Int. J. Bifurcation Chaos 2022.32. Downloaded from www.worldscientific.com
by CITY UNIVERSITY OF HONG KONG on 04/25/22. Re-use and distribution is strictly not permitted, except for Open Access articles.

International Journal of Bifurcation and Chaos, Vol. 32, No. 5 (2022) 2250067 (8 pages)
© World Scientific Publishing Company
DOI: 10.1142/S0218127422500675

Effects of Amplitude, Maximal Lyapunov Exponent,
and Kaplan—Yorke Dimension of Dynamical
Oscillators on Master Stability Function

Mohadeseh Shafiei Kafraj and Fahimeh Nazarimehr
Department of Biomedical Engineering,
Amirkabir University of Technology (Tehran Polytechnic), Iran

Dibakar Ghosh
Physics and Applied Mathematics Unit, Indian Statistical Institute,
203 B. T. Road, Kolkata 700108, India

Karthikeyan Rajagopal
Centre for Nonlinear Systems,
Chennai Institute of Technology, Chennai, India

Sajad Jafari*
Department of Biomedical Engineering,
Amirkabir University of Technology (Tehran Polytechnic), Iran

Health Technology Research Institute,
Amirkabir University of Technology (Tehran Polytechnic), Iran
sajadjafari@Qaut.ac.ir

J. C. Sprott
Department of Physics, University of Wisconsin — Madison,
Madison, WI 53706, USA

Received July 21, 2021; Revised November 8, 2021

Obtaining the master stability function is a well-known approach to study the synchronization
in networks of chaotic oscillators. This method considers a normalized coupling parameter which
allows for a separation of network topology and local dynamics of the nodes. The present study
aims to understand how the dynamics of oscillators affect the master stability function. In order
to examine the effect of various characteristics of oscillators, a flexible oscillator with adjustable
amplitude, Lyapunov exponent, and Kaplan—Yorke dimension is used. Not surprisingly, it is
demonstrated that the amplitude of the oscillations has no substantial effect on the master
stability function, i.e. the coupling strength needed for the complete synchronization is not
changed. However, the flexible oscillators with larger maximal Lyapunov exponent synchronize
with larger coupling strength. Interestingly, it is shown that there is no linear connection between
the Kaplan—Yorke dimension and coupling strength needed for complete synchronization.
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1. Introduction

Synchronization is an important collective behavior
in networks of dynamical systems. This phenome-
non has been observed in a wide range of com-
plex networks, including networks of connected bio-
logical %%ﬁilj, M, technological [Chowdhury &
Khalil |, and physical systems [Zhang & Stro-
gatzm]. For instance, in the brain as a complex
network, synchronization is an integral feature of its
dynamics at different scales of the nervous system,
from neural activity to the entire brain m
2004; De Stefano et all, 2019; [Wan ng et all, 12Q2d In
the literature, several studles have been done on

synchronization i [2Q2d Chowdhury et alJ,
2019; (Wang_et_all, [ZD_Q Researchers have exam-

ined the effect of different factors on synchroniza-
tion, including coupling strength, time delays, and
noise [Santos et all,2019; Shi & Lu, 2009; [Sun_et all,
2015).

The synchronizability of a given network is first
dependent on the network structure that describes
the interaction between oscillators. Second, it is
dependent on the local dynamics of oscillators [Lodi
et al., 2020; Xi_et all, [2020]. Master Stability
Function (MSF) can determine the necessary and
sufficient conditions for a network to reach a syn-
chronized state [Pecora & Carroll, [1998]. MSF ana-
lyzes the synchronization independent of network
topology, no matter how complex it is. In particu-
lar, the MSF is a maximal Lyapunov exponent of
a set of variational equations. In variational equa-
tions, the dynamics of oscillators, type of couplings,
and a normalized coupling parameter K are con-
sidered. Normalizing coupling parameter makes the
analysis independent of the topology. Several works
have studied the synchronization of single and mul-
tilayer networks with regular, small-world, and ran-
dom typologies_@)e a Rossa & DeLellis. [202(: Bara-
hona & Pecora, m] In
a network of coupled oscillators, the necessary con-
dition for synchronization is negative MSF for an
interval of normalizing control parameter K [Pec-
ora & Carroll, [1998]. Authors in [Huang et all,

] have introduced a general scheme to clas-
sify the behavior of MSFs in terms of crossing zero
value into I'g,I'y,...,I,. In this classification, I',,
indicates that the MSF possesses m finite cross
points. There are some research works that have
focussed on MSF. To study a network with stochas-
tic inner dynamics, an upgraded MSF was sug-

gested [Della Rossa & DeLellid, [2020]. This method

concluded that if noise diffuses evenly in the net-
work, it could benefit synchronization. Zero-lag and
cluster synchrony of delay-coupled dynamical oscil-
lators using the master stability approach was dis-
cussed in [Ladenbauer et all,2013]. In [Berner et all,
M], the MSF was used for various adaptive net-
works. MSF can also be developed for hypergraphs
[Mulas et all, 2020]. MSF for various delay distri-
butions and network structures was discussed in
[Kyrychko et all,12014]. In [Sun et all, 2009], a gen-
eralized MSF for a network of oscillators with small
but arbitrary parametric changes was studied.

The present study seeks to address the ques-
tion of “How amplitude, Maximal Lyapunov Expo-
nent (MLE), and Kaplan—Yorke dimension (Dxy)
of chaotic oscillators impact the synchronization?”
With this aim, the synchronization of two cou-
pled flexible chaotic oscillators is studied. The term
“flexible” means that the amplitude, MLE, and
Dxy of the oscillator are controllable by proper con-
trol parameters |[Chen et all. [2018; Munmuangsaen
et al., lﬂ)ﬁ] While it is predictable that the ampli-
tude of oscillations does not affect their synchronis-
ability and the MLE has a linear relation with the
MSF, we are aware of no work in the literature dis-
cussing the effect of Dy on the MSF. The paper
is organized into four sections. In Sec. 2l we briefly
provide the mathematics of the flexible chaotic sys-
tem and MSF formulation. Section [3 examines how
the amplitude, MLE, and Dky of oscillators affect
the MSF. Finally, in Sec. M, the conclusion gives a
summary and critique of the findings.

2. MSF for a Flexible Chaotic
System Under x — z Coupling
Scheme

In the following, the formula of the flexible chaotic
system and its corresponding MSF under x — x cou-
pling scheme are presented.

2.1. System dynamics

The flexible system is defined as follows M,
201,

T = kz,%

i=ta( o+ 1), )
k1

Z = ko(aky — |y| — bz).
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This system was based on a previously analyzed
system with an adjustable attractor dimension

, 12015; ISprott, 2020] which
is known as Buncha system. System (Il) was pro-
posed to have adjustable amplitude, MLE, and Dy
\Chen_et_all, 2018]. The oscillator shows chaotic
dynamics in a = 5, b = 0.5, k1 = 1 and k9 = 1
and initial conditions [6, 10, —2]. In the equations of
the system, ki, ko, and b are parameters that con-
trol the amplitude of oscillations, MLE, and Dgy,

respectively [Chen et all, 2018].

2.2. Master stability function

For a system described by djii = F(X;), i =1,
2,..., N, where X; is a m-dimensional vector of
variables for the ith oscillator and F(X;) defines
the velocity field, a general form of the identical
network is described by

F(X;) —e)y GyH(X;), (2)

Jj=1

aX;
dt

where N is the number of coupled oscillators, and
¢ is the strength of the global coupling. Here,
G : RN — RY is the coupling matrix satisfyingI

0 ko
&y, ko
@k _ | —k r2
di ! ey
0 —ko sign(y)

It should be noted that for y values near zero,
—0.005 < y < 0.005, the approximation sign(y) ~
tanh(wy) with w = 500 is considered.

3. Results

In a given network, synchronization can be affected
by its topology (matrix G), and coupling variables
(matrix H). Using the MSF method, the influence
of network topology is considered as Kj = eug
(k > 2); that is a multiplication of global coupling
strength with corresponding eigenvalues of G. Once
MSF is calculated based on the normalized param-
eter K, it can be applied to any network topology.
To determine the synchronizable regions of coupling
strength, all Kjs must be located in the region
for which MSF < 0. The MSF for different cou-
pling schemes is shown in Fig. [Il In the following,

Effects of Dynamical Oscillators on Master Stability Function

Z;V:l Gij =0, and H : R™ — R™ is the coupling
function that determines which variables are cou-
pled. Considering the synchronous state of the net-
work % = F(s) with s = X; for i = 1,2,..., N,
the block diagonally decoupled form of variational
equation is as follows,

Lo 1pr(s) - KDH(s)) 3)
DF and DH are the Jacobian functions of F(s) :
R™ — R™, and H(s) : R™ — R™. K is a nor-
malized coupling parameter. Ky = eui (K > 2)
is a specific set of K with p; being a nonzero
eigenvalue of the matrix G : RY — RN, and
0=p1 < po < pg <--- < pn [Pecor rroll,
11998; [Huang et al, DDLH] Consequently, the MSF
is defined as the MLE of Eq. ). When oscillators
are coupled via x variable, the Jacobian function of
H(s) becomes,

10 0
DH=E=|0 0 0]. (4)
00 0

So the simplified form of Eq. (@) for the given sys-
tem [Eq. ([@)] is

0
100
k
k—2y ~Klo 0 o]]¢. (5)
1
00 0
—bky

all simulations are done using 5000 cycles of the
system with a time-step of 0.01. The ODEs are
approximated using the fourth-order Runge-Kutta
method. The network’s elements are coupled only
through one variable, i.e. only one element of matrix
DH is equal to one. So, each panel belongs to a dif-
ferent type of coupling. For instance, the notation
xr — gy determines that couplings are from the x
variable of one oscillator to the y variable of its
connected neighbors. Seeking intervals with nega-
tive MSF shows us that only through the x — =z,
y — y, and z — 2z coupling schemes, the network
can be synchronized; otherwise, there is no possibil-
ity to reach the synchronized state. Besides network
topology and coupling type, individual oscillators
play a crucial role in synchronizing the network.
The relevance between the synchronization of the
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Fig. 1.

MSFs of System () based on normalized parameter K for different coupling schemes. In each panel, the coupling

types are specified by the name of involving variables in the coupling, e.g. the notation z — y determines that couplings are
from the z variable of one oscillator to the y variable of its connected neighbor. The system variables are set to a = 5, b = 0.5,

ki1 =1, and kg = 1.

network and the amplitude, MLE, and Dky of the
oscillator is discussed in the following subsections.

3.1.

It is important to understand how the ampli-
tude of oscillations impacts synchronization. In
the following, it is considered that oscillators inI

Amplitude

the network are coupled through z variable. The
flexible chaotic system, Eq. (), has an adjustable
amplitude. Changing k; results in change to the
amplitude of the dynamics. Figure 2(a) shows how
the amplitude of oscillations changes with parame-
ter k1. In this figure, the horizontal axis shows the
amplitude control parameter, and the vertical axis
shows the amplitude of the attractors. The ampli-
tude is measured by

A= \/(Xmax

Xmax, Ymax and Zpax are the maximum, and Xy,
Yinin and Zin are the minimum of oscillations in the
settled attractor for the corresponding variables. As
ki1 increases, the attractor of the system expands.
Figure 2((b) represents how MSF is changing by
altering the parameters k1 and K. In this figure, the
vertical axis is the normalized coupling parameter

- )(min)2 + (Ymax -

vain)2 + (Zmax - Zmin)Q- (6)

K in Eq. @), and the horizontal axis is k;. The
color bar represents the value of MSF at each point
(k1, K). It changes from positive to negative values.
Positive values of MSF correspond to regions of
(k1, K) where the network cannot be synchronized.
However, the negative values of MSF correspond to
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Fig. 2. The association between MSF and k1, the parameter
that changes the amplitude of the oscillations, for a = 5,
b = 0.5, and k3 = 1. (a) The amplitude of oscillations by
changing parameter k1. (b) MSF values indicated by color bar
for different values of k1, and normalized coupling parameter
K. The result shows that the zero-cross point of MSF, the
black curve, does not change by changing parameter ki, i.e.
MSF is independent of the amplitude of oscillations.

the regions of (k1, K) that the network potentially
can be synchronized. The black curve is the first
zero point of MSF in the direction of K. Results
show that for the different amplitudes of oscillation,
the black curve is approximately constant. It means
that the zero-cross point of MSF, which defines
the required coupling strength for synchronization,
remains the same. Subsequently, changes in ampli-
tude make the synchronization neither difficult nor
easy.

3.2. Maximal Lyapunov exponent

Maximal Lyapunov exponent is an important fea-
ture of dynamical oscillators. A definition of deter-
ministic chaos is relevant to positive MLE in the
Lyapunov spectrum. For Eq. (), the MLE is
adjustable by parameter ky. Figure Bl(a) shows the
dependence of the Lyapunov exponents (indicated
by three different colors) on the parameter ko.
Figure BI(b) shows the relation between MLE and
MSEF. The value of MSF related to each point
(ko, K) is depicted by a color bar. The black curve

Effects of Dynamical Oscillators on Master Stability Function

is the first zero point of MSF in the direction of K.
This curve shows a boundary range of ko and K that
the network potentially can or cannot be fully syn-
chronized. The results show two conclusions. First,
the zero-cross point of MSF increases as the MLE
increases. It means that as the MLE of the oscil-
lators increases, more coupling strength is needed
to synchronize the network. Second, the shape of
MSF contours is not changing by varying ks. The
zero-cross point of MSF is linearly dependent on ks.

3.3. Kaplan—Yorke dimension

Besides MLE, other Lyapunov exponents are also
informative for a dynamic system. Specifically for a
chaotic system, Dy is obtained from its Lyapunov
spectrum as,

i
A1’

d
Dgy = d+ Z (7)
i—1

where d is the largest number of descending Lya-
punov exponents whose summation is non-negative.

0
05! ~
g1 T
- —
W50 —~—
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o -
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Fig. 3. The association between MSF and ks, the parame-
ter that changes MLE of the oscillator, for a = 5, b = 0.5,
and k1 = 1. (a) The LEs versus parameter kg and (b) MSF
values indicated by colors based on MLE control parameter
ko, and normalized coupling parameter K. The result shows
that the zero-cross point, the black curve, increases as the
MLE increases. So, the more the oscillators are chaotic, more
coupling strength is needed to synchronize their network.
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Fig. 4. The association between MSF and Dyky control
parameter for a constant k2 = 1. (a) The Dkv, and ko val-
ues versus parameter b, (b) MSF values indicated by color
bar based on Dgy control parameter b, and normalized cou-
pling parameter K and (c) MLE values versus parameter b.
Here, a and k; parameters are set to a = 5, and k1 = 1.

In System ([I) Dy can be controlled using param-
eter b. In Fig. @ the impact of Dky on MSF is
studied. In this case, as shown in Fig. [{(a), only
the parameter b varies and ko = 1. It shows that
as b increases, the Dky changes from Dkgy = 3 to
almost 2. So the dynamics change from conserva-
tive chaos to dissipative chaos. From Fig. [d(b), it
can be discussed that synchronization is strongly
associated with the dimension of the oscillations.
In this figure, the horizontal axis belongs to con-
trol parameter b, and the vertical axis is normal-
ized parameter K. Values of Dky associated with
(b, K) points are indicated by the color bar. The
black curve that is the first zero point of MSF in
the direction of K, shows the necessary condition

to reach a synchronized state. Therefore, it could be
concluded that the smaller Dky results in a smaller
zero-cross point, which corresponds to smaller cou-
pling strength required for synchronization. How-
ever unlike the previous case, this does not happen
in a linear way. The important point here is that as
the Dky changes, the MLE changes, too [Fig. dl(c)].
So it is necessary to find a way to examine the
effect of Dky independently. As seen in Sec. B.2]
the MLE has a linear relation with k. To keep the
MLE constant on a value named MLE(desired), an
adaptive parameter ko named ks(desired) can be

Dky, ks

0.1
M 0.5
0
0 -0.1
(b)
03
02+
23]
E A
0.1
0 L L L L
0 0.1 02 03 04 05

b
()

Fig. 5. The association between MSF and Dkvy control
parameter for updated kg values. (a) The Dy, and ko val-
ues versus parameter b, (b) MSF values indicated by color bar
based on Dk~ control parameter b, and normalized coupling
parameter K with adaptive k2 and (¢) MLE values versus
parameter b. Here, a and k; parameters are set to a = 5, and
k1=1.
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used according to the following formula,
MLE(desired)  ka(desired) (8)
MLE B ky

Considering the result presented in Fig. [ for
ko = 1 and setting the desired value of MLE to
MLE(desired) = 0.16, it is obtained that

0.16

MLE’ )
This calculation results in a vector of ko values by
changing b. In the next step, at each point, both
ko values and b values change. For each parame-
ter b, a corresponding value of ko is determined.
Then the MSF in each (ko,b) point is calculated.
Figure B shows that by selecting adaptive ko val-
ues, the MLE is kept approximately constant. So,
in this condition, any change in the MSF is asso-
ciated with Dgy, independent of MLE. It is found
out that as Dky decreases, the first zero point of
MSF in the direction of K has a decreasing nonlin-
ear trend. However, by decreasing Dky more than
a threshold, the first zero point of MSF in the direc-
tion of K increases.

ko(desired) =

4. Conclusion

This study set out to determine the impact of the
dynamics of oscillators on synchronization. To this
aim, the MSFs associated with a flexible chaotic
system were examined. The results indicated that
for x — x, y — y, and z — z coupling schemes,
a network of flexible chaotic oscillators could be
synchronized through type I'1. Otherwise, it could
not be synchronized. Considering the x — x cou-
pling type for the network, it was shown that the
amplitude of oscillations does not influence synchro-
nization. Then the effect of MLE on the MSF was
investigated. It was shown that as the MLE of the
chaotic oscillator increased by increasing parame-
ter ko, the zero-cross point moved to a larger value.
So, more coupling strength was needed to reach the
synchronized state. Further, as the Kaplan—Yorke
dimension became smaller by increasing parame-
ter b, the zero-cross point became smaller. However,
by decreasing Diy more than a threshold, the zero
point of MSF increased.

Acknowledgment

This work is funded by the Center for Nonlinear
Systems, Chennai Institute of Technology, India, via
funding number CIT/CNS/2021/RD/007.

Effects of Dynamical Oscillators on Master Stability Function

Conflict of Interest

The authors declare no conflict of interest.

References

Barahona, M. & Pecora, L. M. [2002] “Synchroniza-
tion in small-world systems,” Phys. Rev. Lett. 89,
054101.

Berner, R., Vock, S., Schéll, E. & Yanchuk, S.
[2021] “Desynchronization transitions in adaptive net-
works,” Phys. Rev. Lett. 126, 028301.

Chen, H., Bayani, A., Akgul, A., Jafari, M.-A., Pham,
V.-T., Wang, X. & Jafari, S. [2018] “A flexible chaotic
system with adjustable amplitude, largest Lyapunov
exponent, and local Kaplan—Yorke dimension and its
usage in engineering applications,” Nonlin. Dyn. 92,
1791-1800.

Chowdhury, S. N., Majhi, S., Ozer, M., Ghosh, D. &
Perc, M. [2019] “Synchronization to extreme events
in moving agents,” New J. Phys. 21, 073048.

Chowdhury, D. & Khalil, H. K. [2021] “Practical syn-
chronization in networks of nonlinear heterogeneous
agents with application to power systems,” IEFE
Trans. Autom. Contr. 66, 184-198.

Dai, X., Li, X., Gutiérrez, R., Guo, H., Jia, D., Perc,
M., Manshour, P., Wang, Z. & Boccaletti, S. [2020]
“Explosive synchronization in populations of cooper-
ative and competitive oscillators,” Chaos Solit. Fract.
132, 109589.

Della Rossa, F. & DeLellis, P. [2020] “Stochastic master
stability function for noisy complex networks,” Phys.
Rev. £ 101, 052211.

Della Rossa, F., Pecora, L., Blaha, K., Shirin, A., Klick-
stein, I. & Sorrentino, F. [2020] “Symmetries and clus-
ter synchronization in multilayer networks,” Nature
Commun. 11, 3179.

De Stefano, L. A., Schmitt, L. M., White, S. P., Mosconi,
M. W., Sweeney, J. A. & Ethridge, L. E. [2019]
“Developmental effects on auditory neural oscilla-
tory synchronization abnormalities in autism spec-
trum disorder,” Front. Integr. Neurosci. 13, 34.

Huang, L., Chen, Q., Lai, Y.-C. & Pecora, L. M. [2009]
“Generic behavior of master-stability functions in
coupled nonlinear dynamical systems,” Phys. Rev. E
80, 036204.

Kyrychko, Y. N., Blyuss, K. B. & Scholl, E. [2014]
“Synchronization of networks of oscillators with dis-
tributed delay coupling,” Chaos 24, 043117.

Ladenbauer, J., Lehnert, J., Rankoohi, H., Dahms,
T., Scholl, E. & Obermayer, K. [2013] “Adapta-
tion controls synchrony and cluster states of coupled
threshold-model neurons,” Phys. Rev. E 88, 042713.

Lodi, M., Della Rossa, F., Sorrentino, F. & Storace,
M. [2020] “Analyzing synchronized clusters in neuron
networks,” Scient. Rep. 10, 16336.

2250067-7



Int. J. Bifurcation Chaos 2022.32. Downloaded from www.worldscientific.com
by CITY UNIVERSITY OF HONG KONG on 04/25/22. Re-use and distribution is strictly not permitted, except for Open Access articles.

M. Shafiei Kafraj et al.

Mulas, R., Kuehn, C. & Jost, J. [2020] “Coupled dynam-
ics on hypergraphs: Master stability of steady states
and synchronization,” Phys. Rev. F 101, 062313.

Munmuangsaen, B., Sprott, J. C., Thio, W. J.-C., Bus-
carino, A. & Fortuna, L. [2015] “A simple chaotic flow
with a continuously adjustable attractor dimension,”
Int. J. Bifurcation and Chaos 25, 1530036-1-12.

Pecora, L. M. & Carroll, T. L. [1998] “Master stabil-
ity functions for synchronized coupled systems,” Phys.
Rev. Lett. 80, 2109-2112.

Santos, M. S., Protachevicz, P. R., larosz, K. C., Cal-
das, I. L., Viana, R. L., Borges, F. S., Ren, H.-P.,
Szezech Jr, J. D., Batista, A. M. & Grebogi, C. [2019]
“Spike-burst chimera states in an adaptive exponen-
tial integrate-and-fire neuronal network,” Chaos 29,
043106.

Scholl, E. [2020] “Chimeras in physics and biology:
Synchronization and desynchronization of rhythms,”
Nowva Acta Leopoldina 425, 67-95.

Shi, X. & Lu, Q. [2009] “Burst synchronization of elec-
trically and chemically coupled map-based neurons,”
Physica A 388, 2410-2419.

Sprott, J. [2020] “Variants of the Nosé-Hoover oscil-
lator,” The FEurop. Phys. J. Special Topics 229,
963-971.

Sun, J., Bollt, E. M. & Nishikawa, T. [2009] “Master sta-
bility functions for coupled nearly identical dynamical
systems,” Europhys. Lett. 85, 60011.

Sun, X.-J., Han, F., Wiercigroch, M. & Shi, X. [2015]
“Effects of time-periodic intercoupling strength on
burst synchronization of a clustered neuronal net-
work,” Int. J. Nonlin. Mech. 70, 119-125.

Traub, R. D., Bibbig, A., LeBeau, F. E., Buhl, E. H. &
Whittington, M. A. [2004] “Cellular mechanisms of
neuronal population oscillations in the hippocampus
in vitro,” Ann. Rev. Neurosci. 27, 247-278.

Wang, Y., Lu, J., Liang, J., Cao, J. & Perc, M. [2019]
“Pinning synchronization of nonlinear coupled Lur’e
networks under hybrid impulses,” IEEE Trans. Cir-
cuits Syst.-1I: Express Briefs 66, 432-436.

Wang, Y., Shi, X., Cheng, B. & Chen, J. [2020] “Synchro-
nization and rhythm transition in a complex neuronal
network,” IEFE Access 8, 102436-102448.

Xi, X., Panahi, S., Pham, V.-T., Wang, Z., Jafari, S. &
Hussain, I. [2020] “Optimum topology and coupling
strength for synchronization,” Appl. Math. Comput.
379, 125226.

Zhang, Y. & Strogatz, S. H. [2021] “Designing tempo-
ral networks that synchronize under resource con-
straints,” Nature Commun. 12, 3273.

2250067-8



	1 Introduction
	2 MSF for a Flexible Chaotic System Under x-x Coupling Scheme
	2.1 System dynamics
	2.2 Master stability function

	3 Results
	3.1 Amplitude
	3.2 Maximal Lyapunov exponent
	3.3 Kaplan--Yorke dimension

	4 Conclusion


<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /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 false
  /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 <<
    /ENU ([Based on 'Press'] [Based on '[Press Quality]'] 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 true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        30
        30
        30
        30
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 14.177000
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


