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4. IT TECHNOLOGIES AND CYBERSECURITY

4. 1T TEXHOJIOI'Il TA KIBEPBE3IEKA

MULTIDIMENSIONAL WAVELET NEURON AND ITS
LEARNING FOR PATTERN RECOGNITION TASKS IN THE
INTERNET OF THINGS APPLICATIONS

Author — Oskerko S., Lutsan V.
Supervisor — Vynokurova O.
IT Step University

The machine learning methods (especially artificial neural networks)
are widely spread nowadays in a large class of pattern recognition, image
classification, intelligent control and time series prediction tasks due to
their universal approximating properties and their learning abilities. Since
there’s a number of practical tasks when a learning sample volume is
restricted, a learning rate factor goes in the forefront.

At the same time, not all neural networks (first of all, the most popular
multilayer architectures are learned with the error back propagation
procedure) satisfy the real task conditions because of a low rate of a
tuning process and a possible overfitting effect.

Therefore, hybrid systems are the most effective systems of machine
learning now, especially neuro-fuzzy and wavelet-neuro-fuzzy systems that
combine neural networks’ universal approximation ability, fuzzy inference
systems’ interpretability, compact representation of signal local properties
based on wavelet transform.

IoT produces and accumulates a lot of data of arbitrary natural,
which are fed from Internet-connected sensory devices. Therefore, the
development of IoT technologies requires new unique solutions for the
accumulated data processing in real time, where the method of computa-
tional intelligence and machine learning have a lot of advantages as
compared to conventional approaches.
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Nowadays, intensive researches are being carried out for the integra-
tion of loT technologies and machine learning methods. As the analysis
shows, in most cases, the existing methods are either not capable of pro-
cessing the data stream in real time or cannot be implemented based on
simple 1oT controllers that could allow the development of the cheap loT
applications. Thus, it is important to create new high-speed methods that
would have a simplicity of implementation and allow data processing in
online mode.

In this work, the architecture of multidimensional wavelet neuron and
its learning algorithm for pattern recognition are proposed. The proposed
approach is characterized by simplicity of computational implementation
and high speed of tuning parameters. Such systems can be used for solving
tasks of the classification data, the patterns recognition, the prediction of
multidimensional time series, which are generated by Internet-connected
sensory devices in loT applications. The simplicity of multidimensional
wavelet neuron architecture allows implementing it in the loTcontrollers.

The computational experiments are performed based on benchmark
and real data sets. The obtained results have confirmed the advantages of
the proposed approach in comparison with the existed methods. The
software RFAv.2.0 was developed for classification data and pattern
recognition.

In the future, the adaptive wavelet function will be implemented into
the architecture for increasing the approximation properties of wavelet
neuron. Such adaptive activation function allows tuning its parameter
(center and width) during a learning process.

The advantage of the proposed approach is described in the paper
and is presented on “The First International Conference on Computer
Science, Engineering and Education Applications (ICCSEEA2018)” by
authors.

Introduction
Methods of scientific direction that is developed within computer sci-
ence and is known as machine learning have been widely used to solve
various real problems in many areas [1-3] recently.
Hybrid systems are the most effective systems of machine learning
now, especially neuro-fuzzy [4-6] and wavelet-neuro-fuzzy systems [7-8]
that combine neural networks’ universal approximation ability, fuzzy
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inference systems’ interpretability, compact representation of signal local
properties based on wavelet transform.

Internet of things (IoT) produces and accumulates a lot of data of arbi-
trary natural, which are fed from Internet-connected sensory devices.
Therefore, the development of IoT technologies requires new unique
solutions for the accumulated data processing in real time, where the
method of computational intelligence and machine learning have a lot of
advantages as compared to conventional approaches [10-15].

As the use of intelligent systems becomes widespread, the require-
ments for their universality grow higher and higher, which means, in
particular, a stability over any type of data, an adaptively to changing
conditions, a transparency of the results interpretation. Strictly guarantee
these properties we can only do by using rigorous mathematical methods
based on the computational intelligence theory.

Nowadays, intensive researches are being carried out for the integra-
tion of IoT technologies and computational intelligence methods, among
them: in [16] authors proposed 4 data mining models for processing loT
data, in [17] authors introduced a systematic manner for reviewing data
mining knowledge and techniques in most common applications (classifi-
cation, clustering, association analysis, time series analysis, and outline
detection B IoT applications); in [18] authors ran a survey to respond to
some of the challenges in preparing and processing data on the loT through
data mining techniques, in [19] authors attempted to explain the Smart City
infrastructure in IoT and discussed the advanced communication to support
added-value services for the administration of the city and citizens thereof.

As the analysis shows, in most cases, the existing methods are either
not capable of processing the data stream in real time or cannot be imple-
mented based on simple IoT controllers that could allow the development
of the cheap IoT applications. Thus, it is important to create new high-
speed methods that would have a simplicity of implementation and allow
data processing in online mode.

In this work, the architecture of multidimensional wavelet neuron and
its learning algorithm for pattern recognition are proposed. The proposed
approach is characterized by simplicity of computational implementation
and high speed of tuning parameters. Such systems can be used for solving
tasks of the classification data, the patterns recognition, the prediction of
multidimensional time series, which are generated by Internet-connected
sensory devices in [oT applications.
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IT TECHNOLOGIES AND CYBERSECURITY

1. Wavelet neuron for classification tasks and its learning algorithm

1.1. The architecture of wavelet neuron and its activation function

The architecture of wavelet neuron [20] is based on the neo-fuzzy ar-
chitecture [21, 22], which uses only triangular activation functions.

Taking into account the fact that triangular activation functions do not
always provideenough quality in pattern recognition tasks, the synthesis of
wavelet neuron architecture based on wavelet activation function and its
learning algorithm is relevant. Using the wavelet functions give us the
advantage of detecting the local features in the patterns.

Figure 1.1 shows the architecture of wavelet neuron for classification
tasks.

The wavelet neuron has the simple architecture for computational im-
plementation and can be used for recognition and classification of data,
which is received from a lot of sensors in the Internet of Things applica-
tions (security camera, fitness band, smart house systems etc.).

e 2 T “-I'.
x(k)o Wy, s —(Z )
L ‘._'/

=] W ==

ay (k) +— 1 { Way ~=- .({j) .(E)" o f, -
. : I r ol

x, (kyYo—3— @y, | " J ’(:i)

* P | 1 W

Fig. 1.1. The architecture of wavelet neuron

The vector in the form

x(k) = (x,(k), x,(k), ..., x, (7)), (1.1)
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is fed to the input of wavelet neuron (here & is the discrete instant of
time), and in the output we obtain the signal in the form

y(k) = —_— (1.2)

n n h
u(k) = _"fi(x(k) => "> w,(k =g, (x,(k) (1.3)
i=1 i=1 j=1

where 7y is the parameter of sigmoid function, w,(k)is the synaptic

weight, @, (k) is the wavelet activation function, i =1,2,....x.

As wavelet activation functions we can use wavelet function “Mexi-
can hat” in the form:

1 (k
Pji(xi(k)) = (l_ti(k))exp[_%] (1.4)

where ¢, (k)= x,(k)—c (k) n'ﬂ'(k) ; c,(k) is the center parameter;
o ;(k)isthe width parameter of the activation function.

Figure 1.2 shows wavelet activation functions (1.4) with different val-
ues of the width parameter.

o8 -

0.4

0.2

YV |

0.4 B

-10 -8 -6 -4 -2 o 2 4 L= 8 10

Fig. 1.2. Wavelet activation functions with different values
of the width parameter
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1.2. The learning algorithm of wavelet neuron
The learning process of wavelet neuron is the adjustment of synaptic
weightsw, (k)in the each iteration k where the optimization task of chosen

quality criterion is solved.

As the quality criterion we can use the quadratic quality criterion in
the form:

! s
E(k) =S (d(0) — y() = &) =

(1.5)

~Uaw - 1 :

1 + exp —"J'iZwﬁ (k - l)‘f:"ji (X,' (k))

i=l j=I

where d(k) is reference signal, y(k)is the actual signal, e(k)is the

learning error.
Thereby, a partial derivative of the synaptic weights has the form

For learning process of wavelet neuron, we can use a gradient learning
algorithm, which has form based on criterion (1.4):

BEGR)
By~ YN U=y (), (5 R

(1.6)

) 1 (k)
= —ye(k) y(k)(1 - y(k)(1 —r,,,(k))exp[— =

w, (k4 D)= w, (k) +n etk + 1)y — y(0) o, (x,(K) (1.7)

wherey; " islearning rate parameter (0 <n" <1).
Introducing  (h x1) dimensionality = vectors  of  variables

@, (x, (k) = (¢, (x,(k)),.. .,a,shi(xi(k)))T, w, (k) = (w,; (k),.. .,whl.(k))T, we can write
the gradient learning algorithm in the form

w;(k +1) = w,(k) +n"ve(k +1) y(k)(1 — y(k) g, (x(k)) . (1.8)

In the future, the adaptive wavelet function will be implemented for
increasing the approximation properties of wavelet neuron. Such adaptive
activation function allows tuning its parameter during a learning process.
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2. Multidimensional wavelet neuron and its learning

2.1. The architecture of multidimensional wavelet neuron

In many cases solving the real problems in the Internet of Things ap-
plication is needed the prediction or the classification of multidimensional
data, which are fed from some sensors at one time.

For this case, we can introduce multidimensional wavelet neuron,
which has » inputs, m outputs and h wavelet activation function for each
input. For the task of classification and pattern recognition, the sigmoidal
functions have to be added to the output layer.

Figure 2.1 shows the architecture of the multidimensional wavelet
neuron for the classification or pattern recognition tasks.

Lof Wi

Fig. 2.1. The architecture of multidimensional wavelet neuron
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The nodes of the multidimensional wavelet neuron are wavelet neu-
rons, which can be described above.

For the optimization of computational implementation let’s rewrite the
input of multidimensional wavelet neuron in the form

y(k) =W (k) (x(k)) (24)

where  (x(k)) = (2, (%), 91, (5,), -8, (6,0, 85, (1), 20, (%,), -+ 25, (%,
O (X)), 2, (x,)" 18 (hn x1) dimension vector wavelet activation functions,

Wi Wi 0 Wi W Wy 0 Wy o e Wy
W k) WI-IZ WI-IZ W].nQ W?IZ Wi W2‘nz wl’fnZ
WI Im W]2m Wl nm WZ]m W22m T W2nm oo W/mm

is(mxhn) dimensional matrix of synaptic weights.

2.2. The learning algorithm of multidimensional wavelet neuron

Due to the synaptic weights of multidimensional wavelet neuron de-
pend on the output systems linearly, we can use the stochastic approxima-
tion algorithms, which minimize criterion in the form

E () =100 = (d,(0) — v, (). (2.5)

Minimizing the criterion (2.5) by synaptic weights w,. (k)

OE.
(')wj =—e;y;(I=y)ve:(x), (2.6)

lij

we can write learning algorithm in the form

JE;
wy; (k +1) = w, (k) —n—==w,, (k) + e, (k) v, (k)1 — y, (k) v, (x, (k) (2.7)

lij

whereris learning rate parameter (0 < <1).

For optimizing the learning process, we can rewrite learning algorithm
(2.7) in matrix form

Wk +1) =W (k) +1y(e(k) © y(k) © (1= y(k))) - &' (x(k)) (2.8)
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where  e(k) = (e,(k),e,(k),....e, (k)" is the errors vector,
y(k) = (y,(k), y,(k),..., ¥, (k)" is the outputs vector, @ is dot product.

3. Experiments

3.1. Data classification based on synthetic data set

The effectiveness of proposed multidimensional wavelet neuron is ex-
amined based on data set «Two spirals» [23], which is two classes repre-
senting two spirals and is a benchmark for neural network.

For implementing proposed multidimensional wavelet neuron and its
learning algorithm, the software RFAv.2.0 was developed based on C#
programing language with standard libraries for the realization of mathe-
matical operations and visualization of obtained results.

Figure 3.1 and figure 3.2 show the screen form of developed software
RFAv.2.0 (the training process results and the classification results visuali-
zation.

@ RFAV.20 = m| bl
®ain  mporpama wipiHa dyHKUT
POSTIZHAEEHHA TOHOK pasﬁiiﬂaaaHHn KAPTMHUK | a1
| KpOK HBE4YaHHRA
nporpec BukoHanHa: 5/5 T oes
DN (= 5 ]| e
30
Tect. resultd B result O result 1 B result 1 r_a_;\.“ll_\f_._a
0.943951610241584 |1 (N5AN4R3IRGT58415% (0 )
3 nporpec EMKOHEHHA
0.829704938610296 |1 0.170295061389604 |0 5660/1332
0.200085933743567 |0 0.799914066256433 (1
0.857348187185766 |1 0.142651812814234 |0 TECTOBE OUHKE
0.07765278104927190 0.022347212950628 |1 12/hbG
L9R4215527357505 |1 0.0357844726424955 |0 B
0.595347776971724 |1 0.404652223028276 |0
01669405 180199 Y] 0.83305971819801 1
0.785381635254762 |1 0.214618364745239 (0
0.0558587288670518 |0 0.244147271132848 [1
0.807802601828046 (1 0.192197398171954 |0
0.168474257044412 |0 0.831525742955588 (1 ) Bizyanisauia
o s ipi i KOHESPTALIA
BHOPMYEEHHS
CreHepyBaTH Gain NoBesiHKY 3arpysuTi Gain NoseaiHK nepesanncati

Fig. 3.1. The results of the training proceés
of the multidimensional wavelet neuron
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The data set is divided by the training data sample (70%) and testing
data sample (30%). As the quality criterion was taken the percentage of the
false classified patterns based on the testing data set.

The multidimensional wavelet neuron has 2 inputs, 2 outputs, and 30
wavelet function for each input. The initial synaptic weights values were
taken zeros, the learning rate parameter was taken 7 =0.99 and width of

wavelet activation function was taken 0.1.

& cratucTuka noxnbrn — [m] *

98%

B[EL [

Fig. 3.2. The visualization of classification results
of «Two spirals» data set

The obtained results are compared with neo-fuzzy neuron and are pre-
sented in Table 3.1.

Table 3.1 — The results of classification

Number of Error Error
Neural network activation Training Testing
function set set
Multidimensional wavelet 30 3.3% 2%
neuron
Neo-fuzzy neuron 30 3% 4,5%
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3.2. Recognition of handwritten digits data sets

The effectiveness of proposed recognition system is examined based
on two handwritten digits data sets. The first experiment was performed
based on MNIST database [24] and results was presented by authors in the
copy of paper.

The second experiment was performed based on handwritten digits
data from Matlab data sets. The data store contains 10000 synthetic images
of digits 0-9. The images are generated by applying random transfor-
mations to digit images created using different fonts. Each digit image is
28-by-28 pixels.

EDOEG
BEEEED
pEEER
PEEHED

Fig. 3.3. Digit data set

The multidimensional wavelet neuron has 784 inputs, 10 outputs, and
10 wavelet function for each input. The initial synaptic weights values
were taken zeros,the learning rate parameter was taken 1= 0.99 and width
of wavelet activation function was taken 0.3.As the quality criterion was
taken the percentage of the true classified objects based on the testing data
image set.

The multidimensional wavelet neuron was trained during 50 epochs
and accuracy on the test data set was 92%.

Figures 3.4-3.6 show the results of recognition handwriting digits,
which you can write in the window in the developed software RFAv.2.0.
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Conclusions

Nowadays, intensive researches are being carried out for the integra-
tion of IoT technologies and machine learning methods. As the analysis
shows, in most cases, the existing methods are either not capable of pro-
cessing the data stream in real time or cannot be implemented based on
simple IoT controllers that could allow the development of the cheap IoT
applications. Thus, it is important to create new high-speed methods that
would have a simplicity of implementation and allow data processing in
online mode.

In this work, the architecture of multidimensional wavelet neuron and
its learning algorithm for pattern recognition are proposed. The proposed
approach is characterized by simplicity of computational implementation
and high speed of tuning parameters. Such systems can be used for solving
tasks of the classification data, the patterns recognition, the prediction of
multidimensional time series, which are generated by Internet-connected
sensory devices in IoT applications.

The computational experiments are performed based on benchmark
and real data sets. The obtained results have confirmed the advantages of
the proposed approach in comparison with the existed methods. The
software RFAv.2.0 was developed for classification data and pattern
recognition.

In the future, the adaptive wavelet function will be implemented into
the architecture for increasing the approximation properties of wavelet
neuron. Such adaptive activation function allows tuning its parameter
(center and width) during a learning process.

The advantage of the proposed approach is described in the paper and
is presented on “The First International Conference on Computer Science,
Engineering and Education Applications (ICCSEEA2018)” by authors.

References

1. Rutkowski, L. Computational Intelligence: Methods and Tech-
niques. Springer-Verlag, Berlin (2008).

2. Murphy K.P. Machine Learning: a Probabilistic Perspective. MIT
press (2012).

3. Kruse R., Borgelt C., Klawonn F., Moewes C., et al. Computation-
al Intelligence. A Methodological Introduction, Springer-Verlag, Berlin,
(2013).

4. Jang, S.M. Neuro-Fuzzy and Soft Computing — Prentice Hall
(1997)

505



IT TECHNOLOGIES AND CYBERSECURITY

5. Jang, J.-S.R.. ANFIS: adaptive-network-based fuzzy inference sys-
tem. IEEE Transactions on Systems, Man and Cybernetics. 23 (3) (1993)

6. Tahmasebi, P.A hybrid neural networks-fuzzy logic-genetic algo-
rithm for grade estimation". Computers & Geosciences. 42: 18-27 (2012)

7. Bodyanskiy, Ye., Vynokurova O. Hybrid adaptive wavelet-neuro-
fuzzy system for chaotic time series identification. Information Science,
220, 170-179 (2013).

8. Abiyev, R.H., Kaynak, O. Identification and control of dynamic
plant using fuzzy wavelet neural networks. Proc. of IEEE Int. Symposium
on Intelligent Control, USA: San Antonio, 1295-1301(2008).

9. Abiyev, R.H.,Kaynak, O. Fuzzy wavelet neural networks for iden-
tification and control of dynamic plants — A novel structure and a compara-
tive study. IEEE Trans. on Industrial Electronics, 55(8), 3133-3140 (2008).

10. Mahdavinejad, M.S., Rezvan, M., Barekatain, M., Adibi, P., Bar-
naghi, P., Sheth, A.P.: Machine learning for Internet of Things data analy-
sis: A survey. Digital Communications and Networks, (2017). In Press.

11. Atzori, L., Tera, A., Morabito, G.: The internet of things: a survey.
Computational Network 54 (15), 2787-2805 (2010).

12. Cecchinel, C., Jimenez, M., Mosser, S., Riveill, M.: An architec-
ture to support the collection of big data in the internet of things. In: Proc.
of 2014 IEEE World Congress on Services, pp.442-449, (2014).

13. Joakar, A.: A Methodology for Solving Problems with Data Sci-
ence for Internet of Things, DataScience for Internet of Things. Homepage,
https://www.datasciencecentral.com/profiles/blogs/a-methodology-for-
solving-problems-with-datascience-for-internet, last accessed 2017/11/27.

14.Ni, P., Zhang, C., Ji, Y.: A hybrid method for short-term sensor
data forecasting in internet of things. In: Proc. of 2014 11th International
Conference on Fuzzy Systems and Knowledge Discovery (FSKD), pp.
369-373 (2014).

15. Alam, F., Mehmood, R., Katib, I., Albeshri, A.: Analysis of Eight
Data Mining Algorithms for Smarter Internet of Things. Procedia Comput-
er Science 98, 437-442 (2016).

16.Bin, S., Yuan, L., Xiaoyi, W.: Research on data mining models for
the internet of things. In: Proc. of 2010 IEEE International Conference on
Image Analysis and Signal Processing, pp. 127-132, (2010).

17. Chen, F., Deng, P., Wan, J., Zhang, D., Vasilakos, A.V., Rong, X.:
Data mining for the internet of things: literature review and challenges.
International Journal of Distributed Sensor Networks 11(8), 1-14 (2015).

506



IT TECHNOLOGIES AND CYBERSECURITY

18. Tsai, C.-W., Lai, C.-F., Chiang, M.-C., Yang, L.T.: Data mining
for internet of things: a survey. IEEE Communications Surveys & Tutori-
als 16 (1), 77-97 (2014).

19. Zanella, A., Bui, N., Castellani, A., Vangelista, L., Zorzi, M.: In-
ternet of 905 things for smart cities, IEEE Internet of Things journal 1(1),
22-32 (2014).

20.Bodyanskiy, Ye., Lamonova, N., Pliss, 1., Vynokurova O. An
adaptive learning algorithm for a wavelet neural network. Expert Systems
22(5), 235-240 (2005).

21. Yamakawa, T., Uchino, E., Miki, T., Kusanagi H.: A neo-fuzzy
neuron and its application to system identification and prediction of the
system behavior. In: Proc. of 2nd Int. Conf. on Fuzzy Logic and Neural
Networks, 477-483, lizuka, Japan (1992).

22.Miki, 1., Yamakawa, I.: Analog implementation of neo-fuzzy neu-
ron and its on-board learning. Computational Intelligence and Applica-
tions. pp. 144-149, Piraeus: WSES Press (1999).

23.Data Set Repositories. https://www.mathworks.com/matlabcentral/
fileexchange/41459-6-functions-for-generating-artificial-datasets.

24. MNIST Homepage http://yann.lecun.com/exdb/mnist/

507



STUDY AND FORMULATION OF THE ORGANIZATIONAL
RECOMMENDATIONS: HOW TO REDUCE THE COST

OF CUSTOMER SERVICE IN THE TAXI COMPANIES?

Autor — Gniady M., Kowalczyk J., Kusénierz J., Lichwata A., Mikotajczyk M.,

Supervisor — Okulicz-Kozaryn W .......cccoevirioniiiiiiieniieieeieeeeeee e 414
TEPLODAR — CITY OF CRAFTSMEN
Author — Zhikhareva N., Novikova O., Supervisor — Braiko M...........cccceevverueennene. 420

CREATING A VALUE DRIVER TREE AS AN ELEMENT OF INFLUENCE
ON THE INDICATORS OF THE FINANCIAL STATE OF THE ENTERPRISE
Author — Dashchenko O., Supervisor — Kasianova A........ccccoceviinienenicnienenncnnn. 440

RESEARCH METHODS FOR CALCULATION COMMERCIAL GOODS
PRODUCTION EFFICIENCY IN AGRICULTURE450
Author — Coleva D., Supervisor — Parmacli D.........c.cccoooiiiiiiii, 450

3. AUTOMATION 459

DEVELOPMENT OF REMOTE CONTROL TO TRANSMIT
AND DATA PROCESSING WEATHER INFORMATION IN REAL TIME
Author — Romanchenko N., Supervisor — Palahin V. ... 459

ESTIMATION OF CRITICAL SPEED AND STABILITY OF MOTION
IN THE AUTOMATED CONTROL SYSTEMS OF RAIL TRANSPORT
Author — Kharchenko A., Supervisor — Zakovorotnyi O. ......c..cccceeeerienieneeniennenne. 475

4. 1T TECHNOLOGIES AND CYBERSECURITY 493

MULTIDIMENSIONAL WAVELET NEURON AND ITS LEARNING

FOR PATTERN RECOGNITION TASKS IN THE INTERNET

OF THINGS APPLICATIONS

Author — Oskerko S., Lutsan V., Supervisor — Vynokurova O.........ccccceceevvenuenncnnn 493

USING OF NLP TECHNOLOGIES FOR EVALUATING
THE CRYPTOCURRENCY RATES
Author — Gryekhvodov B., Supervisor — Kanishcheva O.........ccccccevvieniinienennnnne. 508

INVESTIGATION OF CODE-BASED CRYPTOGRAPHIC
TRANSFORMATIONS AND DIGITAL SIGNATURE SCHEMES

Author — Kiian A., Supervisor — Svatovskyi L. ....c..cocooviiriiiiniiniiicccee 525
RESEARCH OF INTELLIGENT NETWORK SERVICES TRAFFIC IN NGN
Author — Kondratenko A., Kyslenko M., Supervisor — Kniazeva N. .......c..ccccccee.. 540

SOFTWARE TRAINER FOR DEMONSTRATING VULNERABILITIES
OF WEB APPLICATIONS
Author — Babiychuk V., Supervisor — Smyrnova K........c.cccccoeviniiniininiiniineeene 555

824



Hayxose 6uoanmus

MixkHapoaAHNH KOHKYPC CTYIeHTCbKMX HAYKOBUX POOIT

BLACK SEA SCIENCE 2018

Marepianu

Bepcrka — H.M. KoBanbuyk

®opmat 60x84/16. I'apritypa Times New Roman.
YmMoBHO-/1pyK. apk. 48,07. Tupax 300. 3amoBnenHs Ne 0518-105.

BumaBHUITBO 1 ApyKapHS — BumaBamumii nim «I empBeTnka
73034, m. XepcoH, Byin. [TapoBo3na, 46-a, odic 105
Tenedon +38 (0552) 39 95 80
E-mail: mailbox @helvetica.com.ua
CBiI0OIITBO Cy0’€KTa BUIABHHYOI CIIPaBH
JIK Ne 4392 Bin 20.08.2012 p.



