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ABSTRACT

A power grid is one of the most complex networks and is critical infrastructure for society. To understand the

characteristics of a power grid, complex network analysis has been used from the early 2000s mainly for US

and European power grids. However, since the power grids of different countries might have different structures,

the Korean power grid needs to be examined through complex network analysis. This paper performs the analysis

for the Korean power grid, especially for high-voltage transmission networks. In addition, statistical and

small-world characteristics for the Korean power grid are analyzed. Generally, the Korean power grid has similar

characteristics to other power grids, but some characteristics differ because the Korean power grid is concentrated

in the capital area.
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I. Introduction

Since the end of the 20th century, complex
network analysis has been attracting attention'".
Traditionally, manufactured infrastructures have been
component-wisely analyzed using physical law or
mathematics, and remarkable progress has been
made during the 20th century. Since today’s society
has become more connected, however, the
component-wise analysis have limit for the
intertwined issue. Whereas, for complex network
analysis, intertwined issues are analyzed from a
network viewpoint. For example, biological
networks™ and computer networks™ have been
analyzed using this approach with considerable
progress. Also, graph theory is used in
communication theory™ .

A power grid is one of the most complex

networks and is critical infrastructure for society.

Therefore, complex network analysis is an efficient
tool for power grid analysis. Researches on power
grids using complex network analysis have been
carried out since the early 2000s. For example, the

“ Italy[sl, Europe[(’],

actual power grids of the US
and India”' have been analyzed for high-voltage
transmission networks, while the medium and low
voltage transmission network has been investigated
for the Netherland power grid[s].

Recently, a helpful survey paper has been
published on complex network analysis for a power
grid®. The work has shown that some of the
topological characteristics of the power grids of
different countries are similar while others differ.
The similar characteristics are due to the natural
characteristics of the power system, and the different
characteristics are due to the different geographical
locations, development history, and morphological

characteristics.
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Fig. 1. Transmission map for 345 kV in Korea [11].

The Korean power grid for the high-voltage
transmission consists of three voltage levels: 154
kV, 345 kV, and 765 kV. The first transmission line
in Korea was established in 1935 using 154 kV,
which had run between Seoul and Pyongyang. In
1976 and 2002, the operations of high-voltage
transmission lines of 345 kV and 765 KkV,
respectively, were initiated”'”. Note that two
high-voltage direct current (HVDC) transmission
lines currently run between Jeju Island and Korean
Peninsula, but these are not analyzed here because
of their simple topology.

The topology of the 765 kV transmission network
is a simple linear structure since its main role is
delivering electricity to the capital area. On the other
hand, the topologies of the 154 kV and 345 kV
transmission networks are ring-shaped, especially in

the capital area"”

. Fig. 1 shows the transmission
map for 345 kvt showing that the transmission
networks are concentrated in the capital and
south-east parts of Korea.

In this paper, the Korean power grid is analyzed

using a complex network approach. While this has

924

previously been investigated for the Korean power
grid"”, because the work has focused on the US
power grid, the Korean power grid has been only
examined in terms of three topological
characteristics with limited data. On the other hand,
our work has three main analysis results for the 154
kV, 345 kV, and 765 kV transmission networks. We
first analyze the topological characteristics of the
Korean power grid such as average node degree,
Pearson correlation coefficient, network efficiency,
and clustering coefficient. Then, the statistical
characteristics, i.e. distributions for nodal degree and
shortest path, are analyzed. Finally, we examine the
small-world network characteristic for the Korean
power grid.

The remainder of this paper is organized as
follows. We first briefly describe the topological
characteristics in Section 2. We then analyze the
Korean power grid in Section 3 in terms of three

aspects. Finally, we conclude the paper in Section 4.
II. Topological Characteristics

In this section, we introduce the basic notion of
graph theory and define several important
topological characteristics. Also, we illustrate a
method for

obtaining these topological

characteristics in the power grid.

2.1 Definition of Topological Characteristics

An undirected graph G(V,E) is composed of 1/
and £, which are sets of vertexes (nodes) and edges
(links), respectively.) If an edge exists between
vertexes ¢ and j, the graph has the edge, i.e.
€= (i,j)EE. In power grids, a vertex refers to
either a substation, transformer, or load, and an edge
refers to a physical power cable directly connecting
two nodes. Note that since the power grid is a type
of undirected graph, all definitions in this paper
refers to for the undirected graph.

The numbers of vertexes N=|V| and edges
M=|E| are said to be the order and size of the

1) In this paper, we interchangeably use the terms vertex and
node, and edge and link.
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graph, respectively. The nodal degree is defined as
the number of edges which the node has. In
undirected graphs, average nodal degree is defined

as

2M
<k>= .
k> = M

The Pearson degree correlation r& [—1,1] shows
the degree of the preference of nodes over other
nodes which have similar node degrees. As r——1,
nodes of dissimilar degree tend to be linked, while
nodes of similar degree tend to be linked as r—11",
The mathematical formula for the Pearson degree

correlation 7 is given as

el e)
\/ (K, — k)2 (k;— k)*
(i,j))EE

where k; denotes the nodal degree for node i. k is
defined as an average number of nodal degrees seen

by a randomly chosen link. That is,

(k; +k))

5 ©

- 1
k=— )
M;5er
Note that < k> and k are different variables.

From (1) and (3), < k> and k are average nodal
degrees in a graph and in a randomly chosen edge.
respectively.

Let d, ; denote the shortest path length between
nodes ¢ and j. To obtain d,; the adjacency matrix

J is needed, which is defined as

o _[Lif 3G ER
I, )_{O,otherwise. :

4
With J, we can obtain d;; using Dijkstra’s

algorithm'"Y, The average shortest path between two
nodes is defined as

2

<!> is also known as the characteristic path
length for the graph. Note that the characteristic path
length for a random graph network? is obtained by

InNV

< lrum] >= In<k>"

©

The network diameter d and network efficiency
E are defined as

d= max(i'j)diyj, @)

and

1 1
oy P D ®)

17 g

respectively. The network diameter illustrates the
logical size of the network and the network
efficiency describes the level of efficiency with
which information spreads throughout the entire
network!"”,

The clustering coefficient C' is a measure of the
degree to which the network tends to cluster
togetherm. Let C; denote the clustering coefficient

of node ¢, which is formally defined as

) ®

where A\;(i) and 7,(i) denote the number of edges
between node ¢’s neighbors and the maximum
number of links between node 4’s neighbors,
respectively. Given £k, TG(Z') :ki(ki—l)/ 2 for
undirected graphs. When C; is 1, all neighbors of
node ¢ are connected to each other. The clustering
coefficient is the average of C,, i.e.

1 N
C= Tv,;q" (10)

Note that the clustering coefficient for a random

2) We use the random graph network proposed by Erdos-Rényi
[18].
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Table 1. Topological characteristics for US and Korea power grid networks. /V: the number of nodes, M: the number of

links, <k>: the average nodal degree, r: the Pearson degree correlation, </ >: the characteristic path length, d: the network

diameter, £ the network’s efficiency, C' the clustering coefficient.

N M <k> | maxk r d E <I> | <lna C Cond
IEEE-30 30 41 2.73 7 -0.0875 0.3780 3.31 3.39 0.2348 0.09425
IEEE-118 118 179 3.03 9 -0.1528 14 0.2138 6.31 4.30 0.1651 0.02593
IEEE-300 300 409 2.73 11 -0.2240 24 0.1338 9.31 5.68 0.0856 | 0.00912
KO-765kV 5 4 1.6 2 -0.3333 4 0.6417 2 342 0 0
KO-345kV 93 118 2.54 6 -0.1817 17 0.2019 6.31 4.86 0.1559 0.02758
KO-154kV 860 1069 2.49 9 -0.1835 65 0.0516 | 26.31 7.41 0.1157 0.00289

graph network, i.e. C,,,, is equal to the probability

of randomly selecting edges from all possible edges
M Therefore, it is obtained by

2M
C

rand N(N— 1) . (11)

2.2 Matrix Representation for Power Grid

To obtain the above topological characteristics in
the power grid, we use a similar method to that used
in [16]. We use the incidence matrix A of the
power grid rather than the admittance matrix3 Y.
For a power grid network of /V order and A/ size,
the matrix A is the M X N matrix. The mth row in
A contains the information of link m, and the
Alm,i) =1,
A(m,i)=—1, and A(m,i) =0, where h =14 or j
when m = (i,j),

With A, the NXN Laplacian matrix L is
obtained as L= ATA. Then, the matrix L is

—Lif 3(i,j)ER

0, otherwise.

values of the mth row are

The diagonal element for L is the nodal degree
vector, i.e. diag(L) = k= [k,ky,-,k,]. With E, we
can obtain <k >, k and r. Using L, the adjacency

matrix .J can be obtained as

3) The admittance matrix contains impedance information of
power cables as well as linking information. Since our
analysis mainly focuses on topological characteristics for
Korea power grid, we use the incidence matrix A rather
than the admittance matrix Y.

926

J=—L+ A(diag(L)),

where A( s ) is a function from a vector to a square
matrix of which the diagonal elements are the

1
VeCtOI'I ol .

. Korean Power Grid Analysis

Six power grid examples are analyzed in this
work. The first three examples come from the
transmission power grid in the US
provided by IEEE"” and the other three examples
are derived from the Korean power grid. “IEEE-x”

reference

refers to the US reference grid with x number of
“KO-ykV”

transmission network.

nodes. refers to the Korea y kV

3.1 Topological Characteristics
Table 1 shows the topological characteristics for
;> and C

the six power grid examples. < ., and
are the characteristic path length and clustering
coefficient, respectively, for a random graph network
of which the order and degree are the same as those
of the power grid in the same row.

In general, the topological characteristics for the
both Korea and US grids are similar, except for
KO-765kV. The
KO-765kV grid is not very significant because the
KO-765kV grid is a very small, i.e. N=5 and
M=4, and
Therefore, the term “the five power grids” in the
following text indicates that the KO-765kV grid is
excluded from the six power grids. For each

topological analysis of the

simple linear topology network.
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topological characteristic, the analysis results show

that

* Average nodal degrees < k> for the five
topologies are similar, i.e. 2.49 =<k>=< 3.03.
That is, although the size of the network
increases, < k> does not increase. For the
KO-154kV grid, the network is fully connected
with <k> =249, which is a very sparsely

connected network.

Maximum degrees of the Korean power grid
networks are smaller than those of similar sized
US grids. On the other hand, the network
diameters d for Korean power grid networks are
greater than those of similar sized US power grid
networks. This is because the Korean power grid
networks of 154 kV and 345 kV are ring-shaped
topology networks.

The Pearson degree correlations 7 for all power
grids are negative. However, we cannot
generalize that all power grids have negative
Pearson degree correlations since some other
power grids have a positive value"®. For the five
power grids, r is almost 0, which means that
there is no specific preference for nodes to be
linked with similar or dissimilar nodes.

The network diameter d and network efficiency
E tend to increase and decrease according to
network size, respectively. This is because, as the
number of nodes in a network increase, more

time is required to spread the information.

The characteristic path lengths of the five power
grids <!> are greater than those of random

graph networks </ >, except for “IEEE-30".

rand
This means that the average shortest path in the
Korean power grid is greater than that in the
random graph network with the same size.
However, the difference is not severe, except for
“KO-154kV™.

The clustering coefficients of the five power grids

C' are much greater than those of the random

graph networks C, while C of the Korean

rand>
power grid is greater than that of the US
reference grids. This means that the Korean

power grids do not form a random graph

network; rather they form a small-world network.

In Section 3.3, the small-world network

characteristic of the Korean power grid is

discussed in more detail.

To understand further the characteristics of the
Korean power grid, a detailed analysis of the nodal

degree and shortest path are followed.

3.2 Statistical Characteristics

The nodal degree represents the number of links
of a node, and is an important characteristic for the
power grid analysis. However, considering only the
average and maximum nodal degrees are insufficient
to understand the characteristic of power grids.
Therefore, we investigate the empirical distributions
for the nodal degree of the Korea power grid
networks.

Note that the 765 kV transmission network is not
included for both nodal degree and shortest path
distributions because of its simple topology.

Fig. 2 shows the histogram and distribution fitting
for the KO-345kV and KO-154kV power grid
networks. Previous researches on nodal degree
distributions for power grids have shown that the
exponential distribution is the best fit for many
power gridslg]. However, as shown in Fig. 2, the
Korea power grid has the most frequent degree at
k=2, resulting in a high error with the exponential
distribution.

To find the best fitting empirical probability
density function (pdf), we use the maximum
likelihood estimation. The candidate distributions are
exponential, = gamma, lognormal, = Nakagami,
Rayleigh, Rician, Weibull distributions, and so on.
The best fitting distribution for both the 345 kV and
154 kV transmission networks, which has the
maximum likelihood value, is the gamma
distribution. The pdf for the gamma distribution is

given as

X

f(zsab) = W

>

where a and b are the shape and scale for the

927
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(a) KO-345kV power grid <k>=2.54. The parameters
for the gamma distribution are a=3.8222 and b=0.6639.
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(b) KO-154kV power grid <k>=2.49. The parameters
for the gamma distribution are a=5.5855 and b=0.4451.

Fig. 2. Histograms for nodal degree in the Korean power
grid networks and their distribution fitting. The gamma
distribution (solid line) is their best fit.

gamma distribution, respectively, and I'(s) is the
gamma function. Using the maximum likelihood
estimation, the parameters a and b are obtained for
the KO-345kV and KO-154kV grids. They are
a=3.8222 and b=0.6639 for 345 kV, and
a=>5.5855 and b=10.4451 for 154 kV. As shown in
Fig. 2, the gamma distribution with the estimated
parameters closely follows the original histogram.
We also examine the distribution fitting for the
shortest path, which shows the network efficiency in
more detail. We use the same approach to obtain the
best fitting distribution, i.e., the maximum likelihood

estimation. Fig. 3 shows histogram and the best

928

fitting distribution for the KO-345kV  and
KO-154kV power grids. The Rician distribution is
the best fit for the shortest path histogram among
the candidate distributions. The pdf of the Rician

distribution is given as

—(a®+1) )%(x_z;)

x
(m'u J) =—ex
[z, Zemp 57

where ,( ») is the modified Bessel function of the

first kind with order 0. The parameters obtained
from the maximum likelihood estimation are
v=>54575 and o=3.6802 for 345 kV, and
v=20.485 and o =14.882 for 154 kV.

7/<%

0.08

Density

0.04

0.02

2 4 6 8 10 12 14 16
Number of nodes for shortest paths

(a) KO-345kV power grid <!> =6.86. The parameters
for the Rician distribution are v=15.4575 and o = 3.6802.

0.025

0.02

Density
T

0.015 | H

0.01

0.005

0 10 20 30 40 50 60
Number of nodes for shortest paths

(b) KO-154kV power grid <!> =26.53. The parameters
for the Rician distribution are v =20.485 and o = 14.882.

Fig. 3. Histograms for the shortest path between two
nodes in the Korean power grid networks and their
distribution fitting. The Rician distribution (solid line) is
their best fit.
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3.3 Small-World Network Characteristic

The “small-world network” can be defined as a
type of mathematical graph in which most nodes are
not neighbors of one another, but most nodes can be
reached from every other by a small number of hops
or steps.¥ To generate a small-world network, each
node initially has a link with its neighbors, i.e. ring
topology, and randomly selects a node to connect
with a node with a small probability[lgl.

While the power grid has been defined as a
small-world network by the above definition,
according to Watts-Strogatz'', it is generally not a

Pl To determine whether or not

small-world network
the network is a small-world network, the
Watts-Strogatz ~ small-world model requires a
condition, ie. N><k>>In(N) > 1.

The Korean power grid networks do not satisfy
the middle inequality, i.e. <k >> In(N), so they
are not a small-world network according to
Watts-Strogatz. In the case of the KO-154kV grid
(<k>=249), the maximum /V needs to be about
12 in order to be a small-world network with the
same < k>. In reality, since the KO-154kV grid
has a much greater number of nodes, i.e. N=2860
than 12, it is a very sparse network compared to the
small-world network. The KO-345kV grid has the
same characteristic.

The Korean power grid is also not a random
graph network because it has highly clustered
networks that have much greater C' than that of the
random graph networks. Therefore, the Korean
power grid is said to be highly clustered and has
very sparse networks with reasonable characteristic
path lengths.

Another efficient visualization method for the
small-world network characteristic is the Kirk
graphm]. Fig. 4 shows the Kirk graph for the
KO-345kV grid, small-world network, and random
graph network. All three networks have the same
order and size (V=093 and M =118). Again, it is
confirmed that the Korean power grid is neither a
small-world network nor a random graph network.
Compared to the other two graphs, the KO-345kV

4) https://en.wikipedia.org/wiki/Small-world_network

grid is the most clustered network.

AN

&AW
SRR
A Se
v )

Walkoe SN
e

(c) Random graph network

Fig. 4. Kirk graphs for the three networks. All the
networks have 93 nodes and 118 links.
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IV. Conclusion

One of the most “complex” networks among
human-made networks is the power grid. Therefore,
complex network analysis is required to examine the
topological characteristics for a power grid. In this
paper, we analyzed the Korean power grid through
complex network analysis. The Korean power grid
has many similarities to the US reference power
grid, e.g.

average nodal degree and Pearson

correlation coefficient. However, some
characteristics such as nodal degree distribution and
network efficiency differ between the Korea and the
US power grids. This is because the Korean power
grid has a ring-shaped topology covering the capital
area. It has also shown that the Korean power grid
is neither a small-world network nor a random graph
network. Its networks are highly clustered and
sparsely connected with reasonable characteristic
path lengths. Using this complex network analysis
on the power grid, the grid vulnerability can be

analyzed, and it is left as a future work.

References

[1] D. J. Watts and S. H. Strogatz, “Collective
dynamics of Small-World’ networks,” Nature,
vol. 393, pp. 393-440, 1998.

[21 H. Jeong, B. Tombor, R. Albert, Z. N. Oltvai,
and A. L. Barabiasi, “The large-scale organiza-
tion of metabolic networks,” Nature, vol. 407,
pp. 651-654, 2000.

[31 R. Albert, H. Jeong, and A.-L. Barabisi,
“Internet: Diameter of the world-wide web,”
Nature, vol. 401, pp. 130-131, 1999.

[4] P. Hines and S. Blumsack, “A centrality
measure for electrical networks,” in Proc. 41st
Hawaii Int. Conf. Syst. Sci., p. 185, Jan. 2008.

[5] P. Crucitti, V. Latora, and M. Marchiori, “A
topological analysis of the italian electric
power grid,” Physica A. Statistical Mechanics
and its Applications, vol. 338, no. 1, pp.

92-97, 2004.
[6] V. Rosato, S. Bologna, and F. Tiriticco,
“Topological properties of high-voltage

930

[7]

8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

electrical transmission networks,” Electric
Power Syst. Res., vol. 77, no. 2, pp. 99-105,
2007.

V. V. R. V. Chaitanya, D. K. Mohanta, M.
Jaya Bharata Reddy, “Topological analysis of
eastern region of indian power grid,” in Proc.
10th IEEE Int. Conf. Environ. Electr. Eng.,
pp. 1-4, Rome, Italy, May 2011.

G. A. Pagani and M. Aijello, “Towards
decentralization: A topological investigation of
the medium and low voltage grids,” IEEE
Trans. Smart Grid, vol. 2, pp. 538-547, Sept.
2011.

G. A. Pagani and M. Aiello, “The power grid
as a complex network: A survey,” Physica A:
Statistical Mechanics and its Applications, vol.
392, no. 11, pp. 2688-2700, 2013.

S. Lee, “Electrical power system, the present
and the prospect in korea,” J. Electric World,
vol. 10, pp. 42-47, Oct. 2014.

Korea Power Exchange, Transmission Map(2
015), Retrieved Jan. 31, 2017, from http://ww
w.kpx.or.kr/

C. J. Kim and O. B. Obah, “Vulnerability
assessment of power grid using graph
topological indices,” Int. J. Emerging Electric
Power Systems, vol. 8, pp. 1-15, 2007.
MIT, Open Ware,  Network
Representations of Complex Engineering
Systems(2010), Retrieved Jan. 31, 2017, from

http://ocw.mit.edu/courses/engineering-systems

Course

-division/esd-342-network-representations-of-c
omplex-engineering-systems-spring-2010/

E. W. Dijkstra, “A note on two problems in
connexion with graphs,” Numerische
Mathematik, vol. 1, pp. 269-271, 1959.

V. Latora and M. Marchiori, “Efficient
behavior of small-world networks,” Physical
Review Lett., vol. 87, no. 19, Nov. 2001.

Z. Wang, A. Scaglione, and R. J. Thomas,
“Generating random

statistically ~ correct

topologies for  testing smart  grid
communication and control networks,” IEEE
Trans. Smart Grid, vol. 1, no. 1, pp. 28-39,

2010.



= | Topological and Statistical Analysis for the High-Voltage Transmission Networks in the Korean Power Grid

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

R. Christie, Power System Test Case
Archive(1999), Retrieved Jan. 31, 2017, from
http://www2.ee.washington.edu/research/pstca/

P. Erdés and A. Rényi, “On random graphs.
L” Publ. Math., vol. 6, pp. 290-297, 1959.
Mathwork, Build Watts-Strogatz Small World
Graph Model(2015), Retrieved Jan. 31, 2017,
from https://www.mathwork
s.com/help/matlab/examples/build-watts-
strogatz-small-world-graph-model.html

E. J. Kirk, Count Loops in a Graph(2012), Re
trieved Jan. 31, 2017, from http://www.mathw
orks.com/matlabcentral/fileexchange/10722
S.-G Kang and S.-G. Yoon, “Shortest path
analysis for korean power grid using graph
theory,” in Proc. KIEE Fall Conf. 2015, Oct.
2015.

S.-G Kang and S.-G. Yoon,
analysis for the korean power grid,” in Proc.
KIEE Summer Conf., Jul. 2015.

B. Koo, C.-B. Chae, S.-H. Park, H.-S. Park,
and J.-H. Ham,
frequency assignment algorithm based on
graph theory,” J. KICS, vol. 41, no. 8, pp.
954-957, Aug. 2016.

S.-B. Yoon, S.-H. Bae, H.-J. Park, and J.-H.
Yi, “Probabilistic graph based object category

“Topology

“Joint polarization and

recognition using the context of object-action
interaction,” J. KICS, vol. 40, no. 11, pp.
2284-2290, Nov. 2015.

S. Myung, K. Jeon, B. Ko, S. Lee, and K.
Kim, “Tanner graph based low complexity
cycle search algorithm for design of block
LDPC codes,” J. KICS, vol. 39, no. 8, pp.
637-642, Aug. 2014.

Seok-Gu Kang

F W 2015 29 AL A7)
F5y- shAb

20179 29 A A7)
Fshat AAL

2017 29~&A) : =A7)qk
HAFAE A7l

<FA ol

mircrogrid, and load forecasting

N

smart grid,

Sung-Guk Yoon

20054 2% : A2yt
FEHE AL

2012 8 : Agdista %17]
- kAl g3t

20149 39~3A . pAEkw

A7

ki
r>~1
~

<yl Hok> smart grid, microgrid, and power line

communications

931




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /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 0.76
    /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /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 0.76
    /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 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

  /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 <>
    /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 Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


