Analysis of the Zone Routing Protocol

Jan Schaumann

December 8, 2002

Abstract

Thisdocument describes and analyzes the Zone Routing Protocol (ZRP),
ahybrid mobile ad-hoc protocol which divides the network into overlapping
routing zones, allowing for the use of independent protocols within and be-
tween the zones.
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2 MANET in general

1 Overview

This document describes and analyzes
the Zone Routing Protocol or ZRP for
Mobile Ad-Hoc Networks (MANETS).
The basics of MANET and the im-
plications on routing in particular are
briefly covered in Section 2 to pro-
vide an introduction to the problems
resulting from a rapidly changing topol-
ogy without a fixed router.

As we will see in Section 3, ZRP,
in contrast to other MANET routing
protocols, utilizes a hybrid pro-active/re-
active approach to maintain valid rout-
ing tables without too much overhead.
Furthermore, ZRP does not provide a
single protocol, but rather outlines a
routing framework suitable for inclu-
sion and extension of other existing
protocols.

In describing the protocol, we will
consider some specific examples in
order to visualize how ZRP’s char-
acteristics influence it’s performance
(Section 4).

Section 5 analyzes the performance
of the ZRP as well as discusses vari-
ous scenarios, and in Section 6 the in-
formation provided in this document
is briefly summarized.

2 MANET in general

A Mobile Ad-Hoc Network (MANET)
is a decentralized network of autonomous
mobile nodes able to communicate with

each other over wireless links. Due to
the mobility of the nodes, the topol-
ogy of the network may rapidly be
changing, making it impossible to use
conventional routing tables maintained
at fixed points (routers). Instead, each
node is required to determine the best
route to a given destination node by
itself.

Given their dynamic nature, route
discovery in a MANET differs sig-
nificantly from the more or less static
routes in wired networks: Not all nodes
ina MANET necessarily have the same
capabilities. Two nodes, even if they
are direct neighbors, may differ with
respect to signal strength, available
power, reliability etc.

These differences require much more
complicated and particularly more ac-
tive distributed algorithms in order to
maintain an accurate picture of the
networks topology, while at the same
time providing scalability for poten-
tially large (and ever-growing) networks.
At the same time, route discovery must
not use up the majority of the often
limited bandwidth available to todays
mobile devices.

Furthermore, it is important to point
out an important difference to con-
ventional routing approaches: In wired
networks, each link is bi-directional.
If anode A can send packets to a node
B, we know that node B can send pack-
ets back to node A, and a reverse path
can be entered. This is not neces-
sarily the case in a wireless network,
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where the physical location and the
individual power resources have great
influence upon a nodes transmission
capacity and signal strength.

MANET routing protocols are IP
based and may use unicast, multicast
or hybrid approaches and should al-
low for interaction with standard wired
IP services rather than being regarded
as a completely separate entity.

A detailed yet not overly complex
overview of the various aspects of Mo-
bile Ad-Hoc Networking is given in

[7]1.

2.1 Pro-active vs. reactive

The IETF MANET Working Group
has researched and developed a num-
ber of protocols for mobile ad-hoc net-
works, which have been described in
[8], [9], [10], [11] and [12]. These
protocols can generally be categorized
into two groups: pro-active and re-
active protocols.

Pro-active protocols follow an ap-
proach similar to the one used in wired
routing protocols. By continuously
evaluating the known and attempting
to discover new routes, they try to main-
tain the most up-to-date map of the
network. This allows them to effi-
ciently forward packets, as the route
is known at the time when the packet
arrives at the node.

Pro-active or table-driven proto-
cols, in order to maintain the constantly
changing network graph due to new,

moving or failing nodes, require con-
tinuous updates, which may consume
large amounts of bandwidth — clearly

a disadvantage in the wireless world,
where bandwidth is often sparse. Even
worse so, much of the accumulated
routing information is never used, since
routes may exist only for very limited
periods of time.

The family of Distance-\ector pro-
tocols, including Destination-Sequenced
Distance-Vector Routing ([13]), fall
into the category of pro-active proto-
cols.

In contrast, reactive protocols de-
termine the proper route only when
required, that is, when a packet needs
to be forwarded. In this instance, the
node floods the network with a route-
request and builds the route on de-
mand from the responses it receives.
This technique does not require con-
stant broadcasts and discovery, but on
the other hand causes delays since the
routes are not already available. Ad-
ditionally, the flooding of the network
may lead to additional control traf-
fic, again putting strain on the limited
bandwidth.

These reactive (or on-demand) pro-
tocols include Dynamic Source Rout-
ing (DSR) [9] and Ad-hoc On demand
Distance Vector Routing (AODV) [8],
as well as the classical flooding algo-
rithms. [1]
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3 Introductionto ZRP

As explained above, both a purely pro-
active or purely reactive approach to

implement a routing protocol fora MANET

have their disadvantages. The Zone
Routing Protocol, or ZRP, as described
in this document combines the advan-
tages of both into a hybrid scheme,
taking advantage of pro-active discov-
ery within a node’s local neighbor-
hood, and using a reactive protocol
for communication between these neigh-
borhoods.

In a MANET, it can safely be as-
sumed that the most communication
takes place between nodes close to
each other. Changes in the topology
are most important in the vicinity of
a node — the addition or the removal
of a node on the other side of the net-
work has only limited impact on the
local neighborhoods.

As mentioned earlier, the ZRP is
not so much a distinct protocol as it
provides a framework for other proto-
cols. The separation of a nodes local
neighborhood from the global topol-
ogy of the entire network allows for
applying different approaches — and
thus taking advantage of each tech-
nique’s features for a given situation.
These local neighborhoods are called
zones (hence the name); each node
may be within multiple overlapping
zones, and each zone may be of a dif-
ferent size. The “size” of a zone is
not determined by geographical mea-

surement, as one might expect, but is
given by a radius of length p, where p
is the number of hops to the perime-
ter of the zone.

By dividing the network into over-
lapping, variable-size zones, ZRP avoids
a hierarchical map of the network and
the overhead involved in maintaining
this map. Instead, the network may
be regarded as flat, and route opti-
mization is possible if overlapping zones
are detected.

While the idea of zones often seems
to imply similarities with cellular phone
services, it is important to point out
that each node has it’s own zone, and
does not rely on fixed nodes (which
would be impossible in MANETS).
Figure 1 shows an example routing
zone with p = 2.

Figure 1: Routing Zone of node A
with p = 2.
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Note that in this example node A
has multiple routes to node F, includ-
ing one that has a hopcount of ¢ > p.
Since it also has a route with ¢ < p,
F still belongs to A’s zone. Node G is
out of A’s zone,

The nodes on the perimeter of the
zone (i.e. with a hopcount he = p)

are referred to as peripheral nodes (marked

gray), nodes with hec < p are interior
nodes.

Obviously a node needs to first
know about it’s neighbors before it
can construct a routing zone and de-
termine it’s peripheral nodes. In or-
der to learn about it’s direct neigh-
bors, a node may use the media ac-
cess control (MAC) protocols directly.
Alternatively, it may require a Neigh-
bor Discovery Protocol (NDP). Again,
we see that ZRP, as a framework, does
not strictly specify the protocol used
but allows for local independent im-
plementations.

Such a Neighbor Discovery Pro-
tocol typically relies on the transmis-
sion of “hello” beacons by each node.
If a node receives a response to such
a message, it may note that it has a
direct point-to-point connection with
this neighbor. The NDP is free to se-
lect nodes on various criteria, such
as signal strength or frequency/delay
of beacons etc. Once the local rout-
ing information has been collected,
the node periodically broadcasts dis-
covery messages in order to keep it’s

map of neighbors up to date. In do-
ing so, it is assumed that these “link-
layer (neighbor) unicasts are delivered
reliably and in-sequence.”[1]

If the MAC layer of the nodes does
not allow for such a NDP, the Intra-
zone Routing Protocol must provide
the possibility of direct neighbor dis-
covery. This protocol is responsible
for determining the routes to the pe-
ripheral nodes and is commonly a pro-
active protocol. The Intrazone Rout-
ing Protocol, or IARP, is described in
more detail in in Section 3.1.

Communication between the dif-
ferent zones is guarded by the Inter-
zone Routing Protocol, or IERP, and
provides routing capabilities among
peripheral nodes only. That is, if a
node encounters a packet with a des-
tination outside it’s own zone — i.e.
it does not have a valid route for this
packet — it forwards it to it’s periph-
eral nodes, which maintain routing in-
formation for the neighboring zones,
so that they can make a decision of
where to forward the packet to. Through
the use of a bordercast algorithm rather
than flooding all peripheral nodes, these
queries become more efficient. The
Interzone Routing Protocol and the
Bordercast Resolution Protocol are pre-
sented in Sections 3.2 and 3.3.

As we can see, the Zone Rout-
ing Protocol consists of several com-
ponents, which only together provide
the full routing benefit to ZRP. Each



3.1 Intrazone Routing Protocol (IARP)

NDP j IARP

IERP — ICMP

BRP

Figure 2: ZRP components

component works independently of the

other and they may use different tech-
nologies in order to maximize effi-
ciency in their particular area. For
example, a reactive protocol such as
AODV might be used as the IARP,
while the IERP is most commonly a

pro-active protocol such as OLSR [14].

Figure 2, as adapted from [1], il-
lustrates the different protocols and
their interactions.

Even though the hybrid nature of
the ZRP seems to indicate that it is
a hierarchical protocol, it is impor-
tant to point out that the ZRP is in
fact a flat protocol. In a hierarchi-
cal network architecture, two differ-
ent protocols are maintained for com-
munication among (a) each individ-

ual cluster’s nodes and (b) the dif-
ferent clusters. The main difference
here is that in the ZRP there is a one-
to-one correspondence between nodes
and routing zones, causing overlap-
ping zones maintained by each indi-
vidual nodes (see [1] for details).

3.1 Intrazone Routing Pro-
tocol (IARP)

Since ZRP assumes that local neigh-
bor discovery is implemented on the
link-layer and is provided by the NDP,
the first protocol to be part of ZRP
is the Intrazone Routing Protocol, or
IARP. This protocol is used by a node
to communicate with the interior nodes
of it’s zone and as such is limited by
the zones radius p (the number of hops
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from the node to it’s peripheral nodes).

Since the local neighborhood of a
node may rapidly be changing, and
since changes in the local topology
are likely to have a bigger impact on
a nodes routing behavior than a change
on the other end of the network, the
IARP is a pro-active, table-driven pro-
tocol.

The node continuously needs to
update the routing information in or-
der to determine the peripheral nodes
as well as maintain a map of which
nodes can be reached locally. The
IARP allows for local route optimiza-
tion through the removal of redundant
routes and the shortening of routes
if a route with fewer hops has been
detected, as well as bypassing link-
failures through multiple (local) hops,
thus leveraging global propagation.

As mentioned earlier, it is possi-
ble that a node A can broadcast mes-
sages to a node B, but that node B,
due to limitations in it’s signal-strength
(caused by interference, for example)
or low transmission power, can not
reach node A. Therefor, it is impor-
tant for the IARP to provide support
for unidirectional links among the lo-
cal nodes.

Due to it’s pro-active nature, lo-
cal route discovery is very efficient
and routes to local destinations are
immediately available. In order to not
overutilize the available bandwidth re-
sources, the IARP — as the name sug-

gests — is restricted to routing within
the zone, which is why it is referred
to as a “limited scope pro-active rout-
ing protocol”[3].

Global route discovery, commu-
nication with nodes in a different zone,
is done by guiding the route queries
to the peripheral nodes instead of flood-
ing all local nodes. In order to adopt
a traditional pro-active link state pro-
tocol for use as the IARP in the ZRP,
the scope of the protocol needs to be
limited to the size of the zone p. This
may be implemented by adding a Time
To Live (TTL) to the route discov-
ery requests, initialized to p — 1, and
decremented by each node until it reaches
0 (when it is discarded).

In Figure 1, uninterrupted lines in-
dicate the areas where the 1ARP is
used to provide routing between the
nodes. The Intrazone Routing Proto-
col including an example implemen-
tation (a Timer Based Link State IARP)
is described in more detail in [3].

3.2 Interzone Routing Pro-
tocol (IERP)

As the global reactive routing com-

ponent of the ZRP, the Interzone Rout-
ing Protocol, or IERP, takes advan-

tage of the known local topology of a

node’s zone and, using a reactive ap-

proach enables communication with

nodes in other zones.
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Route queries within the IERP are
issued on demand, that is only when
a request for a route is made. The de-
lay caused by the route discovery (in
contrast to IARP, where the route is
immediately available) is minimized
through the use of bordercasting, an
approach in which the node does not
submit the query to all local nodes,
but only to it’s peripheral nodes. Fur-
thermore, a node does not send a query
back to the nodes the request came
from, even if they are peripheral nodes
(as explained in Section 3.3, Figure
5).

In order to convert an existing re-
active routing protocol for use as the
IERP in the ZRP, it is necessary to
disable pro-active updates for local routes,
since this functionality is provided by
the IARP. Furthermore, the IERP needs
to be able to take advantage of the lo-
cal routing information provided by
the IARP, as well as change the way
route discovery is handled: Instead of
flooding a route request to all nodes,
it should instead use the Bordercast
Resolution Protocol (BRP) to only ini-
tiate route requests with peripheral nodes.

In Figure 1, dotted lines indicate
the areas where the IERP is used to
provide routing between the zones. The
Interzone Routing Protocol including
an example implementation (Reactive
Source Routing) is described in more
detail in [4].

3.3 Bordercast Resolution Pro-
tocol (BRP)

The Bordercast Resolution Protocol,
or BRP, is used in the ZRP to direct
the route requests initiated by the global
reactive IERP to the peripheral nodes,
thus removing redundant queries and
maximizing efficiency. In doing so, it
utilizes the map provided by the local
pro-active 1ARP to construct a bor-
dercast tree. Unlike IARP and IERP,
it is not so much a routing protocol,
as it is packet delivery service.

The BRP keeps track of which nodes
a query has been delivered to, so that
it can prune the bordercast tree of nodes
that have already received (and relayed)
the query. When a node receives a
query packet for a node that does not
lie within it’s local routing zone, it
constructs a bordercast tree so that it
can forward the packet to it’s neigh-
bors. These nodes, upon receiving
the packet, reconstruct the bordercast
tree so that they can determine whether
or not it belongs to the tree of the
sending node. If it does not, it con-
tinues to process the request and de-
termines if the destination lies within
it’s routing zone and taking the ap-
propriate action, upon which the nodes
within this zone are marked as cov-
ered.

In order to detect when a routing
zone they belong to has been queried,
two levels of Query Detection are pro-
vided by BPR. As they relay the queries
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to the peripheral nodes, the nodes de-
tect the query and notes which zones
have been covered. This is referred to
as the first level of Query Detection,
or QD1.

Secondly, in networks that use a
single broadcast channel, a node can
determine this information by listen-
ing to the traffic broadcast among other
nodes. This approach is referred to
as QD2. Figure 3 shows node A bor-
dercasting a query to the peripheral
nodes D and F. Nodes B and C, as
they relay the query, note that node
A’s zone has been queried (QD1). In
single-channel networks, node E can
listen to the traffic and come to the
same conclusion using QD2.

Figure 3: QD1 and QD2.

Simply detecting that a given node
has already been covered, however,
is not enough. The protocol needs to
drop packets that would be sent to al-

ready covered nodes. This is done us-
ing Early Termination or ET, which
obviously relies on Query Detection,
as well as Loopback Termination or
TL (in which routes that loop back
into the querying nodes zone are elim-
inated, since these nodes can be reached
locally using IARP).

In order to further eliminate un-
necessary broadcasting, the BRP may
implement Selective Bordercasting. In
this approach, a node needs to know
network topology information for an
extended zone of size 2p — 1.

Given this knowledge, a node can
further eliminate peripheral nodes from
its list of bordercast recipients, if the
outer peripheral nodes overlap. Fig-
ure 4 shows an example of how node
A is able to remove node C from its
bordercasting spanning tree, since nodes
G and H can be reached through nodes
B and D respectively.

Figure 4: Selective Broadcasting.
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In the context of ZRP, the BRP
can be seen as the glue which ties to-
gether the IARP and the IERP in or-
der to take full advantage of the pro-
active and reactive components where
they are best used.

The Bordercast Resolution Proto-
col, including the implementation is
described in more detail in [5].

4 Examples

In order to better understand how the
different components of the ZRP work
together and how routing is done us-
ing this approach, we will consider
a few examples. Several scenarios
are possible, among them stationary
nodes in a dense network, mobile nodes
moving in different directions with and
without stable and/or stationary fix-
points and stationary or moving net-
works with instable or frequently chang-
ing nodes. In these examples, a node
is considered stationary, if it does not
move relative to the other nodes (even
though it may be moving into the same
direction). A stable node is one that
broadcasts with a constant signal and
does not undergo power fluctuations.

41 BRP

Before we go into examples of how
routes between nodes from different
zones are determined, let us consider

an example of how BRP performs Query
Detection.

Figure 5: A BRP Example.

In Figure 5, node A needs to send
a packet to node H. Since node H is
not within it’s zone, it constructs a
bordercast tree spanning its periph-
eral nodes C, E and F, and sends the
query to its local neighbors B and D.
Both B and D note that H is not within
their zone they in turn construct a bor-
dercast tree. Note that they only in-
clude peripheral nodes of theirs that
have not been covered previously.

That is, node B will not include
node D, even though it is a peripheral
node for B’s zone. Similarly, node
D’s tree will not include node B. Node
D then forwards the request to node
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F, which determines that node H lies
within its routing zone, and replies
with the correct route.

4.2 Stationary nodesin a dense

network

Let us extend the network from Fig-
ure 1 to span a few more nodes. An
example situation of such a station-

ary network, where the number of nodes

and their position does not change fre-
quently might be a number of peo-
ple attending a conference, commu-
nicating with each other. This exam-
ple lends itself to show the basics of
ZRP, so we will investigate it in more
detail.

Figure 6 shows the network graph;
the radius of each node’s zone is still
p = 2. Again, as before, the pe-
ripheral nodes for node A are marked
gray. In this example, node A has to
send a packet to node U.

Node A uses the IARP to deter-
mine of node U is within its zone.
Since IARP is pro-active, the infor-
mation that U is in this routing zone
is readily available, and node A ini-
tiates a route request using IERP. As
explained in Section 3.3, IERP now
utilizes BRP to bordercast the request:
It is not flooded to each of the nodes
in A’s zone, but only to B, D, E, F,
H and J, the peripheral nodes, which
in turn search their routing tables for
the destination.

Figure 6: A stationary network with
p =2

Node H does not find U in its rout-
ing table and thus bordercasts the re-
quest to its peripheral nodes. Figure
7 shows node H’s routing zone.

Through the use of BPR, the bor-
dercast tree of node H does not con-
tain nodes F or A: these branches have
been pruned, since these nodes have
already been covered. Node H broad-
casts the route query to nodes M and
N. Some of the peripheral nodes of
node N’s zone are also peripheral nodes
of node U’s zone — an example of how
zones can (and frequently do) over-
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Figure 7: Node H’s zone.

lap. In Figure 8, the peripheral nodes

for both node U and node N are shaded.

Now node N bordercasts the query
tonodes R and S (nodes M and H are
already marked as covered), which in
turn reply with the correct route, as
they both know U to be within their
local zone.

4.3 Mobile nodes without a
stationary fixpoint

In this example, we will see how ZRP
deals with link-failures and link-opti-

mization, since moving nodes will con-

stantly have to update their network
map, as nodes that used to be within

Figure 8: Overlapping zones.

their zone move out of transmission
range. For simplicity, let us consider
a much smaller initial network. In
Figure 9, the arrows indicate the di-
rection in which the nodes are travel-
ing. As we observe node A, we mark
its peripheral nodes gray.

As nodes D and B move further
away from each other, they lose their
connection, just as nodes C and E.
However, node E moves closer and is
able to establish a point-to-point con-
nection with nodes A and D. Simi-
larly, node F moves closer and is able
to establish connections with nodes E
and A. These changes are reflected in
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place within a short period of time.
Nodes connected to E only need to
add an additional peripheral node (F),
as E maintains it’s connection to node
D. However, were a node connected
to E request a route to C, the IERP
would need to initiate a new route re-

@ quest, as C no longer is within the

= querying node’s zone and the route
needs to go through D.

Figure 9: Mobile nodes (1). 5 Performance

In order to maximize performance of
the ZRP, we need to minimize the amount
of control traffic that is sent. Thus,
we wish to maintain an overview of
the networks topology that is as ac-
curate as possible (at any given time
— thus minimizing delays caused by
route discovery requests), while at the
same time requiring sending as little
packages as possible.
@ Given the hybrid nature of the ZRP,
- this goal can be reduced to finding
the correct — i.e. optimal — size of the
routing zone radius p for the given
network — which may vary from case
to case, depending on the circumstances.
For example, in a stationary net-
work as considered in Section 4.2, it
would be possible to increase p to a
larger number, without too much of
a penalty: in this situation, the posi-
tion or the number of available nodes
changes infrequently, so that, given a
larger routing zone radius, the nodes

Figure 10.

Figure 10: Mobile nodes (2).

In this example, it is interesting
to point out that node D remains a pe-
ripheral node for A’s zone, even though
the local route from A to D changes.
This change shows the need for a pro-
active IERP: the changes in the net-
works topology like will have taken
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could take advantage of the compara-
bly static and immediately available,
since pro-actively maintained, routes.

The example in Section 4.3 on the
other hand would not benefit from large
zones: the cost of maintaining the ever-
changing local routes is too high, par-
ticularly since most of the routes are
so short-lived that they are never used.
Instead, a zone radius of p < 3 would
be beneficial, to ensure that the zones
overlap enough to allow for route-re-
dundancy. Note, however, that reduc-
ing p — 0 effectively turns the ZRP
into a completely reactive protocol,
obsoleting the advantages gained from
its hybrid nature: all routing is done
on-demand (using IERP), as no node
is able to contact another node using
IARP.

The results of [16] showed that
the 1ARP traffic grows with the num-
ber of nodes in a given zone, while
increased mobility of a the nodes in-
creases IERP traffic: as nodes move,
the routes between zones break and
need to be “re-discovered”. Increas-
ing the number NV of nodes in the global
network has only limited effect on the
amount of pro-active traffic, since pro-
active IARP updates are local to a zone.
In general, it can be stated that “larger
zones provide more efficient queries,
which compensates for the IARP main-
tenance cost”([2]).

A more detailed analysis of ZRPs

general performance can be found on
[16] and [17].

5.1 Performance gainon the
example of Bordercast-

ing

In this section, we will show how BRP
can minimize the number of broad-
casts significantly. First let us con-
sider a network as shown in Figure
11.

The first 8 nodes connected to the
node in the middle should be seen as
that node’s peripheral nodes (that is,
interior nodes are not shown in this
example), the 8 nodes on the outside
as the peripheral nodes of the extended
zone. As we can see, the total num-
ber of queries if no BRP would be
used would sum up to be 40!

Figure 11: Query Flooding

Now we introduce selective bor-
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dercasting. A large number of broad-
casts can be avoided, since many of
the zones overlap and peripheral nodes
connect to the same nodes in the ex-
tended zone. As Figure 12 shows, the
number has been brought down to 16,
a decrease of over 50%!

Figure 12: Selective Bordercasting

The tremendous advantage of us-
ing Selective Broadcasting in the IERP
is visualized in Figure 13, as adopted
from [16], [17] and others.

6 Summary

The Zone Routing Protocol (ZRP) pro-
vides a hybrid routing framework, in
which each node maintains local routes
within its zone in a pro-active man-
ner, while interzone communication
is performed in a reactive manner. In
order to improve performance of the
reactive IERP and avoid having to rely

on flooding all neighboring nodes, thus
risking exhausting the available band-
width, it makes use of a bordercast-
ing protocol.

It is important to note that all of

the components of the ZRP provide
the necessary flexibility optimal for
nodes in a MANET:

e each node may choose a dif-
ferent zone radius p, according
to its signal strength, transmis-
sion power, velocity etc.

e ZRP provides support for uni-
directional links, which frequently
occur in MANETS

e local neighbors are detected us-
ing NDP, which can be imple-
mented on the link-layer. Even
though this requires periodic mes-
sages to maintain an accurate
overview of the interior nodes,
there is not much of an over-
head since this is performed within
the (comparably) small local zone

e since only link-layer unicasts are
presumed to be reliable and in
sequence, these properties are
no requirements for other traf-
fic

e the protocols that make up the
ZRP are implementation specific.
That is, one MANET with cer-
tain requirements may adjust AODV
for use as the IERP and OLSR
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Figure 13: IERP Traffic per Route Discovery

as the IARP, while in another
situation it might be favorable
to use TBRPF as the IARP and
DSR as the IERP.

by basing all components on the
IP, ZRP can provide all the ser-
vices customers are used to from
wired networks. Another ad-
vantage is the possibility of im-
plementing security aspects on
the IP layer (for example through

the use of IPsec), thus remov-
ing costly overhead from the wire-
less protocol

e vast performance gain through

the use of link-optimization, se-
lective bordercasting, Query De-
tection (1 and 2), Early Termi-
nation and Loopback Termina-
tion (see Figure 13)

the ZRP can determine the ap-
propriate zone radius dynami-
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cally on-demand (as shown in
[17]; propagation of the new rout-
ing zone is conceivable but would
need to be implemented)

In contrast to other MANET rout-
ing protocols, ZRP, as mentioned above,
provides a hybrid approach, a frame-
work of protocols. Thus, it does not
directly conflict or compete with any
of the protocols described in [8], [9],
[10], [11] and [12], but is able to take
advantage of each of those protocols
strengths, depending on the situation,
requirements and implementation.

Also, ZRP is more suitable than
other protocols for large networks span-
ning diverse mobility patterns by pro-
viding the benefits of both reactive
and pro-active routing in a flat net-
work that takes advantage of a near-
hierarchical approach.

The Zone Routing Protocol is for-
mally described by the Mobile Ad-

Hoc Networks (MANET) Working Group

in an IETF Internet Draft to expire in
January 2003 ([1]). Its components
IARP, IERP and BRP are described
in the IETF Internet Drafts [3], [4]
and [5] respectively.
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