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Abstract—In this paper, we propose a High Performance Multi-
channel Preview (HPMP) System in Peer-to-Peer live media
streaming to help users find their favorite channel fast. In HPMP,
users can watch TV in two different modes: Preview and Watch
mode. To support the Watch mode, HPMP uses a P2P mesh
topology to promote bandwidth utilization similar to many
existing solutions. In the Preview mode, a P2P timed forest
scheme (TFS) is proposed to reduce tracker server overhead and
minimize topology maintenance overhead. Finally, we use
OMNet++ to simulate the performance of HPMP and compare
with a system without a preview service. The simulation results
show that HPMP outperforms existing non-preview systems.

Keywords- Channel switching time; IPTV; Live streaming;
Multi-channel Preview; P2P; Timed Forest Scheme;

1. INTRODUCTION

In recent years, the development of P2P Multimedia
Streaming System (P2PMMS) [1][2][3][4] is getting more and
more popular and has attracted attention both in academic and
industrial circles. Now a day, there are a large number of users
using PPLive [5] or PPStream [6] to watch video channel. With
the increasing number of channels, users have more and more
choices to watch their favorite channel. However, how do we
help users to find their favorite channel fast? Most existing
solutions [7][8] change the topology or buffer processing
methods to shorten the channel switching delay but increase
the overhead of server.

On the other hand, in the existing P2PMMS, real-time
playback and video-on-demands (VoD) [9][10] program are
indicated as words. Users need to select one channel before
they can watch the channel. Consequently, it increases
substantially the frequency of channel switching. In this paper,
we propose a High Performance Multi-channel Preview
(HPMP) System in Peer-to-Peer live media streaming to help
users find their favorite channel fast. In HPMP, users can
watch TV in two different modes: Preview and Watch mode.
Figure 1 shows the interface of the Preview mode, in which the
users can choose the channel type first and then HPMP can
provide many channel previews with low quality videos. After
a user chooses a channel, the user switches to the Watch mode
with a full quality channel.
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Fig. 1 Interface schematic under HPMP

There are four goals to implement HPMP: 1) help users to
find their favorite channel fast, 2) decrease the bandwidth
consumption during searching for users’ favorite channel, 3)
Reduce the server's overhead and the peer's connection delay
when peers switch channel, 4) provide a stable quality for users
to watch multi-channel preview.

To support the Watch mode, HPMP uses a P2P mesh
topology to promote bandwidth utilization similar to many
existing solutions. In the Preview mode, a P2P timed forest
scheme (TFS) is proposed to reduce tracker server overhead
and minimize topology maintenance overhead. TFS is a novel
scheme that constructs a tree for a group of users with the same
channel preview and the root switches channel preview group
on behalf of all users in the tree periodically. Thus, TFS has
nice features to fulfill our goal.

In this paper, we address the issues of how to control and
construct a preview tree and how to allocate upload bandwidth
in the Preview mode and Watch mode. Architecture and
algorithms are presented to implement HPMP. The rest of the
paper is organized as follows. Section II briefly review related
work. Section III presents our designs for architecture and
algorithms of HPMP. Section IV shows our simulation results.
Section V concludes the paper.
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II.

In the past, researchers have proposed channel change
acceleration mechanisms in IPTV such as Instant Channel
Change (ICC) [11], or a buffering technique on channel
changing servers to reduce the channel change delay. The ICC
solution provides a unicast stream with only I-frame so that
Set-top Box (STB) can receive data fast. When a STB receives
the first I-frame, it can start to display video. However, this
solution requires extra bandwidth when channel change
happened. Moreover, it increases the management overhead in
acceleration mechanisms.

RELATED WORKS

The other solution is to provide Picture-in-Picture (PIP)
stream from neighboring nodes to a STB. Users can watch a
full quality video and also a low quality video simultaneously.
And this PIP solution has acceptable bandwidth overhead since
the PIP streams require very small bandwidth. However, the
drawback of PIP stream is that it has a limited number of
channels to watch at the same time.

Compared with these above methods, our design provides a
novel mechanism HPMP to allow user to preview many
channels with low quality video. It can reduce the frequency of
channel switching and channel hop distances.

III. HPMP FOR P2P MULTIMEDIA STREAMING SYSTEM

In HPMP, channels are classified into M types, i.e.,
A={4|0<i<M}. For example, Figure 1 illustrates the M
types channel on the left of the interface and each channel type
A includes N related channels

B={B;|0<i<M,0<j<N}. When a client peer joins the
system on the preview mode and chooses channel type 4,

HPMP will select C (we assume C=4 in the following
description) channels from B, and shows them in the main

screen. Note that there are “back” and “forward” buttons
below the main screen to change channel fast.

Figure 2 shows the operation process of the HPMP system.
There are three operational modes in HPMP: 1) Wait mode: in
this mode, users wait to choose the channel that client peer
wants to see after it joins the system, 2) Preview mode: In this
mode, HPMP provides C low quality streams to a client peer
to choose what it wants to watch. Once a client peer on the
preview mode presses the “back” or “forward” button, it will
come back to the wait mode and rejoin the next preview
channel tree. 3) Watch mode: in this mode, users start to watch
a channel in a full screen. It will be back to the preview mode
when a client peer wants to select some other channels.

Press back buttone

4"‘ Preview modee :ﬂ—“ Wart modee ‘

Toin the fit preview trese

Choose chammel+

Choose channel

Userjoine

Fig. 2 The operation process of HPMP system
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To reduce the overhead for channel preview, we presented
a novel method named Timed Forest Scheme (TFS) for group
preview. By this way, HPMP can help clients finding fast the
channel they want to watch and use their bandwidth efficiently.

Figure 3 shows an example for the architecture of the
HPMP system, in which the status of a client peer is either in
the Watch mode or the Preview mode when it joined the
HPMP system. Here, we focus on the design of the Preview
mode and construct generally a mesh-based topology on the
Watch mode using gossip [12] for P2P message exchange. All
client peers on the Watch mode will calculate their own
quality value Q by Eq. (1) periodically and send the value to
the tracker server. The tracker server keeps a source peer list
S={s;|0<i<M,0<j< N}, which is periodically updated
and sorted based on the value Q.

Video server Track server
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Fig. 3 The architecture of HPMP System

Now, we propose a design of TFS when the system is in
the Preview mode. The concept of TFS is shown in Figure 4.

. | |
time T I

l Chw,x.y.zZ

leader

Fig. 4 Timed Forest Scheme on Preview mode to change
channel

In the preview mode, three mechanisms are used: 1)
Preview Tree Feeding (PTF), 2) Preview Peer Joining (PPJ), 3)
Preview Tree Maintenance (PTM). The TFS scheme creates a
tree based topology when client peers join the preview mode
of the HPMP system. When a client peer joins HPMP on the
Preview mode and becomes a leader peer (or root of a TFS
tree), the Preview Tree Feeding process is executed. In PTF,
the tracker server will transmit sub-lists s € § with C different
channels to the new root. After that, the leader peer will
calculate the R value by Eq. (2) and choose source peers with
the minimal R value on C different channels in sub-lists s €S,
and then push streams down to their leaves. The R represents
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the stability of connection between the leader peer and the
source peer; a connection with a smaller R has higher stability.

After T time units, the leader peer will automatically hop
to next source peers of C channels recommended by the
tracker server and change channels. The architecture can be
regarded as a forest since it contains many trees and each tree
changes channels simultaneously every time T units. In this
way, TFS can help users to reduce the connection time and the
overhead of tracker server when all peers change preview
channels. Algorithm 1 shows the working principle of the root
(leader) in TFS.

Algorithm 1 Leader Preview Tree Feeding in TFS

1: T := the period for hopping to next source peers of C
Channels

2: N := the total number of preview channels

3:C, := temporary set to save the candidate source peers

detailed algorithm of preview peer joining is shown in
Algorithm 2.

Algorithm 2 Preview Peer Joining in TFS

1: Cmn'h : save a peer with minimal depth in preview tree

peer

2 . Crmm

"« the current number of children supported by

CmirL depth
peer

3. C

ey . the maximal number of children supported by
min_ depth
Cpeer

: a list of children of C™n-

peer

4:C.

c_list

5: Cdcpth

root

: the depth of root
6: leader,, : the list of current leader
7: D : the maximal depth set by the HPMP system

on channels C 8: Con-*¥" <= peer with minimal depth in leader,,,
4: Leader peer takes source peers in set C, from tracker 9: if ij{’]’t"’ =D then
server for C channels in the N channels 10: be a leader peer
S5: delay T 11: if there are no available source peers then
6: while TRUE do 12: increase D by one
7:  disconnect with previous C source peers 13: rejoin the preview tree and go to step 8
8: take a new candidate source peers set C, from 14: end if
tracker server 15: else
9:  connect with the new C source peers C, 16: join the list of /eader;,, and create a new preview
10:delay T tree
11:end while 17: end else
To increase the stability of the Preview mode, we limit the 18: end if
depth of the TFS tree in the HPMP system. A new join peer ~ 10: else _
will create a new preview tree and register as a leader when ~ 20: send a connection request to peer Cru "
the depth of all preview trees reaches the limitation D; 21: while C"™ =C™  do
otherwise, it will join the preview tree with minimal depth. ’ | child  child
Besides, the new preview tree will take the data of next C ~ 22: C;:;ide” " <= peer with minimal depth in C,
channels.. An example is shown in Figure 5, in which the. NeEW  23. end while
leader will take the data of channel 9, 10, 11 and 12 if all 24 d . Cin dept
depth of existing preview trees is D (D=3 in the example). + send a connection request to peer C,,,
25: connect to peer Chon-""
ol | 5678 | 9101112.. 26:end else
' 3 Peers leave a preview tree dynamically. There are three

new node (leader)«

Fig. 5 The construction of leader

On the other hand, a new leader will take the data of channel
1,2,3,4, the same as the fist preview tree, when there are only
12 channels and all depth of existing trees is D.

In addition, there exists an exceptional problem when the
number of peers on the watch mode and the preview mode are
not balance. That is we do not have enough source peers to
support the preview streams for all TFS trees. To solve this
problem, we increase the depth D of the preview tree to make
each root provide more preview streams and hence can
support many more peers joining the preview mode. The
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ways for preview peers to leave the Preview mode of the
HPMP system. The first one is to press the small screen and
join the Watch mode. The second one is to choose another
channel type and join the other type of preview tree. The third
one is to press the “back” or “forward” button. A preview peer
will rejoin the Preview mode in the HPMP system when it
detects the later two conditions with the preview peer join
process.

On the other hand, when a preview peer detects that its
parent node has left, it and its sub-tree, if any, will rejoin a
preview tree. First, it will select another preview tree with the
same C channel and join if its parent is leader peer or the
limitation D of the same preview tree can accommodate the
depth of its sub-tree. Otherwise, the preview peer will become
a leader and create a new tree when there are not appropriate
preview tree to join. The detailed algorithm is shown in
Algorithm 3.
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Algorithm 3 Tree maintenance when parent node leaves in
TFS

1: C;T;}de” " save a peer with minimal depth in preview tree

2 . Cnum

i - the current number of children supported by

min_ depth
Cpeer
3: Cy ¢ the maximal number of children supported by
min_ depth
Cpeer

: a list of children of C™n-<rh

peer

4:C.

c_list

. depth .
5:CF

0"« the depth of root
6: leader,, : the list of current leader
7: D : the maximal deep set by the HPMP system

8: pje‘;,‘;"' : the tree depth of current preview peer

9: Cmin7 depth

peer

<= peer with minimal depth on the same

channels C in leader;,,

10: if Cp-“"" does not exist then

11: join the list of leader;,,

12: create a new preview tree

13: endif

14: else

15:if pgr +Ci" > D then

16: join the list of leader;,

17: create a new preview tree

12:  endif

13:  else

14: while C7, = C%, do

15: Coin- " <= peer with minimal depthin C, ,,
16: end while

17: send a connection request to peer Chon“""
18: connect to peer Chrn "

19:  end else

20: end else

How a leader peer selects the most stable source peer on
the watch mode is important. So we design a model to
calculate the quality Q of a watch peer and the value R of a
preview peer by Eq. (1) and Eq. (2) respectively to find the
stable peers in the HPMP system. Here, the quality Q and
value R are denoted as follows.

BY L
Q=a——+pf—m (M
BU.MHX LT
R=0+(1-a-p)RIT )]
where O<a,f<l, a+p<1 The variables and some

properties involved in the potential function are defined as
shown in Table 1. Note that the quality Q considers the
distance between peers, i.e., the upload bandwidth B, the
living time of peer’s L, in one specific channel. For Eq. (1),
the first term considers the source peer with lower upload
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bandwidth utilization and the second term considers the source
peer with the longest online time. We merge the above-
mentioned model to find stable source peers.

TABLE L. NOTATION DEFINITIONS
Symbol Meaning
The round-trip time delay between a source peer and
RTT )
leader peers on the preview mode.
BY the upload bandwidth has been used in the watch mode.
Busax The maximal upload bandwidth of each peer on the watch
mode.
Ly The living time of each peer on the watch mode in the
system.
Lrnar The longest living time of peers on the watch mode.

When a peer joins the watch mode, it calculates its own
quality Q periodically and reports to the tracker server. In this
way, the tracker server will save better peers in the source list.

On the preview mode, a leader will take the source list
from the tracker server and calculate the value R to choose a
source peer with minimal value R. If the source peer leaves
the system, the leader peer will find another source peer and
keep all its tree structure without change. In other word, it
reduces the connection time if all peers are made reconnect to
another tree.

Iv.

In this section, we perform extensive simulations to study
the performance of the HPMP system. We simulate
distributions with different upload bandwidth using network
simulator OMNeT++ [13]. We use a full quality video stream
whose rate is 2 Mbps and the rate of low quality of preview
stream is 128 Kbps. The number of channels is 20. The
incoming access link bandwidth for all peers is set to 2 Mbps
so that each peer can easily receive the full quality rate of a
video. The number of total peers joining the HPMP system is
200. And Figure 6 shows the time distribution of peers joining
system and favorite channel of each peer is randomly selected
between 1 to 20. In the HPMP system, the period T of preview
channel auto-switching is 8 seconds. Each time users can
watch C preview channels and C is set as 4. In the traditional
scheme, a user needs to change channel by himself/herself,
and each time a full quality video is presented. We set that
every user starts to change channel in order from Channel 1 up
to his/her favorite channel because they do not know
beforehand what the content of each channel is.

SIMULATION RESULTS

30

25

number of peers

0
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
time(sec)

Fig. 6 The distribution of Peers joining the HPMP system
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The outgoing bandwidth of peers can be set as one of four
values: 0.5Mbps, 1Mbps, 2Mbps and 3Mbps as shown in
Table 2. To analyze the effect between the depth of preview
tree and average hop distance time, we set a half of peers in
SN1 with higher upload bandwidth and a half of peers in SN2,
3 and 4 with lower upload bandwidth so that the number of
peers on the watch mode and the preview mode are not
balance when large amount peers suddenly join the system.
We use four scenarios, each has different distributions of 200
peers across these four groups. The parameter of average hop
distance time is defined as the average hopping time that a
client starting from the first channel until it reaches its favorite
channel. In the simulation, we assume that the leaders of the
preview trees always find enough source peers to connect.

TABLE II. SCENARIOS FOR COMPARING DIFFERENT UPLOAD
BANDWIDTH AND DEPTH OF PREVIEW THREE UNDER HPMP AND TRADITIONAL

MODE

Upload BW SN1 SN2 SN3 SN 4
0.5Mbps(peers) 20 100 100 100

1 Mbps(peers) 30 50 50 50

2Mbps(peers) 50 30 30 30

3Mbps(peers) 100 20 20 20

Tree’s depth 8 6 8 10

Average hop distance time(sec)
HPMP 79.579 | 48.623 | 66.527 | 82.065

Traditional mode 138.09 149.41

Table 2 shows the result with different upload bandwidth
and depth of preview tree under HPMP and traditional mode.
Obviously, compared with the traditional mode in the same
scenario, the peers using HPMP to find their favorite channel
is much faster than that of traditional mode users. Compared
with SN2, 3 and 4 in HPMP, we observed that the smaller the
depth of a preview tree is; the smaller average hop distance
time we get. Moreover, we found that the average hop
distance of SNI1 is larger than SN3 at the same depth of
preview tree.

200
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77T
0 40 80 120 160 200 240 280 320 360 400 440 480 520
time(sec)

Fig. 7 Cumulative number of peers finding favorite
channel on different upload bandwidth
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Figure 7 shows the cumulative number of peers that find
their own favorite channel between SN1 and SN3. The peers
in SN3 will get their own favorite channels early than SN1.
Because a preview tree that created by peers with higher
upload bandwidth in SN1 will support more peers, it causes
more waiting time during the process of peers joining
(Algorithm 2) and makes a leader spend more time to find an
appropriate position for insertion.

200
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© © © © ©
A
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= HPMP SN2
== HPMP SN3
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o o

© © ©
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0 40 80 120 160 200 240 280 320 360 400 440 480 520 560
time(sec)

Fig. 8 Cumulative number of peers finding favorite
channel on different depth of preview tree

Figure 8 shows the cumulative number of peers that find
their own favorite channel between SN2, SN3 and SN4. We
can find that peers in preview tree with less tree depth (like
SN2) will reach their own favorite channels fast. Finally, the
depth of preview tree tradeoffs between the average hop
distance time and maintenance overhead.

IV. CONCLUSIONS

In this paper, we provide a novel method named HPMP to
improve channel change time in P2P live media streaming.
HPMP reduces the channel hopping time efficiently and
decreases the tracker server’s overhead. The simulation results
demonstrate that the average hop distance of HPMP is much
less than that of the traditional method. In addition, by using
our system, the users can find the channel they want to watch
quickly.

ACKNOWLEDGMENT

The authors would like to thank the National Science
Council, Taiwan, R.O.C. for financially supporting this
research under Contract No. NSC 99-2221-E-155-040.

REFERENCES

[1] C. Wu and B. Li, “Optimal Peer Selection for Minimum-Delay Peer-to-
Peer Streaming with Rateless Codes” in Proc. ACM P2PMMS , Nov.

2005.

M. Wang, L. Xu, and B. Ramamurthy, “Channel-aware peer selection in
multi-view peer-to-peer multimedia streaming”, In Proc. [EEE ICCCN,
pp.- 1-6, 2008.

Won J. Jeon and Klara Nahrstedt, “Peer-to-peer multimedia
streaming and caching service,” in Proc. IEEE ICME, pp. 57-60,
vol. 2, August 2002.

P. Shah and J.-F. Paris, “Peer-to-Peer Multimedia Streaming
Using BitTorrent,” In Proc. IEEE IPCCC, pp. 340-347, 2007.

PPLive, http://www.pplive.com/.

(2]

(4]
(5]



Proc. of the 4" Annual International Conference on Computer Games, Multimedia and Allied Technology (CGAT 2011)

[6] PPStream, http://www.ppstream.com/.

[71 Y. Zhu, W. Liu, L. Dong, W. Zeng, and H. Yu, “High Performance
Adaptive Video Services based on Bitstream Switching for IPTV
Systems,” in Proc. IEEE CCNC, pp. 1-5, 2009.

[8] C.H.Chang, P.J. Wu and C. N. Lee, “Smart-Fit: Peer-to-Peer Topology
Construction Strategy for Live Video Streaming Toward Minimal
Delay,” in Proc. ICS, Nov. 2008.

[9] Windows Media Server,
http://www.microsoft.com/windows/windowsmedia/

[10] Real Player Service, http://www.realnetworks.com/

[11] D. Banodkar, K. K. Ramakrishnan, S. Kalyanaraman, A. Gerber, and O.
spatscheck, "Multicast instant channel change in IPTV systems," in Proc.
COMSWA, pp. 370-379, 2008.

[12] M. Zaharia and S. Keshav,” Gossip-based Search Selection in Hybrid
Peer-to-Peer Networks,” in Proc. IPTPS, 2006.

[13] OMNET++, http://www.omnetpp.org/

46




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /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 false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


