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Abstract—In this research we develop new techniques for
optimizing the performance of a reactive routing protocol in
operational environments characterized by high node mobility
and long-lived connections. The question we seek to answer
is whether in such environments, reactive routing protocols
necessarily exhibit a tradeoff between control traffic and route
optimality. More specifically, does a protocol which makes use of
less control traffic (i.e. better) than standard AODV, necessarily
exhibit connection routes that are longer (i.e. worse) than those
achieved by standard AODV? We show that the commonly
assumed tradeoff can be avoided, and that it is possible to “Have
one’s cake and eat it too”. Towards this, we design an extension of
the AODV protocol, and show through extensive ns2 simulation
experiments that the new protocol both significantly reduces
the control traffic overhead, while simultaneously improving the
topological optimality of connections. These remarkable conclu-
sions are seen to continue to hold scalably as one varies situational
parameters such as network size, number of connections, and
node mobility.

I. I NTRODUCTION

The problem of routing in mobile ad hoc networks
(MANETs) has been a very active research topic in the net-
working community during the past two decades. There have
been a tremendous number of routing protocols developed,
each suited to particular settings and having its own meritsand
advantages over others. These routing protocols are commonly
classified as either proactive, reactive, or hybrid (that is, a
combination of the two types) depending on how and when
routing information is obtained and maintained by constituent
nodes.

Proactive routing protocols such as OLSR and DSDV follow
in the footsteps of wired infrastructure routing protocolslike
OSPF: in such systems, nodes maintain next-hop routing in-
formation, regardless of whether route information is required
by connection establishment requests. This route information
is updated whenever a change in the underlying network
topology occurs. In settings where nodes move frequently
and connections are long-lived, these routing protocols may
be inefficient due to high levels of routing-related control
traffic generated in response to node movement that induces
topological changes in the network structure.

On the other hand, reactive routing protocols such as DSR
and AODV discover a routing information only when it is
required (and cache discovered routes for a very brief interval
of time). It is a common knowledge that reactive routing

protocols are more appropriate for mobile ad-hoc networks
in which node mobility levels are high and connections are
long-lived, since these protocols delay systemic responseto
topology changes until routes are actually requested as part of
the connection establishment process. Thus, in such settings,
reactive routing protocols incur lower control traffic overhead
than their proactive counterparts.

In this research we focus on the performance of reactive
routing protocols. In view of the previous paragraphs, we will
assume that the operating environment is indeed one which
manifests high node mobility and long-lived connections. In a
MANET, a reactive routing algorithm serves two functions: (i)
to find an initial path between a source and a destination, and
(ii) to maintain data forwarding between the two endpoints in
the face of node mobility. We restrict our attention to (ii),and
seek to reduce the operational cost of long-lived connection,
vis-a-vis control traffic. More precisely, the research question
we consider is:

Is there an inherent tradeoff between route optimality
and control traffic overhead, or is it possible to im-
prove the performance of a reactive routing protocol
with respect to both these metricssimultaneously?

Though most reactive routing protocols use similar trig-
gering methods for the route discovery process, they show
minor differences in the specific information maintained. For
example, AODV keeps only the next hop for each requested
destination (at each node) and does not embed any extra
information into packet headers. In contrast, DSR uses a
source routing strategy and inserts the whole transit list into
packet headers. In this paper, for concreteness, we formulate
our results as an extension to AODV.

II. BACKGROUND

In AODV, when a node (source) requires a connection to
another node (destination), a global route discovery operation
is initiated by the source, resulting in a breadth-first flooding
of ROUTE REQUEST messages within the network. When
(at least) one of these messages is received by the intended
destination or by a node which has a route to the desti-
nation that is “fresh enough”, a ROUTEREPLY message
is originated and sent back to the originator of the route
discovery process. As the ROUTEREPLY packet travels back
towards to the originator of the request, each node along



the route inserts next hop information into its routing table,
for the requested destination. Once the source node receives
the ROUTE REPLY message, it can start to forward data
towards the destination along the route established. Such a
route discovery process is expensive in terms of control traffic
incurred and route construction time taken due to requirement
of network-wide flooding.

After the initial construction of a connection via the afore-
mentioned process, two distinct types of undesirable events
may arise as a consequence of node movement. These are
(i) the connection may break because one of its consituent
links fails when the link’s endpoints moves out of the other’s
transmission range, or (ii) the connection may be topologically
suboptimal because a path with fewer hops may become
available as nodes move. These two types of events are
illustrated in Figure 1. In this paper, we devise alocal recovery
scheme to address (i) while simultaneously introducing an
event-triggeredroute optimizationprotocol to resolve issue
(ii). In the next section, we begin by briefly describing prior
work related to each of these two aspects of our proposed
system.
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Fig. 1. A connection may (i) break or (ii) become topologically suboptimal.

III. R ELATED WORK

A. Local Recovery

Many researchers [1], [2], [3], [4], [5], [6] have proposed
local recovery protocols, however, none of them presents a
viable solution to the degradation in path optimality which
necessarily occurs over time as successive local recovery
operations take place along a route. We discuss he last three
of these local recovery schemes in some detail, as they are
representative of the types of approaches that have been
considered to date.

Liu et al. propose a local recovery protocol, called PATCH
[4] that is specifically developed for DSR. In their scheme,
when a link on an active route becomes disconnected, the up-
per endpoint of the broken link initiates the local recoveryop-
eration by broadcasting a ROUTEREQUEST packet with low
TTL (e.g. TTL=2). Upon receiving such a ROUTEREQUEST
packet, the nodes located on the downstream side of the
broken link on the route send back a ROUTEREPLY
packet to the initiator node in the opposite direction of the

route that ROUTEREQUEST packet followed. Once the
ROUTE REPLY packet arrives to the initiator of the local
recovery operation, the route is patched. The main shortcoming
of this approach is that path optimality degrades over time,
because path length increases.

In a more recent study, Alshanyour and Baroudi [5] present
another local recovery protocol called Bypass-AODV. In this
scheme, whenever a link breaks at the MAC layer, the up-
stream endpoint of the broken link initiates the proposed local
recovery protocol by broadcasting a bypass-RREQ message
with TTL of 2. This bypass-RREQ is a modified route request
message, that is sentregardless of the position where the
break occurred along the route(in contrast to AODV’s local
recovery logic). In a response to a received bypass-RREQ,
only the downstream endpoint of the broken link is allowed
to send back a bypass-RREP (which is a modified route
reply message). When the initiator node of the local recovery
operation receives the bypass-RREP message, it updates its
routing table, and starts transmitting buffered packets onthe
updated route. Like PATCH, the major drawback of Bypass-
AODV is that it produces unnecessarily long routes, especially
after several local recovery attempts have occurred.

Another recent paper by Shi and Deng [6] also proposes an
improvement to AODV’s default local repair protocol. In this
work, the authors use “Hello” messages between neighbors
(along an active connection) as a means for detecting possible
link failure. If a node does not receive a Hello message from its
neighbors for some time, it concludes that the corresponding
link between them has failed, and a proposed local recovery
protocol is initiated. The protocol is, however, based on the
assumption that each node on a connection has knowledge of
its upstream neighbor; regretably, this is not the case in AODV.
Nonetheless, making this assumption, the authors propose that
upon detecting link disconnection, the downstream endpoint
of the broken link broadcasts an unsolicited Route Reply
message (without waiting for any Route Request message)
with the objective of reaching the upstream endpoint of the
broken link through broadcasting via intermediate nodes. This
approach is problematic because the overhead of continuous
periodic “Hello” traffic is onerous in lower mobility settings
(unless nodes can sense their position, though this introduces
additional capabilities for the nodes).

B. Route Optimization

Several researchers have attempted to address the problem
of dynamic connection optimization in MANETS which use
a reactive routing protocol. Indeed, recent papers by Jia et
al. [7], [8] present a model of the path compression problem,
compares several existing path compression techniques, while
presenting new approaches.

One of the seminal in this field is the work of Wu et
al. [9] which considers several route optimization schemes
for the routing protocols DSR, SSA, AODV, and ZRP. The
authors exploit the promiscuous receive mode of wireless
devices to collect fresh routing information. Their study aims
to optimize active routes, and requires some modifications



to packet headers and routing tables of the original routing
protocols. Similar to the work of Wu et al, there are other
studies [10], [11], [7] which exploit the promiscuous mode of
the wireless cards to search for possible short-cuts on a route.
These authors’ strategies are frequently criticized because of
their use of promiscuous mode, which may consume excessive
power and thereby degrades the performance of the wireless
cards.

In contrast, Zapata [12] presents a shortcut detection mech-
anism for active routes that does not rely on the promiscuous
mode of the devices. In his proposed work, a special packet
(Shortcut Request–SREQ) is broadcasted with TTL of 0 at
each node along the route starting from the source node to the
destination node. The SREQ packet includes IP addresses of
the source, the destination, and the next hop along to route,in
addition to corresponding distance in hops to both endpointof
the path. Since all 1-hop neighbors can receive a broadcasted
SREQ packet, upon receiving such a packet, they check if
there is a short-cut between the sender of SREQ packet and
themselves by comparing the hop count metric for the same
route if defined in their routing table. If so, the corresponding
node sends back a SREP packet to inform sender of SREQ
node about the possible shortcut. Upon receiving a SREP
packet, a node modifies its routing table such that the next
hop for the corresponding destination is specified as the sender
of SREP packet. Regretably, the author’s scheme has not
been tested in extensive experiments, as is evidenced by the
following oversignt in the protocol’s design: A node may have
a valid routing table entry for the destination and yet might
no longer lie on the connection itself. If such a node responds
to an SREQ by sending an SREP, it will cause the formation
of an invalid route. Our own work in this paper uses a similar
path optimization mechanism, but our scheme uses a protocol
which is designed to sidestep the aforementioned pitfalls.
Although our proposed route optimization protocol is similar
to Zapata’s work in some respects, there are several important
differences: (i) our proposed route optimization protocolis
event-triggered, in contrast to the periodic protocol proposed
in [12], (ii) our protocol searches for the shortcuts to upstream
nodes and thus sidesteps the aforementioned protocol design
pitfall, and (iii) our protocol is validated by experimental
studies conducted using packet-level simulations and ns2.

IV. SYSTEM DESIGN

The contributions of this paper are two-fold. First we
describe a newlocal recovery scheme which responds to
the event that a connection has broken because one of its
consituent links failed when the link’s endpoints moved outof
the other’s transmission range. This is presented in Section V.
Second, we describe a novelroute optimizationprotocol which
resolves the issue that a connection may become topologically
suboptimal over time, since a path with fewer hops may
become available as nodes move. This is the subject of Section
VI. Any system which implementsboth the local recovery
scheme and the route optimization scheme is referred to as a
LocOpt system. In Section VII, we design experiments which

will enable us to compare the performance ofLocOpt systems
against those that adopt standard AODV. The results of these
experiments are presented and analyzed in Section VIII.

V. L OCAL RECOVERY PROTOCOL

In this section, we describe an new alternative local recovery
protocol for AODV. The objective of the proposed local
recovery protocol is to patch a broken link on a route by
splicing asingle extra relay node into the route between the
two endpoints of a broken link. The process is described with
reference to the illustration in Figure 1. The local recovery
process is initiated by the upstream endpoint of the broken
link (i.e. by node Y) whenever the MAC layer reports a
failure of link that is known to have been actively carrying
outbound traffic towards some destination. Such a link failure
report occurs after several unsuccessful MAC layer attempts
to reach the next hop during a packet transmission. When this
occurs, the initiator node (i.e. node Y) begins buffering data
packets it has for the corresponding destination, and prepares
a RREQUEST packet which includes the IP addresses of both
the previously declared next-hop (i.e. node Z) and the final
destination (node D). Notice that including the previously
declared next-hop in a RREQUEST packet is a modification
of standard AODV packet formats, introduced by us to support
the proposed local recovery protocol. Then, node Y broadcasts
prepared RREQUEST packet with TTL of 2, and waits for
corresponding RREPLY packets while buffering incoming data
packets for the destination under repair. Because we seek to
reduce control traffic overhead (relative to what is incurred by
standard AODV), in our protocol only two nodes are allowed
to send back a RREPLY packet: These are the previously
declared next-hop (i.e. node Z) and the final destination (node
D). Because of this, the initiating node of the local recovery
protocol will receive at most two RREPLY messages. If it
receives both of them, the RREPLY coming from the final
destination node is given priority since acting on it would
result in a shorter connection route. Upon receiving a RREPLY
packet, the initiator node updates its routing table and starts to
send buffered data packets, in order, and thus the connection
is repaired by splicing in an intermediate node.

The above local recovery operation is attempted at most
twice. If the second attempt does not succeed either, then the
initiator node drops all data packets that it has buffered for the
corresponding destination, and sends an RERROR packet to
the source node of the connection (i.e. node S). Upon receiving
an RERROR packet along to route towards the source node,
all nodes invalidate the corresponding routing table entries in
their routing table. The source, upon receiving the RERROR,
initiates a global route discovery process.

The reader might object such that successive local recovery
operations can produce unnecessarily long paths, over time.
Indeed, although the proposed local recovery protocol can
resolve route disconnections in a more efficient, faster and
cheaper way, it would certainly result in paths that were far
from topologically optimal, as a side effect of continuously
inserting new nodes into a route. To eliminate such a side



effect, we will simultaneously introduce aroute optimization
protocol. However, before we can describe this protocol, we
need to fix some of the inadvertent side effects of local
recovery.

A. Distance Update Mechanism

In AODV, there is a dedicated field in the routing tables
of the nodes which maintains the hop-count to destination.
The values kept in this field must be strictly increasing along
a route from destination to source in order to prevent loop
formation during the route discovery process [13]. However,
when an extra relay node is inserted into an active route (as
is the case in the proposed local recovery operation above),
this monotonicity may be violated because the field values
at nodes that are upstream of the broken link are no longer
correct and need to be increased by 1. To fix this problem, all
nodes upstream of the broken link need to be informed about
the new correct hop-count to the destination. The challenge
is that nodes on the route are generally not aware of their
upstream nodes, but rather only know the next (downstream)
hop towards a specific destination. To address this difficulty,
we developed the following mechanism:

When a local recovery operation is successfully completed,
the initiator node of the local recovery operation prepares
a special packet, called DISTANCE, which includes: the IP
addresses of the source node (i.e. node S), the destination of
the path (i.e. node D), and itself (i.e. node Y). The initiator
(i.e. node Y)broadcaststhis DISTANCE packet with TTL
of 1. When a node receives DISTANCE packet, it infers that
distance updating is to take place. To do this, the node checks
its routing table to determine if the sender of the DISTANCE
packet is the next hop for the specified destination in the
packet. If it is, then it updates the hop-count to destination field
in its routing table, and then broadcasts a similar DISTANCE
packet in which its address is written into the sender field.
Thus, the update process progresses towards source node using
DISTANCE packets; the distance update process stops when
it reaches the source node.

VI. ROUTE OPTIMIZATION SCHEME

Our proposed route optimization scheme is called Multihop
Shrinking. The objective of the scheme is to shorten unnec-
essarily long connections by eliminating inessential hopsas
illustrated in Figure 2. In order to do this, the mechanism
checks if there is any direct shortcut between non-adjacent
pairs of the nodes on the connection. More precisely, for each
node along the connection, the mechanism checks whether
there is any upstream node within the direct transmission
range of the node of interest. If there is such a shortcut
between two distant nodes on the same route, and the channel
quality of this shortcut is “good enough”, then the Multihop
Shrink mechanism modifies the connection topology so that
two end-point nodes of the short-cut connect to each other di-
rectly, thereby eliminating the inessential intermediarynode(s)
between them (see Figure 2). Such an operation has many
potential advantages, including (i) relaxing path optimality

issues in a local recovery protocol, (ii) reducing the end-to-
end delay experienced in packet delivery by decreasing the
number of hops on the path, (iii) increasing spatial reuse and
network capacity by eliminating unnecessary transmissions.
The protocol that achieves this will now be described, with
the aid Figure 3.
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Fig. 2. The main idea ofMultihop Shrinkmechanism.

Initiation of the process:Multihop Shrinking is activated
only after completion of “Local Recovery” (see Section V)
and “Distance Update” (see Section V-A), as described earlier.
More precisely, Multihop Shrinking is initiated when the
source node (e.g. node S) of a path receives a DISTANCE
packet, which happens because of the distance update mech-
anism that is initiated post local recovery. Once the source
node receives a DISTANCE packet, it initiates the shrinking
mechanism by sending a special SHRINK-01 packet to the
next hop (e.g. node A) on the route.
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Fig. 3. Illustration of how multihop shrinking works

A Shrink packet contains the following fields:

• sender: The IP address of the sender of the Shrink packet
(i.e. node S in the example),

• next-hop: The IP address of the next hop (i.e. node A in
the example),

• final-destination: The IP address of the final destination
(i.e. node T).

• hops-to-destination: The number of hops to the final
destination (available in the routing table)

• flag: It can be 0, 1, or 2.

Once the second hop (e.g. node A) receives SHRINK-0
packet, it prepares a similar packet, SHRINK-1, and then
sends it to the next hop (i.e. the third node) along the route.

1Zero represents a flag’s value in the packet.



When the third node (e.g. node B) receives SHRINK-1 packet,
it prepares a similar packet, SHRINK-2, and this time it
broadcaststhe SHRINK-2 packet with TTL of 1 (Notice that
SHRINK-0 and SHRINK-1 were unicast packets). Likewise,
the process progresses similarly towards the destination node.

From the vantage point of other nodes:A node which
receives a Shrink-2 packet performs actions depending on its
relative placement on the connection with respect to senderof
the Shrink packet. A node, upon receiving the Shrink-2 packet,
determines its relationship to the Shrink-2 packet, selected
from the following set of five mutually exclusive classes:

• The next hop:A node identifies itself to be thenext hop
by noting that its own IP is the one specified in the next-
hop field of Shrink-2 packet it received. In that case, it
modifies the received Shrink-2 packet by updating the
related fields using the information in its routing table,
and then broadcasts the updated Shrink-2 packet.

• Further downstream hops:A node recognizes itself to be
in this class if its routing table indicates that the hop count
to the destination is smaller than the value in the hops-to-
destination field of the received Shrink-2 packet. Nodes
in this category discard the received Shrink-2 packet.

• The previous hop:A node identifies itself to be the
previous hopwhen it realizes that in its routing table,
the sender of the Shrink-2 packet is listed as the next
hop to the final-destination. This node just discards the
received Shrink-2 packet.

• Further upstream nodes:A node recognizes itself to be in
this class if its routing table indicates that the hop count
to the destination is greater than the value in the hops-to-
destination field of the received Shrink-2 packet. If this
is the case, then it can be concluded that there may be
a short cut available between this node and the sender
of Shrink-2 message. However, the quality of this new
hypothesized link may not be good enough to warrant
changing the routing table. Therefore, before doing any
update to the routing table, the quality of the prospective
new link is checked by looking at the signal strength at
which the Shrink-2 packet was received. If the received
signal strength is greater than a predefined threshold level,
then the node updates its routing table in such a way
that the next hop for the final-destination (as specified in
the Shrink-2 packet) is replaced with the address of the
sender the Shrink-2 packet.

• Irrelevant nodes:When a node receives Shrink-2 packet,
but there is no next hop in its routing table for the final-
destination specified in the Shrink-2 packet, then the node
classifies itself as irrelevant to the Shrink-2 packet, which
is simply ignored.

Every node receiving a Shrink-2 packet falls into precisely
one of the above five classes, and behaves as specified. In
practice, there can be many data flows (i.e. many connections)
between different source/destination pairs, all active simul-
taneously. Such a situation does not alter the operation of
proposed mechanism, since each node responds to different

Shrink messages arising from different transient connections
independently. No further state needs to be maintained at each
node than what is mandated in AODVs routing table format.

VII. E XPERIMENTAL SETUP

We call the whole proposed protocols LocOpt. The LocOpt
is implemented as an extension to the standard implementation
of AODV in ns-2.33. The performance of the original AODV
and LocOpt are compared for the following network size,
mobility models, and traffic/connection pattern as follows:

Networks: Several network sizes are investigated, com-
prised of between 50 and 150 nodes. Node density is kept
fixed at 50 nodes per 700 m x 700 m. Initial placement of
nodes is uniformly random.

Traffic Patterns: The traffic connections are initiated be-
tween randomly chosen source and destination pairs chosen
uniformly from the nodes. The number of connections varied
between 1 and 50, depending on the type of experiment. Traffic
sources generate constant bit rate (CBR) traffic consistingof
packets of size 512 bytes, at a rate of 4 packets per second.

Mobility Model: To investigate the performance of the
proposed mechanism under different mobility levels, we mod-
ified random waypoint (RWP) mobility model as follows:
First we set the pause time to zero (nodes move without
stopping between subsequent movements). Then we generated
a movement plan with maximum speed of 5 m/s. To obtain
higher mobility scenarios, we multiplied the velocity of each
node by β > 1. The advantage of this modified RWP is
that asbeta is increased, the same sequence of (link level)
networks arise, but evolved at a faster rate. We considered
β = 1, 2, 3, 4, 5, with larger values ofβ signifying higher
mobility scenarios. Note that under this mobility model, the
simulation duration changes inversely withβ. For example,
when maximum speed is 5 m/s the simulation duration is 1200
seconds, while it is 600 seconds when the maximum speed is
10 m/s. Our performance metrics (see below) are robust to this
fact.

Performance metrics: The following three metrics are
evaluated:

• Normalized Routing load(NRL)–the number of routing-
related control packets transmittedper data packet deliv-
ered to its destination.

• Packet delivery fraction(PDF)– The percentage of data
packets submitted at a source, that were delivered to their
intended destination.

• Path Optimality(PO)–For each data packet delivered to
its destination, we note both the number of hops that
packet traveled and the length of the optimal source-
destination path at the time of packet delivery. Then
we calculate the discrepancy, both as ratio and as a
difference.

Trials: To increase our confidence in conclusions drawn
from the analysis of simulations, we repeated up to 40 trial
experiments for each setting of the independent variable (with
mobility plans and traffic patterns generated as above). We



then computed the mean and standard deviations of the per-
formance metrics (dependent variables), and examined how
these varied as the independent variable was changed.

VIII. R ESULTS

Normalized Routing Load (NRL):
We begin by considering normalized routing load (NRL),

that is, the number of routing-related control packets transmit-
tedper data packet delivered to its destination. We investigated
NRL of AODV and LocOpt under different assumptions of
node mobility level, network size, and traffic load. Figure 4
depicts the relationship between NRL and mobility levels Itis
clear from the figure that the proposed scheme reduces NRL
of the network regarless of node mobility level. For example,
when nodes are moving at 25m/s, AODV utilizes 3.25 control
packets per data packet delivered, while LocOpt uses only 2.4.
This is because the proposed mechanism decreases the number
of global route discovery attempts performed in the network.
More importantly, as node mobility increases, the advantage
of the proposed scheme over AODVincreases, implying that
the proposed solution scales as networks become increasingly
more mobile.
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In the second set of NRL experiments, we consider the
effect of network size. For these experiments, we normalized
AODV’s NRL with respect to the LocOpt scheme’s NRL.
As seen in Figure 5, the relative advantage of the LocOpt
scheme is significant andincreasesas the network size gets
larger. We note that because we keep node density fixed in
our experiments, increasing network size implicitly increases
the geometric extent of the network. When the network has
50 nodes, AODV uses 1.5 times as many control packets (per
delivered data packet) as LocOpt does; but when the network
has 1500 nodes, AODV uses more than 2.5 times as many
control packets (per delivered data packet) as LocOpt does.
The relative advantage gained by the LocOpt scheme increases
for larger networks because the importance of local recovery
is more critical in large networks where the cost of global
route discovery are much more expensive.
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In the third set of NRL experiments, we consider the effect
of data traffic load. For these experiments, we normalized the
AODV’s NRL with respect to LocOpt scheme’s NRL. As seen
in Figure 6, there is a tradeoff between the relative advantage
of the LocOpt scheme and traffic load. The curve decreases
until the network becomes saturated, and after this point, it
begins to increase for higher traffic loads. The reason of the
decrease in the graph is that the number of successful local
recovery operations decreases as data traffic crowds out the
control traffic required to execute local recovery. On the other
hand, the increase in the graph is due to an increase in packet
delivery fraction (recall that NRL is a normalized by PDF), as
seen in Figure 7.
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Packet Delivery Fraction (PDF): Figure 7 shows PDF for
pure AODV and LocOpt. The graph shows that the proposed
mechanism improves the packet delivery fraction at all velocity
levels. For instance, while PDF is about 97% for pure AODV
at 15m/s case, it rises to up to 98% when the LocOpt scheme
is applied. This increase in PDF, while not very significant,



arises from the fact that the proposed mechanisms decrease
packet losses which may occur due to connection failures,
by applying a local recovery operation to every link failure,
regardless of its relative location on the route (this is in stark
contrast to AODV’s standard local recovery logic).
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Fig. 7. Packet Delivery Fraction vs. Mobility

Path Optimality: We see from the preceding analysis
that the LocOpt scheme is capable of significantly reducing
normalized traffic overhead without compromising on packet
delivery fraction. We can have our cake apparently, but can
we eat it too?

Another important performance metric for a local recovery
protocol is how it affects the path optimality. Most if not all
previous attempts at crafting a local recovery mechanism have
failed to address the issue of route degradation. This is a well-
known side effect of local recovery [5], [4]. To investigatethis
issue, in our final set of experiments, we calculated for each
data packet delivered to its destination, the number of hopsthat
the packet traveled. We compared this with the number of hops
on the optimal source-destination path (at the time of packet
delivery). The ratio of the first quantity to the second was taken
as the normalized path length for the packet. We computed the
normalized path length for all delivered packets, and showed
the mean and standard deviations of these values. Figure 8
below shows that the normalized path lengths of AODV are
higher than those provided by LocOpt. Thus, in contrast to
previously proposed local recovery protocols, LocOpt doesnot
harm path optimality, but rather, outperforms even standard
AODV. Obviously, this is because of we have incorporated
route optimization in addition to a local recovery mechanism.

IX. CONCLUSION

We presented new techniques for optimizing the perfor-
mance of a reactive routing protocol in operational environ-
ments characterized by high node mobility and long-lived
connections. We designed an extension of the AODV protocol,
and showed through extensive ns2 simulation experiments that
this new protocol both significantly reduces the control traffic
overhead, while simultaneously improving the topological
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optimality of connections. The proposed protocol makes useof
less control trafficthan standard AODV while exhibiting con-
nection routes that areshorterthan those achieved by standard
AODV. Thus, we showed that reactive routing protocols do not
contain an inherent tradeoff between control traffic and route
optimality. These conclusions were shown to hold scalably as
one varies situational parameters such as network size, number
of connections, and node mobility.
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