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Abstract

Mobile IPv6 and Network Mobility Basic Support
(NEMO BS) are the IETF standard mobility proto-
cols for IPv6. When we consider the deployment of
a new protocol, it is well understood that the existence
of a free protocol implementation, which can be used as
a reference implementation for both research and op-
eration, plays important roles. SHISA is a free im-
plementation of Mobile IPv6 and NEMO BS protocols
built on top of BSD operating systems. The purpose
of SHISA is to be a reference implementation of the
mobility protocols and to accelerate the deployment. In
this paper, we explain the background of the develop-
ment, introduce the design and explain the implementa-
tion detail. SHISA consists of the modified kernel and
the user space programs, which is a similar approach
as the routing/forwarding mechanism implemented in
many UNIX systems. We designed a new communi-
cation layer between kernel and a user space program
and also between user space programs to exchange mo-
bility related information. This design makes the im-
plementation simple and extensible. SHISA also pro-
vides some advanced features such as multiple care-of
address registration and IPv4 prefix support which will
help the deployment in a real situation.

1 Introduction

The rapid growth of the IPv4 Internet raised a con-
cern of the IPv4 address exhaustion. IPv6 was designed
as the essential solution of the problem. We are now
on the transition period from the IPv4 Internet to the
IPv6 Internet. As a result, a vast number of IPv6 de-
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vices connected to the Internet using various commu-
nication technologies will appear in the future. The
devices will not only be computers and PDAs but also
cars, mobile phones, sensor devices and so on. Since
many devices will potentially move around changing
its point of attachment to the Internet, mobility sup-
port for IPv6 is considered necessary. The IETF has
discussed the protocol specification and finally stan-
dardized two IPv6 mobility protocols, Mobile IPv6 [5]
for host mobility and Network Mobility Basic Support
(NEMO BS) [1] for network mobility. The status of
these two protocols is currently “Proposed Standard”
which means they are under verifying that if there is
no significant problems. To become the final “Stan-
dard” status, the protocol must be verified its func-
tions and inter-operability with 2 or more independent
implementations and must have significant operational
experience. We decided to provide a high quality free
implementation to help the deployment of the IPv6
mobility protocols and to contribute the future mo-
bile Internet. We designed the mobility stack, called
SHISA1, which supports both host mobility and net-
work mobility to provide a full featured stack on top
of BSD operating systems. In this paper, we will pro-
vide the basic knowledge of Mobile IPv6 and NEMO
BS in Section 2 and discuss the design principal and
implementation detail in Section 3 and Section 4. The
future plan of our project is introduced in Section 5
and Section 6 concludes this paper.

2 Overview of Mobile IPv6 and NEMO
BS

Mobile IPv6 is a protocol which adds a mobility
function to IPv6. In Mobile IPv6, a moving node (Mo-
bile Node, MN ) has a permanent fixed address which is
called a Home Address (HoA). HoA is assigned to the
MN from the network to which the MN is originally at-
tached. The network is called a Home Network. When

1SHISA was named after a traditional roof ornament in Oki-
nawa Japan, where we had the first design meeting.
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the MN moves to other networks than the home net-
work, the MN sends a message to bind its HoA and the
address assigned at the foreign network. The message
is called a Binding Update (BU ) message. The ad-
dress at the foreign network is called a Care-of Address
(CoA) and the networks other than the home network
is called Foreign Networks. The message is sent to a
special node, called a Home Agent (HA) located in the
home network. A bi-directional tunnel between the HA
and the CoA of the MN is established after the bind-
ing information has been successfully exchanged. All
packets sent to the HoA of the MN are routed to the
home network by the Internet routing mechanism. The
HA intercepts the packets and forwards them to the
MN using the tunnel. Also, the MN sends packets us-
ing the tunnel when communicating with other nodes.
The communicating nodes do not need to care about
the location of the MN, since they see the MN as if it
is attached to the home network. Figure 1 illustrates
the operation of Mobile IPv6.

Mobile Node (MN)
Home Agent (HA)

Home Network Foreign Network

Move

Care-of Address (CoA)Home Address (HoA)

Internet

Correspondent Node (CN)

Communication
MN - CN

Bi-directional 
Tunnel

Binding Update
(HoA - CoA)

Figure 1. Basic Operation of Mobile IPv6

In Figure 1, the communication path between MN
and its peer node is redundant since all traffic is for-
warded via HA. Mobile IPv6 provides an optimized
way to communicate with an IPv6 node which is aware
of Mobile IPv6 protocol. Such a node is called a Cor-
respondent Node (CN ). The MN can also send a BU
message to CN. When sending the BU message, the
MN must perform a simple address ownership verifica-
tion procedure, which is called the Return Routability
(RR) procedure. The MN sends two messages to the
CN, one from its HoA and the other from its CoA. The
CN replies these two messages with cookie values. The
MN generates a secret using these two cookies trans-
mitted via different paths and sends a BU message pro-
tected by the secret. Once the CN receives the BU

message, the MN can send a packet to the CN from its
CoA. To provide HoA information to CN, MN stores
it in a Destination Options Header as the Home Ad-
dress option (HAO). The option is newly defined in
the Mobile IPv6 specification. The CN can also send
a packet directly to the MN using the Type 2 Rout-
ing Header (RTHDR2 ) newly defined routing header.
This direct communication is called Route Optimized
(RO) communication.

NEMO BS is an extension of Mobile IPv6. The ba-
sic operation of a moving router (Mobile Router, MR)
is same with that of MN except the MR has a net-
work (Mobile Network) behind it. The network prefix
is called a Mobile Network Prefix (MNP). A node in
the mobile network, which is called a Mobile Network
Node (MNN ), can communicate with other nodes as
if they are attached to the home network, thanks to
the tunneling between the HA and the MR. NEMO
BS does not provide the RO feature. Figure 2 depicts
the operation of NEMO BS.
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Figure 2. Basic Operation of NEMO BS

3 SHISA Design Principal

We defined the requirements of a mobility stack as
follows.

• Separation of signaling and forwarding:
The operation of Mobile IPv6 and NEMO BS is
basically IP packet routing (forwarding or tunnel-
ing). To get better performance, packet routing
should be done in kernel space. The signal pro-
cessing should be done in user space, since the pro-
cess is complex and it is easier to modify/update
user space programs than kernel. This separation
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will give the stack both good performance and ef-
ficiency in developing the stack.

• Flexibility of network device selection:
We cannot predict the network devices that MN
uses. To be able to adapt various network devices,
we have to provide an abstraction layer by defining
a logical network device of the MN that can be
bound to the actual physical network devices.

• Adaptability to various movement scenarios:
The movement assumption varies based on the de-
mands of operators. The signaling mechanism and
the movement detection mechanism must be sep-
arated. Because the signaling procedure usually
never be changed unless the protocol specification
does not change. The movement detection part
must be replaceable depends on operators.

• Extensibility:
IPv6 mobility technologies are one of most active
area in the Internet research world. The design
must provide an easy framework that can support
future advanced functions.

• Minimum modification on existing kernel func-
tions:
We believe the mobility function will be a core
function in future operating systems. To integrate
the implementation to the target operating sys-
tem, in our case, BSD operating systems, we have
to minimize the modification on existing kernel
functions.

In the following sections, we will discuss the imple-
mentation decisions we have made based on the above
requirements.

4 SHISA Implementation

SHISA is implemented on top of the KAME IPv6
stack [4]. The KAME IPv6 stack is an IPv6 stack for
BSD operating systems. Since it covers most of IPv6
functions and API functions necessary for SHISA, we
can just implement mobility related part only by using
the KAME IPv6 stack as a base system.

4.1 Supported Features

We provide the following functions currently:

• Mobile IPv6 functions for MN, HA and CN

• NEMO BS functions for MR and HA

• Multiple Care-of Address registration support [12]

• IPv4 Mobile Network Prefix support [8]

4.2 Program Organization

SHISA consists of several user space programs and
the modified kernel. Table 1 shows the programs used
by the SHISA stack and Table 2 lists the necessary
program modules used by each type of node.

mnd Provides the MN functions

had Provides the HA functions

cnd Provides the CN functions

babymdd A simple movement detector of MN

mrd Provides the MR functions

nemonetd Provides the tunnel setup functions for
NEMO BS

Table 1. SHISA programs

Based on the node type, one or several SHISA pro-
grams run on a node. In addition, a user can choose
to drop or replace functions by stopping or changing
programs. For example, if one does not need the CN
functions when operating MN, he can stop the cnd
program. Also one can replace babymdd program to
other movement detection program which may be spe-
cialized to the user’s network and device of the MN
used in his network environment.

babymddmnd hadnemonetdmrd cnd
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Management 

Module

Mobility Socket Routing Socket

Address 
Management 

Module
Neighbor 

Discovery Module
Forwarding 

Module

Binding 
Update 

Database

Binding 
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Database

Routing 
Management 

Module

Routing 
Table

user
space

kernel
space

Figure 3. SHISA system configuration

Figure 3 shows the system configuration of the
SHISA stack. SHISA programs communicate with ker-
nel and other programs using the Mobility Socket dis-

Node type Used programs

Mobile node mnd, babymdd, cnd

Mobile router mrd, nemonetd, babymdd

Home agent had, cnd

Correspondent node cnd

Table 2. SHISA programs categorized by the
node types
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cussed in Section 4.3. Events of address change used
by a movement detector are notified from the Neigh-
bor Discovery and the Address Management modules
through the Routing Socket. The signaling messages
are exchanged between the SHISA programs of two
nodes, for example, mnd on MN and had on its HA.
The binding information retrieved from the signal ex-
change is stored in the kernel as the Binding Update
database for MN/MR and the Binding Cache database
for HA/CN. These databases are used when the kernel
sends or forwards packets based on the current location
of the MN/MR.

4.3 Mobility Socket

The operation of Mobile IPv6 and NEMO BS is sim-
ilar to existing routing operation. When we started the
design of SHISA, we referred the existing BSD Rout-
ing Socket mechanism [10]. In the routing mechanism,
the role of the kernel is to keep the routing table and
forward packets based on the table. The kernel itself
does not exchange any routing information. The infor-
mation exchange is done by routing daemon programs
running in user space. This design has several benefits.
For example, we can avoid to implement a complex
routing algorithm in kernel space, where a trivial mis-
take sometimes causes a serious problem like a kernel
panic. Also debugging user space programs is easier
than debugging a kernel, because we can utilize many
advanced debugger programs.

We took a similar approach that the routing mech-
anism did. The kernel keeps a table for binding in-
formation and transmits packets based on the table.
The update of the table is done by the user space pro-
grams which run on MN, HA and CN. We designed
a new socket, called Mobility Socket (MIPSOCK ) [6],
to exchange the mobility related information between
the kernel and user space programs. It might be pos-
sible to reuse the Routing Socket to exchange mobility
information, however we did not choose the approach
because of the following two reasons.

• To minimize the impact to the existing programs
which rely on the Routing Socket

• Information semantics is different from routing in-
formation

We already have several programs which use the Rout-
ing Socket. The routing function is one of core func-
tions for IP nodes to connect to the Internet. We must
avoid to cause any problems by adding new messages
to the Routing Socket. One of our goals is to merge
our achievement to the original BSD distribution. Im-
porting a big change to the existing stable functions is

usually difficult. Designing a separate mechanism for
a new feature seemed to be reasonable. Also, not all
the information we exchange using MIPSOCK between
SHISA programs and the kernel are routing related in-
formation. For example, the kernel sends a hint mes-
sage to user programs that the node receives a tunneled
packet. Another example is a hint message from the
kernel to user space programs to insist sending an pro-
tocol error message. In that sense, using the Routing
Socket does not seem to be appropriate.

MIPM_BC_ADD Add/Update binding information
on HA or CN

MIPM_BC_REMOVE Remove binding information on HA
or CN

MIPM_BUL_ADD Add/Update binding information
on MN or MR

MIPM_BUL_DELETE Remove binding information on
MN or MR

MIPM_MD_INFO Notify movement with a new CoA
to MN or MR

MIPM_HOME_HINT Notify returning home to MN or
MR

MIPM_RR_HINT Notify there is tunneled traffic to
MN

MIPM_BE_HINT Notify a protocol error occurred in
the kernel and insist to send an er-
ror message to a peer node

Table 3. MIPSOCK messages

A subset of MIPSOCK messages are listed in Ta-
ble 3. The important point is that, these messages are
not only used for communications between user space
programs and the kernel. The messages are also used
between user space programs to exchange information.
This mechanism provides an easy way to get the cur-
rent situation of the mobility stack asynchronously and
provides extensibility to other programs related to mo-
bility. For example, MIPM_MD_INFO is issued by the
babymdd program and is received by the mnd or the
mrd program. Another examples is MIPM_BUL_ADD and
MIPM_BC_ADD messages. They are issued by the mnd
and had to add binding information. When we ex-
tended the NEMO BS feature, what we had to do
is to implement nemonetd which monitors these mes-
sages and establishes a bi-directional tunnel. Thanks
to MIPSOCK, we could minimize the modification to
mnd to support the NEMO BS feature.

4.4 Movement Detection

Movement detection is the most difficult part when
we implement a mobility stack. Although the move-
ment detection should be ideally done in IP layer,
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the performance of the detection often slow. We may
need several seconds to detect movement. This de-
lay is sometimes critical for real-time applications. It
is known that if we use more information, e.g. layer
2 information, we can detect movement much faster.
The movement detection module in our implementa-
tion is designed as a replaceable module. The user of
our stack can implement a special movement detection
module based on the scenario and the background layer
2 technologies.

4.5 Packet Forwarding

The performance of forwarding module will impact
the total performance of the stack. We implemented
the forwarding procedure in kernel space while all sig-
naling procedures are implemented in user space. Do-
ing all forwarding tasks in kernel will reduce the over-
head of forwarding tasks compared to the case when
they are done in user space, because passing packets
from kernel space to user space (and vice versa) usu-
ally requires memory copy operation which processing
costs is high.

A mobility stack requires the following functions
with regard to packet forwarding:

• Inserting HAO on an outgoing packet by MN if
binding information exists

• Inserting RTHDR2 on an outgoing packet by
HA/CN if binding information exists

• Forwarding packets to HA using a tunnel interface
by MN/MR if binding information does not exist

• Forwarding packets to MN/MR using tunnel inter-
faces by HA if binding information does not exist

The first two operation involves the operation of IPv6
extension headers implemented in kernel space. HAO
is one of Destination options which hold the HoA of
MN. We extended the processing function of the Des-
tination options to handle HAO. RTHDR2 is newly de-
fined routing header in Mobile IPv6 for RO. The basic
format of RTHDR2 is same with the Type 1 Routing
Header (RTHDR1) defined in the IPv6 specification,
except some limitations. RTHDR2 has different type
number from RTHDR1 and can only have either one of
HoA or CoA of MN. We extended the existing Routing
Header manipulation code to support RTHDR2.

The bi-directional tunnel is used when communica-
tion is not optimized. This situation can be detected by
the kernel to check if there is valid binding information
in binding databases. When the kernel does not find
binding information, packets are tunneled just before

the output function to the network interface driver on
the MN/MR side. On the HA side, packets addressed
to MN/MR and MNNs are once passed to the forward-
ing function, and in the function they are tunneled to
the MN/MR using the tunnel interface between the HA
and the MN/MR if no binding information is found.

4.6 Multiple Care-of Address

In the Mobile IPv6/NEMO BS specifications, it is
impossible for MN/MR to register multiple CoAs at the
same time. However considering the recent progress
of wireless technologies, it is getting more common for
mobile devices to have multiple network interfaces. Us-
ing multiple interfaces enables efficient usage of net-
work property/bandwidth and increases fault tolerance
in case of network problems [2]. We have implemented
the Multiple Care-of Address support protocol [12].
Currently, this function is available only for MR. The
extension is implemented by adding an unique identi-
fier field to the MIPM_BUL_ADD, the MIPM_BUL_ADD and
the MIPM_MD_INFO messages and adding a filed to keep
the identifier in binding databases. The identifier is
bound to each CoA assigned to the MR. Usually HA
routes packets based on the HoA of each MR. In this
case, the HA cannot distinguish the binding between
(HoA, CoA1) and (HoA, CoA2). In this extension,
each MR is identified by the pair of HoA and the iden-
tifier. In the SHISA implementation, the identifier is
mapped to a tunnel interface. If MR has two network
interfaces for CoAs and registers these two CoAs at the
same time, the MR and its HA will have two tunnel in-
terfaces between them, each tunnel is bound to each
identifier assigned to the network interfaces of the MR.
The MR and the HA can utilize these tunnels based
on local policy. For example, they can use one tun-
nel as a primary interface and the other for backup.
Or, if they have two interfaces which properties are
different, e.g. one interface is low-bandwidth and low-
latency, the other is high-bandwidth and high-latency,
then they may use the former for urgent messages and
the latter for data transmission. Since we have imple-
mented this mechanism as a tunnel interface, we can
use the basic packet filtering mechanism, such as IP
Filter [7] to distribute traffic.

4.7 IPv4 Mobile Network Prefix

When NEMO BS was specified, most of people in-
volved in the discussion did not think they would need
IPv4 NEMO support. However, considering the cur-
rent situation that IPv6 deployment requires more time
than we originally expected, some kinds of IPv4 sup-
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port must be necessary. We proposed a mechanism to
carry IPv4 traffic over the tunnel interface created by
NEMO BS mechanism [8]. With this mechanism, MR
can have an IPv4 MNP in addition to an IPv6 MNP.
The benefit of this mechanism is that the user of the
MR that support this extension can operate IPv4 net-
works over the IPv6 only infrastructure. Such kind of
operation encourages the existing IPv4 users to move
IPv6 infrastructure [9], since NEMO BS can provide
fault tolerance and can provide load-balance or traf-
fic engineering using the Multiple CoA support as dis-
cussed in Section 4.6. SHISA is extended to keep IPv4
MNPs in its binding database and extended to forward
IPv4 packets, which prefix is registered as a part of
MNP, using the tunnel interface established between
the MR and its HA.

5 Future Plans

The intention of the SHISA development is
to provide a reference implementation of Mobile
IPv6/NEMO BS. We are planning to complete the im-
plementation and get the certificate logo issued by the
IPv6 Forum [3]. Getting the logo indicates the imple-
mentation is fully compliant and inter-operable with
other implementations. Also, we will continue to sup-
port additional features which are necessary to satisfy
future requirements and to support IP mobility deploy-
ment. For example, the multiple CoA support is now
being revised in the IETF Monami6 working group.
We will follow the discussion and will provide the im-
plementation for research purpose and achieving op-
erational experience. The IPv4 mobile network prefix
support is now integrated to the Dual Stack Mobile
IPv6 (DSMIPv6) solution [11] which not only supports
IPv4 MNPs but also IPv4 CoA that enables MN/MR
to attach the IPv4 Internet. This technology will ac-
celerate the deployment of both IPv4/IPv6 mobility
technology. We are developing the DSMIPv6 and soon
merge it to SHISA. Operational technologies are also
important. AAA interaction and a home agent distri-
bution mechanism are planned to be implemented.

6 Conclusion

SHISA is an implementation of IETF standard IPv6
mobility protocols (Mobile IPv6/NEMO BS) built on
top of BSD operating systems. We process all mobil-
ity signals in user space to make it easy to extend.
To pass the signals we designed a new communication
socket mechanism, Mobility Socket. This design makes
it possible to implement a complex signaling process-
ing in user space and to implement packet forwarding,

that is performance sensitive, in kernel simultaneously.
SHISA is verified to be inter-operable with other im-
plementations at several inter-operability test events,
those are developed independently . We also support
advanced specifications such as Multiple Care-of Ad-
dress and IPv4 prefix support that are useful for real
operation. The development will continue to make it
more compliant with the specification and to support
mobility deployment.

References

[1] V. Devarapalli, R. Wakikawa, A. Petrescu, and
P. Thubert. Network Mobility (NEMO) Basic Support
Protocol. Technical Report RFC3963, IETF, January
2005.

[2] T. Ernst, N. Montavont, R. Wakikawa, C. Ng, and
K. Kuladinithi. Motivations and Scenarios for Using
Multiple Interface and Global Addresses. Technical
Report draft-ietf-monami6-multihoming-motivation-
scenario-00, IETF, February 2006.

[3] IPv6 Forum. Web page. http://www.ipv6-forum.org/.
[4] T. Jinmei, K. Yamamoto, J. Hagino, S. Sakane,

H. Esaki, and J. Murai. The IPv6 Software Platform
for BSD. IEICE Transactions on Communications,
E86-B(2):464–471, February 2003.

[5] D. B. Johnson, C. E. Perkins, and J. Arkko. Mobility
Support in IPv6. Technical Report RFC3775, IETF,
June 2004.

[6] T. Momose, K. Shima, and A. Tuominen. The
application interface to exchange mobility infor-
mation with Mobility subsystem (Mobility Socket,
AF MOBILITY). Technical Report draft-momose-
mip6-mipsock-00, IETF, June 2005.

[7] D. Reed. IP Filter. Web page.
http://coombs.anu.edu.au/˜avalon/.

[8] K. Shima. IPv4 Mobile Network Prefix Option for
NEMO Basic Support Protocol. Technical Report
draft-shima-nemo-v4prefix-01, IETF, October 2005.

[9] K. Shima. The design and implementation of a dual-
stack mobile network using IPv6 only network infras-
tructure. In The First International Workshop on Net-
work Mobility (WONEMO), January 2006.

[10] K. Sklower. A Tree-based Packet Routing Table for
Berkeley UNIX. In Proceedings of the Winter 1991
USENIX Conference, pages 93–103. USENIX Associ-
ation, January 1991.

[11] H. Soliman, G. Tsirtsis, V. Deverapalli, J. Kempf,
H. Levkowetz, P. Thubert, and R. Wakikawa. Dual
Stack Mobile IPv6 (DSMIPv6) for Hosts and Routers.
Technical Report draft-ietf-mip6-nemo-v4traversal-01,
IETF, March 2006.

[12] R. Wakikawa, T. Ernst, and K. Nagami. Multi-
ple Care-of Addresses Registration. Technical Report
draft-wakikawa-mobileip-multiplecoa-04, IETF, June
2005.

0-7695-2629-2/06/$20.00 (c) 2006 IEEE

Proceedings of the International Multi-Conference on Computing in the Global Information Technology (ICCGI'06)
0-7695-2629-2/06 $20.00  © 2006



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /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 2.00333
  /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 1.00167
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


