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Abstract— The infrastructure of the modern Internet has be-
come a complex mesh of varying network types. A single network
protocol cannot optimally support every underlying technology
and the diverse nature of these networks places increasing strain
on the concept of running IP over everything and everything
over IP. The introduction of new protocols and services also forces
network administrators to employ techniques such as tunneling to
ensure end-to-end IP connectivity. Unfortunately these techniques
inherently require some form of efficiency trade-off and are not
an ideal long term solution.

To address these issues, this paper proposes a new network
layer protocol, NP++, which uses a level of indirection between
the logical and physical specifications of the protocol. NP++ also
enables the protocol to automatically configure which physical
mapping is used over a link with no direct input from the user.
This allows the protocol to change its transmission characteristics
depending on the type of underlying network while presenting
a unified view to the upper layers. This ensures a higher level
of flexibility along with the potential to increase efficiency. The
implementation of the NP++ prototype is also demonstrated with
a view to encouraging its use when researching next generation
Internet technologies.

I. INTRODUCTION

As the Internet has evolved, many optimisations have been
created that attempt to make the best use of the underly-
ing network mediums being used. A large driving force for
network optimisations is the increase in the diversity of the
network mediums being used. At the core of the Internet are
high speed networks that have low packet loss rates and low
rates of jitter. However at the edges of the Internet a variety
of networking technologies are being used. The most common
example of this is wireless networks which have very different
characteristics to the core networks such as lower bandwidth,
much higher packet loss rates and higher rates of jitter.

There are also many optimisations for the way data is
transmitted over networks based on application requirements.
Different applications require their networking protocols to
have different features to provide the best service to the user.

NP++ is a protocol that allows network protocol char-
acteristics to change dynamically at run time. This allows
the diversity of network media in multi-hop network to be
exploited.

A. What about IPv6?

It is widely believed that the next generation of Internet
protocols will be based around IPv6. This protocol differs only

slightly from IPv4, incorporating a 128 bit address space to
replace the 32 bit space of IPv4 that is now straining to cope
with the ever increasing number of Internet nodes. IPv6 was
conceived in the early 1990’s. The process of incorporating
this new protocol into the current Internet infrastructure has
taken many years and is still not complete. The authors believe
this is due to a number of factors.

1) Service providers are unwilling to deploy the new proto-
col until it is absolutely necessary due to their currently
being able to charge a monthly fee for providing users
with public IP addresses. This is currently justified by
the shortage of available addresses. The larger address
space available in IPv6 would mean that there would no
longer be a shortage of unique IP addresses and so the
economic case for charging large fees for extra addresses
would no longer obtain.

2) IPv6 offers few substantial benefits other than providing
a larger address space. Network companies fail to see
enough reasons to deploy it and the large cost involved
weighs against the few benefits. This is especially true
as Network Address Translation (NAT) [1] can be used
in a large number of cases to help overcome the address
shortage, and Carrier-Grade Network Address Transla-
tion [2] is being considered for deployment by some
large ISPs.

3) End users are not willing to pay more to help cover
the costs of a protocol upgrade. Although no new
infrastructure is needed, theoretically, to upgrade from
IPv4 to IPv6, it is likely that the cost of Internet access
would rise to help fund the upgrades. End users are
unwilling to pay more than they currently do for an
upgrade that would offer very few visible benefits.

4) ISP’s use a large number of custom scripts and programs
to monitor and provide services on their network. These
would all have to be re-written to make them compatible
with IPv6. This could involve re-training their program-
ming staff to become familiar with new APIs as well as a
substantial amount of development time being consumed
in the rewriting process. All of this adds to the cost of
upgrading the networks to be IPv6 compatible.

The reasons listed above, among others, have led to ISPs
being slow to adopt IPv6 on their networks. Customers are



not a driving force for IPv6 as they will see very little benefit
and most users won’t even notice the change. This obviously
means that customers are also unwilling to pay for this service
and therefore ISPs are unwilling to provide it. A new protocol
needs to offer more flexibility and more advantages than IPv6
to make it more attractive, but it also needs to be backwards
compatible with current protocols.

This paper gives an overview the NP++ protocol. NP++ is
an alternative protocol that offers significantly more advan-
tages than IPv6 alone. It is able to rewrite packet headers
on a hop-by-hop basis depending on a number of factors
including the network architecture and application demands.
This makes it more flexible across a mesh of varying networks
and can provide a more flexible service to Internet users. This
paper is not aimed at being an experimental evaluation of the
protocols performance. More so it is aimed at giving users
of the protocol an overview of its potential and the current
implementation which is already in the public domain.

II. NP++ OVERVIEW

NP++ provides a method of flexibly changing the way pack-
ets are represented as they are transmitted across a network
that is transparent to application developers. This allows the
networking protocols to make the best use of the networking
resources available to them without any intervention from a
user.

To accomplish this NP++ introduces a level of indirection
by mapping a single logical specification to the physical
specification that best suits the underlying network, allowing
the protocol to dynamically adapt to a wide range of network
architectures, many of which haven’t even been conceived yet.
It is in effect, an attempt to future-proof the network protocol.
Levels of indirection have been used in computing for many
years to achieve new paradigms of computational ability. A
prime example of indirection is the introduction of virtual
memory, which allows the abstraction of having multiple and
independent address spaces whose size can be larger than
physical memory.

The logical specification of NP++ has a unified header
description much like that of a traditional network layer
protocol. However, it views the physical specification of the
packet headers that are actually transmitted as a logically
separate assembly of fields. Because of this, the physical
packet headers are able to change on a hop-by-hop basis,
allowing different control information to be transmitted at
different temporal frequencies depending on the underlying
network technology. This allows hop-by-hop optimisations
such as label switching [3], link-specific field arrangement
for faster forwarding, header compression [4], security [5],
and flexible error detection and correction. Examples of these
optimisations and more are discussed in Section III.

NP++ is based on IPv6. IPv6 is the default physical mapping
for NP++. If no other physical mapping is defined, the IPv6
header format is used to transmit packets on a link. IPv6 is
not only the default physical mapping, it is also the logical
specification of NP++. IPv6 is the unifying network protocol
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Fig. 1. Mapping Advertisement ICMPv6 Option

specification as seen from the upper layer protocols and
applications. We chose IPv6 as the logical format for the
packet because IPv6 embodies a general set of functionalities
represented in the fields of its base and extension headers,
as well as a large set of adjunct functionalities such as
autoconfiguration and MTU discovery.

A. Auto Negotiation

NP++ is able to automatically negotiate between hosts
and/or routers on a network to decide which physical mapping
to use over a network link. To accomplish this the protocol
uses new, NP++ specific ICMPv6 options.

1) Edge Networks: On networks at the edge of the Internet
IPv6 uses stateless auto-configuration as a replacement for the
traditional DHCP mechanisms widely deployed in IPv4 net-
works. One of the main components of this auto-configuration
is the ICMPv6 Router Advertisement (RA). At a set interval
RA’s are broadcast across a network containing information
such as the networks prefix, the default route etc. When a
host computer connects to the network all it has to do is wait
until it receives an RA containing the network information. It
can then use this information to build its address and configure
its network settings.

A basic RA only contains some control information along
with a list of router addresses along with their preference.
This on its own is not enough for a node connecting to a
network to be able to configure its network settings. In order
to carry more information, several ICMPv6 options are defined
to carry additional information such as the network prefixes.
NP++ defines a new Mapping Advertisement (MA) ICMPv6
option that allows RA’s to carry a list of the physical mappings
a router supports (known as the routers specification map).
This new ICMPv6 option is depicted in Figure 1.

This option informs a node joining a network which phys-
ical mappings the router supports. The newly connected node
can then compare this list with its own and choose the mapping
that is best suited for both parties. This decision is made by the
negotiation daemon based upon the priorities of the mappings
advertised and the priorities of its own supported mappings.

2) Host Negotiation: Once an RA containing an NP++
Mapping Advertisement option has been received, it is passed
on to the negotiation application on the receiving host. The
application then pulls out the specification map of the adver-
tising node and compares it to its own.

The application on the receiving node uses the consensus
algorithm shown in Algorithm 1 to determine the physical



specification to be used between itself and the advertising
node.

Algorithm 1 NP++ Consensus Algorithm
- a, b: network nodes
- Sa, Sb: specification maps for a and b
- max(S): spec of S with highest priority number
- pri(s, S): priority that s has in set S
- avg(x, y): average of x and y
- dom(a, b): dominant node between a and b

1: S∩ ← Sa ∩ Sb

2: for all s ∈ S∩ do
3: pri(s, S∩)← avg(pri(s, Sa), pri(s, Sb))
4: end for
5: return s | s = max(S∩) ∧ ∀t[t = max(S∩) →

pri(s, Sdom(a,b)) ≤ pri(t, Sdom(a,b))]

The consensus algorithm works as follows. The intersection
of both specification maps is computed, discarding all those
specifications supported by only one node. In the intersection
set, the priority of each specification is equal to its average
priority. The consensus selects the specification from the
intersection set that has the highest priority number. If there
is a tie, then the algorithm selects the specification that has
the largest priority number in the specification map of the
dominating node. The dominating node is the one that has
sent out the RA.

Once this process is complete the host is able to construct a
Router Solicitation (RS) ICMPv6 message. It attaches another
new NP++ specific Option known as a Mapping Finalisation to
the RS as shown in Figure 2. This message is then transmitted
back to the advertising router containing the mapping to be
used over the link and both hosts can set the mapping used to
communicate.

Fig. 2. NP++ Mapping Finalisation ICMPv6 Option

3) Non Edge Networks: IPv4 networks use ARP to obtain
the Layer 2 address of hosts based on their Layer 3 address.
In IPv6 the Neighbour Discovery protocol replaces the ARP
mechanism. A host can send out a Neighbour Solicitation (NS)
ICMPv6 message to a host to obtain its Layer 2 address. A host
that receives an NS replies with a Neighbour Advertisement
(NA) message containing the Layer 2 address.

As previously mentioned stateless auto-configuration is
only widely used in edge networks. NP++ takes advantage
of Neighbour Discovery on non-edge networks as a means
for disseminating its MA’s. Hosts on non edge networks are
designated as either a server or client node by the networks
administrator. Rather than using RA’s to disseminate the MA’s
a server node encapsulates the MA in an NS and transmits

it to the client node. Upon receipt of this message the client
node can perform the same consensus mechanism described in
Section II-A.2 but instead of returning an RS containing the
MF it encapsulates the MF in an NA and transmits it back
to the server. This enables NP++ to perform the mapping
negotiation phase over non-edge networks using Neighbour
Discovery as well as on edge networks using stateless auto-
configuration.

The overhead of this process is minimal. The only additional
communication required over the standard ICMPv6 systems
already used is the transmission of the RS containing the MF
on edge networks. Neighbour discovery is already used on
most IPv6 networks so the addition of the NP++ messages
adds little overhead. The delay between the NS messages
on non-edge networks can also be adjusted by a network
administrator to tune the frequency at which the negotiation
occurs. The delay between RA’s in edge networks can also be
adjusted for the same purpose. This means the negotiation can
occur as often as the network administrators deem necessary.

III. NP++ APPLICATIONS

There are many scenarios in which NP++ can be used
to dynamically change the characteristics of a protocol to
optimise its transmission for a particular use. The following
sections describe some of these in more detail to give an
idea of how the flexibility NP++ provides can be utilised to
optimise network link performance.

A. Header Compression

Header compression is often a desirable property for net-
works that have a relatively low level of available band-
width such as wireless networks. Header compression tech-
niques [4][6][7] are used to reduce the size of headers transmit-
ted over the network. This can be accomplished as many fields
in an IPv6 header (such as the source/destination addresses,
port numbers etc) stay the same across packets in the same
flow. By only periodically sending full packet headers, the
values that seldom change can be cached at the receiver. A
context identifier is sent in place of the static fields in the
header and the receiver can use this to replace the fields and
rebuild the full packet header before forwarding the packet.

Using NP++, a wireless link could give a header compres-
sion mapping a high priority, and then as long as the wireless
router and the host both support the mapping, compressed
headers could be sent over the link. Of course if neither
node supports a header compression mapping, they can still
communicate using the default mapping (i.e., non-compressed
headers) which should yield the same performance as standard
IPv6.

B. Address Translation

Address translation is another feature that is often desirable.
Traditionally address translation is used on Local Area Net-
works where only 1 host (such as a gateway router) needs to be
visible to the outside world. All the other hosts on the network
can then use a private, non-routeable address that gets rewritten



as it passes through the gateway. This method has obvious and
well-known drawbacks such as the internal hosts not being
externally addressable from the Internet, requires knowledge
of application addressing and behavior by a network device,
etc. The most commonly used form of address translation
is Network Address Translation (NAT) [1]. NAT is used
extensively at the edges of the Internet. It is especially popular
in homes and small businesses to increase the number of hosts
that can be used on a single connection such as ADSL.

With IPv6 the need for Address Translation in the traditional
sense is removed due to the massively increased address space.
However there are specific scenarios for which it is desirable in
a different form. An example of this is described in Section III-
E.

C. Security

Encryption is often desirable from a user perspective for
certain types of traffic flows as it makes it more difficult for
someone listening in on the transmission to interpret the data.
The traditional method of doing this is using IPSec [5]. One
problem with IPSec is that it encrypts the packet headers. This
means that systems such as NAT are not able to rewrite the
addresses in the headers, so IPSec and NAT cannot both be
used on a network together in their standard forms.

NP++ allows an encryption mapping to be more easily used
across a link. It also allows combining address translation and
encryption into a single mapping if desired. This is a good
example of how incompatibilities between technologies can be
overcome by using NP++. A single mapping can be created
that combines the functionality of a number of technologies
allowing them to co-exist on a network. The desired function-
ality can be built into the mapping so the technologies can
co-exist within a single physical specification.

D. Label Switching

High bandwidth networks at the core of the Internet suffer
from different bottlenecks than most edge networks. The sheer
amount of traffic the routers have to forward mean that route
lookups for each packet can prove to be very costly in terms
of the amount of processing power they require. Adding a
label to the front of each packet allows routers to create a
kind of “virtual flow” across a number of hops. By doing
this, a router only needs to inspect the label attached to
the packet as opposed to doing a full longest-prefix match
on the destination IP address to route a packet. This allows
the forwarding tables to be substantially smaller more easily
searchable than traditional full IP routing tables. These factors
combined can substantially reduce the amount of time required
to perform a routing lookup. The most commonly used form of
label switching is Multi Protocol Label Switching (MPLS) [3].

Providing label switching functionality often requires the
use of specialised routers known as Label Switch Routers
(LSR’s). This means having to deploy networks to take the
position and connectivity of the LSR’s into account. In NP++,
these considerations would not have to be taken into account.
When a network is deployed, a normal router could simply

switch to using a MPLS style physical mapping. This allows
any network to be easily converted into a label switched
network without costly changes to the network infrastructure.

E. Sensor Networks

Wireless sensor networks (WSN’s) often use custom net-
work protocols to allow the individual sensors to communicate
with each other. These protocols are often specifically designed
for use in dynamic, resource constrained environments. This
becomes a problem when it is desirable for information to
be exchanged between the WSN and users connected to the
Internet. The traditional approach to this problem has been the
use of specialised gateways such as in the Arch Rock Primer
Pack [8]. These allow the WSN to interface with a traditional
IP based network.

Despite the use of a gateway to facilitate inter-network
communication, developers of end-to-end WSN applications
are still faced with a more daunting task when creating
their applications. This is because applications running on the
sensor networks have to be constructed to communicate using
the custom WSN protocol, whereas the application written for
a host connected to the Internet has to be written to conform
to more conventional Internet protocols such as IPv4 or IPv6.

NP++ can be used in this scenario to enable application
developers to write both applications conforming to the same
network interface while still having the differing underlying
network functionality for the various network technologies
used on the links [9]. By creating a special physical mapping
for the WSN, the logical specification stays the same end-to-
end but the way the data is transmitted across the network can
be adjusted to suit the underlying network technology.

By using NP++ within sensor networks an important ad-
vantage is gained. As NP++ takes care of rewriting all the
packets in and out of the WSN for transmission/receipt across
the Internet the nodes on the WSN can be externally addressed.
Many sensor networks only allow the nodes to transmit data
to a remote monitoring station whereas, by using NP++,
the nodes can all be addressed directly via an IPv6 address
which gets transparently re-written to the sensor networks
own addressing scheme by the physical mapping. This allows
Internet users to request data directly from application on
sensor network nodes rather than relying on periodic updates
from gateways. This is a good example of a modern form of
address translation built into a mapping alongside other packet
header manipulation.

F. IPv4

NP++ can also be used as a method of IPv4 - IPv6
transitioning. By using an IPv4 physical mapping an NP++
host is quickly transformed into an IPv4 to IPv6 gateway. This
allows networks using any physical mapping to communicate
via IPv4 networks and is also an aid in the incremental roll
out of any new protocol.

G. NP++ Applications Summary

The applications listed in the previous sections are a sample
of the many possibilities that could be created to optimise



links. The fact that these can be deployed and selected
dynamically at run time makes NP++ extremely flexible and
an ideal solution for supporting many network and application
demands through the use of physical mappings.

NP++ is backwardly compatible with both IPv4 and IPv6.
Whilst providing the possibility to optimise data transmission
in whatever way desirable for specific network/application
scenarios NP++ is still able to communicate over existing
infrastructures such as the Internet.

IV. NP++ IMPLEMENTATION

A full implementation of NP++ is publicly available in the
form of a Kernel module for Linux Kernel Version 2.6.

The implementation takes advantage of the NETFIL-
TER [10] system present in the Kernel. This allows IPv6
packets to be intercepted just before they leave and just after
they enter a host. This allows the mapping to be applied to
the packets and applications can communicate using normal
IPv6 sockets unaware that the packets are being optimised in
the network.

It is possible to set the mapping being used at any time
through the use of the proc file system [11]. Several entries
are created by the NP++ code to allow setting the mapping
used on a host. This allows the user space applications that
have been created to easily interact with the kernel module to
set the mappings based on the outcome of the auto negotiation.

A. Physical Mappings API

To enable developers to easily develop for the NP++ proto-
col a physical mapping API has been created. The API exports
a number of functions that developers can use to integrate
their own mappings. The API also means that the NP++ code
can easily recognise new mappings and pass the appropriate
packets on to them for processing. Physical mappings are
implemented as Linux Kernel modules and have access to the
API functions exported by the main NP++ module as long as
it has included the np-mod.h header file.

1) The np sw Struct: The np sw structure holds all of the
information about a mapping that the NP++ code requires. The
definition of the struct along with a short description of each
of its fields can be seen in Code Listing 1.

1 s t r u c t np sw
2 {
3 s t r u c t l i s t h e a d npswl ; / / Used I n t e r n a l l y
4 u c h a r p h y i d ; / / ID o f t h e mapping
5 c o n s t char ∗desc ; / / T e x t u a l D e s c r i p t i o n
6 / / I n p u t F u n c t i o n
7 i n t (∗ p h y i n p u t ) ( s t r u c t s k b u f f ∗∗, c o n s t s t r u c t n e t d e v i c e ∗ ) ;
8 / / Ou tpu t f u n c t i o n
9 s t r u c t s k b u f f ∗(∗p h y o u t p u t ) ( c o n s t s t r u c t n e t d e v i c e ∗ , s t r u c t s k b u f f ∗ ) ;

10 void (∗ p h y s lowt imo ) ( void ) ; / / T imeout F u n c t i o n
11 /∗ C o u n t e r s ∗/
12 long p s e n t ; / / P a c k e t s S e n t
13 long p r e c v d ; / / P a c k e t s R e c e i v e d
14 long p i n d r o p p e d ; / / Incoming P a c k e t s Dropped
15 long p o u t d r o p p e d ; / / Outgouing P a c j e t s Dropped
16 };

Listing 1. NP++ Physical Mapping Struct np sw

A physical mapping module must create a np sw struct and
to describe itself. It is then able to call the np mapping add()
function. This function takes care of inserting the new mapping
into the NP++ architecture when passed a mp sw struct. The
functions pointed to by phy input and phy output can be used

by the mapping to transform the packet in whatever way the
developer requires. The phy slowtimo function pointer allows
a developer to provide a function in their mapping that will
be called every 500ms. Periodic functions like this are often
useful in protocol development and as such NP++ provides
this functionality in mappings.

Because the mappings are implemented as modules they can
easily be inserted and removed from the Kernel at run time.
Obviously when a mapping module is removed it would leave
its state behind in the NP++ architecture. For this purpose
the np mapping del() function can be called, passing the the
np sw struct as a function argument. This function removes
all the state within the NP++ architecture and safely removes
the mapping.

B. Router Advertisement Modifications

As described in Section II-A.1 an extra Router Advertise-
ment option has to be implemented to disseminate the list
of a router’s available physical mappings. In Linux, RA’s are
distributed by an application called radvd. Modifications have
been made to radvd to allow it to distribute a list of physical
mappings and their priorities. A configuration option has been
added to enable the new RA option to be enabled/disabled.
When enabled radvd will distribute the option containing all
supported physical mappings.

The radvd configuration file is divided up into interface
definitions that describe what RAs should be sent over each
interface. The NP++ RA option can be enabled on a per-
interface basis. For each interface using the NP++ option, a
number of physical mappings can be defined. An example of
some of these definitions is depicted in Listing 2.

1 NpMapping DEFAULT/ 2
2 {
3 A d v e r t i s e on ;
4 };
5 NpMapping HEADER COMPRESSION/ 8
6 {
7 A d v e r t i s e on ;
8 };

Listing 2. NP++ Radvd Config Physical Mapping Definitions np sw

Every mapping to be advertised has to have its own
NpMapping section defined in the radvd configuration file.
The section consists of the name of the mapping along with
the priority following a forward slash. Inside this section is
the Advertise keyword which can be followed by either on
or off which indicates whether the mapping is to be sent
out in the RA or not. In Figure 2 two mappings are being
advertised. The DEFAULT mapping is being advertised with
a priority of 2 and the HEADER COMPRESSION mapping
is being advertised with a priority of 8. By configuring the
mappings in the radvd configuration file in this way it is simple
to disseminate the mapping information across network links
to enable the negotiation process.

C. Mapping Advertisement Application

When the Neighbour Discovery method of advertising spec-
ification maps is being used the MAPping ADvertisement
(MAPAD) application is employed. This application bun-
dles the MA option into a NS message and transmits it to



neighbours advertising its specification map. MAPAD uses a
configuration file such as the one showin in Listing 3 for
defining the specification map to advertise along with other
general configuration options.

1 Mapping DEFAULT P r i o r i t y 100
2 Mapping HEADER COMPRESSION P r i o r i t y 20
3
4 I n t e r f a c e e t h 1
5 LLAddress f e 8 0 : : 2 5 0 : 5 6 f f : f e c 0 : 8 / 6 4

Listing 3. Example MAPAD Configuration File For Use With NP++

MAPAD also has a listening socket that detects when a MF
has been received in an NA. When a MF is detected MAPAD
is responsible for setting the mapping on the host based on
the finalised mapping received.

D. Host Negotiation Application

The host negotiation application runs on any system that
is connecting to a network. This could be an end-host or a
router. The application opens a socket that listens specifically
for ICMPv6 messages. When one is received, it checks to see
if the packet contains an RA or NS and proceeds to process
it if it does, or discard it if not.

If an MA is detected the negotiation application applies the
consensus algorithm described in Section II-A.2 using its own
specification map and the specification map contained in the
MA. After it has reached a decision on the mapping to use it
constructs an MF and encapsulates it in either a RS or an NA
depending on whether the Router Advertisement or Neighbour
Discovery mapping advertisement system is being used. This
packet is then transmitted back to the advertising host and both
hosts can communicate using the newly negotiated mapping.

After the MF has been sent back to the advertising host,
the receiving host sets its physical mapping using the proc
interface provided by the kernel. The router will also set its
physical mapping in the same way once the message has been
received and processed.

V. RELATED WORK

Solis and Obraczka [12] designed the Flexible Interconnect-
ing Protocol, or FLIP, whose main goal is to accommodate
devices with varying power, processing, and communication
capabilities. This is the only previously published work that
we are aware of which is similar to NP++.

FLIP allows application programmers to define the compo-
sition of headers by selecting which fields can be transmitted.
It uses a meta-header in each packet to indicates which header
fields are present. The design is efficient but only supports
field suppression. Unlike NP++, this approach is unable to
provide features like label switching, field re-arrangement,
compression of complete header chains, and different levels
of error detection and correction.

FLIP also allows the user to select the range of protocol
functionality to be provided, starting from basic network-level
functionality to a full transport protocol like TCP. Compared to
NP++, FLIP has a more device-centric approach to adaptabil-
ity. Functionality can be enabled or disabled to save resources

such as CPU cycles or battery power. NP++ has a network-
centric approach with a more flexible network adaptability. We
believe that device adaptability can be achieved by providing
more variety of protocols over IP or NP++.

VI. CONCLUSION

This paper describes some of the main features of the NP++
protocol, which provides a highly flexible internetworking
platform to support the diverse range of networking technolo-
gies available both now and in the future. It accomplishes
this by using a level of indirection, something new in proto-
col header design. This design uses a logical and physical
specification of the header. By doing this the underlying
characteristics of the protocol can change on a hop-by-hop
basis depending on any number of factors. Examples of such
factors include the underlying network technology or appli-
cation demands on the network. The physical specifications
are based on proven concepts such as label switching, field
re-arrangement and header compression, but the concept of
indirection in protocol design is novel. The fact that a new
physical mapping can be deployed over each link means that
the mapping can be optimised for transmission over future
networking technologies with a minimum of new protocol
specification as well as requiring no changes to existing
applications.

This paper has also demonstrated the functionality of the
working NP++ prototype implementation that is publicly avail-
able. By deploying NP++, it is much simpler to develop and
test protocols without having to modify applications. It also
allows development networks to interconnect via the Internet
for large scale tests without requiring special gateways.

REFERENCES

[1] K. Egevang and P. Francis. RFC 1631: The IP network address translator
(NAT), May 1994. Status: INFORMATIONAL.

[2] T. Nishitani and S. Miyakawa. Carrier grade network address translator
(nat) behavioral requirements for unicast udp, tcp and icmp, July 2008.

[3] Eric C. Rosen, Arun Viswanathan, and Ross Callon. Multiprotocol label
switching architecture. Internet RFC 3031, January 2001.

[4] Mikael Degermark, Mathias Engan, Björn Nordgren, and Stephen Pink.
Low-loss TCP/IP header compression for wireless networks. 1996.

[5] S. Kent and R. Atkinson. Security Architecture for the Internet Protocol.
RFC 2401 (Proposed Standard), November 1998. Obsoleted by RFC
4301, updated by RFC 3168.

[6] M. Degermark, B. Nordgren, and S. Pink. RFC 2507: IP header
compression, February 1999.

[7] C. Bormann, C. Burmeister, M. Degermark, H. Fukushima, H. Hannu,
L-E. Jonsson, R. Hakenberg, T. Koren, K. Le, Z. Liu, A. Martensson,
A. Miyazaki, K. Svanbro, T. Wiebke, T. Yoshimura, and H. Zheng.
RObust Header Compression (ROHC): Framework and four profiles:
RTP, UDP, ESP, and uncompressed . RFC 3095, July 2001.

[8] Arch Rock. Primer pack. http://www.archrock.com/products/primer pack ip.php.
[9] Matthew Jakeman, Danny Hughes, Geoff Coulson, Gordon S. Blair,

Steve Pink, and Kevin Lee. Supporting IPv6 interaction with wireless
sensor networks using NP++. In Yingshu Li, Dung T. Huynh, Sajal K.
Das, and Ding-Zhu Du, editors, WASA, volume 5258 of Lecture Notes
in Computer Science, pages 409–419. Springer, 2008.

[10] The netfilter.org Project. Netfilter, http://www.netfilter.org.
[11] J. Nerin T. Bowden, B. Bauer. The /proc filesystem, November 2000.
[12] I. Solis and K. Obraczka. Flip: a flexible protocol for efficient

communication between heterogeneous devices, 2001.



<<
  /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
  /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 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
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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 ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


