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Property-based Hierarchical Clustering of Peers using Mobile Agent for
Unstructured P2P Systems

nfolE ¢t E AEF nhE| L w9 of A gk
Michael Angelo G. Salvo Romeo Mark A. Mateo Jaewan Lee

2 o

M8 PP A2ES Q5 QBN 7P el AL AT, L) A YR o] FolAn, eerst AHE T E
off HRIAE EASA FET. B B9l RE Devh A5 ol E FREA B BT ek B =FAAE v
F23 A ~FolA FHE AS FHAHDS Agell RESS FUAHAFORA PAS PPNTE FUE AND
oh AGHRE 1 kmeons® AHEE AW 2ol B FU2HYL AW AQARS Wik T AAF 0F,
W7o @ MEAD EZ2ANA HolEE 27 A% AL 3]

k-means S 2HF, EEV‘EW“’ AHESEA]
AlEdolds st AlEdold A3 Al

o2 I

el AGATG] GE BB FAEE 2 & AAT

Abstract

Unstructured peer-to-peer systems are most commonly used in today’s internet. But file placement is random in these systems
and no correlation exists between peers and their contents. There is no guarantee that flooding queries will find the desired data.
In this paper, we propose to cluster nodes in unstructured P2P systems using the agglomerative hierarchical clustering algorithm
to improve the search method. We compared the delay time of clustering the nodes between our proposed algorithm and the
k-means clustering algorithm. We also simulated the delay time of locating dafa in a network fopology and recorded the
overhead of the system using our proposed algorithm, k-means clustering, and without clustering. Simulation results show that the
delay time of our proposed algorithm is shorter compared to other methods and resource overhead is also reduced.

= keyword: hierarchical clustering, mobile agent, P2P system, ZAl&=4 2 2~HE, o] Foo]AE, p2p Al2H

1. Introduction file sharing applications such as BearShare [1], and

KaZaA [2], users can now download and share

With the rise of the widely popular peer-to-peer important  files and huge amounts of data.

Peer-to-peer architecture is a type of network in

* 3 A SN AR R AL which each workstation has equivalent capabilities
masalvo@kunsan.ac.kr s . .

o A 8 9. padohy AAARE v and responsibilities. This differs from client/server

mmateo@kunsan.ac.kr architectures where some computers are dedicated to

ek 2B A AR E e w serving the others. Peer-to-peer networks are

jwlee @kunsan.ac.kr(22A1 A 2h

generally simpler but they usually do not offer the
[2008/10/24 =22 - 2008/11/06 4IAK2009/01/30 2%H - 2009/02/27

ALk same performance under heavy loads. The P2P
¥ This research was financially supported by the Ministry of network itself relies on computing power at the ends
Education, Science Technology (MEST) and Korea Industrial of a connection rather than from within the network

Technology Foundation (KOTEF) through the Human Resource

Training Project for Regional Innovation itself [3]. Generally, P2P networks are used for
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sharing files, but a P2P network can also mean Grid
Computing or instant messaging. Instant messaging
(IM) is one very common form of P2P networking
where software applications, such as Windows Live
Messenger or Yahoo Messenger, allow users to chat
via text messages in real-time. While most vendors
offer a free version of their IM software others have
begun to focus on enterprise versions of IM software
as businesses and corporations have moved towards
implementing IM as a standard communications tool
for business. Currently, IMs make use of the
Voice-over-IP  (VoIP) service and there are also
studies related to this service [4] which focuses
mainly on multiparty VoIP system.

There are methods of distributing large amounts
of data widely without the original distributor
incurring the entire costs of hardware, hosting, and
bandwidth resources. When data is distributed using
this protocol, each recipient supplies pieces of the
data to newer recipients, reducing the cost and
burden on any given individual source, providing
redundancy against system problems, and reducing
dependence on the original distributor. One of these
examples is BitTorrent [5], a peer-to-peer file
sharing (P2P) communications protocol. Though this
application is already widely used, the common
problems that most users experience are in the speed
and lack of peers that provide a specific service.

An important goal in peer-to-peer networks is that
all clients provide resources, including bandwidth,
storage space, and computing power [6]. Thus, as
nodes arrive and demand on the system increases,
the total capacity of the system also increases. There
are mainly three different structures for P2P systems;
centralized, structured,
decentralized unstructured [7]. This study mainly
decentralized unstructured P2P
systems which are most commonly used in today’s

decentralized and

focuses on the

internet.

Hierarchical clustering algorithms organize data

into a hierarchical structure according to the
proximity matrix. They are mainly classified as
agglomerative methods and divisive methods.

Agglomerative clustering starts with N clusters and
each of them includes exactly one object. A series of
merge operations are then carried out that finally
lead all objects to the same group. Divisive
clustering proceeds in an opposite way. It starts with
the entire data set belonging to a cluster and a
procedure successively divides it until all clusters are
singleton clusters. In this paper, we used the former,
the agglomerative clustering method. We propose a
P2P overlay network where nodes are clustered
based on their properties. These properties are from
the values of several services a peer provides. The
values are decomposed into a single value thus
becoming the property of a peer.

2. Related Works and Background

2.1 P2P Overlay Network

(P2P) network uses diverse

connectivity between participants (or peers) in a

A peer-to-peer

network and the cumulative bandwidth of network
participants rather than conventional centralized
resources where a relatively low number of servers
provide the core value to a service or application.
P2P networks are typically used for connecting
nodes via largely ad hoc connections [8]. Regardless
of the current location of the node, P2P networks
can be connected via an overlay network. There are
several studies which makes use of the overlay
architecture. In [4] a multiparty VoIP system adopts
an overlay structure mainly for the mixing and
distribution trees which is constructed on top of the
overlay rather than doing it directly. Pippon connects
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peers via overlay but is aware of the physical
infrastructure as proposed in [9]. Overlay architecture
was also utilized in [10] to enhance internet quality
of service. And finally overlay was also used as a
means of preventing denial of service attacks on web
servers in [11].

An overlay network is a computer network which
is built on top of another network. Peer-to-peer
networks are overlay networks because they run on
top of the Internet [12]. A P2P system connects peer
hosts into an overlay mesh on top of the existing IP
network. Each peer is connected with a number of
peers via application-level virtual links called overlay
links.

2.2 Cluster Analysis

Cluster analysis is used as a tool for knowledge
discovery. It may show structure and associations in
data, although not previously evident, but are sensible
and useful once discovered. The results of cluster
analysis may contribute to the definition of a formal
classification scheme, such as in taxonomy for related
animals, insects or plants; suggest statistical models
to describe populations; indicate rules for assigning
new cases to classes for identification and diagnostic
purposes; provide measures of definition, size and
change in what previously were only broad concepts;
or find patterns to represent classes [13]. The
objective function depends on the distances between
vectors uk and cluster centers cm, and when the
Euclidean distance is chosen as a distance function,
the expression for the objective function will be as
shown in Equation 1.

K M
I=3 3 -l

m=0 (D

Ji is the objective function within cluster i. The
partitioned clusters are typically defined by a ¢ x K
binary characteristic matrix M, called the
membership matrix, where each element mik is 1 if
the kth data point uk belongs to cluster i, and O
otherwise. The Ji is minimized by several iterations
and stops if either the improvement over the
previous iteration is below a certain tolerance or Ji is
below a certain threshold value. A multi-relational
hierarchical clustering algorithm was implemented in
[14] using similar principles in this study.

2.3 Nearest Neighbor Algorithm

The k-nearest neighbor algorithm (k-NN) is a
method for classifying objects based on closest
training samples in the feature space mostly used in
pattern recognition. k-NN is a type of instance-based
learning, or lazy learning where the function is only
approximated locally and all computation is deferred
until classification. The calculation of the k-NN is
based on the Euclidean distance which calculates the
absolute value of the two vectors. Distances from the
new vector to all stored vectors are computed and k
closest samples are selected. Equation 2 represents
the formula for the Euclidean Distance which is
commonly used in k-NN.

EuclideanDist = ﬁ:”x -y ” )

There are a number of ways to classify the new
vector to a particular class. One of the most used
techniques is to predict the new vector to the most
common class amongst the k-nearest neighbors. A
major drawback to using this technique to classify a
new vector to a class is that the classes with the
more frequent examples tend to dominate the
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prediction of the new vector, as they tend to come
up in the k-nearest neighbors when the neighbors are
computed due to their large number. One of the
ways to overcome this problem is to take into
account the distance of each k-nearest neighbor with
the new vector that is to be classified and predict the
class of the new vector based on these distances. In
this study, our algorithm used the minimum distance,
dmin (Ci , Cj) to measure the distance between
be called the
nearest-neighbor clustering algorithm. The k-nearest

clusters hence may also
neighbor clustering algorithm was used in [15] to
cluster applications with noise which represents

outlier data.

3. Property-based Hierarchical
Clustering of Peers

The P2P overlay network consists of all the
participating peers as network nodes. There are links
between any two nodes that know each other: i.e. if
a participating peer knows the location of another
peer in the P2P network, then there is a directed
edge from the former node to the latter in the
overlay network. Based on how the nodes in the
overlay network are linked to each other, we can
classify the P2P networks as unstructured or
structured.

An unstructured P2P network is formed when the
links are established arbitrarily. Such

networks can be easily constructed as a new peer

overlay

that wants to join the network can copy existing
links of another node and then form its own links
over time. In an unstructured P2P network, if a peer
wants to find a desired data in the network, the
query has to be flooded through the network to find
as many peers as possible that share the data. The
main disadvantage with such networks is that the

queries may not always be resolved. Popular content
is likely to be available at several peers and any peer
searching for it is likely to find the same thing. But
if a peer is looking for rare data shared by only a
few other peers, then it is highly unlikely that search
will be successful. Since there is no correlation
between a peer and the content managed by it, there
is no guarantee that flooding will find a peer that
has the desired data. Flooding also causes a high
amount of signaling traffic in the network and hence
such networks typically have very poor search

efficiency.

° o
I ! [
o o O

ONG) ©

©)

=/

(Figure 1) Agglomerative Hierarchical Clustering

A=k
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In order to improve search, we approach the P2P
overlay network using the agglomerative hierarchical
clustering method. This clustering is a bottom-up
strategy that starts by placing peers as N distinct
clusters. It then merges similar peers to form a
cluster and merges other clusters into larger and
larger clusters until all of the objects are in a single
cluster or until certain termination conditions are
satisfied. These conditions are not discussed further
in this paper but can be a course of future study.
The main contribution of this paper is mainly the
clustering of nodes in an unstructured P2P
environment.

In Figure 1, Node A and B are clustered based on
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their values. Next, node C is clustered with cluster
AB. Then, nodes D and E are clustered. The last
phase is where both clusters ABC and DE are
In this study,
mentioned, we propose an architecture that clusters

grouped altogether. as already
peers according to their properties. Properties are
derived from each service a peer can provide. These
services are given numerical values and are
translated into vectors using the Eigen decomposition

[15] in Equation 3.

eM = PDP"! 3)

Let P be a matrix of eigenvectors in a given
square matrix eM and D be a diagonal matrix with
the corresponding eigenvalues. As long as eM is a
square matrix, Eigen decomposition can be processed
in Equation 3. After calculating the property of each
peer, we begin with the disjoint clustering having
0. All
nodes are individual clusters in this level. We find

level L(0) = O and sequence number m =

the least dissimilar pair of clusters in the current
clustering, say pair (1), (s), according to Equation 4.

d[(r),(s)] = mind[(D),(/)] @

The minimum value among all pairs of clusters in
the current clustering will be recorded. Next we
increment the sequence number: m = m + 1.
Clusters (r) and (s) will be merged into a single
cluster to form the next clustering m. The level of

this clustering will be set according to Equation 5.

L(m) = d[(r),(s)] 5)

The proximity matrix, d, will be updated by
deleting the rows and columns corresponding to
clusters (r) and (s) and adding a row and column

corresponding to the newly formed cluster. This is to
calculate the default values of the peers and not the
The
proximity between the new cluster, denoted (r,s) and
old cluster (k) is defined in Equation 6.

current computation of the new cluster.

d[(k),(r,s)] = mind[(k),(r)],d[(k),(s)]  (6)

The process of finding the least dissimilar pairs
will be repeated until all peers are in one cluster.
Figure 2 shows a dendrogram representation of the
clustering of 5 peers {A, B, C, D, E}.

similarify scale

(Figure 2) Dendrogram representation for
agglomerative hierarchical clustering of peers

This dendrogram shows which peer ended up in
each cluster. By using this method, peers can
efficiently search for services by flooding query
requests starting from the lowest level in the
hierarchy up to the last level until it finds its desired
data.

4. Mobile Agent Implementation

In the proposed architecture, we used Jade 3.5 to
implement a mobile agent to circulate within an
intrasystem of 10 nodes to collect the property of
each node. The OS platform used was Windows
Vista. A mobile agent, named here as “Peer”, is

ron
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initialized and migrated from one node to the next.
This agent collected the properties of each peer
connected to the system. The properties are then

used to cluster the peers.

] GUr of Peer =l |
Rvailable Locations

[ b [ rame Protocol | Addiess
|Main-Cantainer@M...|Main-Container frmi |Michael-PC

Ic f T_._it?_unfainer-[ Ermi ;ly!i_thae_\-P_c_

.C: 8 ;Comamﬂ-: [rmi ngthae\-FC

Visited Locations

D [ Mame | | Addess |
TCl:-nTaineM@Ml-:h. ;-lﬁmainer-l {rmi |Michael-PC \
:C_Ijmaingr-;@r_\fh_c_l_]__:____‘_-Jjwtail?e_l-_z :|_n_1i_ _5_Iv1|_ch_;_a§\_-_PE \
| RefreshLocations || MOVE || EXiT

T — e s

(Figure 3) GUI of the mobile agent

Figure 3 shows the GUI of the mobile agent. It
displays the peers connected to the system in
“available locations” and the containers already visited
in “visited locations”. The “refresh locations” button
allows newly initialized or terminated containers to be
shown or removed respectively from “available
locations”. The “move” button moves the agent to the
selected container in “available locations”.

The proposed agglomerative hierarchical clustering
algorithm was encoded using Java. After visiting all
locations, the mobile agent gathered all properties of
10 peers connected to the system.

The properties of the nodes are compared to the
property of each other node and the nodes that have
the nearest values are clustered together. If nl and
n2 have the closest properties to each other
compared to other peers, then they are clustered
together.

B C\Windows\systern32\cmd.exe

(Figure 4) The clustering (g, b, ¢) and connection of nodes
(d)
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If another node n3 has its properties closest to n2
which already belongs to a cluster with nl, n3
simply forms another cluster with nodes nl and n2.
When a node n4, which also belongs to another
cluster with node n5, has its property closest to nl,
the cluster with n4 and n5 joins the cluster with nl,
n2, and n3 to form a final clustering with all nodes
in that cluster. Figure 4 (a, b, ¢) shows which nodes
are clustered first and gradually clustering other
nodes by either including another similar node to the
cluster or by combining the two clusters until all
nodes have membership in one cluster. Figure 4 (d)
shows which node are connected to each other node.
This explains how each cluster is formed through the
links of the nodes.

5. Simulation Results

To evaluate the efficiency of the proposed
algorithm, we randomly generated coordinates and
static connections for each node forming a network
topology. We also randomly distributed property
values to each of them using normal distribution.
Our proposed algorithm and the k-means algorithm
were then applied to cluster the nodes. We recorded
the delay time of both algorithms in performing this
task. We also recorded the delay time in locating
randomly generated data on the network using our
proposed algorithm, the non-clustered system, and
the k-means clustering algorithm.

Figure 5 (a) shows the delay time in milliseconds
after the algorithms cluster a number of nodes (10,
20 --- 100) in the network. The proposed algorithm
clustered nodes faster because the k-means algorithm
attempts to find the natural center for each cluster
and does so to provide the best clustering given k
clusters.

160000
140000
120000
100000
£ 80000

£

= 60000

z

& 40000

20000

0 - o

10 20 30 40 S0 60 70 80 90
Humberof Nodes
—4#—Hierarchical Clustering k-means Clustering

(a)

100

1200

1000

800

600

400

200

0

10 20 30 40 50 60 70 80 90
Number of Nodes
——o—Hierarchical Clustering —#l—No Clustering

100

k-means Clustering

(b)
(Figure 5) The delay time (ms) for clustering
nodes (a) and average delay time (ms) for locating data in a
simulated query procedure (b)

Next, we simulated the query procedure by
locating randomly generated data on the network
with; hierarchical
clustering, and k-means clustering. Figure 5 (b)

agglomerative clustering, no
shows the average delay time for locating data in the
system with a number of generated nodes. The
results show that the proposed algorithm had the
advantage because nodes eventually belong to a
single cluster, making search easier. Its structure
made locating the node with the data faster because
all nodes have connections logically while in the
k-means algorithm, only nodes in the same cluster
have direct connections to one another. Even though
the compactness of each cluster using the k-means
algorithm is also relatively high, there are no logical
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connections to each other cluster. This makes the
algorithm do computations on each cluster thus
making calculations a bit longer. On the other hand,
when locating data on the system without clustering,
it will start searching from the next node that is
physically connected to the originating node in the
network and goes on to the next, one hop at a time.

10
35 -/I/‘
30 -
o /

2 20
i —B—No Clusternig
315

—#—Hierarchical Clustering

k-means Clustering
10

100 1000

lo. of queries

10000

(Figure 6) Overhead of the algorithms based on
number of queries

Figure 6 shows the resource overhead of the
network with each of the same three instances that
were previously mentioned. As implied by these
results, it can be discussed that the system that was
clustered using the proposed algorithm has the
minimum overhead compared to the system clustered
with the k-means algorithm and the system that
wasn’t clustered. By sending query messages of 100,
1000, and 10000 respectively through the nodes in
the system to acquire the desired data, we gather that
the percentage of the nodes used in the system were
the fewest when using the proposed algorithm which
means that resources are efficiently used by
involving few nodes to carry out the task. This is
because of how the nodes are clustered which
provides compactness that allows the desired data to
be easily located.

6. Conclusion and Future Works

This research presented a clustering method to
provide efficient search for unstructured peer-to-peer
systems. The agglomerative hierarchical clustering
algorithm was used to cluster nodes according to
their properties. These properties are derived
according to the services each node can provide. A
value is given for each service and these values are
decomposed to a single value which becomes the
property that varies for each peer. The researchers
were successful in implementing, on a single system,
a mobile agent that can gather these values, cluster
the nodes, show the clustering, and also show the
connection or links between the nodes. Simulation
results show that the proposed algorithm cluster
nodes faster than the

provided the least average delay time for searching

k-means clustering and

data in a network. Also, the proposed algorithm has
the least overhead compared to other methods. In the
simulations of this study, properties of each peer are
pre-generated. Future works may include but is not
limited to: the computation of the properties by the
mobile agent where the values of the services are
shown; the implementation of the method in an
intersystem; and the setting of termination conditions

on queries.

References

[1] “BearShare”, From Wikipedia, the Free Encyclopedia,
http://en.wikipedia.org/ wiki/BearShare

[2] “Kazaa”, From Wikipedia, the Free Encyclopedia,
http://en.wikipedia.org/ wiki/ KaZaA

[3] Vangie “Aurora” Beal, “All About Peer-to-Peer
(P2P)”, Webopedia,
http://www.webopedia.com/DidY ouKnow/Internet
/2005/peer_to_peer.asp.

From

196

2009. 8



BlTz=g} P2P A|A-I0fA OISOIOIMEE 0

2
o

o Peerel £97|8t AIEH SHAEE

[4] Xiaohui Gu, Zhen Wen, Philip S. Yu, Zon-Yin
Shae, “peerTalk: A Peer-to-Peer Multiparty
Voice-over-IP System”, Peer-to-Peer Applications,
IEEE, Transactions on Parallel and Distributed
Systems, Vol. 19, No. 4, April 2008, pp. 515 - 528.

[5] “BitTorrent (protocol)”, From Wikipedia, the Free
Encyclopedia, http://en.wikipedia.org/wiki/BitTorrent
_%28protocol %29

[6] “Advantages of Peer-to-Peer Networks”, From P2P
World, http://www.soly rich.com /p2p-pros-cons.asp.

[7] Jie Wu (Edited by), Handbook on Theoretical and
Algorithmic Aspects of Sensor, Ad hoc Wireless,
and Peer-to-Peer Networks, Auerbach Publications,
2006.

[8] “Peer-to-peer”, From Wikipedia, the Free
Encyclopedia, http://en.wikipedia.org/ wiki/Peer-to-peer

[9] Doan B. Hoang, Hanh Le, Andrew Simmonds,
“PIPPON: A Physical Infrastructure-aware Peer-to-Peer
Overlay Network”, TENCON 2005 - IEEE Region 10
Conference, November 2005, pp. 1 - 6.

[10] Lakshminarayanan Subramanian, Ion Stoica, Hari
Balakrishnan, Randy H. Katz, “OverQoS: An
Overlay based Architecture for Enhancing Internet
QoS”, In proceedings of the 1st Conference on

Symposium on Networked Systems Design and
Implementation, Vol. 1, pp. 71 - 84.

[11] Angelos Stavrou, Debra L. Cook, William G.
Morein, Angelos D. Keromytis, Vishal Misra, Dan
Rubenstein, “WebSOS: An Overlay-based System
for Protecting Web Server from Denial of Service
Attacks”, Computer Networks: The International
Journal of Computer and Telecommunications
Networking, Vol. 48, No. 5, August 2005, 781

- 807.

[12] “Overlay network”, From Wikipedia, the Free
E ncycl opedia,
http://en.wikipedia.org/wiki/Overlay_network.

[13] Jiawei Han, Micheline Kamber, Data Mining
Concepts and Techniques, Second Edition,
Morgan Kaufmann, 2006.

[14] Jing-Feng Guo, Yu-Yan Zhao, Jing Li, “A
Multi-Relational Hierarchical Clustering
Algorithm Based on Shared Nearest Neighbor

of the Sixth
International Conference on Machine Learning
and Cybernetics, August 2007, pp 3951 - 3955.

[15] Qing-Bao Liu, SuDeng, Chang-Hui Lu, Bo Wang,
Yong-Feng Zhou, “Relative Density Based
K-Nearest Neighbors Clustering Algorithm”, In

of the

Conference on Machine Learning and Cybernetics,

November 2003, pp. 133 - 137.

Similarity”, In proceedings

proceedings Second  International

512 olEly Hwsls| (10243)

197



BlTZ=a} P2P A|ARI0A OISOIOIMES OI&%t Peere| £47[H HEX S2{AHEY

ONMA=HOD

Michael Angelo G. Salvo

2007 West Visayas State University, Philippines

BS in Information Technology

2008 ~ currently Kunsan National University, South Korea

Graduate student in Master’s course major in Information and Telecommunications

Research interests: Distributed systems, multi-agents, mobile computing, ubiquitous sensor networks
E-mail: masalvo@kunsan.ac.kr

Romeo Mark A. Mateo

2004 West Visayas State University, Philippines

BS in Information Technology

2007 Kunsan National University, South Korea

Master of Engineering major in Information and Telecommunications

2007 ~ currently Kunsan National University, South Korea

Graduate student in Ph.D. course

Research interests: Distributed systems, data mining, fuzzy systems, multi-agents, mobile computing,
ubiquitous sensor networks

E-mail: rmmateo@kunsan.ac.kr

Ol X & (Jaewan Lee)

198413 FJThetaL o] Ak dAA | kS}
1987:d Fdigtnl o sHALHAA bt
19924 ouatan FehebA A b

196'd 39~ 1998'd 1Y SRS Ad A

1992 ~ A FAHstkal W

TRk . 4t AlE]L SGAAL AT Al2E, AR UEZ, dERYY F
E-mail: jwlee@kunsan.ac.kr

198

2009. 8




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


