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I. INTRODUCTION 
 
Peer-to-peer (P2P) networks consist of higher layer 

logical connections between peers to form an overlay 
network independent of the underlying physical network. 
The access to information anytime and anywhere is the main 
objective of modern mobile computing. However, due to 
many limitations, the client-server architecture does not 
satisfy these demands. Thus, P2P applications build a virtual 
network over the physical network to address problems that 
occur in the client-server architecture [1]. 

In unstructured P2P systems, there is no predefined 
structure among peers, and a search query is flooded or 
randomly distributed in the network. The drawback of such 
searching mechanisms is that a query message may be sent 
to a node multiple times. The current techniques cannot 

remember the nodes that have already been contacted in 
unstructured P2P systems. As a result of these limitations in 
current search mechanisms, the efficiency level is very low 
in unstructured P2P systems [2]. Many researchers have 
attempted to solve the message duplication problem, but it 
still exists and affects the efficiency of unstructured P2P 
systems. 

Because of the similarities among P2P and mobile ad-hoc 
networks (MANETs), a P2P overlay easily runs on sup-
portive MANETs. Mobile P2P networks can be deployed 
in application scenarios without a reliable and existing 
infrastructure to mitigate task overload by distributing them 
among other peers [3, 4]. Differences also exist between the 
two systems, and therefore simply adopting a P2P overlay 
over MANETs is undesirable due to the deficiency of the 
infrastructure, node mobility, and energy issues. The limited 
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features of an ad-hoc network decrease the query success 
rate and connectivity in a P2P system. Continuous changes 
will occur in the underlying topology as the nodes move in 
MANETs [5, 6]. 

Earlier research evaluated the performance of different 
content searching techniques in P2P networks over wired 
and fixed scenarios like the internet. Their performance 
outcomes are not directly applicable to MANETs, since the 
wireless and mobile medium is much more dynamic. To 
solve these limitations in unstructured Gnutella-like net-
works over MANET, we limit our work in this paper to two 
contributions. First, we consider enhanced techniques for 
peer discovery and their connection to the existing P2P 
overlay. In this section, we also propose new techniques 
for selection of ultrapeers and different pong caches used 
in leaf peers and ultrapeers. Our second contribution is the 
enhancement of unstructured searching techniques over 
MANET models richer than those of previous works. Our 
analysis for P2P over MANETs considers the searching 
overhead, number of peers, search latency, and query 
success rate to provide a more convincing depiction of the 
proposed work. Thus, the proposed work will reduce the 
average searching overhead and delay, and will enhance 
query success rate by the searching mechanism and in 
unstructured P2P networks. 

The rest of the paper is organized as follows: Section II is 
the algorithm description of the proposed protocol. The sub-
sections of Section II discuss the pong cache, ultrapeer, peer 
discovery, and searching mechanism of the algorithm in 
detail. Section III discusses and analyzes the experimental 
results. Finally, Section IV concludes with a critical sum-
mary and some directions for future work. 

 
 

II. ALGORITHM DESCRIPTION 
 

In our evaluation, we represent an unstructured Gnutella-
like P2P network with enhanced techniques applied mainly 
in new peer discovery, connection, and searching using 
multiple walker random walks. Gnutella v.6 with an open 
source code [7], is used as a starting point for the enhanced 
Gnutella-like P2P system over MANETs.  

We applied the desired changes to the file containing the 
bootstrap mechanism for newly arrived peers to keep 
information about neighboring peers in the P2P network in 
order to start quick communication. We also introduced 
some major changes to the uniform resource locators to 
update the traditional pong cache mechanism so that the leaf 
peers would not handle discovery request HELLO messages 
and forward them to their ultrapeer. The ultrapeer and its 
pong cache works as a local base station to provide 
solutions locally and reduce P2P network resources. We 
enhanced the caching mechanism to provide efficient sear-

ching and sharing of information. Such a technique will also 
reduce the load on the overall P2P network. The query 
search message of the traditional Gnutella protocol was also 
enhanced by adding new features in the relevant classes. 
The proposed approach uses multiple walker random walks 
with jump functionality and contacting the query generator 
peer before message replication. To balance the workload 
and provide efficient access to all of the peers in the P2P 
network, a new approach was added to help the newly 
arriving peers. Query search messages are handled in the 
same way as peer discovery. As in our algorithm, the 
ultrapeer plays the role of a local base station and tries to 
handle query messages locally.  

The propose for the protocol to use random walk with m 
multiple walkers is to avoid flooding. The source peer 
creates and forwards a query message to its ultrapeer. The 
ultrapeer creates m walkers of the same query message with 
fixed a peer-to-leave (PTL) value of 4 and forwards them to 
randomly selected n neighboring ultrapeer nodes. The 
priority in the random selection of the neighbors is based on 
a defined metric value. This information is also stored in the 
pong cache of the ultrapeer for future reference to avoid 
duplicate queries. When the neighbor ultrapeer receives a 
walker, it will examine itself for the requested object. If 
it finds the object, then the walker is removed from the 
network and the source peer is contacted accordingly. If the 
information is not found locally and the PTL file of the 
walker has not reached zero, then the walker is forwarded 
and its PTL is decremented by one unit. Ultrapeers and leaf 
peers use ping/pong messages to control the availability of 
their neighbors. 

 
A. Pong Cache and Ultrapeer Mechanism 

 
A pong cache technique was introduced in Gnutella v.6 to 

reduce network overhead and bandwidth [8]. A pong cache 
mechanism has a direct connection with the response 
message of the ping and routing of the control messages at 
the application level. Most of the studied schemes assume a 
static environment and do not consider the characteristics of 
mobile environments. The authors in [8] discussed a mobile 
environment in their work and proposed a caching scheme 
for peers. The caching scheme in their work maintains a 
separate cached data structure for the neighbor peers. The 
present study aims to overcome these problems in the 
proposed caching technique. Our caching technique will use 
a separate pong cache for leaf peers and ultrapeers in order 
to have flexibility regarding the pong information and 
improve the overhead occurred by exchange of ping/pong 
messages. 

The current Gnutella v.6 defines peers in two different 
formats, that is, leaf and ultrapeers. In the Gnutella P2P 
overlay, ultrapeers are considered more powerful nodes 
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compare to leaf peers on the basis of their resources, such as 
storage, processing power, and network bandwidth. Due to 
these rich resources, ultrapeers have been assigned the role of 
local head to perform different operations, such as searching, 
downloading, and processing [10]. An application is required 
to provide an entrance to the unstructured P2P network and a 
connection to already existing peers. Thus new peers establish 
an initial connection with one of the existing ultrapeers. The 
connected ultrapeers then forward information to other 
neighbor ultrapeers in the network. To forward query walkers, 
the priority in selecting random neighbors is given to ultra-
peers that satisfy the defined metric. This type of useful 
information is also stored in the pong cache of the ultrapeer 
for future use. 

 
B. Peer Discovery and Connection 

 
In this proposed P2P system, a reactive routing protocol 

is applied for the peer discovery process. The new peer 
establishes an initial connection with the existing peer in a 
P2P overlay by broadcasting a HELLO message to any peer 
reachable in its transmission range within one hop. If the 
receiver peer is a leaf peer, then it will reply with a HELLO 
response and forward this newly arrived peer information to 
his ultrapeer. If the ultrapeer receives the request directly or 
through a leaf peer, it will reply with a WELCOME message 
and forward detailed information about itself and all 
connected in-range ultrapeers. Upon receiving such infor-
mation the requesting peer will decide on the outgoing 
connection.  

The ultrapeer will share the pong cache table and infor-
mation regarding the number of slots available with each 
ultrapeer and whether it is mobile or stationary to the 
requesting peer. The proposed unstructured Gnutella-like 
P2P protocol offers the ability to monitor the maximum 
number of incoming and outgoing connections for each 
peer and ultrapeer. Each ultrapeer will use the maximum 
outgoing connections, but for maximum incoming con-
nections, it will keep one slot empty all the time to accept 
incoming connection requests. This means that the state is 
set to full and will not accept any new connection but can 
accept any newly arrived peer HELLO message and can 
share information with it by a WELCOME message.  

For a better P2P overlay performance, our peer connection 
process considers the high capacity of an ultrapeer and the 
number of both leaf peers and neighbor ultrapeers connected 
to a selected ultrapeer to make the joining decision. Once a 
newly arrived peer discovers its closest best ultrapeer, it 
begins the Gnutella-like handshaking process to establish 
a connection. This enhanced connection establishment 
technique will try to connect the peer to the best ultrapeer 
having the required data object. The procedure for this 
algorithm is presented in Table 1. 

Table 1. Algorithm description for discovery 

Peer Discovery and Pong Caching Algorithm   

procedure  Ping_Message (new_ping, conn) 
if new_ping = HELLO then 

if recpeer = leafpeer then 
reply welcome 
forward info to ultrapeer 

else 
if recpeer = ultrapeer then 

reply welcome 
forward pong_cache details 

end if 
end if 

else 
if new_ping.ptl > 0 then 

update pong_cache and maintain connection 
reply Pong(conn, pong) 

else 
discard new_ping message 

end if 
end if 

end procedure 
 

procedure  Pong (conn, pong) 
if pong_cache.status != full then 

if pong = new_pong then 
      pong_cache <- new_pong(credentials) 

forward Pong (conn,pong) to neighbor 
else 

update pong_cache <- newpong 
forward Pong (conn, pong) to neighbor 

end if 
else 

remove pong_cache <- old_pong (credentials) 
pongcache <- newpong(credentials) 
forward Pong (conn, pong) to neighbor 

end if 
end procedure 

 
 
Suppose µi, τi, and ωi represent the capacity of ultrapeer 

i, and the number of leaf peers and neighbor ultrapeers 
connected to an ultrapeer i, respectively. The probability ߩi of ultrapeer i for newly arrived peer e is directly 
proportional to the current number of connected neighbor 
ultrapeers ߱i and its capacity, where ߩi is inversely 
proportional to its currently connected number of leaf 
peers ߬i. 

)(, tAUi
i

ii
i ∈×=

τ
ϖμρ ,            (1) 

where AU(t) is the set of active ultrapeers at time t. To avoid 
a workload on a specific ultrapeer and delay on the overall 
P2P overlay network, we define three variables ߚ ,ߙ, and ߛ 
to control the probability of joining new peers. 

γ
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τ
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where 0< ߚ ,0< ߙ, and 0< ߛ. 
We further extend the above equation to define the 

overall probability ߩi for the maximum number of leaf peer 
and ultrapeer connections. 
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By applying the above in our algorithm, each ultrapeer 

has to forward its capacity μ number of leaf peers atta-
ched (τ) and number of ultrapeers connected (ϖ) to the 
newly arrived peer to make a connection decision. This 
information is also exchanged between the neighbor 
ultrapeers to assign a transition probability to their neighbor 
ultrapeer edges. 

 
C. Searching Mechanism 

 
The search mechanism in the proposed protocol is biased 

on multiple walker random walks with a jump and 
replication technique instead of blindly flooding query 
messages as in the typical Gnutella protocol. For a given 
query, the ultrapeer selects neighbor ultrapeers randomly 
based on defined criteria and forwards walkers to them. The 
proposed approach will continue this search process until 
the query is solved or the walkers reach its end.  

Suppose the querying ultrapeer Q initiates m random 
walkers to search object O in the P2P overlay of n ultrapeers. 
Because this work discusses the mobile P2P environment, 
we are considering only n ultrapeers and not dealing with 
the total number of leaf peers in the network. Each walker 
can jump to a randomly selected 2-hop neighbor ultrapeer. 
The randomly selected 2-hop neighbor ultrapeer will be the 
one that has not been previously visited or selected for that 
walker unless this is the only neighbor ultrapeer. Each 
ultrapeer shares its pong cache with its directly connected or 
one-hop neighbor. 

The proposed mechanism allows a peer to randomly 
select the neighbor peers from available online active peers 
in the P2P network. Because of its dynamic nature, the P2P 
network needs an advanced topology control scheme for 
maintaining an up-to-date list of neighbors. To overcome 
this problem, all of the peers in the Gnutella protocol 
periodically send ping messages to their neighbors and wait 
for a pong message in order to check whether their 
neighbors are still active. When no answer is received from 
a neighbor, it is replaced by a peer randomly chosen from 
the set of online peers. Table 2 shows the detail procedure 
for mentioned algorithm. 

 

Table 2. Algorithm description for searching 

Search Algorithm   

procedure  MWRSW (o, ptl) 
if found object (o) or query = duplicate then 

ignore query 
else 

if ptl = 0 then  
if query = replicate then 

reply unsuccessful 
else 

contact query initiator 
end if 

else 
walker <- jump_selected_random_peer()  
call jump.MWRSW(o,ptl-1) 

end if 
end if 

end procedure 
 
procedure  m_MWRES(m, o, ptl)  

for all success[i] = NULL 
for  i ∈ (1 to m) do 

success[i] <- MWRSW (o,ptl) 
end for 
reply found_object(success) 

end procedure 

 
 

III. PEFORMANCE EVALUATION 
 

In order to evaluate our proposed unstructured P2P 
Gnutella-like protocol over mobile ad-hoc networks, we 
used Network Simulator (NS2 v.2.34). The analysis and 
measurement of the protocol were based on three primary 
metrics: search queries, query success rate, and average 
network overhead and queries solved by number of time 
and hops. We choose three different existing protocols, 
Gnutella (flooding), XL-Gnutella, and Random Walk, for 
performance comparison with our proposed protocol. In 
order to evaluate performance, we created a scenario based 
on network mobility and analyzed the interaction of the 
protocol with the underlying reactive routing protocols. 

Search overhead is further reduced to an acceptable value 
by efficient selection of a neighbor to forward the query 
message. Thus, the requesting ultrapeer sends query walkers 
to a subset of neighbor ultrapeers, which are the best choice 
to return responses of good quality. The proposed new P2P 
protocol uses the capacity of the neighbor ultrapeer and the 
degree consists of the number of leaf peers and neighbor 
ultrapeers attached as a criterion for a high-capacity 
neighbor. The following Fig. 1 shows the comparison of the 
average search overhead between the new and existing 
unstructured P2P protocols. The Gnutella protocol overhead 
is very high because of flooding and duplication of messa-
ges. The overhead of the proposed protocol is very low 
compared to the other three. The reason is the selection 
criteria, efficient forwarding of walkers, and keeping check 
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on message duplication. 
Fig. 2 shows the average of successful queries during 

simulation based on the number of peers. Other unstructured 
protocol results are satisfactory when the number of peers in 
the overlay is increased. At the beginning, when the number 
of peers is around 40, the query success rate is very low. In 
the proposed protocol, the rate is quite good and acceptable 
even from the start.   

 
 

 
Fig. 1. Average search overhead. 

 
 

 
Fig. 2. Average query success rate. 
 
 

 
Fig. 3. Average time-based search latency. 

 
Fig. 4. Average hops-based search latency. 

 
 

In Figs. 3 and 4, search latency is used as a performance 
metric to evaluate the search efficiency of the proposed P2P 
protocol. The search latency is measured by the shortest 
time the protocol takes for a query search to reach a peer 
that has a requested object. 

Figs. 3 and 4 show the average search latency for a 
requested object measured by the time in milliseconds and 
the number of hops, respectively. The average search 
latency of the proposed protocol in both of the figures is 
lower than the other unstructured P2P overlays. The search 
performance of the proposed unstructured P2P protocol is 
better than the others because of the metric used for 
selection of the neighbor ultrapeer to forward walkers and 
the jump mechanism. Similarly, another reason for efficient 
searching is that every ultrapeer contains the sharing objects 
of directly connected ultrapeers and the address of the one-
hop-away ultrapeers. The proposed approach aimed to 
eliminate duplication of query messages. Thus, every hop 
forwarding discovered a new peer visited for the first time 
for a requested object; therefore, a search message can 
quickly cover a large area of peers within less time and 
fewer hops. 

 
 

IV. CONCLUSION 
 

In this paper, the information distribution and efficient 
search in a P2P network under multiple walker random 
walks with jump and replication mechanisms over a 
MANET has been studied and analyzed. The novel 
approach of new peer discovery and connectivity is also 
discussed in detail. The enhanced pong caching technique 
and multiple walker random walks mechanism was studied, 
analyzed, and simulated from a novel perspective. We 
reduced the searching and discovery time by considering the 
capacity and degree of the ultrapeers. The selection of 
efficient neighbor ultrapeers in a P2P network will results in 
a reduction in the searching time, overhead, and traffic 
through new defined metric based on the ultrapeer capacity 



J. lnf. Commun. 

http://dx.doi.org/

and degree fo
Further stu

discovery pr
detailed simu
area.  
 
 
ACKNOWL
 

This resear
ICT & Futur
course of a h
HB301-13-10
Promotion Ag
 
 
REFERENC
 
[ 1 ] R. Schollm

to-peer netw
12th Intern
Networks, D

[ 2 ] M. Yang a
efficiency 
Parallel an
2009. 

[ 3 ] C. Gottron
towards ro

 
 
 
 

 

Converg. Eng. 11

/10.6109/jicce.20

or such selectio
udy on the repl
rocess, and i

ulations will be

LEDGMENT

rch was suppo
re Planning, K

hiring contract
004) supervise
gency. 

CES 

meier, I. Gruber, a
working in mobil

national Conferen
Dallas, TX, pp. 1
and Z. Fei, “A 
in unstructured

nd Distributed Co

n, A. Konig, and 
obustness of mob

receiv
enrolle
interes
cloud 

 

receiv
Korea
Nation
and se

 

 

1(3): 173-178, Se

013.11.3.173 

on. 
lication mecha
its numerous 
e considered in

TS 

orted by the M
Korea, under 
” support prog

ed by the Na

and F. Niethamm
le environments,”
nce on Computer
21-127, 2003. 
novel approach 

d peer-to-peer n
omputing, vol. 69

R. Steinmetz, “A
bile peer-to-peer 

ed an M.Sc. de
ed as a Ph.D. 
sts include wire
computing.  

 
ed M.S. and P
, in 2002 and 2

nal University. H
ensor networks

p. 2013 

anism, pong ca
parameters 

n future work in

Ministry of Scie
the “SW mas

gram (NIPA-2
ational IT Indu

mer, “Protocol for 
” in Proceedings 
r Communication

to improving s
etworks,” Journ
9, no. 11, pp. 877

A cross-layer app
networks,” in Pr

egree from the U
researcher at G
eless and mob

h.D. degrees i
2005, respectiv
His research int
.  

178

ache, 
with 
n the 

ence, 
ster’s 
2013-
dustry 

r peer-
of the 

ns and 

search 
nal of 
7-884, 

proach 
rocee-

[ 4 ]

[ 5 ]

[ 6 ]

[ 7 ]

[ 8 ]

[ 9 ]

[10]

University of Pe
Gyeongsang Na
bile networking,

n computer sci
vely. He is curr
terests include 

dings of the IEEE
and Sensor Syste
D. Talia and P. T
IEEE Internet Co
A. Mawji, H. H
topology contro
Pervasive and M
H. D. Choi, H. H
Ad-Hoc network
ference on Syste
Polynesia, 2006.
T. Klingberg and
Group, 2002 [In
net/src/rfc-0_6-d
H. Shen, M. S. 
scheme for coop
Proceedings of 
buted Processing
A. Boukerche, 
caching techniqu
large-scale colla
the 41st Annual 
297, 2008. 
A. Boukerche, 
overlay formati
mobile ad-hoc n
Symposium on D
Torremolinos, Sp

eshawar, an M.S
ational Univers
, routing protoc

ience from the 
rently with the D
routing for MAN

E 8th Internation
ems, Valencia, Sp

Trunfio, “Toward a
omputing, vol. 7, 
Hassanein, and X
ol for mobile a

Mobile Computing
H. Park, and M. 
ks,” in Proceedi
ems and Network
 
d R. Manfredi, “
nternet], Availab
draft. html. 
Joseph, M. Kum

perative caching in
the 19th IEEE In
g Symposium, Den
A. Zarrad, and 
ue for mobile Gn
aborative virtual 
Simulation Symp

A. Zarrad, and 
on for collabora
etworks,” in Proc

Distributed Simula
pain, pp. 143-156

S. from the Univ
ity, WMN Lab, 
cols, wireless s

ChungNam Na
Department of 
NETs, QoS in w

nal Conference on
pain, pp. 703-708
a synergy betwee
 no. 4, pp. 94-96,
X. Zhang, “Peer
ad hoc network

g, vol. 7, no. 4, pp
Woo, “An enhan

ings of IEEE In
ks Communicatio

“Gnutella 0.6,” N
ble http://rfc-gnut

mar, and S. K. Da
in mobile peer-to
International Par
enver, CO, pp. 57

R. Araujo, “A 
nutella based net
environment,” in

posium, Ottawa, C

R. Araujo, “A
ative virtual env
ceedings of the 1
ation and Real-Ti
6, 2006. 

versity of Derby
South Korea. 

sensor network

ational Universi
Informatics at 

wireless network

n Mobile Ad-Hoc
, 2011. 
n P2P and grids,”
, 2003. 
r-to-peer overlay
ks,” Journal of
p. 467-478, 2011.
nced Gnutella for
ternational Con-

on, Tahiti, French

Network Working
tella.sourceforge.

as, “PReCinCt: a
-peer system,” in

rallel and Distri-
-66, 2005.  
novel optimized
twork to support
n Proceedings of
Canada, pp. 289-

A smart Gnutella
vironments over
0th International

Time Applications,

y, UK, and is 
His research 

ks, P2P, and 

ity, Daejeon, 
Gyeongsang 

ks, multicast, 

c 

” 

y 
f 
 
r 
-
h 

g 
. 

a 
n 
-

d 
t 
f 
-

a 
r 
l 
, 



<<
  /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
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 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 [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


