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Abstract—In this study, we investigate synchronization phe-
nomena in ladder-coupled chaotic circuits including ring struc-
tures. We focus on the effect of the position of the ring structures
in the network to the synchronization of the whole network.
In our proposed network model, chaotic circuits are coupled
by resistors. We set the parameters of the circuits to generate
periodic solutions or chaotic solutions. Computer simulations
confirm that the various synchronization phenomena occur in
different situations.

[. INTRODUCTION

Synchronization in a network is one of the interesting topics
in scientific disciplines. Investigation of this is important work
in order to clarify nonlinear phenomena in the natural world. It
is observed over the various fields, for example, engineering,
biology, sociology and so on [1]-[3]. Incidentally, the networks
have different topology and characters in each even if they are
similar type [4]-[6]. Therefore, the investigation of dynamics
in a different network is significant and research has proceeded
to analyze the dynamics of synchronization on each topology.

On the other hand, synchronization of a coupled chaotic
system is interesting models to describe various higher-
dimensional nonlinear phenomena [7], [8]. Recently, studying
chaotic phenomena by using coupled chaotic circuits increases.
On the chaotic circuit with simple elements, circuit experiment
and computer simulation are suitable for studying in terms of
that experiment time is short and repeatability of experiments
is high. Networks by using coupled chaotic circuits can
be modeled natural world or social networks. Moreover, it
is important for future engineering to investigate nonlinear
phenomena like chaotic synchronization. As these reasons, a
chaotic-generate circuit is counted on application, for instance,
chaotic communication systems, Internet of Things, modeling
neurons and so on.

In modern society, the agenda of vegetation exists about
environment or food. The study of plant bioelectric potential
has attracted rising attention recently from the viewpoint of
plant growth [9]. Bioelectric potential is known that it changes
depending on the surrounding environment. Therefore, we
consider the bioelectric potential as the voltage phase differ-
ence of chaotic circuits and we model the plants by chaotic
circuits.

In the previous study, we have investigated synchronization
phenomena in our proposed chaotic model with hybrid topol-
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ogy by ladder and rings modeling sapling of the plant [10].
In this study, we increase the types of network and investigate
the synchronization. In our proposed network model, chaotic
circuits are coupled by resistors. These chaotic circuits are
little difference of each other by the bifurcation parameter. We
set the parameters of the circuits to generate periodic solutions
or chaotic solutions. The number of rings is changed to each
model. And we observe the synchronization phenomena in
different network models.

II. NETWORK MODEL

In this study, we use chaotic circuits. The model of chaotic
circuit is shown in Fig. 1. This circuit consists of a negative
resistor, two inductors, a capacitor and dual-directional diodes.
This chaotic circuit is called Nishio-Inaba circuit [11].

We propose ladder-coupled chaotic circuits including ring
structures. In this case of Fig. 2, we set five chaotic circuits
in ladder structure and one ring structure coupling to CCl1
by resistors. Likewise, we propose three network models that
coupled ring structure to CC1, CC2 or CC3. We set the
parameters of the system as 5 = 3.0 and § = 470.0. Next, we
change the condition in terms of the parameter a. o denotes
a degree of chaos. The network models are divided into two
types by the value of o. One pattern is to unify the value of
all « (unified system) like shown in Fig. 2, and the other is
to change the value of all o (ununified system) like shown in
Fig. 3. In the case of Fig. 2, the value of « is unified 0.412.
And in the case of Fig. 3, the value of « is not unified. The
parameters « are set from 0.411 to 0.415 with step size 0.001
from CC1 to CC5. The o of CC6 and CC7 are added 0.001
from the « of coupled circuit.

Subsequently, we augment the number of rings in the case
of one ring, two rings or three rings. Likewise in ununified
systems, the o of CC6, CC7, CC8 and CC9 are added 0.001
from the v of coupled circuit. We show the models from Fig. 3
to Fig. 7. Figure 4 and 6 are unified systems with two and
three rings and Fig. 5 and 7 are ununified systems with two
and three rings.
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Fig. 1: Chaotic circuit.
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Fig. 2: Unified system with one ring.
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R is the resistor and each chaotic circuit is coupled by
the resistor. R is defined as coupling strength for one of the
bifurcation parameters.

The normalized circuit equations of the systems are given
as follows:
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In Eq. (2), N is the number of coupled chaotic circuits and
«y is the coupling strength as v = 0.008 in this study. We set
the parameters of the circuits to generate periodic solutions or
chaotic solutions. When we set the parameter as o = 0.411
to o« = 0.415, the circuits generate three-periodic solutions.
And when the parameter is more than o = 0.416, the circuits
generate chaotic solutions.

III. SIMULATION RESULTS

We investigate synchronization phenomena in ladder-
coupled chaotic circuits including ring structures. In this
time, we use attractors and Lissajous figures to research
synchronization. Lissajous figures show the phase difference
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Fig. 3: Ununified system with one ring.
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Fig. 4: Unified system with two rings.
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Fig. 5: Ununified system with two rings.
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Fig. 6: Unified system with three rings.
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Fig. 7: Ununified system with three rings.



between each chaotic circuit. When the phase difference is
close to 0, the Lissajous figures become like Fig. 8(a). In
this case, the system causes phase synchronization (perfect
synchronization) and this condition is stable. And when the
phase differential increases, the Lissajous figures approach the
shape of Fig. 8(b). This shows that the system is asynchronous
and this condition is unstable. Moreover, the phase difference
is to some extent, the Lissajous figure becomes like Fig. 8(c).
In this case, the system causes chaotic synchronization. We
compare the synchronization with these three patterns.

(c) Chaotic synchro-

Synchronization. iy
(a) Synchronization b Sy

(b) Asynchronous.

Fig. 8: Lissajous figure.

First, we simulate the circuit model with one ring, and the
result is shown in Fig. 9, 12 and 13. In this case, despite of
that the circuits are set three periodic attractors, both unified
system and ununified system cause chaotic synchronization
and observe chaotic attractors by coupling ring to CC1 or
CC2. On the other hand, when we make the ring structure
CC3, all chaotic circuits are generated three periodic attractors
and cause perfect synchronization in both cases.

Second, we simulate the model with two rings, and the result
is shown in Fig. 10, 14 and 15. In this case, the position
of occurred chaotic synchronization increases more than the
situation of one ring. When we make the ring structure on CC1
and CC3 in the unified system and couple rings to CC1 and
CCS5 in the ununified system, many positions in the systems are
asynchronous. Though, when we make the ring structures on
CC2 and CC3 or CC2 and CC4, synchronized state of both
systems are difference. The circuits of the ununified system
occur chaotic synchronization and the circuits of the ununified
system occur perfect synchronization. Furthermore, in the case
of CC2 and CCS5 in the ununified system, despite CC8 and
CC9 has chaotic parameter as o = 0.416, CC8 and CC9
generate three periodic solutions and perfect synchronization
occur on CC8-CC9.

Finally, we simulate the model with three rings, and the
result is shown in Fig. 11, 16 and 17. In this case, on both
systems, the positions of the bridge to the ladder and ring
tend to be asynchronous. However, in the case of coupling to
CCl1, CC3 and CCS5, both systems obtain synchronization on
bridge. Furthermore, in the case of coupling rings to CC2, CC3
and CC4, synchronization is difference in both systems. The
ununified system has asynchronous however unified system
obtains many perfect synchronizations.

From these results, we confirm that when the number of
rings increases, synchronization phenomena are easy to occur
in the ununified system. We consider the reason why the
tendency exists is that by changing the characteristic, the

system has multiformity and can adapt to the
dynamics.
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Fig. 9: The number of chaotic attractors in case of one ring.
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Fig. 10: The number of chaotic attractors in case of two rings.
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Fig. 11: The number of chaotic attractors in case of three rings.

IV. CONCLUSIONS

In this study, we have investigated synchronization phenom-
ena in ladder-coupled chaotic circuits including ring structures
modeling sapling of the plant. The models are two types
named unified system and ununified system. We have set the
parameters of the circuits to generate periodic solutions or
chaotic solutions. And we have proposed that we change the
number of ring structure. By the computer simulations, we
have confirmed that when we changed the number of rings,
we can obtain various synchronization.

In the case of one ring, the large difference of dynamics
does not exist, however, the positions of synchronization are



the difference. In the case of two rings, the unified systems S Gt syt
. s s . (C1.002 01,003 CeLecH CC1,CC5 0C2.CC3 cca.ce CC2.CC5
tend to have OCCUITed ChaOth Synchronlzatlon and ununlﬁed CC1-CC2|  Chaotic sync. Chaotic sync. Chaotic sync. Asynchronous Perfectsync. Chaotic sync. Perfectsync.
systems tend to have occurred perfect synchronization. In the 20| Chaospe | Chaiosme | Chsiogne | hopchonss | Peftyme. | Ctaeaye | Pertye
case of three rings, a synchronization phenomenon is easier to B | Oebor [ | wen s
. . . CC4-CC5|  Asynchronous Asynchronous Chaoficsync. Asynchronous Perfectsync. Chaofic sync. Perfectsync.
have occurred in the ununified system than the unified system. | Chaieym | Chaege | Caoteye | Aspdhonoss
In our future works, we investigate synchronization phe- o[ CHO0| Chafesye | Chateone | Chsiesye | hoychonas
nomena by using « as the random value in the ununified s . == ¥
R i . @ | CC2-CCT Perfectsync. Chaotic sync. Perfect sync.
system. Furthermore, we carry out circuit experiment and §[oozam] Chmteome
confirm the reproducibility. f;“““ Rk
003-0C8 Chaotic sync. Perfect sync.
CC3-CC9 Chaatic sync. Perfectsync.
Coupled Circuit Position to ring strcture CC4-CC8 Chaoic sync. Chaotic sync.
ccl cc2 cc3 CC4-C03 Chaoticsync. Chaoic sync.
Ccc1-cc2 Perfect sync. Asynchronous Perfect sync. CC5-CC8 Asynchronous Perfectsync.
CC2-CC3 Perfect sync. Chaotic sync. Perfect sync. 00509 Asynchronous Perfectsync.
,‘g CC3-CCa Perfect sync. Chaotic sync. Perfect sync. CCO-CCT|  Perfect sync. Chaotic sync. Chaoticsync. Chaotic sync. Perfectsync. Perfect sync. Perfectsync.
%’ CC4-cC5 Perfect sync. Chaotic sync. Perfect sync. CC8-CC8)  Perfectsync. Chaofic ync. Chaoticsync. Chaotic sync. Perfectsync. Chaaticsync. Perfectsync.
§ | cc1-cce Perfect sync. .
£ [cci-cer Perfect sync. Fig. 15: Synchronized pattern in ununified system with two rings.
@ [cca-cco Chaotic sync.
cc2-cc7 Perfect sync.
CC3-CC6 Perfect sync. Coupled Circuit Position to ring strcture
CC3-CC7 Perfect sync. CC1,CC2,CC3 CC1,CC2,CCa CC1,CC3,CC5 CC2,CC3,CC4
CC6-CC7 Perfect sync. CC1-cC2 Chaotic sync. Chaotic sync. Perfect sync. Asynchronous
cc2-cc3 Chaotic sync. Chaotic sync. Perfect sync. Chaotic sync.
Fig. 12: Synchronized pattern in unified system with one ring. e meone AL prene e
CC1-CC6
cc1-cc7
CC2-CcC6 Asynchronous
cc2-cc7 Asynchronous
Coupled Circuit Position to ring strcture 2| cc3-cco
cc1 cc2 cc3 2[cescer
cci-cc2 Chaotic sync. Perfect sync. Perfect sync. E cc2-ccs Asynchronous Chaotic sync.
cc2-cc3 Chaotic sync. Perfect sync. Perfect sync. g €c2-cco Asynchronous Chaotic sync.
£ | cc3-cca Chaotic sync. Perfect sync. Perfect sync. = | ce3-ccs Eersctiaymc ASyRCHGhioks
3 CC4-CC5 Chaotic sync. Perfect sync Perfect sync. =08 oo Reretsyne: Baynchranous
S a i - CC3-CC10| Asynchronous
S CC1-CC6 Chaotic sync. CC3-CC11 Asynchronous
£ | cci-cc7 Chaotic sync. CC4-CC10 Asynchronous Asynchronous
E CC2-CC6 Perfect sync. CC4-CC11 Asynchronous Asynchronous
cC2-CC7 Perfect sync. CC5-CC10 Perfect sync.
CC3-CC6 Perfect sync. CCs5-CC11 Perfect sync.
CC6-CC7 Chaotic sync. Perfect sync. Perfect sync. Perfect sync.
Ccc3-cc7 Perfect sync. cC8-CC9 Perfect sync. Chaotic sync. Perfect sync. Perfect sync.
cce-cc7 Perfect sync. Perfect sync. Perfect sync. cc1o0-cc1y Perfect sync. Perfect sync. Perfect sync. Perfect sync.
Fig. 13: Synchronized pattern in ununified system with one ring. Fig. 16: Synchronized pattern in unified system with three rings.
Coupled Circuit Positon to ing strcture Coupled Circuit Position to ring strcture
[T 001003 [T 001008 (02003 [T 02008 o) Co.cos oot £CL.Ces.c08 £raccscce
cc1-cc2 Chaotic sync. Chaotic sync. Perfect sync. Perfect sync.
CCL0C2|  Chanicsyne. Fsychronaus Chaoicsyoc. Chaoticsyne. Chanticsyne. Chaotcsyne. Chanticsyne. cc2-cc3 Chaotic sync. Chaotic sync. Perfect sync. Perfect sync.
CC2-CC3  Chaotic ync. Asynchronous Chaotic sy Chaofcsync. Chaofcsync. Chaoticsync. Chaofc sync. cC3-CC4 Chaotic sync. Chaotic sync. Perfect sync. Perfect sync.
0C3-CC4|  Chaoticsync. Asynchronous Chaotic sync. Chaotic sync. Chaotic sync. Chaoticsync. Chaotic sync. CC4-CC5 Chaotic sync. Chaotic sync. Perfect sync. Perfect sync.
CCACC5|  Chanticsync. Asynchronous Chaoticsyne. Chaaticsync. Chaoticsync. Chaotc sync. Chaatic sync. CC1-CC6 y y
00106 Chanticsyne. Chaoticsyme. Chaoticsc. Asynchronous cc1-cer
[0 Chaegne. | e | Chwios. | Chaieoye £C2 coo Ferfect sync.
E CC2-C06 Chaoticsync. Chaotic sync. Chaofic sync. 2 EETZJEEZ EoHertaync,
'2 0C2-Ce7 Chaotic sync. Chaotic sync. Chaofic sync. E cC3.c07
E (20|  Chatice. < [cca-ccs
£(CC2-C09|  Chaoticsync, g CcC2-CC9 y
° 0C3-CC8 Chaotic sync. Chaotic sync. & | cc3-ces Perfect sync. Perfect sync.
003009 Chaic sync. Chaotic sync. CC3-CC9 Perfect sync. Perfect sync.
0008 Chantcsyc. Chadticsye, CC3-CC10 Chaotic sync.
[ Chanicoye, Cradicsyne CC3-CC11 Chaotic sync.
) Chatcsye. e cC4-cC10 Chaotic sync. Chaotic sync.
CC4-CC11 Chaotic sync. Chaotic sync.
L] Choke sy Chaotc . CC5-CC10 Chaotic sync.
CC&-CCT|  Chaotic ync. Chatic sync. Chaotic sre. Chaotic sync. Perfectsync. Perfectsync. Perfecsync. CC5-CC11 Chaotic sync.
CC8-C03|  Perfectsync. Chaotic sync. Chaofic sync. Chaofic sync. Perfectsync. Perfectsync. Perfect sync. CC6-CC7 Perfect sync. Perfect sync. Perfect sync. Perfect sync.
CcCs-cc9 Perfect sync. Perfect sync. Perfect sync. Perfect sync.
Fig. 14: Synchronized pattern in unified SyStem with two ring& £C10-CC1 Chaotic sync. Chaotic sync. Perfect sync. Perfect sync.

Fig. 17: Synchronized pattern in ununified system with three rings.



(1]
[2]

3]

(4]

(5]

(6]

(71

(8]

9]

[10]

(11]

REFERENCES

P. M. Gade, “Synchronization in coupled map lattices with random
nonlocal connectivity* Phys. Rev. E, vol. 54, no. 1, pp. 64-70, 1996.

I. Belykh, M. Hasler, M. Lauret and H. Nijmeijer, “Synchronization
and graph topology* Int. J. Bifurcation and Chaos, vol.15, no.11, pp.
3423-3433, Nov. 2005.

D. Malagarriga, A. E. P. Villa, J. Garca-Ojalvo and A. J. Pons, “Con-
sistency of heterogeneous synchronization patterns in complex weighted
networks® Chaos 27, 031102 2017.

S. Boccaletti, V. Latora, Y. Moreno, M. Chavez and D.-U. Hwang,
“Complex networks: structure and dynamics.“ Phys. Rep. 424, pp.
175308 2006.

J. W. Wang and Y. B. Zhang, “Network synchronization in a population
of star-coupled fractional nonlinear oscillators Phys. Lett, A 374, pp.
14641468 2010

T. Nishiumi, Y. Uwate and Y. Nishio, “Synchronization Phenomena
of Chaotic Circuits with Stochastically-Changed Network Topology*,
Proceedings of International Symposium on Nonlinear Theory and its
Applications (NOLTA’14), pp. 811-814, Sep. 2014.

N. F. Rullckov and M. M. Sushchik, “Robustness of Synchronized
Chaotic Oscillations* Int.J.Bifurcation and Chaos, vol. 7, no. 3, pp. 625-
643, 1997.

M. Miyamura, Y. Nishio and A. Ushida, “Clustering in Globally
Coupled System of Chaotic Circuit* Proceedings of IEEE International
Symposium on Circuits and Systems (ISCAS’02), vol. 3, pp. 57-60, May
2002.

J. Fromm and S. Lautner, “Electrical signals and their physiological
significance in plants.” Plant, cell & environment, 2007 - Wiley Online
Library.

K. Nakabai, K. Nakashima, Y. Uwate and Y. Nishio," Investigation of
Coupled Chaotic Circuits with Ladder and Ring Structures” Proceedings
of RISP International Workshop on Nonlinear Circuits, Communications
and Signal Processing (NCSP’ 19), pp. xxx-xxx, March 2019. (Accepted)
Y. Nishio, N. Inaba, S. Mori and T. Saito, “Rigorous Analyses of
Windows in a Symmetric Circuits“ IEEE Transactions on Circuits and
Systems®, vol. 37, no. 4, pp. 473-487, Apr. 1990.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


