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Abstract — In the paper a two-layer encoder is proposed. The
nodes of encoder under consideration are neo-fuzzy neurons,
which are characterised by high speed of learning process and
effective approximation properties. The proposed architecture of
neo-fuzzy encoder has a two-layer bottle neck” structure and its
learning algorithm is based on error backpropagation. The
learning algorithm is characterised by a high rate of convergence
because the output signals of encoder’s nodes (neo-fuzzy neurons)
are linearly dependent on the tuning parameters. The proposed
learning algorithm can tune both the synaptic weights and centres
of membership functions. Thus, in the paper the hybrid neo-fuzzy
system-encoder is proposed that has essential advantages over
conventional neurocompressors.

Keywords — Artificial neural networks,
intelligence, data compression, machine learning.
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[. INTRODUCTION

A major problem of Data Mining, which is related to high
dimensional big data processing [1], [2], is a task of data
reduction without significant loss of information that is
contained in this data store. For solving such tasks, a lot of
approaches are proposed, and, first of all, the principal
component analysis, principal manifold analysis, discriminant
analysis, specialised neural networks such as Hebb-Sanger
neural network, Oja-Karhunen neural network, “bottle neck”
and others [3], [4].

The necessary element of deep neural networks [5]-[7],
which are intensively developed at the present day, is
autoencoder. It solves the problem of data reduction and forms
the input layers of neural networks. The autoassociative
multilayer perceptron “bottle neck” and restricted Boltzmann
machine are most often used as autoencoder. The nodes of such
autoencoders are the elementary Rosenblatt perceptrons with
the sigmoidal activation functions. These autoencoders provide
a high quality of data compression but are characterised by a
low speed of their parameter tuning, which is implemented
based on multi-epoch learning.

Due to the intensive development of the studies in Data
Stream Mining [8], [9], it is important to synthesise the high-
speed autoencoders, which allow processing information in
online mode, when data is fed to a system sequentially.

II. ARCHITECTURE OF THE NEO-FUZZY AUTOENCODER

The proposed autoencoder has a two-layer architecture and
is autoassociative “bottle neck” modification of the
Kolmogorov’s neuro-fuzzy network (KNFN), which was

proposed and investigated in [10]-[14]. The vector signals
x(k) = (x,(k),...,x;(k),...,x,(k))" € R" , which have to be
compressed, are fed to the receptor layer of the network (here
k=1,2,..., Nis an observation number in a sample (in case of
batch mode) or an instant of discrete time (in case of online
mode)).

The first hidden network’s layer consists of m (m < n) tuned
nonlinear units. The output of these units is values of
compressed signals  y(k) = (y,(k),...,y;(k),...,x, (k)" eR”
that are fed to nonlinear tuned units of the output layer. At the
output of the second layer, the recovered signals
x(k) = (x,(k)...,x;(k),...,x,(k))" € R" are defined and the
error ¢,(k)=x,(k)—x (k) is used for the synaptic weight
learning of both layers. Therefore, the neo-fuzzy autoencoder
implements the nonlinear mapping in the form:

2(h) = (%, X0 X)) = Zﬁ:f,}”(y;,-) = iﬁ}z] (Z ,E”(xi));

i=1

Vi=L2,...,n

where f () and f,.jm(-) are nonlinear transforms, which are
implemented by units of the first hidden and the second output
layers, respectively.

The nonlinear synapses NSU1, NSI? and the neo-fuzzy
neurons NFN', NFN' (that were proposed in [15]-[17]),
which have hlgh approximation properties and are used as
“building blocks™ of the proposed neo-fuzzy autoencoder. The
neo-fuzzy neuron is the Wang-Mendel neuro-fuzzy system of
zero order.

Figure 1 shows the architecture of the neo-fuzzy

autoencoder, while Fig. 2 demonstrates the structure of the neo-
fuzzy neuron NFN'" in the hidden layer of autoencoder. Such
a neo-fuzzy neuron consists of n nonlinear synapses NSJ, s
where each of them contalns h membership functions p | and
h tuning synaptic weights w!! / The first hidden layer contains
mnh membership functions and the same number of synaptic
weights.

The output layer contains n neo-fuzzy neurons NFN'™
where each of them consists of m nonlinear synapses NSIEZ] s at
that, each of these synapses has also # membership functions
ujz, and % synaptic weights w[ I

Thus, autoencoder contains 2mnh tuning parameters. Finally,
the transformations, which are implemented by an
autoassociative neo-fuzzy network, can be written in the form:
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Fig. 1. Neo-fuzzy autoencoder.
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The nonlinear synapses (1), (2) are like the Takagi-Sugeno
fuzzy inference systems of zero-order [18] and are also
universal approximators, i.c., they can approximate any one-
variable restricted function with required accuracy in condition
that the synaptic weights are correctly tuned and a number of
membership functions are correctly selected.

Equation (3) describes the two-layer neuro-fuzzy system
with two-level fuzzy rule system, which implements the
multiscale approach, i.e., according to the theorem of Yam-
Nguyen-Kreinovich [19] this system allows achieving a
required accuracy of approximation for any constrained
multivariate function.

As membership functions of nonlinear synapses NS'', NS.*
the authors of neo-fuzzy neuron [15]-[17] wused the
which satisfy to unity

conventional triangular functions,
partitioning in the form:

Fig. 2. Neo-fuzzy neuron of the first hidden layer.
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where ¢!, ¢!, 1 =1, 2,..., h are the centres of the

membership functions, in the 51mp1est case these functions are
uniformly distributed along the axes x, and y,.

Conditions (5), (7) denote that the 31gnals x,(k), y; (k) are
fed to the inputs of NS NS , the outputs of which are
defined in the form:

[ (k) = wi wl, (e () + Wil ( ()
17y ) = w2l 0, () + w2 (0, (R)),

i.e., in each current instant of time & in each nonlinear synapse,
only two neighbouring membership functions can be fired.
Finally, not 2mnh synaptic weights, but only 4mn ones are
tuned at each time step that allows accelerating the learning
process of the system as a whole.

III. THE LEARNING OF NEO-FUZZY AUTOENCODER

The learning process of the neo-fuzzy autoencoder is related
to defining the synaptic weights of both layers based on
minimisation of goal function, which can be written for i-th
system’s output (i = 1, 2,..., n) in the form:

E (k)= e} (k)=

N
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(2]
where w =i,

W (k) = (H,u D (R)), W3 (7, (D), Wiy (0 (R)), 31 (0 (R)),

(K)o w2 (3, (k)" are the (mh x 1) — vectors of
synaptic weights and membership functions.

In the simplest case, the standard least square method can be

used for tuning vectors w!*! in the form:

(2] [2] . 12] [2] [2]\T
Wiizseens Wiips Winlseens Wig seees W,

imh s

w (V) = (Z o o™ (y(k))j ZHEZ] (v (k))x (k).

In the case when data are fed to processing in online mode,
the learning process is simplified to gradient minimisation of
criterion (8) in the form [17]:

oe’ (k)
wii (k) = wi (k= 1) —n(k)— 5 =
w2 )

ijl

i (k=D +n(k)e, ()i (v, (),

where n(k) is a learning rate parameter.

To accelerate the learning process, we can introduce the
optimised adaptive algorithm based on the procedure (9) in the
form:

Wl (k) = W (k1) +

L 5B =W k=D k)
12 (k)

B (k) = arf (k= 1)+ ol )L 0<a <,

i (k)

where o is a smoothing parameter, which defines the learning
rate parameter:

-1
n(k) = (7 (k))

Tuning the synaptic weights of a hidden layer is performed
using a backpropagation algorithm; thus, we can use the
procedure (9), which can be rewritten in the form:

1 1 ’ k
) = )k =) ) -
Doy e (k) 0% (k) v, (k)
B O i (10)

Oy (y, &)

J

=wy (k=D +n(k)e, ()3 (x, (k))z w2 (k)

It follows from (6) that

1
[2] [2] 21 7.
(ci,jl cl/ll) H lfy] [z/ll’ctj,l]’

[2]
MI (cl[,zj],l_cl[,zj],lﬂ)l’ lf y_/ [ lj/’ ljl+l] (11)
oy

0 otherwise,

for uniformly distributed centres using the notations in the
form:

-1
(cp.] —ct¥ ) =Ac,

il i,j,0-1

[2] (2]
(Ci,/ 1 Cz J.l+1

)71 =-Ac,

we can rewrite (11) in a more compact form:

( ( )) ac, if Vi € [ ’2/]1 l’cz[zf]l]'

i1 \V

ﬂ@# —Ac, if y, e[c,jl, ,j,ﬂ] (12)

! 0 otherwise.

Further introducing the notation in the form

Ac, if Y; € elc 11]1 1’01[2/]1]
Z K| —Ac, if y; eldc T (= k), (13)

0 otherwise

the expression (10) can be rewritten in the compact form:
wiit (k) = wiij (k = 1) +n(k)e, (k)p' Cx, ()W (k) .

This procedure is different from an output layer learning
algorithm (9) only by multiplayer (13).

Therefore, the backpropagation procedure in a multilayer
system, which is based on the neo-fuzzy neurons, is simpler in
a computational sense than learning of multilayer perceptron

(3], [4].

IV. RESULTS OF SIMULATION

For effectiveness verification of the proposed neo-fuzzy
autoencoder, the data sets were taken from UCI Repository [20]:
Iris, Wine, Hayes-roth. Data set “Iris” contains 150 observations
(Number of Attributes: 4) of 3 classes, Data set “Wine” contains
178 observations (Number of Attributes: 13) of 3 classes, data
set “Hayes-roth” contains 160 observations (Number of
Attributes: 5) of 3 classes.

The results, which were obtained using the proposed neo-
fuzzy autoencoder, were compared with the results of
autoassociative multilayer neural network “Bottle Neck”. The
dimension of compression data was 2 components. The
simulation was performed 20 times with different initial
condition and the results were averaged.
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TABLEI
RESULTS OF SIMULATION
Data Learning time, sec
Autoencoders Sets Error
Min Avg Max
Iris 0.238 3.51 4.16 4.82
Neo-fuzzy Wine 0.521 3.99 4.52 5.06
autoencoder Haves-
4 0.323 245 | 313 | 373
roth
. Iris 0.486 4.04 543 6.82
Autoassociative
three-layer neural Wine 0.903 6.54 6.80 7.06
network “Bottle Hayes-
Neck” rot}}: 0.593 3.21 3.59 3.98

As it is seen from Fig. 3, data that are compressed using a

neo-fuzzy autoencoder are more compact clusters than data that
are compressed based on the autoassociative multilayer neural

network “Bottle Neck”.
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Fig. 3. Data set Hayes-roth after compression based on the autoassociative
multilayer neural network “Bottle Neck” (a) and the neo-fuzzy autoencoder (b).

V. CONCLUSION

In the paper, the neo-fuzzy autoencoder has been proposed.
This autoencoder has a two-layer architecture with the neo-
fuzzy neurons as the units. The simple learning algorithm based
on a backpropagation algorithm, which allows information
processing in online mode, has also been proposed in the paper.
The autoencoder is characterised by the computational
simplicity and high learning speed of its parameters.

REFERENCES

[1] J. Han and M. Kamber, Data Mining: Concepts and Techniques.
Amsterdam: Morgan Kaufman Publ., 2006.

[2] C.C. Aggarwal, Data Mining. N.Y.: Springer, 2015.

[3] A. Cichocki and R. Unbehauen, Neural networks for optimization and
signal processing. Stuttgart: Teubner, 1993.

[4] S.Haykin, Neural Networks and Learning Machines. Upper Saddle River,
New Jersey: Pearson, Prentice Hall, 2009.

[5] Y.LeCun, Y. Bengio, and G. Hinton, “Deep learning,” Nature, vol. 521,
no. 7553, pp. 436-444, May 2015.
https://doi.org/10.1038/nature14539

[6] J. Schmidhuber, “Deep learning in neural networks: An overview,”
Neural Networks, vol. 61, pp. 85-117, Jan. 2015.
https://doi.org/10.1016/j.neunet.2014.09.003

[7] 1. Goodfellow, Y. Bengio and A. Courville, Deep learning. MIT Press,
2016.

[8] A. Bifet, Adaptive Stream Mining: Pattern Learning and Mining from
Evolving Data Streams. Amsterdam: 10S Press, 2010.

[91 C. C. Aggarwal, Data Streams: Models and Algorithms. Kluwer
Academic Publishers Boston/Dordrecht/London, 2007.

[10] V. Kolodyazhniy and Y. Bodyanskiy, “Fuzzy Kolmogorov’s Network,”
Knowledge-Based Intelligent Information and Engineering Systems,
pp. 764771, 2004. https://doi.org/10.1007/978-3-540-30133-2_100

[11] Y. Bodyanskiy, V. Kolodyazhniy, and P. Otto, “Neuro-Fuzzy
Kolmogorov’s Network for Time Series Prediction and Pattern
Classification,” Lecture Notes in Computer Science, pp. 191-202, 2005.
https://doi.org/10.1007/11551263_16

[12] V. Kolodyazhniy, Y. Bodyanskiy, and P. Otto, “Universal Approximator
Employing Neo-Fuzzy Neurons,” Computational Intelligence, Theory
and Applications, pp. 631-640.
https://doi.org/10.1007/3-540-31182-3_58

[13] V. Kolodyazhniy, Ye. Bodyanskiy, V. Poyedyntseva, and A. Stephan,
“Neuro-fuzzy Kolmogorov’s network with a modified perceptron
learning rule for classification problems,” Computational Intelligence,
Theory and Applications, pp. 41-49.
https://doi.org/10.1007/3-540-34783-6_6

[14] Ye. Bodyanskiy, Ye. Gorshkov, V. Kolodyazhniy, and V. Poyedyntseva
“Neuro-fuzzy Kolmogorov's network,” in Lecture Notes in Computer
Science, vol. 3697, W. Duch, J. Kacprzyk, E. Oja, and S. Zadrozny, Eds.,
Berlin-Heidelberg: Springer-Verlag, pp. 1-6, 2005.

[15] T. Yamakawa, “A novel nonlinear synapse neuron model guaranteeing a
global minimum-Wavelet Neuron,” Proceedings. /998 28th IEEE
International ~ Symposium  on  Multiple- Valued Logic (Cat.
No. 98CB36138). https://doi.org/10.1109/ismv1.1998.679510

[16] E. Uchino and T. Yamakawa, “Soft Computing Based Signal Prediction,
Restoration, and Filtering,” Intelligent Hybrid Systems, pp. 331-351,
1997. https://doi.org/10.1007/978-1-4615-6191-0_14

[17] T.Yamakawa, E. Uchino, T. Miki and H. Kusanagi, “A neo-fuzzy neuron
and its applications to system iden-tification and prediction of the system
behavior,” in Proc. of 2-nd Int. Conf. on Fuzzy Logic and Neural Networks
“IIZUKA-92 ", lizuka, Japan, pp. 477483, 1992.

[18] J. -S. R. Jang, C. T. Sun, and E. Mizutani, Neuro-Fuzzy and Soft
Computing: A Computational Approach to Learning and Machine
Intelligence. N.J.: Prentice Hall, 1997.

[19] Y. Yam, H. T. Nguyen, and V. Kreinovich, “Multi-resolution techniques
in the rules-based intelligent control systems: a universal approximation
result,” Proceedings of the 1999 IEEE International Symposium on
Intelligent  Control Intelligent Systems and Semiotics (Cat.
No. 99CH37014), 1999. https://doi.org/10.1109/isic.1999.796657

[20] UCI Repository of machine learning databases. CA: University of
California, Department of Information and Computer Science. [Online].
Available: http://www.ics.uci.edu/~mlearn/MLRepository.html

10



Information Technology and Management Science

2017/20

Yevgeniy Bodyanskiy. In 1971, he graduated with honour from Kharkiv
National University of Radio Electronics. In 1980, he defended the Doctoral
Thesis. In 1984, he was awarded the academic title of Senior Researcher. In
1990, he was awarded Dr. habil. sc. ing. degree. In 1994, he was awarded the
academic title of Professor. His major fields of research are evolving hybrid
systems of computational intelligence, data stream mining, data science, and
big data.

Since 1974, he has been working at Kharkiv National University of Radio
Electronics. In 1974-1976, he was a Researcher; in 1977-1983, he was a Senior
Researcher; in 1986-1991, he was a Scientific Head of Control Systems
Research Laboratory; in 1991-1992, he was a Research Fellow. Since 1992, he
has been a Professor of Artificial Intelligence Department at KhNURE,
Scientific Head of Control Systems Research Laboratory at KhNURE. He has
more than 660 scientific publications, including 42 inventions and 16 monographs.
Research interests include hybrid systems of computational intelligence:
adaptive, neuro-, wavelet-, neo-fuzzy-, real-time systems, including problems
related to control, identification, forecasting, clustering, diagnostics, fault
detection in technical, economic, medical and ecological objects.

He is the IEEE senior member, member of 4 scientific and 7 editorial boards.
Contact data: Office 511, 14 Nauky Ave., Kharkiv, 61166, Ukraine.

E-mail: yevgeniy.bodyaskiy@nure.ua

Iryna Pliss. In 1970, she graduated with honour from Kharkiv National
University of Radio Electronics. In 1979, she defended the Doctoral Thesis. In
1983, she received an academic title of Senior Researcher. Her major field of
research is evolving hybrid systems of computational intelligence.

She is a Leading Researcher of the Control Systems Research Laboratory at
Kharkiv National University of Radio Electronics. She has more than 155 scientific
publications. Research interests include hybrid systems of computational
intelligence: adaptive, neuro-, fuzzy- real-time systems, including problems
connected with control, identification, forecasting, clustering, diagnostics, fault
detection in technical, economical, medical and ecological objects.

Contact data: Office 511, 14 Nauky av., Kharkiv, 61166, Ukraine.

E-mail: iryna.pliss@nure.ua

Olena Vynokurova. In 2002, she graduated with honour from Kharkiv
National University of Radio Electronics. From 2002 to 2005, she undertook
the postgraduate study at the Department of Artificial Intelligence. In 2005, she
defended the Doctoral Thesis. In 2007, she was awarded the academic title of
Senior Researcher. In 2012, she was awarded Dr. habil. sc. ing. degree. In 2014,
she was awarded the academic title of Professor. Her major fields of research
are evolving hybrid neuro-fuzzy systems for dynamic data mining, data stream
mining.

Since 2002, she has been working at Kharkiv National University of Radio
Electronics. In 2002-2005, she was a Researcher; in 2005-2010, she was a
Senior Researcher; in 2010-2014, she was a Leading Researcher, in 2013—
2017, she was a Professor of Information Technology Security Department.
Since 2014 she has been a Principal Researcher of Control Systems Research

Laboratory at Kharkiv National University of Radio Electronics, since 2017 —
Professor at IT Step University. She has more than 200 scientific publications,
including 7 monographs. Research interests include evolving hybrid systems of
computational intelligence: wavelet neural networks, hybrid wavelet neuro-
fuzzy systems, identification, forecasting, clustering, diagnostics, fault
detection in technical, economic, medical and ecological objects.

Contact data: Office 517, 14 Nauky Ave., Kharkiv, 61166, Ukraine.

E-mail: vynokurova@gmail.com

Dmytro Peleshko. In 1991, he graduated with honour from the Ivan Franko
Lviv National University. In 2010, he received the degree of Dr. sc. ing. from
the Lviv Polytechnic National University. In 2013, he received an academic
title of Professor. In 2010-2012, he was an Associate Professor; in 2012-2015,
he was a Professor; in 2015-2016, he was a Chief of Information Technologies
at the Publishing Department of Lviv Polytechnic National University. Since
2016 he has been a Vice-Rector for Research at IT Step University.

He has more than 200 scientific publications, including 10 inventions and
10 monographs and book chapters. Research interests include machine vision;
computational and artificial intelligence; data mining; data stream mining;
digital image, video series, video streams processing in online mode. Practical
results are video motion detector, fire detector, solution for tracking the objects
under conditions of noisiness and high level of separation of motion subject. He
is the IEEE senior member.

Contact data: IT Step University, 83a Zamarstynivska Str., 79019, Lviv,
Ukraine.

E-mail: dpeleshko@gmail.com

Yuriy Rashkevych. In 1977, he graduated with honour from Lviv
Polytechnical Institute. In 1986, he defended the Doctoral Thesis and in 1997
he was awarded the degree of Dr. habil. sc. ing. In 2000, he received an
academic title of Professor. From September 1977 to November 1992 —
Assistant, Associate Professor at the Automated Control Systems Department;
from December 1992 to May 2011 — Head of the Automated Control Systems
Department; from June 2011 to December 2014 — Head of the Information
Technologies at the Publishing Department; from January 2015 to May 2017 —
Professor of Information Technologies at the Publishing Department. From
April 1991 to March 2017 — Vice-Rector for International Relations at Lviv
Polytechnic National University. Since 2017, he has been working at the
Ministry of Education and Science of Ukraine, Vice-Minister for Higher
Education and European Integration. He is the author of more than 130 scientific
publications, including 12 inventions and 4 monographs.

Research interests include time-scale modification of speech signals, neural
methods, real time signal and image processing, computational intelligence.
Contact data: Ministry of Education and Science of Ukraine, 10 Peremohy
Ave., Kyiv, 01135, Ukraine.

E-mail: rashkevyuriy@gmail.com

11




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


