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QoS-guaranteed Fast Wakeup and Connection
Mechanism in Multi-Interface Communication Systems

Moon Kim, Ki-Sik Park and Wan-Tae Kim, Member, KIMICS

Abstract— In this paper, we propose the fast wakeup and
connection mechanisms for various energy saving schemes in
order to improve QoS. First, we offer the interconnection of
heterogeneous access networks via the Media Independent
Information Server/Service (MIIS). Then, we propose the
fast wakeup and connection mechanism for multi-interface
communication systems. The proposed novel mechanism
focuses on the fast provision of incoming service destined to
the interface currently in energy saving mode by using
MIIS-assisted interconnection. We further evaluate the
performance of proposed mechanism through the numerical
and experimental analysis.

Index Terms— QoS, Energy saving, Multi-interface,
Heterogeneous networks, MIIS

I. INTRODUCTION

The evolution and the deployment of various
telecommunication technologies such as Global System
for Mobile communications (GSM), Code Division
Multiple Access 2000 (CDMA2000), Universal Mobile
Telecommunications System (UMTS), Wireless Local
Area Networks (WLAN), and Worldwide Interoperability
for Microwave Access (WiMax) have brought the
tremendous improvement of wuser circumstances.
Simultaneously, the user demands for new added value
services such as Voice over IP (VoIP), Video on Demand
(VOD), Digital Multimedia Broadcasting (DMB), and
IPTV have grown continuously. However, such user
demands for higher data rate, higher mobility, and Quality
of Service (QoS) have not been fulfilled by each
telecommunication technology alone. Therefore, the Next
Generation (or 4G) Networks (NGN) are integrating those
multiple telecommunication technologies into a common
convergence network.

The ubiquitous network is expected to guarantee 'any-
service with any-device through any-network at any-
where in any-time'. In order to support this ubiquitous
service, there are essential requirements which are very
high data rate for 'any-service', multi-interface systems
for 'any-device', integrated heterogeneous networks and
high mobility for 'any-network', and so on. However,
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lots of challenges still remain on various research areas.
In particular, the multi-interface systems, i.e. becoming
all-in-one systems recently, suffer from the serious lack
of energy as it have many parts of a communication
running simultaneously and it is also short of the energy
management functions. So, lots of research efforts in the
literature have dedicated to the investigation of the
energy management, usually called power saving,
schemes in multi-interface systems. The works in [1]-[3]
suggested using secondary low-energy consuming
wakeup interfaces to reduce the energy consumption of
other interfaces such a WLAN. In [4], it was further
proposed to implement a separate low-energy consuming
radio on the Mobile Station (MS), in addition to other
radio interfaces that already exist on the MS for
supporting user applications, and to use it as an always-
on wakeup and signaling channel. The approaches in [5],
[6] offered a new gateway to interconnect cellular and
WLAN networks. The proposed gateway serves as a
Session Initiation Protocol (SIP) server to handle
incoming VolIP services for WLAN and to wakeup
WLAN interface via cellular network. However, most of
these efforts have only focused on the energy saving
issue of multi-interface systems without the QoS
concern, i.e. delay of the incoming service through the
interface already turned into the energy saving mode.
Even though some approaches have considered QoS as
well, there is still the critical degradation of QoS
because:

A. Offered wakeup procedure using legacy
telecommunication networks causes long delay,
referred as wakeup delay in this paper.

B. The designated interface has to establish the
connection to the network after it wakes up, that
also induces delayed service. We call it connection
delay in this paper.

In this motivation, we propose the fast wakeup and
connection mechanism. This paper initially focuses on the
interconnection of heterogeneous access networks without
the development of new components by employing the
Media Independent Information Server/Service (MIIS)
introduced in IEEE 802.21 Media Independent Handover
(MIH) standard [7], [8]. In the proposed heterogeneous
network, our novel mechanism guarantees the significant
improvement of QoS by reducing wakeup delay as well as
connection delay, and the maintenance of energy
efficiency.
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The remaining of this paper is organized as follows. In
the next section, we explain the proposed fast wakeup and
connection mechanism improving QoS. Section 3
evaluates and analyzes the performance of the proposed
mechanism, and then we conclude this paper in Section 4.

I1. FAST WAKEUP AND CONNECTION
MECHANISM

A. Proposed Network Architecture

In this paper, we propose a convergence network
architecture unifying heterogeneous access technologies
and MIIS as shown in Figure 1. In addition to legacy
access technologies such as cellular, WMAN, and WLAN,
the proposed network employs the MIIS in order to
interconnect various access technologies. In the proposed
convergence network, the basic concept of our approaches
is that the urgent messages from one access network can
be delivered to the other access network via MIIS.

Internet / PSTN

Cellular
Core Network

e \
( WMAN/WLAN )
. IP Core Network
A J/

PSTN: Public Switched Telephony Network
MSC: Mobile Switching Center

PDSN: Packet Data Serving Node

BSC: Base Station Controller

BTS: Base Transceiver Station

MIIS: Media Independent Information Server
ACR: Access Control Router

WLAN GW: WLAN Gateway

RAS: Radio Access Station

AP: Access Point

MS: Mobile Station

Fig. 1. Proposed network architecture

B. Fast Wakeup and Connection Mechanism

We propose the fast wakeup and connection
mechanism employing MIIS. Using the proposed
network architecture, our novel mechanism reduces
both wakeup delay and connection delay. The key
concepts of the proposed mechanism are:

A. Fast wakeup of the designated interface according to
the quick transfer of wakeup signal via MIIS.

B. Fast connection to the network, waiting for the
provision of incoming service, by providing the
network information previously to the designated
interface. The network information for the
establishment of connection is offered by the MIIS.

In order to provide the information for fast
wakeup and connection, we define a novel MIH
message, referred as MIH_ Net FastInfo. It delivers
fast wakeup and connection information such as
wakeup interface, LINK ID, and PoA ID to the
end-user’s Mobile Station (MS) via cellular channel.

Therefore, our fast wakeup and connection
mechanism reduces both wakeup delay and
connection delay. Figure 2 shows how the proposed
mechanism improves the end-user QoS by
minimizing the delay of incoming service. Further,
the operation of the proposed fast wakeup and
connection mechanism is detailed below.

A. If there is no ongoing call or service from
WMAN/WLAN  networks MS  turns  off
WMAN/WLAN interfaces to save energy. Cellular
interface keep functioning in order to detect
incoming service, even there is no service from
cellular network.

B. When incoming service is received by an access
network, e.g. WMAN/WLAN in the figure, it
queries whether the destination MS of the service is
currently connected to the network. If so, the
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MIHF Sellulay MANAVLAN Cellular MILS WMAN/WLAN Core Network ~ Core Network Internet
] Interface Interface
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Fig. 2. Operation of fast wakeup and connection mechanism
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service is delivered to MS through the legacy
network, otherwise, network component such an
ACR has to wake up the designated interface of MS
by sending the wakeup message to MIIS.

C. Once MIIS receives the wakeup message, it finds
out the fast wakeup and connection information
such as LINK ID and PoA ID by checking the
network address of MS with the database of MIIS.
Then it transfers the wakeup message including that
information to cellular network directly.

D. Then, the cellular network sends MIH Net FastInfo
to the MIH Function (MIHF) of MS via cellular
channel.

E. After the reception of MIH Net Fastinfo, MIHF
immediately wakes up the interface indicated by
wakeup interface field in MIH_Net FastInfo.

F. Then, referring to the fast connection information
consisting of LINK ID and PoA_ID, the recovered
interface of MS notices the target PoA and network
for connection without further network discovery
phase. Accordingly, the connection establishment is
simply completed after authentication phase.

II1. PERFORMANCE EVALUATION

A. Numerical Analysis

We analysis the incoming service latency resulting
from the use of our fast wakeup and connection
mechanism explained in section 2. We initially introduce
the numerical model of the QoS degradation factors, the
wakeup delay and the connection delay. In (1) and (2), the

wakeup delay of legacy wakeup procedures (7,; v ) and

which of the proposed mechanism (T s wy ) are derived

respectively.
TLId _wu = 4DNer—Ne/ + DMS —BTS + D()N + 71WC ore + 7}}1121‘ + TCC ore (1 )
TfaszjVU = 4DNet—Net + D}LﬁfS—BTS + D{)N (2)

Note that Dy_, is the message delivery time between
X and Y, while T, corresponds to the message traverse

time over Z. Moreover, D, is the delay due to both the
wakeup signalling in MS and the warming up of
recovered interface.

We further derive the numerical models of the
connection delay as shown at (3) and (4).

T;)/d _Con = T:/iis cover + ]:mzh.&u.v.w. (3)
T‘/asr _Con = T:zurh,&asso. (4)

Based on (1)~(4), we derive the total delay of incoming
service, resulting from the use of both legacy wakeup and

connection mechanism ( 7,,, ) and proposed fast one

(T, as described at (5) and (6) respectively.

T, = Z}ld_WU + Z;/d_(ym
= 4DNet—Net + D]\/IS—BTS + DON + TWCore + T}m‘er (5)
+ Tecore + Taiscover + Tauthgass.
T fast — TfmrJVU + T fast_Con ©)
= 4DNer—Net + DJVIS—BTS + DON + T:zurhA&asso,
These numerical results show that the legacy

mechanisms suggested for energy efficiency barely
consider the QoS issues, and thus induce the critical QoS
degradation that are very long wakeup delay and
connection delay in relation to an incoming service. On
the other hand, the proposed fast wakeup and connection
mechanism assures the improvement of QoS by reducing
both wakeup delay and connection delay significantly.
Because, our mechanism guarantees the fast wakeup of
designated interface in accordance with the rapid wakeup
signalling via MIIS-bridged network architecture.
Furthermore, it ensures the fast connection to the network
waiting for the service provision, according to the early
distribution of network information to the designated
interface by using MIIS.

B. Results

We analysis some experimental results of the QoS
achievements based on the average delay caused by
wakeup procedure, connection procedure, and incoming
service. In the simulations, some time parameters verified
by the experimental results based on demonstration are

used to bring more reliable evaluation. These are 7.,
and T, 000 distributed between 200~300 ms and 5~20

1000 ms [9].
Furthermore, in the simulations, we assumed that
Dys srs » Tweore » Tocore » and T, are distributed
between 50~100 ms, 150~200 ms, 150~200 ms, and
300~400 ms, respectively.

In Figure 3, the wakeup delay critically increases as the
message transmission delay over wired link increases.
However, the proposed fast wakeup scheme decreases
about 29~839 ms of wakeup delay compared with both
loosely and tightly coupled schemes. Note that the
warming up delay of recovered interface is ignored.
Figure 4 also shows that the proposed scheme improves
about 3~25% of wakeup delay performance. The reason is
that our fast wakeup scheme rapidly notifies the
occurrence of incoming service via the MIIS-bridged
network architecture.

Figure 5 describes the comparison of connection delay
depending on the message transmission delay over wired
link. And it is confirmed that the proposed fast connection
scheme reduces about 480~760 ms of connection delay
compared with legacy connection schemes. This is
because our approach ensures the fast connection to the

ms respectively, and D,, set as
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network waiting for the service provision, according to
the early distribution of network information to the
designated interface by using MIIS.

In figure 6, we compare the average delay of
incoming service according to the message delivery
time between network components, i.e. Dy, _y., . It
shows that the bigger D,,_y. network induces the
longer incoming service delay end-users experience.
Further, it is confirmed that the proposed energy saving
mechanism, in comparison with the others,
significantly improves the QoS by reducing the
incoming service delay. In practice, the measured
average incoming service delay of our mechanism is
about 1350~2526 ms, while that of the others such as
legacy and tightly coupled approaches are about
2056~3147 ms and 1706~2926 ms, separately.
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IV. CONCLUSIONS

In this paper, we proposed the fast wakeup and
connection mechanism for improving QoS. We initially
focused on the interconnection of heterogeneous access
networks by using MIIS. In the proposed network
architecture, the proposed mechanism assures the
improvement of QoS by reducing both wakeup delay and
connection delay significantly since our mechanism
guarantees the fast wakeup of the designated interface, in
accordance with the rapid wakeup signaling via MIIS-
bridged network architecture. Furthermore, it ensures the
fast connection to the network waiting for the service
provision, according to the early distribution of network
information to the designated interface by using MIIS.
Furthermore, we evaluated the performance of our novel
mechanism in terms of the wakeup delay, connection
delay, and average incoming service delay through the
numerical and experimental analysis. In result, it was
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clearly verified that the proposed mechanism significantly
improved the QoS by reducing the incoming service delay.

REFERENCES

[1] C. F. Chiasserini and R. Rao, "Combining paging with dynamic
power management," /EEE INFOCOM 2001, pp. 12-19, April
2001.

[2] S. K. Lee and N. Golmie, "Power-efficient interface selection
scheme using paging of WWAN for WLAN in heterogeneous
wireless networks," IEEE International ~ Conference on
Communications 2006, volume 4, pp. 1742-1747, June 2006.

[3] S. Singh and C. Raghavendra, "PAMAS: Power aware multi-access
protocol with signalling for Ad Hoc networks," ACM Computer
Communications Review, volume 28, issue 3, pp. 5-26, July 1998.

[4] E. Shih, P. Bahl, and M. J. Sinclair, "Wake on wireless: An event
driven energy saving strategy for battery operated devices," ACM
MobiCom, 2002.

[5] W.S. Feng et al., "WGSN: WLAN based GPRS support node with
push mechanism," The Computer Journal, volume 47, issue 4, pp.
405-417, July 2004.

[6] S.L. Tsao and E. C. Cheng, "PIANO: A power saving strategy for
cellular/VoOWLAN  dual-mode mobiles," Wireless Networks,
volume 14, number 5, October 2008.

[71 IEEE Std. 802.21, Draft D9.0, "IEEE Standard for Local and
Metropolitan Area Networks: Media Independent Handover
Services."

[8] M. Kim, T. W. Moon, S. J. Cho, "A study on IEEE 802.21 MIH
frameworks in heterogeneous wireless networks," ICACT 2009,
February 2009.

[9]1 A. Mishra, M. H. Shin, and W. Arbaugh, "An empirical analysis of
the IEEE 802.11 MAC layer handoff process,"” ACM SIGCOMM
Computer Communication Review, volume 33, issue 2, pp. 93-102,
April 2003.

Moon Kim

Received the B.S., M.S., and Ph.D. degree
in the Department of Telecommunication
and Information Engineering form Korea
Aerospace University in 2004, 2006, and
2010. His research interests include QoS,
QoE, Mobility, and heterogeneous network.

Ki-Sik Park

Received the B.S., M.S., and Ph.D. degree in
the Department of Telecommunication and
Information  Engineering  form  Korea
Aerospace University in 1991, 1996, and 2000.
Since 2001, he has been a professor in the
Department of Information and Communication
Engineering, Inha Technical College. His
research interests include mobile network,
WLAN, and NGN.

Wan-Tae Kim
Received the M.S. degree in the Department of
Telecommunication and Information

Engineering form Korea Aerospace University
in 2003. Since 2007, he has been a Ph.D.
course student in the same university. His
research interests include mobile network, LTE,
and NGN.





<<
  /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
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /AmeriGarmnd-BT
    /AmeriGarmnd-BTBold
    /AmeriGarmnd-BTBoldItalic
    /AmeriGarmnd-BTItalic
    /Baskerville-BT
    /BernhardFashion-BT
    /Blippo-BlkBT
    /Bodoni-BdBT
    /Bodoni-BdBTItalic
    /Bodoni-BkBT
    /Bodoni-BkBTItalic
    /BroadwayEngraved-BT
    /BrushScript-BT
    /CentSchbook-BT
    /CentSchbook-BTBold
    /CentSchbook-BTBoldItalic
    /CentSchbook-BTItalic
    /CommercialScript-BT
    /Cooper-BlkBT
    /Cooper-BlkBTItalic
    /Courier10-BTBold
    /Courier10-BTBoldItalic
    /DomCasual-BT
    /Freehand591-BT
    /FuturaBlack-BT
    /FZWBFW--GB1-0
    /FZXKJW--GB1-0
    /GoudyOlSt-BT
    /GoudyOlSt-BTBold
    /GoudyOlSt-BTBoldItalic
    /GoudyOlSt-BTItalic
    /H_CIRNUM
    /H_EQSYM1
    /H_EQSYM2
    /H_HEBREW
    /H_KEYBD
    /H_MULTI1
    /H_MULTI2
    /H_PROSYM
    /HighlightLetPlain
    /Hobo-BT
    /JohnHandyLetPlain
    /LaBambaLetPlain
    /Liberty-BT
    /MBatang
    /MDotum
    /MekanikLetPlain
    /MGungHeulim
    /MGungJeong
    /MJemokBatang
    /MJemokGothic
    /MSugiHeulim
    /MSugiJeong
    /MurrayHill-BdBT
    /Newtext-BkBT
    /OCR-A-BT
    /OCR-B-10-BT
    /OdessaLetPlain
    /OrangeLetPlain
    /Orator10-BT
    /ParkAvenue-BT
    /PumpDemiBoldLetPlain
    /QuixleyLetPlain
    /RuachLetPlain
    /SandSm
    /SandTm
    /ScruffLetPlain
    /Swis721-BT
    /Swis721-BTItalic
    /TirantiSolidLetPlain
    /UniversityRomanLetPlain
    /VictorianLetPlain
    /WestwoodLetPlain
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages 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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


