00 1,00 2,00
5 0,50 2,00 2,00 0,50 1,00

In order to obtain the numerical values of the labor in-
tensity S; of the formula (3), the geometric mean of the

labor intensity ¢; is calculated by using the formula (2).

If this is the first sprint, and there is no information about
the complexity of the user stories, then it is recommended
to take as the standard a story with a minimum geometric
mean value, and to take its complexity as 1 SP. Neverthe-
less, by the statement of the task, it is known
thats, =10SP, therefore, it acts as a standard for this

sprint. To determine the risks the sample variance and
estimation of RMS for each user story can be found by
formulas (4) and (5) accordingly.

To find the interval estimations, which maximum
value the product owner can use as a pessimistic estima-
tions of user stories, the limit values have been calculated
by formula (6) basing on obtained results.

According to labor complexity of each US and its pri-
ority, it is necessary to use the model of selection of user
stories (7)—(9). It allows choosing the set of US from pro-
posed sequence of US for current sprint, if summary labor
content of proposed sequence of user stories is much
greater than the team velocity.
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5 RESULTS
The results of the calculations of the labor intensity of
user stories from proposed IT-project for the current
sprint are presented in Table 2.

Table 2 — Complexity of user stories

No Cl;

us | 9 |Si | Da | o | Sio — 'nmx
1 1,55 | 33 4 29 37

2 046 | 10 1 9 3

3 0,64 | 13 | 008 | 0.3 2 11 15

4 2,17 | 47 6 41 53

5 1,00 | 21 3 18 24

The value of estimation of RMS oj is low, it means

that obtained estimations are well-balanced.

The graphical representation of the confidence inter-
vals of the estimates of user stories is shown on the Fig. 3
based on the obtained results from the Table 2. It can be
seen, that for the fourth user story has the largest differ-
ence between minimum and maximum estimations. Prod-
uct owner may use this information to analyze the user
stories, for example, to decompose 4™ US into sub-stories,
thereby reducing uncertainty.

60
50

40

30

STORY POINTS

20 1

10 '

USER STORIES

Figure 3 — Interval estimations of user stories

During the previous several sprints, the team showed
an average speed of work equal to V =60SP . Knowing

the complexity of a sprint backlog, one can see that

5

D's; =124SP >V =60SP . Therefore, it is necessary to
i=l
change the story priorities and reduce the sprint backlog,
or to select user stories for the sprint with current priori-
ties. In this particular case, it is not possible to change the
priorities according to the conditions of the example, so it
is necessary to solve the task of selection of user stories.

Based on priorities and calculated labor intensity of
each user story, the objective function (8) can be defined
as follows:

4% + 5%y +3X3 +5X%4 +3Xs — max .
The constraint (9) has the following form:
33X, +10Xy +13%3 +47X4 +21X5 <60 .
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Taking into account condition (7) the solution of the

given problem by simplex method is as following:
X =LXy =1iX3 =X, =0;X5 =0.

Basing on the calculated results, the user story #4 with
high priority has not been selected as the candidate for the
sprint backlog. This is because its labor intensity is almost
the same as the velocity of the team. In this case, the
Product Owner can:

— divide this story into individual cases;

— refine the functionality of this story;

— change priority.

The results for this story are consistent with the rec-
ommendations obtained in the evaluation of the complex-
ity of the sprint backlog.

Thus, technology for supporting manager decisions in
sprint planning has been considered.

6 DISCUSSION

To assess the adequacy of the developed decision sup-
port technology in sprint planning, it is necessary to com-
pare the results of work of the team before applying the
technology and after. One of the ways to verify the effec-
tiveness of using the proposed technology in an IT com-
pany is to evaluate work efficiency using Performance
Management [18]. Performance management is the proc-
ess of calculating and improving team performance to
achieve the goals of the IT-company. To assess team per-
formance, it is necessary to identify set of key perform-
ance indicators. We can use the following KPI:
KPI, is a meeting time per sprint;

KPl, is a percentage of missed tasks;
— KPIj is the team velocity;

— KPIly is a customer satisfaction;

— KPI;5 is a team satisfaction.

To evaluate the team performance TP, the article [18]
proposes using of universal mathematical model from
[19] as a convolution criterion for KPI:

(10)

The utility function Uy can be found in the following
way:
worst
KPl, —KPI,

= best worst
KPIq —KPIq

Let’s consider limit values for proposed KPI. If the
team spends more than 2/3 working time on different pro-
ject meetings, there is the chance the project will be be-
hind the schedule. One of the possible reason is the
“analysis paralysis”, which means the inability to develop
or decide due to overthinking available alternatives and
possible outcomes [20]. Another possible reason is “scope
creep”, it refers to changes, continuous or uncontrolled
growth in a project’s scope, at any point after the project
begins [21]. In the common case, the number of working
hours in each sprint is equal to 160 hours, so

Ug
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KPI*™t > 100 hours. If the KPIY™ >60%, the pro-

ject will be behind the schedule as well. The value of
team velocity depends on team, project, Product Owner,
so best and worst values can be found from set of previ-
ous values. The KPl, and the KPI5 should be evaluated

by 10-point scale, where 1 is the minimal value for met-

rics and 10 is the maximum accordingly, so KPI " orst and

KPI%NOrSt are equal to 1.

To evaluate the team performance, it was considered
three sprints: first sprint was conducted without proposed
technology, the team worked as usual; during the second
and third sprints, the team used decision support technol-
ogy for sprint planning. The results of the evaluation of
the team performance in several sprints calculated by us-
ing formula (10) are shown in the Table 4.

Table 4 — Team performance

Key per- Num- Value of
formance ber of KPI Uq Wq TP
indicator sprint q
I 28 0,92
KPI4 II 25 0,96 | 0,1
I 22 1,00
I 23 0,76
KPI, Il 15 0,92 | 02
11 11 1,00
I 60 0,00 1-026
KPI15 11 72 0,86 0,2 11-0,35
10,38
I 74 1,00
I 6 0,56
KPI, II 7 0,67 | 03
I 7 0,67
I 5 0,44
KPlI5 1 5 044 | 02
Il 7 0,67

The analysis of results of the team performance
evaluation from the Table 4 demonstrates the positive
dynamics of changes of the team productivity on 9—12%.

The commonly used approaches to decision-making in
sprint planning [5-12] allow determining the complexity
of user stories in specified units. In comparison to them,
the proposed technology allow calculation of the com-
plexity of user stories, takes into account uncertainty of
the current sprint, and selects a set of user stories from the
sprint backlog when the total complexity of the sprint
backlog exceeds the team velocity.

The proposed technology enables increasing of the
team productivity and provides additional information for
sprint planning. The using of the decision support tech-
nology for sprint planning and the obtained results show
the feasibility of using the proposed technology in real
conditions.
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CONCLUSIONS

In the course of this research the decision-making
technology for solving the planning problem in the face of
uncertainty has been proposed. For this purpose, an ana-
lytical review of the methods of estimating the labor in-
tensity of user stories has been conducted. It has revealed
the shortcomings of existing approaches. Due to the de-
velopment of technology of decision support in software
development the planning task in the face of uncertainty
has been further developed. A sprint planning algorithm
has been developed. Formalization of the process of esti-
mation of the labor content of user stories based on the
previous experience has been presented. Sprint Backlog
reshuffling model in case of extra labor effort needed for
its implementation in comparison with team velocity has
been developed.

The scientific novelty of the obtained results consists
in improvement of the sprint planning process with the
assistance of the proposed technology, which helps to
reduce uncertainty while defining labor intensity of user
stories and Sprint Backlog as a whole. Numerous studies
have shown that the use of the proposed technology re-
quires only handy tools, such as Microsoft Excel,
OpenOffice Calc, LibreOffice Calc, PlanMaker and oth-
ers, which do not require from project managers and
Product Owners any specific mathematical skills. The
results show the practical significance of the approach
for IT companies and the ability to use the proposed tech-
nology in software development projects to increase the
effectiveness of decision-making process in uncertainty
for project managers, product owners and development
teams.

Prospects for further research consists in creating
an IS that will reduce the time spent on data processing
about US, and will automate the decision-making process
for planning the sprint.
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AHOTANLIA

AKTYaJbHICTb. Y CTaTTi ONKMCY€ETHCS aKTyaJbHUH MPOLEC IUTaHyBaHHS PO3POOKH MPOTPaMHOro 3abe3nedeH s, mpobieM IiaHy-
BaHHS 1 Pi3HI PillIEHHS OUX IPOOJIEM HAa OCHOBI BUKOPUCTAaHHS METOAOJOT] Scrum.

Meta. Metoro naHoi poboTH € po3poOka TEXHOJOTII I BUPIMICHHS 33134l IUIaHYBaHHSA CIPHHTY B YMOBaX HEBH3HAYEHOCTI i
MOXJIMBUX PH3HKIB 3 TOUKH 30pY PO3POOKH IPOrpaMHOro 3a0e3IeueHHSI.

Metoa. OnucaHo HaHOLTBII BUKOPHCTOBYBAaHI MOJENI XXHUTTEBOTO IMKIY NporpamMHOro 3adesnedeHHs. OOIpyHTOBAaHO BHOIp
Scrum, sk Haf{OiBII YaCTO BUKOPHCTOBYBAHOTO MPEICTABHIKA THYYKOI METOOJIOTIT PO3pOOKH MporpaMHoro 3abesmnedyeHHs. [Ipo-
BE/ICHO aHAJIITHYHHUHN OIS METO/IB OL[IHKU CKJIaJHOCTI JUIsl iCTOpili KopHcTyBaya. BuaijgeHo OCHOBHI IpOGIeMH IUIaHyBaHHS CIIPH-
HTy. Po3pobaeno mozpens 6i3nec-nporecy st peanizauii [T-npoekry mo Scrum y Burisiai BPMN-niarpamu. Po3po6ieno anroputm
BUpileHHs npobiiemu miaHyBanHs Sprint Backlog B yMoBax HeBH3HaueHOCTI. Po3riisaaeTsest 3aransHuil mpoiec BUOOpPY [JIsl KOpHC-
TyBaua icropiii 3 Product Backlog ans Sprint Backlog i nuisixu BupimeHHs MOXKIHBHX mpodieM. DopmarizoBaHi 3a1ada OiHKH TPY-
JIOMICTKOCTI icTOpiii KOpUCTyBaya i 3aJja4a OLIHKM PU3HKIB IPH IUIaHYBaHHI. Byna po3pobieHa TexHomoris BUOopy ictopiii Kopuc-
TyBada juist Sprint Backlog. IIpoBeneno uncenbHi JOCIIHKEHHS TEXHOJIOTIT MiATPIMKH NIPUIHATTS PillIeHb, sika OyJia 3aIporoHOBaHa
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B crarTi. Lle 103Bossie npononyBatH ii B IKOCTI MPAaKTHYHOTO 1HCTPYMEHTY HPH IUIAHYBaHHI CIIPUHTY. 3allpOIIOHOBAHO METOJ OLliH-
KH aJIeKBaTHOCTI 3amlponoHOBaHOi TexHousorii. OOpaHo Halip KIIOYOBUX MOKAa3HUKIB €(EKTUBHOCTI AJIS OLIHKH NMPOAYKTHBHOCTI
KOMaH/IH.

Pe3yasTarn. Byna po3po6iieHa TEXHOJIOTIS IIaHYBaHHS CIIPUHTY, SIKY MOXKYTh BHKOPHCTOBYBAaTH KEPIBHUKH IIPOEKTIB, BIACHU-
KM TIPOJYKTIB i KOMaHAN pO3pOOHHKIB JUIS IiBHUINCHHS e()eKTUBHOCTI IIPOLECy NPHHHSTTS PillleHb.

BucnoBku. [IpoBeneHi ekcnepuMEeHTH MiATBEPIMIM 3HAYMMICTh 3alIPOIIOHOBAHOT TEXHOJIOTI MIATPUMKH IPHHHSATTS PiLIeHb i
103BOJISI PEKOMEHIYBATH 11 ISl MPAKTUYHOTO BUKOPUCTAHHS IPH IUIaHYBaHHI NPOrpaMHUX MpoekTiB. HaykoBa HOBH3HA moJsirac B
TOJITIICHH] NIPOLECy IUIaHyBaHHS CIIPUHTY 3a JONOMOIOI0 3aIPOIIOHOBAHOT TEXHOJIOT], 5IKa YCyBa€ HEBU3HAUCHICTh PH BU3HAYEH-
Hi TPyIOMICTKOCTi KOPHUCTYBAaIBHUI[KHX ICTOPIi 1 CKOPOUYeE Yac, 110 BUTPAYAETHCS HA TIPUUHATTS PillICHb.

KJIFOYOBI CJOBA: cipuHT GexIior, 3aa4a IaHyBaHHs, HEBU3HAUCHICTh, TPYAOMICTKICTh iCTOpisl KOpPUCTyBaya, 3aJada BU-
00py, ePEeKTUBHICTD KOMaH/IH.
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Husl, HanmoHanbHbIN TEXHUUECKUI YHUBEPCUTET «XapbKOBCKUM MOJIUTEXHUUECKUI MHCTUTYT», XapbKOB, YKpauHa.

I'nymko B. H. — Senior Consultant, Solution architect, GlobalLogic, XapbkoB, Ykpauna.
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AHHOTADNUSA

AKTyaJIbHOCTB. B cTaThbe ONMUCHIBACTCSl aKTYaJILHBIH HPOIECC IIAHUPOBAHUS pa3pabOTKH MPOrpaMMHOro obecnedeHus, Ipo-
0JIeM IUTaHMPOBAHMS ¥ PA3INYHbIE PEIICHNS STHX IPOOJIEM Ha OCHOBE MCIIOIB30BaHMSI METOIOJIOTHH Scrum.

Henasw. Llensto naHHON paboTHI ABNIsAETCS pa3paboTKa TEXHONOTHHU I PEIISHUS 3a/1aull MIaHUPOBAHHS CIIPHHTA B YCIOBUSX He-
OIIPEAEIEHHOCTH ¥ BO3MOXHBIX PUCKOB € TOUKH 3pEHHUS pa3pabOTKH MPOrPaMMHOT0 00ECTIEUEHHs.

Meton. Omnucanel Hamboinee HCHONB3yeMble MOJICTH XKH3HEHHOTO LHUKIa MporpaMMHOro obecneuenus. OOOCHOBaH BBHIOOD
Scrum, kak Hauboee YacTO UCIONB3YEeMOT0 IPEICTaBUTENS THOKOW METOIOIOTHH Pa3pabOTKU MporpaMMHOro obecreueHus. [Ipo-
BeJIeH aHAJMTHYECKUH 0030p METOIOB OLICHKU CJIOXKHOCTH IOJIB30BATENBCKUX UCTOPHH. BBIieeHbl OCHOBHEIE MIPOOJIEMBI INIAHUPO-
BaHMs cupuHTA. Pazpaborana Moxens Om3Hec-mpornecca uist peanusanun [T-nmpoexra mo Scrum B Buge BPMN-nuarpammel. Pazpa-
00TaH AJTOPUTM peEUICHUs] MpobieMbl aHupoBanus Sprint Backlog B ycnoBusx HeompezaeneHHOCTH. PaccmarpuBaeTcs o0t
nporecc BeIOOpa monb3oBaTenbekux ucropuii u3 Product Backlog mist Sprint Backlog 1 myTH peruennst BO3MOXXHBIX 1pooiem. dop-
MaJIM30BaHBbI 33/1a4a OLIEHKH TPYJOEMKOCTH MOJIb30BaTENbCKUX HCTOPUI 1 3a/1aua OLIEHKH PUCKOB IPH IIaHUPOBaHUU. bblma paspa-
OoTaHa TEXHOJIOTUS BBIOOpPA I0JIB30BATENbCKUX McTOpHid Juist Sprint Backlog. TIpoBeneHbl YMCICHHBIC HCCIIEIOBAHUS TEXHOJIOTHU
TIOJIJICP’KKU TIPUHATHS PEIleHni, KoTopast OblIa MpeaokeHa B cTaThe. JTO MO3BOISET MpeIaraTth € B Ka4eCTBE NMPAKTHIECKOTO
HMHCTPYMEHTA IPH INIAHUPOBAHMH CIpHHTA. [IpeanoskeH MeTox OIEHKH aJeKBaTHOCTHU IMpeAaraeMoi TexHonoruu. Beibpan Habop
KIIFOYEBBIX MOKa3aTesel 3p(heKTHBHOCTH IJIsl OLICHKHU MPOYKTHBHOCTH KOMAH/IBL.

Pe3yabTartsl. beita pazpaborana TeXHONOTHS INIAHUPOBAHUS CIPHHTA, KOTOPYIO MOTYT HCHOJIB30BaTh PyKOBOAUTENIHN IIPOEKTOB,
BJIAJIENbIbI TPOJYKTOB M KOMAH/IbI pa3pabOTIMKOB JUIsl TOBBINICHHS () (EKTUBHOCTH IPOLIECCa IIPUHSTHUS PEIICHUI.

BruiBoasl. [IpoBeneHHbIE SKCIEPUMEHTHI TOATBEPAMIN 3HAYUMOCTD IPEUIOKEHHOW TEXHOJIOTUH MOAJCPIKKY TPUHSTHS pelie-
HUH ¥ MO3BOJISIIOT PEKOMEHI0BATh €€ JUIsl MPAKTHIECKOrO MCIOIb30BAHUS MPHU IIaHUPOBAHMU MPOTPaMMHBIX MpoekToB. Hayunas
HOBH3HA 3aKII0YaeTCs B yIyUIIEHUH Mpoliecca MIaHUPOBAaHHs CIIPUHTA C TIOMOIIBIO TPeIaraeéMoil TEXHOJIOTHH, KOTOpasi yCTpaHsAeT
HEOTIPEeTIEHHOCTH IIPH ONIPEAEICHUH TPYJ0€MKOCTH MOJIb30BAaTENbCKUX UCTOPHI U COKpAIAeT BPeMs, 3aTpaulBaeMoe Ha IPHHATHE
perieHuit.

KJIFOYEBBIE CJIOBA: cnpusT Oekior, 3aada INIaHUPOBAHUS, HEOTIPEIEIIEHHOCTh, TPYIOEMKOCTh HCTOPHU TOJIB30BaTEIs,
3amayda BIOOpA, 3 HEeKTHBHOCTH KOMAHIBI.
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ABSTRACT

Context. The article focuses on the question of automated decision-making analysis made by the operator in ergatic systems of
critical infrastructures on the example of marine transport control in difficult navigation conditions. It is evident enough that the main
criterion for an adequate perception of input information done by an operator is highly likely to predict the choice of behavioral deci-
sion-making strategies in discrete time conditions. However, the difficulty of modeling the operator’s actions is found to be lying in
non-linear pattern of taking definite decisions in emergency situations and deviations from the Codes and Rules.

Objective. The research purpose strategy of conducted investigation can be defined as the development of the mathematical plat-
form for a decision support system (DSS) module with an aim to identify the class-forming set of atomic elements. In particular this
issue determines the fact of distortion of the perception of information about navigation risks predicting the operator’s behavior pat-
tern while having vessel running process. This is possible to have it depicted through formal analysis.

Method. To capture the analysis of danger perception by the operator the paper introduces a mathematical model of data collec-
tion which identifies the fact of perception distortion in the form of attribute space of metadata obtained by the method of converting
information from navigation devices. Besides, the factor of disorientation of the operator can be considered to be a shift on a dis-
placed bridge which significantly affects on the analysis of information for adequate decision making. In addition, taking into ac-
count the failure of navigation equipment such as: RADAR, ARPA, AIS, ECDIS, especially while doing exit from the automatic
control mode, a dangerous precedent can possibly be created for the operator not ready to perceive the complexity of the situation. To
make it work a formal analysis was carried out using the extending risks possibility level tasks during the transition under these con-
ditions. In addition to this item, a probabilistic model of perceiving the situation under the conditions of the error set is reported to
have been constructed. So, as the result, the modeling process turned out to show the definite evidence of getting no way possibility
to have the degree of criticality of the navigation situation determined without a clear identification of factors affecting the distortion
of perception of the operator. Nevertheless, generalized statistical data are sure to be not enough and there is a special need of taking
into account an individual information model of each operator for the effective work of DSS as this process faces real challenges. It
must be significantly noticed that in order to analyze the perception of information by the operator a special test for defining prefer-
ences when choosing a strategy of control actions in the form of maneuvering under difficult navigation conditions purpose was cre-
ated. Regarding the test results, as well as data on the passage of locations, certain attention is advised to be drawn to the classifica-
tion analysis of 15 parameters using artificial neural networks having been carried out by our team and, as a consequence, the
boundaries of deviations in the perception of navigational danger were found out and clarified. Additional superior item to be spoken
about is certainly the introduction of rules and algorithms having been welcomed into the DSS core including the following: interac-
tion field, RADAR and NIS synchronization tools; actual navigational hazard in a given cartographic area; ships trajectories and, as a
result, simulations of probable deviations in the information perception of the operator.

Results. In order to meet beneficial agreement between the effectiveness of the developed DSS with the proposed formal-
analytical approaches an experiment was assumed to be appropriate to be conducted using the Navi Trainer 5000 navigation simula-
tor (NTPRO 5000). Based on the foregoing, due to comprehensive results in experiment metadata for the 2.5 years of operation of
navigation simulators and DSS software tools the identification of the deviation probabilities in the information perception of dangers
was achieved and export the predicted data to new locations for the operator and cartographic areas was performed. Undoubtedly, the
experimental investigation confirmed the hypothesis of the study and reflected completely the feasibility of using this DSS to make
predictions of possible risks when control the vessel by analyzing the information model of the operator.

Conclusions. Formal-analytical approaches presented in the study combined with the developed DSS software tools and the in-
formation itself made it possible to classify the decision-making strategies of the operator when control the vessel and to predict the
probability of catastrophic consequences. The feasibility of the proposed models and methods was successfully revealed by carried
out experiments.

KEYWORDS: decision support systems; operator information model; computer navigation simulators; probability of risks; hu-
man factor information analysis, automated control systems, automatic control systems.
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ABBREVIATIONS

OOW is an officer on watch;

DSS is a decision support system;

NT 5000 is a navigation
Trainer 50007,

COLREGQG is an International Rules of Preventing Col-
lision at Sea;

STCW is a Standards of Training, Certification and
Watchkeeping;

ARPA is an automatic radar plotting aid;

AIS is an Automatic Identification System;

ECDIS is an Electronic Chart Display and Information
System,;

RADAR is a radar station;

CPA is a Closest Point of Approach;

TCPA is a Time to Closest Point of Approach;

IMO is an International Maritime Organization;

SOLAS is an International Convention for the Safety
of Life at Sea;

ICAR 72 is an International Collision Avoidance
Rules;

GPS is a Global Positioning System;

RBF is a Radial basis function;

LAT is a Latitude;

LON is a Longitud,

COG is a Course over ground,

SOG is a Speed over ground;

HDG is a Heading;

LOG is a Speed through water;

SET is a Drift direction;

DRIFT is a Drift;

SPD F is a Speed forward;

SPD A is a Speed Aft;

RUD is a Rudder angle;

ROT is a Rate of turn;

RPM L is a Revolutions per minute.

simulator “Navi

NOMENCLATURE
fis a navigation equipment information;
A is an ahead;

& isarule ID;
U is a navigation tool;
M’ is a navigational danger;
L is a turn on the left;
B is a backwards;
R is a turn on the right;
gy is a vessel position;
o is a strategy of movement;
F;' j(a) is a probabilities of movement;
y*is a distance from the actual position;
y is a radius of the probable interaction;
F; (x) is a probabilities of the adjusted direction;
¢ is a mapping describes the displacement of the ves-
sel;
G is a interaction radius;
B, is a framework of the distribution law;

K, is a maneuvering strategy;

W, is a ship propeller control, smooth turning of wide
radius;

W, is a turning the steering wheel, smooth turning of

the middle radius;
ps is a use of bow thrusters, smooth turning of small

radius;
W, is a turn at anchor, sharp turn at ultra-small radius;

Y; is a series of relations with respect to the operator;

Y; is a accident of possible collision of ships;

Y, is a accident of bulk near the berths of the strait;

Y3 is a accident of ship grounding;

A is a level of perception of navigation hazard,

R*is a converter;

% is a displaced navigation bridge;

w is a distortion due to incomplete navigation watch;

S is a navigation situation;

Q) is a probable error in perceiving situation;

G is a vessel position matrix;

W is a matrix distortion due to incomplete navigation
watch;

O is a navigation obstacle;

D' is a set of the direction;

x' is a given direction;

Q; is an additive convolutio;

®; is a weights for maneuvering criteria.

INTRODUCTION

There is a widely-spread tendency in modern shipping
practice for having minimization of sailing costs process
accompanied with constant reduction of crews of vessels
including navigational staff. Therefore, navigation and
control of the ship are conventionally prioritized to be
carried out in the context of reducing the number of peo-
ple, as well as the lack of staff on the navigating bridge.
Unfortunately, modern fleet is noticed to reflect the world
experience of having nearly two or three people alone on
the bridge in heavy navigation cases. In addition, the ac-
tual navigation and management of the vessel is mostly
performed by one person, to be exactly, by the captain or
officer of the watch. It must be taken into account that
such a minimum number of people is reviewed to be the
most profitable and advantageous way in having poor
navigation. Moreover, difficult conditions of emergency
situations constantly require additional number of crew
members on the last boarder of safe level.

So, to be more precise, general formula of number of
peoples to be operating on the bridge can possibly look as
follows: OOW; OOW + 1 or Master + OOW + 1.to be.

It must be significantly noticed that in the conditions
of entry/exit of the vessel in/from the port, a pilot is sure
to be added (if local laws do not permit another scheme).
Special emphasis to be done is that the pilot from one
point of view is not a responsible person and, from an-
other one, according to all international standards, really
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is a situational member of the navigational team on the
bridge. Being ultimate adviser and assistant to the captain
he gets used to having additional skills and knowledge in
a particular water area. In spite of all mentioned above,
the situation seems to be following a pattern according to
which most pilots do not perceive themselves to be assis-
tants in this way considering mostly themselves to be an
independent leader on the navigation bridge. Such poorly
done actions could possibly cause tension between the
pilot and the ship’s captain and could create negative air
on the bridge leading to unpredicted consequences, emer-
gencies and, as a result, unwelcomed stress [1].

It can be clearly seen, speaking about the prioritizing
task of vessel moving in the port areas, that each ship is
said to have a motion vector in one of three directions
directly on the course or in reverse. In spite of this, port
areas, passing locations and narrows try to avoid usual
practice of the vessel movement in the preferred direction.
As the presence of insurmountable cartographic obstacles
on the way constraints to the draft of the vessel or a sig-
nificant amount of maritime traffic there is definitely ob-
served fundamental approach of the operator to propose
the altering direction of movement choosing the one on
which the obstacles are considered to be minimal [2].

However, being involved into choosing a maneuver-
ing strategy the operator processes with the parameters of
movement and location of the vessel based on his own
experience [3]. The situation is recognised to be espe-
cially disadvantageous becoming aggravated at the time
of completion of the dynamic positioning modes and in-
appropriate watch keeping. These issues leads to the
worsening of the process of adequate perception of navi-
gation dangers. It must be emphasised that abruptness and
precipitousness of the situations are contributing to the
distortion in the risks assessment during the adoption of
complex decisions being limited by the time of maneuver-
ing the vessel. Summing up all spoken about ,it might be
noted that there is definitely a tendency of decreasing
level of the safety control in maritime transport to be ob-
served investing to the increases of the probability of
shipwrecks.

The emphasis must be placed to the fact of having real
troubles in decreasing the occurrence of violations experi-
ence leading to distortions in the perception of danger by
operators. This item is extremely difficult to be deter-
mined without a psychologist involvement into the par-
ticipation which is a problematic one because of his not
being a part of the ship’s crew moment. This issue could
be possibly solved by the introduction of a specially de-
veloped information system which provides control and
prevention of negative consequences services.

The object of research is said to be the process of
automated identification of distortions in the perception of
risks.

The subject of research are models and algorithms
implementing the process of automated identification of
distortions in the perception of navigational hazards.

The aim of the study is to develop the mathematical
platform for a decision support system (DSS) module to

identify the class-forming set of atomic elements that de-
termine the fact of distortion of the perception of informa-
tion about navigation risks through a formal analysis and
prediction of the operator’s behavior when control a vessel.

The purpose of article is said to be solving the follow-
ing tasks:

1. To analyze the probabilistic models of the transition of
the vessel on the cartography of the location with limitations
of the navigation risks relatively to f and the international
rules for the management of the vessel according to 4 when
have a watch. To determine the interrelation of & and v
relatively to the bias U, which made the DSS signal, R &
possible to be revealed.

2. To define in a formal form an incomplete model of
perception by operator of M’ which is characterized by
inaccuracy and dependence on variables. This item is re-
ported to require the development of the identification
mechanism by means of DSS.

3. To develop a local metric for the transition of the
vessel to a new state based on a set of directions: 4, R, C,
L, B — defined by the boundaries g,,, ; and probabilities

of movement Pi' j ((x) depending on y*, which will deter-
mine the probability of the moving vessel in 2, (x).

4. To determine the DSS operation scheme that will
provide possibility at a certain given time interval to de-
fine discretely the a priori probabilities of the ship’s
movement ¢ = @,° @ in the nearest G, proposing several
samples of identification of the probable interaction of the
ship with navigational hazards B; at the current time at

g = 1.
5. To develop an adaptive testing algorithm for cadets
aimed to identify operator preferences in the form of p,

unveiling influence on deviations in the perception of Y,
based on Pareto principles of optimal alternatives.

6. To have an experimental investigation done by
automated analysis of logfile data of perform maneuvers
in the narrowness of the Bosphorus Strait using artificial
neural networks.

7. To determine metadata for DSS with an attempt to
create an individual operator model designing to be in the
form of a preference map based on the analysis of server
data of the NTPRO 5000 navigation simulator.

Thus, to be precise, the review papers domain goal
with the implementation of all aforesaid tasks can be de-
fined as identification of the stable models of operator
behavior developed in experience in certain situations,
relative to locations, COLREG rules and ship maneuver-
ability. This detailed information would definitely enable
DSS to propose key contributions into the enhancement of
the accuracy level of forecasting critical situations.

1 PROBLEM STATEMENT
Significant new insights to the definition of the prob-
ability of shipwrecks in case of bridge watchkeeping in-
complete configuration must be offered and as a result,
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the information tools to prevent them might be practically
determined. To have several ambiguities avoided in such
situations the rules of the COLREG and STCW are sure
to be carefully followed when carrying out the navigation
watch.

It must be emphasised that for having these purposes
achieved an information module was developed in the
previous research papers determining the composition of
the watchkeeping team in real time [4] (Fig. 1 a, b). In
addition to the spoken above, heart rate and temperature
sensors were made use of, indicating the probable stress-
ful condition of the chief officer and second officer on the
bridge (Fig. 1 b).

Besides, one more highlighted subject to be paid at-
tention to is tracking the position of crew members due to
its being a significant use of while defining the interaction
models within the team. Notwithstanding this item, it is
troubled enough to determine the forms and boundaries of
the perception of the navigation situation by the operator
who is responsible for decision making.

The primary perception model of the navigation situa-
tion: A=Sf+w.

The main problematic action is the necessity of addi-
tional information tools to meet the needs of the reliability
in identification of the navigation situation.

For example, let us take the Radar Station as a device U,
whose output signal gives the values of the parameters of the
navigation situation under study.
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Figure 1 — Incomplete watchkeeping team on the bridge

Then the task of interpreting measurement (1) is re-
duced to a transformation A to the form characteristic of
measurement on the instrument U. At the same time, the
designed DSS should have such a converter R* which al-
lowed generating the signal R* A , as the most accurate Uf.

Summing up, basing on this model of perception of
the navigation we could definitely come up to the conclu-
sion that using a number of synchronized navigation de-
vices such as Radar Station, ARPA, AIS, ECDIS and lack
of deviating from the rules of watch keeping lead to bene-
ficially leveled down navigation risks.

However, taking into account the case of poorly per-
formed navigation watch, especially being complicated by
the fact of the * , it is necessary to build a model under
conditions of probable error in  and, as a result, the
risks of catastrophic consequences would seem to be in-
creasing (Fig. 2 bridges).

Contemporaneously, the control of navigation equip-
ment cannot be completely rely on as the time ranges of
loss of system interaction with the instruments may drive
to untimely decisions-making strategy when controlling
the vessel.

Consider this situation in the mathematical aspect [5,
6].

Let us take an example when the operator analyzed the
navigation situation under conditions of incomplete watch

keeping and its perception is X:ﬁf +w, at the same

time, this incomplete model of perception x, deliberately
then: A=S8f+we®R,

X :(~2f+ we 57%7,, where f € R, . So, an incomplete per-

bears an inaccuracy, and

ception model is clearly seen to be followed such as:

SY(® 0 .0
M'=|| ~| , where S 7€ and it’s statistically
S 0 O

correct to  deduce

GGG o))

Apparently, it is to be emphasized that without having
clear identification of the variables w and W, the process
of determination of the degree of perception of the criti-
cality of the navigation situation is looked at as being not
a successful one. Therefore, the generalized statistical
data as on the individual operator model can be regarded
as having a problematic issue to have reliance in [7].
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that the  distribution is:

O
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Figure 2 — Offset Bridge Layout
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The complexity of making such a model work under
the conditions of a number of difficult — to be -determined
factors introduces insurmountable obstacles to resolve this
problem. In view of above, the development of a decision
support system is to obtain an essential value of with an
aim of constant monitoring of situations and risks associ-
ated with them while keeping navigation watch on the
bridge.

It is to be highlighted that operators of maritime trans-
port are in beneficial position due to the monitoring pos-
sibility being carried out through RADAR and Nautical
Equipment [8] in a location at a r, and the opportunity to
choose the direction in which they observe the least
amount of maritime traffic not speaking about the absence
of cartographic obstacles.

In the circumstances of drawing an increased attention
to, the operator constantly monitors the field of interac-
tion, which is a combination of two matrices (G, W). At
the same time g, the value corresponding to the pres-

ence or absence of the vessel in this position: o; = o1}

the value corresponding to the presence (1) or absence (0)
of navigation hazard in this cartographic region.

We introduce a metric on cartography in the form of
frames of the nearest radius of movement (Fig. 3.), the

direction of motion represents: D' = {A,B,L,R} .

The operation of moving the vessel is denoted by a
variable o taking the values 4, R, L, B, while the bounda-
ries of the frames in the radius of movement will assume

that: g..,, =2, g u=2 .. g, =g

For frames with g; =1, we define the probabilities of

movement, provided that the vessel moves to the open
frame: Pl-j(a): ((1 —gl-(f}))(l —ol-(f;))) 4.

Besides, by means of automatic recognition of dan-
gerous targets of the Radar Station [9] the function of
analyzing the surrounding navigation environment has
been introduced.

For example, let us determine the a priori probabilities
of the ship moving in the nearest radius of interaction.
Simultaneously to this, the cartographic obstacles are

e
ook o v
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Figure 3 — Ship transition probabilities

taken to be expressed as constants and the moving targets
could be distributed depending on the perceived naviga-
tion hazard:

*

" J * '
Pij(Dt):l_ Z,lgi,ﬁk +y-y | /[y |P;(4),

where y is the radius of the probable interaction of the
vessel with navigational hazards.
y* can be considered as a derivative of CPA and

TCPA, and Py (). The next step to be done is the increase

of probability of moving in a given direction

(x = Ej(x)+ (xminll - PIJ (xt )J ,

e k- e )

At the same time, a<[0;1] might be defined as the
strategy of movement (maneuvering, the chosen course of
the vessel motion, speed).

However, despite of the foregoing, the idea of the met-
ric of real maneuvers assuming not a transition from one
frame to another (if this frame is empty)is sure to be ac-
centuated. Moreover, the actions of the operator thus lead
to the movement of the vessel in definite time being the
choice of strategy. So, new contemporary approaches
relating this subject are highly likely to be found out to
make it possible to forecast the actions of the operator
with sufficient accuracy and the probability of having
warning of disasters just in time.

2 LITERATURE REVIEW

The dominating strategy in the attempt to increase the
efficiency of maritime transport is having capable naviga-
tional bridge team [10] taking into account the latest re-
search on the mental state of expectations of professional
activities [11]. This way is efficient enough due to safety
arrangements in accordance with international standards
and the regulations of IMO, SOLAS, STCW, COLREG
[12]. As a rule, it is precisely defined that dominating
aspect is the negative manifestation of the human factor
that affects the outcome of complicated maneuvers when
passing locations during the watchkeeping on the cap-
tain’s bridge [13—16]. Besides, the factors directly affect-
ing each operator [17-19] are obviously not the single
ones to have essential impact on, there are factors of the
organization of interaction between members of the watch
[20-21]. In addition to cartographics and weather condi-
tions [22], certain number of factors depending on insuf-
ficient qualifications of the crew becomes vitally impor-
tant [23]. According to the carried out research, it is to be
underlined that the quality of maneuvering is directly af-
fected by the number of simultaneous information signals
causing troubles connected with the perception threshold
exceeding [16]. However, this investigation is facing
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challenges while examining the other side of the situation,
namely the distortion of the perception of the shipwreck
hazard. These deviations from an adequate perception of
navigational danger cause confusing actions to happen
being significantly influential on the path of the vessel
and, in sum, are likely to generate tragic consequences.
Models and methods in the framework of set theory, the-
ory of logic, operations research, game theory, and prob-
ability theory can happen to be of great assistance being
an operator mathematical description of the decision mak-
ing process in this area of research [24-26]. The reducing
of the composition of the bridge team practically means
the expansion risk of a catastrophic situation making the
navigation process troublesome to be predicted. There-
fore, it would be beneficial to assume that there is a cer-
tain need in deeper understanding of the way of the deci-
sion-making process of the operator which is greatly in-
fluenced by complex formalized factors impossible to be
tracked without the help of a qualified psychologist. In
addition, in case of incomplete configuration of bridge
team, the operator is the only person to be involved into
the decision making process and in case of an erroneous
action none of the members of the watch will be able to
prevent these events from happening [27]. However, there
are no vivid evidences in having references to systems
able to identify these factors in an automatic way in order
to exclude the possibility of occurring disasters in the
notorious literature.

3 MATERIALS AND METHODS

Based on the foregoing, the purpose of the DSS de-
velopment requires to be abstract from movements rela-
tive to the course of the four options to a much larger area
in terms of the time limits for the implementation of ma-
neuvers.

Having number of possible actions expanded could be
considered as a problematic issue causing taking into ac-
count only relatively typical maneuver .

Regarding that the classic options for avoidance of
collision in maritime transport are rare, there may be quite
a lot of possible actions. The actual question is about the
choice of the most suitable one [28-29].

In fact, the main thing that constitutes a problem of
the formal description presents the idea of each operator
having his own experience in performing certain maneu-
vering operations. In this regard, a task comes up in set-
ting up the experience connections that is to be strength-
ened by the practice of navigation relative to each opera-
tor.

The calculated probabilities for each direction of
movement determine the state of the interaction model at
each stage. The evolution of the G is represented by the
recurrence relation: G, 1= ¢(G,), where @ = ¢2° @l. Then
for each interaction frame, such that g; =1, we introduce

a variable f; within the framework of the distribution

law.
The mapping ¢l describes the displacement of the
vessel to free cartographic areas within the framework of

the COLREG rules. It does not obligatory mean the like-
lihood of becoming this area the target of maneuvers of
other vessels. In turn, the mapping ¢2 is introduced in
order to define the course combinations of the vessels in
the nearest range of actions. In order to resolve the effects
of mappings @1 and @2 on the considered formal model,
we present the following sequence of DSS work (Fig. 4).

& K

Condition 1 Condition 2
WIS“) '(Pl(g15Q))¢O tpl(gy )51

Run a scan of
cartographic area
parameterization by 7, ;

Assign variable o Assign a route

random value o (glﬂl!)) -1

L <l

Figure 4 — DSS workflow for identifying probabilistic risks

Normalization of condition

P2(01(g7))= P1(gy)

However, the real ambiguity is that the danger lies
within the possible operator fallaciousness who is likely
to perceive the navigation situation in his own way and,
as a result, the risk of a crash in case of a chosen trajec-
tory is triggered to get the wrong turn. Consequently
therefore, the main factor influencing on taking the wrong
strategy direction is supposed to be stable experience
connections. This issue possesses inconsistent nature
when taking into account the bundle of existing rules and
recommendations of international shipping regulations.

Hence, in such case, the task of the DSS that needs to
be accomplished is to clearly identify the data of destruc-
tive relationships from the scratch while performing simu-
lator training on cadets or undergoing re-certification by a
crew having more than 10 years of experience.

For the particular purpose of this item, an algorithm
was developed and taken to include a specialized adaptive
test and synchronization tools with navigation simulators.
Being of a particular importance, with regard to getting
these issues accomplished, they are aimed at identifying
the investigated deviation factors in the perception of
navigation danger.

This algorithm provided the possibility to have been
testing 351 cadets of the Kherson State Maritime Acad-
emy for more than two years of navigational tasks. The
results depicted that at the time of making a decision from
three to four possible maneuvering strategies of the vessel
happen to be made mostly use of. It must be added that
this set of strategies is due to positive experience and does
not meet any contradictions with the rules of the ICAR
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72. Moreover, there are a number of criteria regarding the
performance functions of the maneuver to complete a
complex turn using the example of the Bosphorus Strait.
Thus, a set of alternatives for decision making is formed
Y,..., 1.

In a survey of cadets and experienced operators, three
performance criteria being inverse to the risks of ship-
wrecks are named to be the most clearly distinguished.

So, we need a mathematical model to be constructed
in terms of the Pareto efficiency theory [30].

It is worth mentioning that DSS during multiple pas-
sage of locations and performing maneuvers finds out the
most widely spread behavior pattern of the cadet (opera-
tor) in typical situations. Apparently, it is true to say that
multiple repetition of successful maneuvers in similar
situations would lead to reinforcement of the situation-
maneuver combination in reference to each operator.
Thus, an array of preferences is formed regarding each
alternative within the navigation situation.

So during the experiment, the DSS determined the fol-
lowing series of relations in reference to the operator:

M ] S H C N Rl EH SN PN Wl T
N Tl T Il (RN I T TRy T T Tl P
Yyt py =ity = Pashy = Pgsly = gy > Ryl >y
As for the operator himself, he fronts the question of

having the most suitable option to be chosen from taking
into account the criteria, using Q,,0, .

For Q,, weights were selected for the criteria regard-
ing the experience of performing maneuvers:
o; =0,5 0, =0,2; ;=03 .

For each of the criteria, the DSS constructs a relation-

,,,,,

Introduce the rule:
Loif pyzp; or py~p;

ég(u,-,u,-)=
0, if w;<mp;.
Then, the relationship matrix Y, ; will have the
form:
1111
é(u-u-) et for @, =0.5
“aTeTn 1o 01 1| ! ’
0001
1001
é(u-w) bt for o, =0.2
GECTIn 11 1) ! ’
1001
1011
iq.(u-,uj) (bt ,for @; =0.3
e O R (| !
0011

Convolution of relations will be equal:
1 0 01

Q1=Y1ﬂYzﬂY3=(1) (1) 1 1

00 01

Then the subset of non-dominated alternatives will be
equal:

gg (Hi): 1- S‘}P {éQ‘- (“‘/v“i)_ Eo, ( isKj )}’

&g (1) =1-sup{l—0;0-0:0-1}=0,
(pz): —sup{O 1,0-1;0- 1} 1,

&g (13)=1-sup{0—0;1-0,0-1}=0,
(u4)=1 sup{l —0;1-0;1-0}=0.
In this way, & (ul ) = [0;1;0;0] .
Find Q,:
égz(ui,u,-) (8 (en, lzw =Lo, 0.

Il
—_

J

.....

1 06 06 1

) _|04 1 07 04

h.s |04 07 1 04]
06 06 0.6 1

7. Find a subset of non-dominant alternatives for O, :

itgz (w;)=1- sup {iéQz (“j’“z')_ 8o, (“i’“j )}
j=1

nex

&, (1) =1-max{(1-0.5)(0.2-0.7;(0.2-1)} =05,
&0, (na)=1-max{(0.5-1;(02-1f0-1)} =1,
&p, (13)=1-max{(0.7-0.2)(1-0.2) (0.3~ 1)} = 0.2,

é"Qz(m):l—max{(l 0.2)(1-0k(1-03);=0.
In this way, &0, (i, )=[0.5:1;0.2:0].

The last step to be spoken about in determining the
choice of a maneuvering strategy by the operator is to find

the intersection of the sets QI",Q; ie, 0 = Qlﬂ Q; .

As a result, we obtain a decision-making model for the
operator regarding the four strategies considered:
H = 0.5

“ . . " = 1
‘:Q(ui):min{éQI(Hi)’éQz(ui)}Q - iiz 0.2

Hg= 0
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t follows from the model that for this operator the
strategy “p, — turning the steering wheel feather, smooth

turning of the average radius” will be most acceptable,
strategies W, and p; are significantly less likely, and p,
is not considered at all acceptable.

23

Figure 5 — Increased perception difficulty due
to worsening weather conditions

Then, the next stage of the DSS to be determined is the
ratio specification of the expected actions of the skipper.
Nevertheless, it could be a problematic one due to unpre-
dictable nature of his decision-making strategy. To have the
DSS operating on more profound level it is necessary to
reach an agreement on specific terms of an experiment
conduct with a sample sufficient for adequate conclusions.
This effect may possibly be increased with changing
weather conditions (Fig. 5). Such cognitive connections are
likely to be traced from the very starting points of voca-
tional training and certification. This particular practice
having valuable and advantageous nature will definitely
help to prevent negative consequences [31].

4 EXPERIMENTS

Essential stress must be added to the fact that to cover
the aim of creating models of the DSS skipper’s behavior,
an analysis of the passage of the Bosphorus Strait with a
view to completing a complex turn near Sariyer was sam-
pled and successfully accomplished. Latitude and longi-
tude data were processed with a discrete step of 5 seconds
and GPS positioning — 1 meter (Table 1).

So, in order to obtain and effectively classify the tra-
jectories by curvature statistical analysis of the data was
under specific consideration to support the previous
statement.

For sufficient accuracy, a second-level test site was
applicable (Fig. 6).

Table 1 — Fragment of DSS database for the analysis of the ma-
neuver trajectory

TIME_ LT [Lon C0G [soG [HDG [Los [seT_ |
5050, 33756 362 26, 96702604 1920 20194 192 2019 282
| 50Gk0, 93664522 | 28 9567649 192 2013 192 2013 282
| 507JH0.9357:7194 25,98650331 192 20097 192 20197 262
| 50ck0, 33480 551 26, 96624328 192 20138 192 2013 282
50340 53389934 2696598462 192 20172
793

LON = 1.5699E15-1,1432E6"x+0,0003"x'2-2 2453E-14"x"3

2914E9 |
2,913E9
2,912E9
2,911E9
— 291E9 v
9 2,909E9 ! A
2,908E9 - 7
2,907E9 &

2.906E9 + b 2

2,905E9

4 112E9 4,124E9

4,118E9
LAT
Figure 6 — Maneuver curvature graph

4,114E9 4.116E9 4,12E9 4,122E9

The resulting graph determines the delta dimension
A= (4.113E9 +4.117E9), which allowed us to determine
the curvature of the ship’s trajectory.

The next step involved raising awareness of identify-
ing four types of trajectories according to the chosen ma-
neuvering strategies (Fig. 7-10).
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Figure 8 — Medium turning radius, [,
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Figure 10 — Turning with the anchor drop, |4

The initial analysis according to the scattering diagram
showed the following results (Fig. 11).

Thus, it was established that it is necessary to take the
data slice of the server of the NTPRO 5000 navigation
simulator in latitude at 41.150000.

On this line, the turn maneuver is depicted to be per-
formed directly; therefore, a series of data is the most
relevant.

To be precise, the slice for each of the 34 experiments

is declared to contain 15 parameters (Table 2).

Scatterplot of 4 against A categorized by LAT and LON
O LAT: <= 41,15,
LON: <= 29,048

o LAT: == 4115,
LON: (29,048;29,05]
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LAT: <= 41,15,
35 LON: (29, 052 29 ,054]
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LON: (29, 054 ;29,056]
LAT: <= 41 15
LON: (29,056:29,058]
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Figure 11 — Multiple scatter diagram of ship locations relative to
strategies
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According to the provided above table, as it can be
seen, the graph indicates a significant spread in A and
even the overlap between p;, pu, and p;. Therefore, other
essential aspect for presenting accurate classification, as it
deems necessary and advisable, is to get benefit of using
deeper nonlinear classification methods.

Nevertheless, the initial stage with 2000 epochs and 5
hidden neurons did not seem to exhibit high efficiency
(Table 3).

It is worth mentioning that being one of the most
powerful mathematical apparatuses automated artificial
neural networks proposes you to be allowed to work with
multi-criteria and massive experimental data such as in
this case [32-33].

Upon the conclusion of the first stage in the second
one which is named as the use of artificial neural net-
works the parameters were significantly increased: the
training covered fifteen networks (which is the maximum
number for this experiment); the number of eras was
5000; the number of hidden neurons — 15; a radial basis
function was chosen.

Table 3 — Results of the primary classification stage

Nets | Architecture | Performance | Performance | Performance
Control Test
11 | RBF 14-12-4 |41,666667 50,000000 50,000000
12 | RBF 14-12-4 |66,666667 0,0000000 0,0000000
13 | RBF 14-12-4 |50,000000 50,000000 0,0000000
14 | RBF 14-12-4 |41,666667 50,000000 100,00000
15 | RBF 14-12-4 |75,000000 50,000000 50,000000

In this case, the results of the classification are noticed
to show high efficiency level in training networks in the
range 16.RBF (14154) — 18 RBF (14154) having the last
one as the most effective among them (Table 4).

The confidence level was found out to be 0.999996
being able to be classified as a high indicator for the re-
sults (Fig. 12). To some extent, such an indicator can be
considered to be a satisfactory one for the experiment and
can be taken as a basis.

Table 4 — p,; (Summary of classification) Educational

Architecture p-1 |p-2 [u-3 |p4 |[p-al
16.RBF 14-15-4 7,0 4,0 3,0 2,0 16,0
Right 7,0 4,0 2,0 1,0 14,0
'Wrong 0,0 0,0 1,0 1,0 2,0
Right (%) 100,0 | 100,0 | 66,6 50,0 87,5
Wrong (%) 0,0 0,0 333 50,0 12,5
17. RBF 14-15-4 7,0 4,0 3,0 2,0 16,0
IRight 7,0 3,0 3,0 2,0 15,0
'Wrong 0,0 1,0 0,0 0,0 1,0
Right (%) 100,0 | 75,0 | 100,0 | 100,0 | 93,75
IWrong (%) 0,0 25,0 0,0 0,0 6,25
18.RBF 14-15-4 7,0 4,0 3,0 2,0 16,0
IRight 7,0 4,0 3,0 2,0 16,0
IWrong 0,0 0,0 0,0 0,0 0,0
Right (%) 100,0 | 100,0 | 100,0 | 100,0 | 100,0
Wrong (%) 0,0 0,0 0,0 0,0 0,0
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Table 2 — Data for analysis

LAT LON COG SOG |[HDG | LOG |[SET |DRIFT | SPDF SPDA |RUD |ROT |RPML | A W
41.15007 29.0694 180  [13.679 183 [13.659 (93 0.6 -0.278 | -1.019 |1 17 198 1543 | 1
41.15021 29.05515 191 17.849 188 |17.812 |277 | 1.1 —0.635 2.899 -15 |31 [119 518 | 2
41.15027188  |29.05443907 | 186  |18.152 181 18.073 1270 |1.7 —0.389 3.749 -8 =36 |120 931 1
41.1501253 29.05949366 | 163 19.565 161 19.557 |251 |0.6 0.041 1.1 -14 | 175 621 2
41.15003105 29.05948225 | 186  [17.47 181 (17.397 (271 |1.6 —0.155 3.31 =30 |118 589 | 2
41.1502799 29.05739313 | 182  [19.025 180  (19.015 (270 [0.6 —0.466 1.749 1 =31 |174 1216 | 1
41.15009557  |29.06968935 | 187  |13.3 187 |13.29 |110 |0 —0.027 | -0.058 |1 0 196 162 | 4
41.15009869  |29.05354389 | 144  |14.475 143 |14.472 |233 |0.3 0.584 -0.072 |15 5 114 189 | 3
41.15016964  |29.05770643 | 134 13.369 137 |13.355 |46 0.6 1.142 -2.407 |7 49 174 151 4
41.15016259  |29.05944346 | 163  |15.011 164 (15.011 |73 0.1 -0.047 | -0.225 |2 1 100 1322 | 1
41.15205802  |29.05609934 | 176  |15.444 178 |15.44 |87 0.4 0.678 -1.393 |1 29 174 1045 | 1
41.15010354  |29.05782304 | 178 |l1.161 179 |11.16 |88 0.2 —0.058 | -0.262 |0 1 99 741 2
41.15051669  |29.05719364 |207  |13.925 195 |13.61 |284 |29 -1.02 6.794 -35 |69 |[115 293 3
41.15037118  |29.06389709 | 195 15.277 {206 (15.001 (116 [2.9 0.487 -6.228 |5 94 174 226 | 3
41.15007018  |29.05687433 | 178  |16.997 174 |16.968 |264 |1 —0.762 2.756 -10 |49 [174 667 | 2
41.15007823 29.05126307 | 168  [15.818 160 |15.664 |249 |2.2 -0.369 | 4.725 -8 —45 | 117 428 | 2
41.15012971 29.05769572 | 171 10.845 171 10.844 |81 0.1 0.159 -0.265 |7 3 72 1615 | 1
41.15008146  |29.06489771 | 180  [9.098 179 19.094 |266 |0.1 —-0.029 0.23 -1 —6 157 1732 | 1
41.15057277  |29.06263983 | 167 18.085 167 |18.084 {257 |0.1 -0.227 0.376 2 -8 174 89 4
41.15040316  |29.04961019 | 174  9.064 157  [8.686 (247 [2.6 0.168 5.013 -35 |38 |90 414 | 2
41.15048491 29.06069001 | 180  [14.069 183 |14.06 |92 0.6 -0476 | -0.732 |-11 5 193 352 3
41.15056649  |29.06322449 | 201 15433 |211 15.184 1121 |28 1.019 —6.545 |18 106 | 174 926 1
41.15009548  |29.05537871 162 13.956 162 |13.96 |72 0.2 0.077 -0.388 |2 4 111 311 3
41.15094074  |29.05385945 | 152 R2.192 146 |2.175 235 |03 -0.224 | 0.74 0 =13 | 175 56 4
41.15050148  129.0625829 142 [15.32 144 (15312 |53 0.5 0.393 —-1.351 10 15 110 387 | 2
41.15012403 29.0613634 167  [13.527 168 |13.52 |79 0.2 -0.195 | -0.278 |0 1 195 1484 | 1
41.15016 29.06152 169  [18.036 169 |18.036 {259 |0 —-0.215 0.26 -10 |4 119 1189 | 1
41.15011 29.0585 186 17.236 182 (17.184 (272 |1.3 -0.154 | 2.823 0 26 |119 711 2
41.15026906  |29.05745309 | 161 19.645 160 (19.639 (250 [0.5 —-0.075 1.063 —4 =15 | 175 1294 | 1
41.15015 29.05846 175 |15.063 173 [15.055 (262 [0.5 —0.268 1.233 -5 -11 123 746 | 2
41.15003919  |29.06218542 | 191 11.127 189 |11.123 |279 |0.3 —0.508 1.14 -30 |-14 |86 1896 | 1
41.15007333 29.06011754 | 185  [8.458 183 |8.452 272 |03 —0.16 0.784 -10 | -8 50 2136 | 1
41.15044 29.0576 169 15.374 166 |15.363 256 |0.6 -0.315 1.479 -2 -14 123 768 | 2
41.15026 29.05534 148 [13.976 146 [13.966 (236 |[0.5 0.443 0.583 11 -1 98 494 | 3

DRIFT SFDF SPD A RUD ROT RP L I U - Entry p-1 w2 p-3 p-4
i“b:-emﬁm B || B | B ey By || B e 11?4?585 18.RBF 14-15.4 | 13.RBF 14-15-4 | 18.RBF 14-15-4 | 18.REF 14-15-4
2 1,100000) -0,63500 239900 15,0000 -31 0000 119,0000 518,000 2 2 0,000000 1,000000 0,000000 0,000000
4 0500000 0,041000 110000, 0,0000) -14,0000 1750000 621,000 2 2 0,000000 1,000000 0,000000 0,000000
7 0,000000 -0,02700) -008800 10000 0,0000 1960000 162,000 4 4 0030353 0,000000 0,004335 0964652
11 0400000 0678000 -1,39300 10000 29,0000 174 0000 1045000 1 1 0931135 0,000000 0,000587 0058278
12 0200000 -0,05800 026200 00000 10000 93,0000 741,000 2 2 0,000000 0,995156 0,000000 0,001804
18 2900000 -1,02000 679400 -35,0000) -69,0000 1150000 283,000 3 3 0009578 0,000000 0866462 0,123360
14 2900000, 048700 622800 50000 540000 1740000 226000 3 3 0,000000 0,000000 1,000000 0,000000
17 0,100000 0159000 -026800 700000 33,0000 720000 1615000 1 1 1,000000 0,000000 0,000000 0,000000
18 0100000 -0,02500 023000 -1,0000 -50000 1570000 1732000 1 1|_Dfm 0,000000 0,000004 0,000000

Figure 12 — Indexes of network trust level Nel8

One more idea to be highlighted relates to the question
that analysis of the sensitivity of parameter factors has the
tendency of A indicating as the most significant one for
the classification using artificial neural networks. The

further following proposed table of weights reflects the
same idea (Table 5).

Considering the application of the classification re-
sults for the functioning of the DSS, it is safe to look upon
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Table 5 — Weights of network Nel8

Weights Connections Weight values

ID 13.RBF 14-15-4 18.RBF 14-15-4
1 LAT —hidden neuron 1 0,00

2 LON —hidden neuron 1 0,40

3 COG —hidden neuron 1 0,63

4 SOG —hidden neuron 1 0,36

5 HDG —hidden neuron 1 0,57

6 LOG —hidden neuron 1 0,36

7 SET — hidden neuron 1 0,94

3 DRIFT —hidden neuron 1 0,10

9 SPD F —hidden neuron 1 0,42

10 SPD A —hidden neuron 1 0,55

11 RUD - hidden neuron 1 0,47

12 ROT — ckpbIThlii HelipoH 1 0,35

13 RPM L —hidden neuron 1 0,00

14 A —hidden neuron 1,00

the performing the maneuver p, as being the most effec-

tive strategy to be chosen. To prove the foregoing infor-
mation an erroneous judgment of the skipper during the
experimental survey is turning out to be a suitable and a
reliable one.

This available data indicates an implicit predisposition
to a distortion of the perception of navigational danger.
This conclusion can be acquired being completely con-
firmed by elevators cards and 3D graphs of the confi-
dence level in the Figure 13 a, b.

As it clearly seen, the worst result is noticed to be .

This issue being coherent and comprehensible enough
can easily be clarified due to the fact that in most cases
this strategy might not always be accurate and, as a result,
might not be recommended for use in regular situations.
To be exactly, turning with anchor drop is named to be
the most effective one in emergency cases that threaten to
collide with another vessel or land aground. To testify this
the idea is illustrated by the proposed graphs (Fig. 14).
Strategies W, and L5 do not possess competitive nature

with the given p, being located in an intermediate posi-
tion between L, and p, .

Obviously, with an aim to fulfill the DSS forecast, a
broader skipper model must meet the needs to be revealed
paying close attention to the question of having this issue
classified by a sufficient number of locations with a target
to predict its perception of behavior anywhere in the
world.

It is certain enough to say that a large and long-term
analysis by both the DSS and the staff of the Kheson State
Maritime Academy is highly requested to be fulfilled.

Besides, these minor approaches might be dealt with
and settled up apparently as they are highly likely to pre-
vent the negative consequences of distortion in the per-
ception of navigational danger by cadets during intern-
ships and directly during performing navigation tasks and
controlling the vessel process.

respond
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Figure 13 — Confidence level chart for p;
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Figure 14 — Confidence level chart for |1,
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5 RESULTS

It is certain to underline that the approaches to identi-
fying navigational hazards are based mostly on probabil-
istic models and a formal description in the framework of
set theory was critically examined and analyzed. The pro-
posed above strategy is named to be justified making it
possible to bring out and set interrelation between the
concepts of situation perception, location features and
probable risks.

In addition there is a need to add that the applied crite-
ria for constructing an incomplete model of perception by
a operator of dangers is mostly limited by inaccuracies
and subjective experimental relationships regarding the
local metric of the transition of the vessel in the nearest
interaction radius.

Furthermore, a DSS operation scheme is proposed to
be undertaken. This item involves variety of factors to be
observed that prone to influence on operator decision
making, as well as a formal algorithm for test identifica-
tion of operator preferences when choosing and setting a
resulting strategy based on Pareto efficiency theory upper
bounds for optimal alternatives.

Therefore, an experiment is announced to have been
conducted on the basis of an automated analysis relating to
the point of the strategies choice being accomplished by the
operator when performing maneuvers based on data from
logfiles for 2.5 years period. The processed data by means
of artificial neural networks happened to illustrate nonran-
dom dependencies that form class-forming sets of parame-
ters and to indicate in an acceptable way an erroneous per-
ception of the situation in difficult conditions.

Basing on the following, eventually, having been re-
ceived results of the experimental data processing, the
proposed models and algorithms welcomed the introduc-
tion of identification process of the stable models of op-
erator behavior in critical situations. The outcome was
managed to be obtained practically through experience.
Consequently, this practice provided assistance to us in
operation of constructing a DSS with the ability to deliver
prediction and to prevent negative consequences in mari-
time transport as well as to build an individual operator
model in the form of a preference map.

6 DISCUSSION

The developed models and algorithms succeed in em-
powering to exclude the negative manifestations of stable
preferences of the operator when choosing a maneuvering
strategy in tight spaces.

To conclude, it could be argued that due to the results
of modeling and analysis of the experimental data of the
Navi Trainer 5000 navigation simulator the proposed
formal approaches and software lead the way to high level
determining of possible errors in perceiving dangers from
the side of the operator and, as a result, to prevention of
catastrophes when performing complex maneuvers.

CONCLUSIONS
It can be summarized that models and algorithms for
identifying distortions in the perception of dangers by the

operator during the execution of complex maneuvers are
reported to be defined.

The results of the experiment using NTPRO 5000, as
well as the developed software, enable us to reveal the
subjective errors in making managerial decisions made by
the operator. Identification is grounded on the ratio of
adaptive test results based on Pareto-optimal alternatives
for preference and, as for classification, it is grounded on
artificial neural networks. It thus became beneficial to
create the environment likely to have the criteria defined
for the formation of an information model of the operator
in the conditions of partial watch team and the realization
of complex maneuvers.

So, the further improvement which can be strongly
supported lies in the area of the development of DSS [34]
software on the ground of the proposed models and algo-
rithms for detecting deviations in the perception of navi-
gational hazards. Basing on these investigations the level
of safety of watch keeping in the condition of its incom-
pleteness can be significantly increased.

Special emphasis must be added to the point of intro-
ducing an algorithm, which is considered to be a scientific
novelty. It is the effective and reasonable way, from one
point of view, to provide possibility to identify stable sub-
jective connections that affect the adequate perception of
the navigation situation and, from another one, to forecast
the performance of similar maneuvers based on classifica-
tion analysis.

The practical relevance of the research, in fact, is re-
ported to depict that the results of the experiment, as well
as the developed software, are drafted in such a way as to
make it possible to identify preferences in the choice of
strategies and their modifications as well as to separate
the uncertain actions of the operator from the actions veri-
fied many times. In view of this fact, random positive
maneuvering results from the side of the operator are
found out to be advantageous enough being characterized
by a spontaneous choice of strategy and, by the way, they
do not guarantee success under similar conditions in the
future. These spoken above developments are broadly
looked at as being worthwhile for reinforcing the skills of
cadets of naval academies during training simulations on
navigation simulators.

One more issue to be paid attention to is that further
proposed way of prospects is certain to be preceding to
the development of methods for eliminating erroneous
decision-making principles when choosing maneuvering
strategies managing a vessel.
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CHCTEMA JIATHOCTHKHA CIIPUMAHSATTS HABITAIIMHOI HEBE3NEKH ITIJT YAC BUKOHAHHS CKJIATHHUX
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3invyenko C. M. — kaHJ. TeXH. HayK, CTapIINH BUKJIaga4d KaQeapH yIpaBIiHHS CyJHOM, 3aBigyBad JIaAOOPATOPIEI0 €IEKTPOHHUX
CHUMYJIITOPIB, XepCOHChKA Jiep>KaBHA MOPChKa akajaeMisi, YkpaiHa.

Monosuu I. C. — 1-p mea. HayK, JOICHT KadeapH 3araibHOl Ta COIiaIbHOI ICUXO0JIOTiT, XepCOHChKUIT IepKABHUIN YHIBEPCHUTET,
VYkpaina.

Bens A. II. — kaHx. TexH. HayK, HOLEHT, 3aCTYITHUK PEKTOpa 3 HAyKOBO-IEAaroridHoi poboTu, XepcoHChKa JepikaBHa MOPChKa
akagemis, YkpaiHa.

Harpu6enbunii 1. A. — kaHza. icTop. HayK, OeKaH (pakyJIbTeTy CyAHOBOMIHHS, XEPCOHChKA AEp:KaBHa MOPCHKA aKalIeMisd,
Vkpaina.

Mareiiuyk B. M. — acmipanT, 3aBigyBad 1a00paTOpi€ro eNeKTPOHHUX CHMYJISITOPIB, XepPCOHCHKA JepiKaBHa MOPCHKa aKaJeMis,
VYkpaiHa.

AHOTAIIS

AKTyaJIbHICTB. Y CTaTTi pO3IIIAAAETHCS 3aa4a aBTOMaTH30BAHOTO aHANi3y NMPUHHATTS PillleHb ONepaTopoM B €praTHYHUX CHC-
TeMax KPUTHYHMX iHPpacTpyKTyp Ha NpUKIIa] YIPaBIiHHI MOPCHKUM TPAHCHOPTOM B CKJIaJHMX HaBirauiiiHux ymoBax. OCHOBHUM
KpHUTEpieM aqeKBaTHOTO CHPUMHATTSA BXiAHOI iH(opMmallii omepaTopoM € MPOrHO3yBaHHS MOBEIIHKOBHX CTpaTeriii MPUIHATTS
pillieHb B yMOBax AUCKPETHOTO Yacy. OnHaK, CKIaJHICTh MOJACITIOBAHHS [iif omepaTopa Mmojsrae y HelliHiifHOMY (GopMyBaHHI pillieHb
B YMOBaX IMMO3aIITaTHUX CUTYyamii i Bixxmiens Bin Kogekcis i [Ipasui.

Meta. MeTo0 AOCTIKCHHS € po3poOka MaTeMaTHYHOTO 3a0e3IedeHHs MOMIYJsl CHCTEMH IIATPUMKH NPHHHATTS pilleHb
(CIIIIP) must imeHTHIKALI] KIACOYTBOPIOIOYMX MHOXKHH aTOMAapHUX €JIEMEHTIB IO BU3HAYAIOTH (PAKT CIIOTBOPEHHS CHPUHHATTS
iHdopmanii npo HaBiraumiliHi pH3MKU LUIIXOM (HOPMAIBHOTO aHANI3y 1 MPOTHO3Y MOJENel IOBEIiHKH OIepaTopa IpH YIpaBiIiHHI
CYZHOM.

Meton. 3 MeTOl0 aBTOMAaTH3aLil aHaNi3y CIPUHHATTS HeOe3MeKku omeparopoM, Oyia moOymoBaHa MaTeMaTHYHAa MOJENb, SKa
inenTu(ikye (GakT CIOTBOPEHHS CHPHUHHATTS y BHUIVIALL NMPOCTOPY O3HAK METAJaHMX, IO OAEPKYIOTHCA 3a JONOMOrol 00poOKH
iHpopmanii HaBirauifHux npmiagiB. PakTOpoM Ae30pi€HTAIi OomepaTopa TaKOX MOXKE CIY)KUTH HECEHHsS BaXTH Ha 3MIIICHOMY
MICTKY, III0 iCTOTHO BIUIMBA€ Ha aHawi3 iH(opMamii 11 afeKBaTHOTO MPUIHATTS pillleHb. Y 3B’SA3Ky 3 HOPYIICHHSM CHHXPOHi3amii
HaBiraniifaux npunaais, takux sik: PJIC, ARPA, AIC, ECDIS, oco6nmBo y BUnagKax BUXOy 3 PeXKUMYy aBTOMAaTHIHOTO YIIPABITiHHS,
BHUHHKAE HEOES3IEUHNH MPENeeHT IO MOJIsrae y HerOTOBHOCTI ONepaTopa CIPHHHATH CKIAHICTh CHTYyalii, BHACIIIOK YOTO IIPOBe-
JeHo (OopMabHUM aHaNi3 Ha PeAMET ITiJBUILCHHS PU3HKIB MiJ 4ac Mepexoiy y BKa3aHUX yMoBax. Takox oOyJoBaHa iMOBipHiCHa
MOJIENTb CIIPHMHATTS CUTYallii B yMOBaX KapTeka MOXHOOK. MoJIe/toBaHHs MmoKasano, 1o 0e3 4iTkoi imeHTudikamii akropis, Mo
BIUIMBAIOTh HAa CIIOTBOPEHHS CIPUMHATTS ONEpaTopa, HEMOXKJIMBO BH3HAYUTH CTYIiHb KPMUTMYHOCTI HaBirauiiHoi cutyauii, Tomy
y3araJlbHeHUX CTATHMCTUYHUX JaHUX HENOCTaTHbO 1 1y pesyinbratuBHOi poborm CIIIIP, T0oOTO HeoOXigHa iHAMBINyanbHA
iHpoOpMaIiifHa MOJENF KOXKHOTO omeparopa. 3 METOI aHali3y COpUHHATTS iHpopMalii omepaTtopom OyB po3poOJicHHUl TecT, Mo
BH3HAYA€E TIepeBard Npu BUOOPi cTpaTerii KepyOUnX BIUIUBIB y BUTJISIII BUKOHAHHS MAaHEBPY IPH CKIAIHUX HaBITaIllifHUX YMOBaXx.
Pe3ynpraté TecTyBaHHS, a TAKOX JaHi 110 IPOXOHKEHHIO JIOKAIII] JO3BOIMIN BUKOHATH KiIacu(ikaniiiHui anani3 mo 15 mapamerpam
3a JIOIOMOTOI0 MITYYHUX HEHPOHHUX Mepek I BU3HAUMTH MEXI BIIXWICHb Y CHPUIHATTI HaBiramilinoi Hebesmeku. Y sapo CIIIIP
BHECCHUI Ps/I MPABUII 1 aJITOPUTMIB, SIKi BKJIFOUAIOTh: moJie B3aeMo/il, 3acodu cunxponisaiiii PJIC i HIC; ¢aktuyHa Hairaiiiina
HeOe3neka B AaHid kapTorpadiuniii 007acTi; TpaekTopii pyXy CyIEH i, sSIK pe3yibTaT, MOZAETIOBAaHHS IMOBIPHOTO BiJXWJICHHS Yy
CIIPUAHATTI Omeparopa.

Pe3yabTaTn. 3 MeTOIO MiATBEp/KEHHS pe3yibraTuBHOCTI po3pobneroi CIIIIP i 3ampornoHoBanux (opMabHO-aHATITHIHUX
miaxo/iB OyB MPOBEACHUH EKCIICPUMEHT 13 3aCTOCYBAaHHAM HaBiramiiHoro tpeHaxkepa Navi Trainer 5000 (NTPRO 5000). Metanani
eKCIepHUMEHTy 3a 2,5 poky poOoTH HaBiramiiHuUX TpeHaxepiB 1 mporpamHux 3aco6iB CIIIIP mo3Bonmim imeHTH(IKYyBaTH
HWMOBIpHICTh BIIXWICHHS B iH(GOpManiliHOMy CHpHHHATTI HeOe3leK i eKCIIOPTyBaTH NPOTHO30BaHI JaHI B HOBI Ul omIeparopa
nokamii 1 kaprorpadiuni paifonn. I[IpoBemeHMil eKCHEpUMEHT MIATBEPAUB TilOTe3y MOCTIIDKEHHS 1 IIOKa3aB IONUIBHICTH
TpaHchopmaniiinux 3miH gaHoi CIIIIP jyuisi BUKOHAHHS NMPOTHO3IB MOXKJIMBUX PH3UKIB NPH YHPABIIHHI CYZHOM IIIIXOM aHai3y
indopmariiiiHoi MoJei oreparopa.

BucnoBkn. IIpeacrasneni B nociipkenHi iHopManiliai Ta GpopManbHO-aHATITHYHI MIIXOIH, a TAaKOX PO3poOJIeHI IporpaMHi
3aco6u CIIIIP no3Boimiy BUKOHATH KiacH(iKalilo cTpaTeriii IpUUHATTS PillieHb ONepaTopoM IPH YHPABIiHHI CYAHOM i CIIPOTHO-
3yBaTH HMOBIpHICTh KartacTpodiuHMX HaciiakiB. [IpoBeneHi eKCIepUMEHTH MiATBEPAMIN JOLIIBHICTS 3aPONIOHOBAHUX MoOJene i
METOIiB.

KJIFOYOBI CJIOBA: cucremu HiATPUMKH MPUAHATTS pillleHb; iH(GOpManiliHa MOJENb onepaTopa; KOMI IOTEpHI HaBiramiiiHi
CHMYJIATOpY; WMOBIPHICTH pHU3HKIB; iH(OpPMamidHMII aHami3 JIIOACBKOTO (haKTOpa, aBTOMATH30BaHI CHCTEMH YIpaBIIiHHS,
ABTOMAaTHYHI CHCTEMH yTIPABITiHHS.
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CUCTEMA JJUATHOCTHUKH BOCITPUATHUSA HABUTAITMOHHOM OTACHOCTH ITPA BBIITOJTHEHAN
CJIO’)KHbIX MAHEBPOB

Hocos II. C. — xaHz. TexH. HayK, HOLEHT KaQeapsl CyTOBOKACHHS U €IeKTPOHHBIX HABHTAIMOHHBIX CUCTEM, XEPCOHCKAsI TOCYIapCT-
BEHHAsi MOPCKasi aKkaJieMusl, Y KpauHa.

3unvenko C. H. — xanz. TexH. HayK, CTapIInii npernogaBaTelb KaGeapsl yIpaBIeHNs CyIHOM, 3aBeAyomuil 1abopaTopueil ex-
TPOHHBIX CUMYJIATOPOB, XEPCOHCKas TOCYAapCTBEHHAS MOPCKasl akaJleMusl, Y KpauHa.

Honosuu U. C. — 1-p nen. Hayk, JOLEHT Kadeaps! 001Ieil ¥ COIMaTbHON IICUXO0JIOTHH, XePCOHCKUI roCyJapCTBEHHBII YHUBEP-
cuTeT, YKpauHa.

Benb A. Il. — xaHa. TeXH. HayK, AOLEHT, 3aMECTHTENb PEKTOpA 110 HayYHO-TIEAArorn4eckoi padote, XepcoHcKas TOCyAapCTBEHHAs
MOpCKasl akaieMusi, Y KpauHa.

Harpu6eabHblii SI. A.— KaHI. UCTOp. HAyK, IeKaH (haKyipTeTa CYIOBOXKICHMUS, XEPCOHCKAs TOCYJapCTBEHHAs MOPCKas aKaJleMIs,
VYkpauna.

Mareiiuyk B. H. — acnimpanT, 3aBexyromuii 1abopaToprel SJIEKTPOHHBIX CHMYJISITOPOB, XepCOHCKasl TOCYJapCTBEHHAsT MOPCKast
aKajeMus, YKpauHa.

AHHOTAIUSA

AKTyaJbHOCTB. B cTaThe paccMarpuBaeTcs 3ajaua aBTOMAaTH3MPOBAHHOTO aHANN3a MPUHATHUS PELIEHNH OIepaTopoM B 3pratude-
CKUX CHCTEMAaX KPHTHYECKHX MHPPACTPYKTYp Ha MPUMEpE YHPaBIEHUs MOPCKUM TPAHCIIOPTOM B CIIOXKHBIX HABUTAIIMOHHBIX YCJIOBHUSIX.
OCHOBHBIM KPHTEPHEM aJeKBATHOTO BOCIPHATHS BXOJHON HWH(OpPMAamuy OnepaTopoM SBISIETCS MPOTHO3HPOBAHHE IOBEACHUECKHX
CTpaTeruil NPUHATHS PEHICHUH B YCIOBHSX JUCKPETHOrO BpeMeHH. OIHAKO, CII0KHOCTh MOAEIMPOBAHUS JEHCTBHI OMepaTopa COCTOUT
B HEJTMHEHHOM (DOPMHUPOBAHNY PEIIEHHI B yCIOBUAX BHEIITAaTHBIX CUTyalHi U oTKIoOHeHHH oT Koxexcos u IIpasm.

Heas. Llensio nccnenoBanus sBIsieTCS pa3paboTKa MaTEMaTHYECKOTO OOECIICUEHMS] MOIYJISI CHCTEMBI TOJIEPKKH TPHUHSTHS
peuwtennii (CIIIIP) s uaeHTHOUKANMN Ki1acco-00pa3yromero MHO)XKECTBA aTOMAPHBIX AJIEMEHTOB, OINPEICISIONUX (aKT HCKaKe-
HYSI BOCHIPHATHS MHGOOPMAIIMY O HAaBUT'ALMOHHBIX PUCKAX MyTeM ()OpMajbHOIO aHAM3a ¥ [IPOTHO3a MOJIENeil MoBeIeHNsT oIepaTopa
MIPU YTIPABIECHUHU CyJHOM.

Mertona. C 1epio aBTOMaTU3alMH aHAIM3a BOCIIPHATHS ONACHOCTH OIIEPaTOpPOM, ObliIa MOCTPOEHA MaTeMaTHUECKasi MOJIENb, KO-
TOpast HACHTUHUIHPYET (HaKT UCKAKEHUS] BOCHPHUATHSA B BHIE IPU3HAKOBOTO IIPOCTPAHCTBA METAIAHHBIX, IOIYyYaeMbIX MOCPEACT-
BOM TIpeoOpa3oBaHus MH(YOPMAIMN HABUTAIMOHHBIX MPHOOpoB. DaKTOPOM IE30PUEHTAIHH OIEPaTOpa TaKKe MOXKET CIIyXKHUThb He-
CCHHUE BAaXThI HA CMEIIEHHOM MOCTHKE, YTO CYIIECTBEHHO BIMSECT Ha aHAIN3 HHGOPMALUH UL aJleKBaTHOTO NPHHSTHUS penieHuid. B
CBSI3U C HAPYNICHUEM CHHXPOHH3AIUH HaBUTAIIMOHHEIX puOopoB, Takux kak: PJIC, ARPA, AIC, ECDIS, ocobeHHO B ciTydasx BbI-
XOJa U3 PEeXHUMa aBTOMaTUYECKOr0 YIPaBJICHHs, CO3aeTCs OIACHBIN MPELEIeHT HETOTOBHOCTH OIEpaTopa BOCIPUHSATH CIOXKHOCTb
CHUTYallMH BCJIEICTBHE Yero IpoBesieH (OpPMalIbHBIN aHaNIN3 Ha NMPEAMET MOBBIIICHHS! PUCKOB BO BPeMs IIepexo/ia B 3THX YCJIOBHSIX.
Taxoke mocTpoeHa BEpOSTHOCTHAsE MOZEb BOCIPUATUS CUTYyallUU B YCJIOBHAX KapTexxa norpermHocteid. MojenupoBaHue 1nokasaio,
4yTo 0e3 ueTKON HAeHTUGUKAIMU (HAKTOPOB, BIUSIIONIMX HA MCKAKEHUE BOCTIPHUATHS OIEpaTopa, HEBO3SMOXKHO ONPEJEIHTh CTENEHb
KPUTHYHOCTH HAaBUT'ALMOHHON CHTYallMH, MOTOMY OOOOIIEHHBIX CTaTHCTUYECKHUX JAHHBIX HEJOCTATOYHO U AT PE3yJIbTaTHBHOMN
paboter CIIIIP HeoOxoanma WHAWBUAYalbHAs MH(POPMAMOHHAS MOJENb KaXI0ro oneparopa. C Lenblo aHadu3a BOCIIPHUATHS WH-
(dopmanun omepaTopoM ObLT pa3paboTaH TECT, ONPEAEISAIONINNA PEANOYTEHHS IPH BIOOPE CTPATErnyl YIPABISIOMNX BO3IEHCTBUIH
B BUJIC BHIIIOJTHCHNUS] MAHEBPA TIPH CIOXKHBIX HABUTAIIMOHHBIX YCIOBHAX. Pe3ysbTaThl TECTUPOBAHMS, a TAKXKE JAHHBIE TI0 IIPOX0XKIe-
HUIO JIOKAIUi MTO3BOJIMJIM BBINOJHHUTH KJIACCH(UKAIMOHHBINA aHAIN3 10 15 mapamerpaMm ¢ MOMOIIBIO MCKYCCTBEHHBIX HEHPOHHBIX
ceTed U OIpeeIUTh IPaHUIbl OTKIOHEHUH B BOCIIPUATUM HaBUIallMOHHOH omacHocTU. B sapo CIIIIP BHeceH psj paBuil U auro-
PHUTMOB, BKJIIOYAIOIINE: TI0JIe B3auMoieicTBus, cpencrBa cuaxponuszauu PJIC u HUC; dakTrdeckas HaBUralioHHAas OIIAaCHOCTh B
JaHHOI KapTorpadu4yecKkoil 001acTH; TPACKTOPUM JIBIKEHUS CYOB M, KaK pe3yJbTaT, MOJCIUPOBAHHS BEPOATHOTO OTKJIOHEHHUS B
MHGOPMALIMOHHOM BOCIIPUSTHH ONlepaTopa.

Pesyabrarel. C 1enbio MOATBEPKACHUS pe3yNbTaTUBHOCTH paszpabotanHoi CIIIIP u mpeanokeHHBIX (OpPMaNbHO-
AHATUTUYECKUX MOAXO0JO0B OBUIT MPOBEAEH SKCIEPUMEHT ¢ IPUMECHEHHEM HaBUTAMOHHOTO TpeHaxkepa Navi Trainer 5000 (NTPRO
5000). MeTtanaHHbIe SKCIIepUMeHTa 3a 2,5 rofa paboThl HABUTAIIMOHHEIX TPeHaXKepoB U mporpamMusie cpencrsa CIIITP mo3sonmmn
HACHTU(QUIMPOBATH BEPOSITHOCTH OTKIOHEHHS B HH(OPMAIIMOHHOM BOCHPHITHH ONAaCHOCTEH M SKCIIOPTUPOBATH IIPOTHO3UPOBAHHBIE
JaHHbIE B HOBBIC IS OIlepaTopa JIOKaluK U KapTorpaduueckue paioHsl. [IpoBeneHHbIH 3KCIIEPUMEHT MOATBEPANII THIIOTE3y HccIie-
JIOBaHUsI U T0Ka3aj Lejiecoodpa3HocTs npuMeneHus nanHoi CIIITP juis BBIIOMHEHHs IPOrHO30B BO3MOXKHBIX PHCKOB IIPHU yIIpaBie-
HHMU CYZHOM ITyTeM aHalu3a MHPOPMaLMOHHONH MOJIENH OIepaTopa.

BeiBonnl. IIpencTaBnenHsle B uccienoBaHuu HHGOpPMaIMOHHbBIE U (OPMalIbHO-aHAIUTHYECKHE MOAXO/BI, a TAKXKe pa3paboTaH-
Hele mporpammubie cpenctBa CIIIIP mo3Boimnu BHIMOTHHUTE KIACCH(HKALUIO CTPATETWH NPUHATUS PELICHHH ONepaTopoM Mpu
YIPaBIEHHH CYZHOM U CIPOTHO3MPOBATh BEPOSTHOCTH KaTaCTPOPHUUIECKHX mocneacTBUH. IIpoBeneHHBIE AKCIEPHMEHTHI
TIOATBEPANIIH 1eTIeCO00Pa3HOCTh MPEUIOKEHHBIX MOJIETIeH X METOJIOB.

KJIIOUEBBIE CJIOBA: cructeMbl NOTIESPKKH MPUHATHS PEIISHUH; MH(OPMannOHHAs MOJEIb OIlepaTopa; KOMIBIOTEPHBIE Ha-
BUTAlMOHHBIE CUMYJISITOPBI; BEPOSTHOCTh PUCKOB; MH(OPMAIMOHHBIH aHAJIHM3 YeJIOBEYECKOro (hakTopa, aBTOMAaTH3UPOBAHHBIE CHC-
TEMBI YIIPaBJICHUs], aBTOMATUUECKHE CHCTEMbI YIIPABICHUS.
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