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Routers in a Dynamic Multipoint VPN (DMVPN) network use Next Hop Resolution Protocol (NHRP) 
to discover the addresses of other routers and networks behind those routers that are connected to a 
nonbroadcast multiaccess (NBMA) DMVPN. The shortcut switching enhancements for NHRP provide 
an Address Resolution Protocol (ARP)-like solution that alleviates NBMA network problems, such as 
hub failure, decreased reliability, and complex configurations. With NHRP, systems attached to an 
NBMA network dynamically learn the NBMA address of the other systems that are part of that network, 
allowing these systems to directly communicate without requiring traffic to use an intermediate hop.

Finding Feature Information in This Module

Your Cisco IOS software release may not support all of the features documented in this module. To reach 
links to specific feature documentation in this module and to see a list of the releases in which each feature is 
supported, use the “Feature Information for Shortcut Switching Enhancements for NHRP in DMVPN 
Networks” section on page 12.

Finding Support Information for Platforms and Cisco IOS Software Images

Use Cisco Feature Navigator to find information about platform support and Cisco IOS software image 
support. Access Cisco Feature Navigator at http://www.cisco.com/go/fn. You must have an account on 
Cisco.com. If you do not have an account or have forgotten your username or password, click Cancel at 
the login dialog box and follow the instructions that appear. 
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Restrictions for Shortcut Switching Enhancements for NHRP
The following restrictions apply to this feature:

• The Shortcut Switching Enhancements for NHRP in DMVPN Networks feature is currently 
available only on the Cisco 870 series, Cisco 1600 series, Cisco 1700 series, Cisco 1800 series, 
Cisco 2600 series, Cisco 2800 series, Cisco 3600 series, Cisco 3700 series, Cisco 3800 series, Cisco 
7200 series and Cisco 7301 routers. It specifically is not available for the Catalyst 6500 or Cisco 
7600 series routers. 

• Do not use this feature if DMVPN is configured with a partial full-mesh configuration; that is, if the 
router is configured with IP next-hop to be the IP address of the other spoke, then this feature is not 
required and must not be configured. In a full-mesh configuration the spokes are populated with a 
full routing table with next-hop being the other spokes.

Information About Shortcut Switching Enhancements for NHRP
To configure the Shortcut Switching Enhancements for NHRP in DMVPN Networks feature, you should 
understand the following concepts:

• NHRP in DMVPN Networks Overview, page 2

• Benefits of NHRP Shortcut Switching Enhancements, page 3

• NHRP Mapping and Adjacency Override, page 4

• NHRP Purge Request/Reply, page 6

NHRP in DMVPN Networks Overview
In previous implementations of DMVPN, the hub uses NHRP to maintain a database of the spokes’ real 
(publicly reachable) IP addresses. Spokes in a DMVPN network register their real IP address with the 
hub using periodic NHRP registration packets. When a spoke has traffic for a destination behind another 
spoke, it uses an NHRP resolution request to query the NHRP database on the hub for the NBMA address 
of destination spokes. NHRP uses the resolution request process to build a direct spoke-to-spoke tunnel. 

However, there were some issues with scaling implementations of DMVPN networks to large sizes (large 
number of spokes):

• In order for the spoke to “know” to send an NHRP resolution request to build a spoke-to-spoke 
tunnel, the spoke must have a route in its routing table for the remote network (behind the remote 
spoke) with an IP next-hop of the tunnel IP address of the remote spoke. Having each route in the 
routing table means that in a DMVPN network with 1000 spokes, each spoke router must have at 
least 1000 routes, one for each remote spoke. Having each route in the routing table also means that 
the hub router that helps in distributing this routing information must deal with the equivalent of 
1,000,000 routes. The hub receives at least one route from each spoke, and the hub must advertise 
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all of these routes to all of the other spokes; that is, 1000 routes advertised to 1000 spokes, which 
equals the processing of 1,000,000 routes. Supporting a routing table of that size can put a 
significant strain on the hub and routing protocol processing. 

• When using the Open Shortest Path First (OSPF) routing protocol, OSPF must be configured to use 
broadcast network mode. Using broadcast network mode limits the number of hubs in a DMVPN 
network to just two. Only two hubs may be used because OSPF broadcast networks require a 
designated router (DR) and a backup designated router (BDR), and each spoke must be connected 
to both the DR and BDR. This configuration effectively limits the DMVPN network to two hubs 
when using OSPF.

• When using other routing protocols such as On-Demand Routing (ODR), which can only advertise 
a default-route 0.0.0.0/0 with an IP next-hop of the hub, the implementation could not support 
spoke-to-spoke tunnels. 

• In order to scale DMVPN networks to larger sizes, multiple hubs are used where each one handles 
a subset of the spokes. For example, to handle 2000 spokes you could use four hubs, each one 
handling 500 spokes. The DMVPN implementation relied on hubs being “daisy-chained” together 
as NHRP Next Hop Servers (NHSs) of each other. In the case of daisy-chaining hubs, limitations 
included single hub failures breaking the chain, complexity in configuring multiple daisy chains to 
work around single hub failures, and delays in response time for building spoke-to-spoke tunnels as 
the chain of hubs grew.

• The DMVPN implementation only allowed a single hub spoke layer; hubs could not be spokes of 
other hubs within the same DMVPN network. You could not build complex DMVPN networks, such 
as having regional hubs that are spokes of central hubs. To build a similar design in previous 
implementations, you would have to set up different regional DMVPN networks with spokes 
connected to regional hubs and then interconnect the regional hubs outside of the DMVPN network 
or in a different DMVPN network. This design would mean that spokes in a region could only build 
spoke-to-spoke tunnels to spokes within the same region (same DMVPN network), but not to spokes 
in another region (different DMVPN network). 

• In previous DMVPN implementations, the data packets were process switched at each hop along the 
daisy chain until the spoke-to-spoke tunnel was established. Process switching of data packets could 
result in unreasonable delays.

Benefits of NHRP Shortcut Switching Enhancements
The Shortcut Switching Enhancements for NHRP in DMVPN Networks feature provides a more scalable 
alternative to the previous NHRP model.

Cisco has developed NHRP shortcut switching model enhancements that allow for more scalable 
DMVPN implementations. This model provides the following advantages over previous DMVPN 
implementations:

• Allows summarization of routing protocol updates from hub to spokes. The spokes no longer need 
to have an individual route with an IP next-hop of the tunnel IP address of the remote spoke for the 
networks behind all the other spokes. The spoke can use summarized routes with an IP next-hop of 
the tunnel IP address of the hub and still be able to build spoke-to-spoke tunnels. It can reduce the 
load on the routing protocol running on the hub router. You can reduce the load because, when you 
can summarize the networks behind the spokes to a few summary routes or even one summary route, 
the hub routing protocol only has to advertise the few or one summary route to each spoke rather 
than all of the individual spoke routes. For example, with 1000 spokes and one router per spoke, the 
hub receives 1000 routes but only has to advertise one summary route to each spoke (equivalent to 
1000 advertisements one per spoke) instead of the 1,000,000 advertisements it had to process in the 
prior implementation of DMVPN. 
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• Provides better alternatives to static daisy chaining of hubs for expanding DMVPN spoke-to-spoke 
networks. The hubs must still be interconnected, but they are not restricted to just a daisy-chain 
pattern. The routing table is used to forward data packets and NHRP control packets between the 
hubs. The routing table allows efficient forwarding of packets to the correct hub rather than having 
request and reply packets traversing through all of the hub routers. 

• Allows for expansion of DMVPN spoke-to-spoke networks with OSPF as the routing protocol 
beyond two hubs. Because the spokes can use routes with the IP next-hop set to the hub router (not 
the remote spoke router as before), you can configure OSPF to use point-multipoint network mode 
rather than broadcast network mode. Configuring OSPF to use point-multipoint network mode 
removes the DR and BDR requirements that restricted the DMVPN network to just two hubs. When 
using OSPF, each spoke still has all individual routes, because the DMVPN network must be in a 
single OSPF area but you cannot summarize routes within an OSPF area.

• Allows routing protocols such as ODR to be used and still retain the ability to build dynamic 
spoke-to-spoke tunnels.

• Allows for hierarchical (greater than one level) and more complex tree-based DMVPN network 
topologies. Tree-based topologies allow capability to build DMVPN networks with regional hubs 
that are spokes of central hubs. This architecture allows the regional hub to handle the data and 
NHRP control traffic for its regional spokes, but still allows spoke-to-spoke tunnels to be built 
between any spokes within in the DMVPN network, whether they are in the same region or not. 

• Allows data packets to be Cisco Express Forwarding (CEF) switched along the routed path until a 
spoke-to-spoke tunnel is established.

NHRP Mapping and Adjacency Override
NHRP shortcut switching is now a feature in the CEF output feature switching path. For each data packet 
that is forwarded out the multipoint Generic Routing Encapsulation (mGRE) interface, NHRP performs 
a lookup in its mapping table to find an entry for the destination IP address of the data packet. If there 
is one, it overrides the adjacency determined by CEF during the Forwarding Information 
Base/Adjacency (FIB/ADJ) lookup. This lookup process is how data packets are redirected over the 
spoke-to-spoke direct tunnel rather than being forwarded to the hub as the routing table states.

If there is not a matching entry in the NHRP mapping table then the data packet is forwarded to the IP 
next-hop (adjacency) from the routing table; this would be the hub router. When this packet is received 
on the hub and it detects that this data packet has been received on and forwarded out the same tunnel 
interface, the hub router sends an NHRP redirect message to the previous tunnel hop (spoke router). 
When the spoke router receives the NHRP redirect, it sends an NHRP resolution request for the data 
packet destination IP address that triggered the NHRP redirect message. The NHRP resolution request 
and reply messages build a spoke-to-spoke tunnel between the two spokes behind which the hosts that 
are communicating are located. Once the spoke-to-spoke tunnel is built, an NHRP mapping entry is 
created to redirect the data packets over the spoke-to-spoke tunnel. If for some reason the spoke-to-spoke 
tunnel cannot be built, the data packets will continue to be forwarded via the hub(s).

For each NHRP mapping entry, NHRP keeps a reference to the CEF adjacency entry. This adjacency 
overrides the FIB-adjacency during CEF output feature processing. Figure 1 shows an example of the 
NHRP mapping table for shortcut switching.

Note To see if packets are being redirected over a spoke-to-spoke tunnel, you must look in the NHRP mapping 
table. The routing table and CEF FIB table will still show the original IP next-hop address.



 

Shortcut Switching Enhancements for NHRP in DMVPN Networks
  Information About Shortcut Switching Enhancements for NHRP

5

Figure 1 NHRP Shortcut Switching Mapping Tables

In Figure 1, the packet flow is as follows:

1. The Spoke A forwarding table lookup for N2 gives TH1 as its next-hop and adjacency.

2. NHRP in the output feature path at Spoke A performs a lookup in its mapping table and does not 
find an entry for the host in N2.

3. The data packet is forwarded to Hub 1 (H1) as determined in Step 2.

4. H1 follows Steps 2 and 3 and forwards the data packet to Spoke B. NHRP in the output feature path 
also determines that the inbound (such as Tunnel0) and the outbound (Tunnel0) interface is part of 
the same DMVPN network and sends an NHRP redirect traffic indication to the tunnel (Spoke A) 
on which the data packet was received. The NHRP redirect message includes the original IP address 
and first eight bytes of the data packet.

5. At Spoke B the data packet is forwarded to the original host in network N2.

6. Spoke A receives an NHRP redirect traffic indication message from H1.

7. Spoke A processes the redirect message and triggers an NHRP resolution request for the destination 
IP address (host in N2) of the data packet (contained in the redirect message). NHRP will trigger a 
resolution only if it passes the NHRP interest list configuration check.

8. The NHRP resolution request follows the Spoke A-Hub 1-Spoke B path. The NHRP resolution 
follows the routed path towards the destination until it reaches Spoke B.

9. Spoke B routing lookup for the destination IP address (host in N2) finds that it is the exit point of 
the DMVPN network.

Hub H2 table
N0 - eo
N1 - TS2
N2 - TH1
N3 - TH3

Hub H1 table
N0 - eo
N1 - TS1
N2 - TH2
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Hub H3 table
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Hub network N0
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Tunnel: TS3

Physical: PH3
Tunnel: TS3
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Tunnel: TS1
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10. Spoke B builds any IPsec tunnel required to Spoke A and sends the NHRP resolution reply directly 
over the tunnel to Spoke A. The Spoke B reply contains prefix information of N2 and not just the 
reply for the host in N2; that is, Spoke B indicates that not only Host B but the entire network N2 is 
reachable via Spoke B. Spoke B creates a local cache entry for N2 and a list of requestors to which 
it has replied for network N2.

11. Spoke A receives the reply and installs the mapping for N2 in its mapping table. Further packets for 
any host in network N2 is forwarded to Spoke B directly.

NHRP Purge Request/Reply
When an NHRP hub replies to a resolution request, it creates a local NHRP mapping entry. The local 
mapping entry is a network entry for which NHRP has sent a reply. The local mapping entry maintains 
a list of requestors. When a network entry is modified or deleted in the routing table, NHRP is notified 
of the event. NHRP finds the local cache entry for the network and sends a purge request to the requestors 
that the network to which it previously replied has changed. The receivers of the purge message delete 
the corresponding NHRP mapping entry from its table and send a purge reply indicating that the purge 
message was processed successfully. 

How to Configure Shortcut Switching for NHRP
This section contains the following procedures:

• Enabling NHRP Shortcut Switching on an Interface, page 6 (required)

• Configuring NHRP Redirect, page 7 (required)

Note If ip nhrp shortcut and ip nhrp redirect are not configured, then the DMVPN network will continue 
to function as it did prior to this feature.

Enabling NHRP Shortcut Switching on an Interface
Perform this task to enable shortcut switching for NHRP for an interface on a router.

Note When using this feature, we recommend configuring the ip nhrp redirect command on all the DMVPN 
nodes. This configuration would be useful in the event the data traffic takes a spoke-to-spoke-hub-spoke 
path. 

SUMMARY STEPS

1. enable

2. configure terminal

3. interface type number

4. ip nhrp shortcut

5. end
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DETAILED STEPS

Configuring NHRP Redirect
NHRP sends a resolution request for a shortcut path after receiving an NHRP redirect traffic indication 
message. An NHRP redirect traffic indication is generated by an intermediate node when a data packet 
is forwarded within the same DMVPN network (in and out the same tunnel interface). The redirect is 
sent to the previous tunnel hop (spoke) on the tunnel from which the data packet was received. 

The NHRP redirect traffic indication is generated for each unique combination of source-NBMA IP 
address (previous tunnel hop) and data packet (destination IP address); that is, redirect is generated 
independent of the source IP address of the data packet. It totally depends on the destination IP address 
and the source-NBMA address of the incoming Generic Routing Encapsulation (GRE) encapsulated data 
packet. These NHRP redirect messages are rate-limited. A configurable option is provided to determine 
the rate at which NHRP redirects will be generated for the same combination of source-NBMA address 
and data destination IP address. 

NHRP Redirect Message Format

Like an Internet Control Message Protocol (ICMP) message, the NHRP redirect message includes the 
IP header and the first eight data bytes of the data packet that triggers the redirect. This information is 
used by NHRP on the previous tunnel hop to determine whether and where to send a resolution request. 
That is, NHRP would match against the interest list configuration to determine whether to send a 
resolution request.

Perform this task to enable NHRP redirects.

Command or Action Purpose

Step 1 enable

Example:
Router> enable

Enables privileged EXEC mode. 

• Enter your password if prompted.

Step 2 configure terminal

Example:
Router# configure terminal

Enters global configuration mode.

Step 3 interface type number

Example:
Router(config)# interface Tunnel0

Enters interface configuration mode.

Step 4 ip nhrp shortcut

Example:
Router(config-if)# ip nhrp shortcut

Enables NHRP shortcut switching on an interface.

Step 5 end

Example:
Router(config-if)# end

Ends the configuration session.
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SUMMARY STEPS

1. enable

2. configure terminal

3. interface tunnel number

4. ip nhrp redirect [every seconds]

5. end

6. show ip nhrp traffic

DETAILED STEPS

Command or Action Purpose

Step 1 enable

Example:
Router> enable

Enables privileged EXEC mode. 

• Enter your password if prompted.

Step 2 configure terminal

Example:
Router# configure terminal

Enters global configuration mode.

Step 3 interface tunnel number

Example:
Router(config)# interface tunnel0

Enters tunnel interface configuration mode.

Step 4 ip nhrp redirect [every {seconds}]

Example:
Router(config-if)# ip nhrp redirect every 1

Enables redirect traffic indication if traffic is forwarded 
with the NHRP network. Use the every keyword and 
seconds argument to indicate when to expire a redirect entry 
created to avoid sending duplicate redirects.

Step 5 end

Example:
Router(config-if)# end

Ends the configuration session.

Step 6 show ip nhrp traffic

Example:
Router# show ip nhrp traffic

(Optional) Displays NHRP traffic statistics.

• This command will display the number of NHRP traffic 
indication packets (redirects) originated from or 
received by the station.
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Configuration Examples for Shortcut Switching Enhancements 
for NHRP

This section provides the following configuration example:

• Configuring NHRP Shortcut Switching and NHRP Redirect: Example, page 9

Configuring NHRP Shortcut Switching and NHRP Redirect: Example
The following example shows how to configure NHRP shortcut switching and NHRP redirect on tunnel 
interface 0:

Router> enable 
Router# configure terminal
Router(config)# interface Tunnel0
Router(config-if)# ip address 192.2.0.11 255.255.255.0
Router(config-if)# ip nhrp authentication test
Router(config-if)# ip nhrp map multicast 192.2.0.2
Router(config-if)# ip nhrp map 192.2.0.2 192.2.0.13
Router(config-if)# ip nhrp network-id 100000
Router(config-if)# ip nhrp nhs 192.2.0.11
Router(config-if)# ip nhrp shortcut
Router(config-if)# ip nhrp redirect
Router(config-if)# tunnel source Serial1/0
Router(config-if)# tunnel mode gre multipoint
Router(config-if)# tunnel key 100000
Router(config-if)# tunnel protection ipsec profile vpnprof

Additional References
The following sections provide references related to NHRP.



 

Shortcut Switching Enhancements for NHRP in DMVPN Networks
  Additional References

10

Related Documents

Standards

MIBs

RFCs

Technical Assistance

Related Topic Document Title

NHRP information and configuration tasks “Configuring NHRP” module

NHRP commands: complete command syntax, 
command mode, command history, defaults, usage 
guidelines, and examples

Cisco IOS IP Addressing Services Command Reference

Dynamic Multipoint VPN “Dynamic Multipoint VPN” module

Standard Title

No new or modified standards are supported by this 
feature, and support for existing standards has not been 
modified by this feature.

—

MIB MIBs Link

None — 

RFC Title

None —

Description Link

The Technical Support & Documentation website 
contains thousands of pages of searchable technical 
content, including links to products, technologies, 
solutions, technical tips, and tools. Registered 
Cisco.com users can log in from this page to access 
even more content.

http://www.cisco.com/techsupport

http://cisco.com/en/US/docs/ios/ipaddr/configuration/guide/iad_cfg_nhrp.html 
http://www.cisco.com/en/US/docs/ios/ipaddr/command/reference/iad_book.html 
http://www.cisco.com/en/US/docs/ios/security/configuration/guide/sec_DMVPN.html 
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Command Reference
The following commands are introduced or modified in the feature or features documented in this 
module. For information about these commands, see the Cisco IOS IP Addressing Services 
Command Reference at http://www.cisco.com/en/US/docs/ios/ipaddr/command/reference/
iad_book.html. For information about all Cisco IOS commands, use the Command Lookup Tool at 
http://tools.cisco.com/Support/CLILookup or a Cisco IOS master commands list.

• ip nhrp redirect

• ip nhrp shortcut

http://www.cisco.com/en/US/docs/ios/ipaddr/command/reference/iad_book.html
http://www.cisco.com/en/US/docs/ios/ipaddr/command/reference/iad_book.html
http://tools.cisco.com/Support/CLILookup
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Feature Information for Shortcut Switching Enhancements for 
NHRP in DMVPN Networks

Table 1 lists the release history for this feature.

Not all commands may be available in your Cisco IOS software release. For release information about a 
specific command, see the command reference documentation.

Cisco IOS software images are specific to a Cisco IOS software release, a feature set, and a platform. 
Use Cisco Feature Navigator to find information about platform support and Cisco IOS software image 
support. Access Cisco Feature Navigator at http://www.cisco.com/go/fn. You must have an account on 
Cisco.com. If you do not have an account or have forgotten your username or password, click Cancel at 
the login dialog box and follow the instructions that appear.

Note Table 1 lists only the Cisco IOS software release that introduced support for a given feature in a given 
Cisco IOS software release train. Unless noted otherwise, subsequent releases of that Cisco IOS 
software release train also support that feature.

CCDE, CCVP, Cisco Eos, Cisco StadiumVision, the Cisco logo, DCE, and Welcome to the Human Network are trademarks; Changing the Way We 
Work, Live, Play, and Learn is a service mark; and Access Registrar, Aironet, AsyncOS, Bringing the Meeting To You, Catalyst, CCDA, CCDP, CCIE, 
CCIP, CCNA, CCNP, CCSP, Cisco, the Cisco Certified Internetwork Expert logo, Cisco IOS, Cisco Press, Cisco Systems, Cisco Systems Capital, the 
Cisco Systems logo, Cisco Unity, Collaboration Without Limitation, Enterprise/Solver, EtherChannel, EtherFast, EtherSwitch, Event Center, Fast 
Step, Follow Me Browsing, FormShare, GigaDrive, HomeLink, Internet Quotient, IOS, iPhone, IP/TV, iQ Expertise, the iQ logo, iQ Net Readiness 
Scorecard, iQuick Study, IronPort, the IronPort logo, LightStream, Linksys, MediaTone, MeetingPlace, MGX, Networkers, Networking Academy, 
Network Registrar, PCNow, PIX, PowerPanels, ProConnect, ScriptShare, SenderBase, SMARTnet, Spectrum Expert, StackWise, The Fastest Way to 
Increase Your Internet Quotient, TransPath, WebEx, and the WebEx logo are registered trademarks of Cisco Systems, Inc. and/or its affiliates in the 
United States and certain other countries. 

All other trademarks mentioned in this document or Website are the property of their respective owners. The use of the word partner does not imply 
a partnership relationship between Cisco and any other company. (0801R)

© 2008 Cisco Systems, Inc. All rights reserved.

Table 1 Feature Information for Shortcut Switching Enhancements for NHRP in DMVPN Networks

Feature Name Releases Feature Information

Shortcut Switching Enhancements for NHRP in 
DMVPN Networks

12.4(6)T Routers in a Dynamic Multipoint VPN (DMVPN) network 
can use the Next Hop Resolution Protocol (NHRP) to 
discover the addresses of other routers and networks behind 
those routers that are connected to a DMVPN nonbroadcast 
multiaccess (NBMA) network. NHRP provides an ARP-like 
solution that alleviates NBMA network problems, such as 
hub failure, decreased reliability, and complex 
configurations. 

http://www.cisco.com/go/fn

	Shortcut Switching Enhancements for NHRP in DMVPN Networks
	Contents
	Restrictions for Shortcut Switching Enhancements for NHRP
	Information About Shortcut Switching Enhancements for NHRP
	NHRP in DMVPN Networks Overview
	Benefits of NHRP Shortcut Switching Enhancements
	NHRP Mapping and Adjacency Override
	NHRP Purge Request/Reply

	How to Configure Shortcut Switching for NHRP
	Enabling NHRP Shortcut Switching on an Interface
	Configuring NHRP Redirect
	NHRP Redirect Message Format


	Configuration Examples for Shortcut Switching Enhancements for NHRP
	Configuring NHRP Shortcut Switching and NHRP Redirect: Example

	Additional References
	Related Documents
	Standards
	MIBs
	RFCs
	Technical Assistance

	Command Reference
	Feature Information for Shortcut Switching Enhancements for NHRP in DMVPN Networks



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


