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Abstract interface to communicate with each other. These
mobile nodes serve as both hosts and routers so
The ad hoc routing protocol AODV is one of they can forward packets on behalf of each other.
the promising routing protocols investigated by Hence, the mobile nodes are able to
the MANET working group. It can be used in a communicate beyond their transmission range
mobile ad hoc network to route packets betweenby supporting multihop communication.
mobile nodes. However, it cannot provide The issue of routing in a mobile ad hoc
Internet access to the mobile nodes because ihetwork becomes a challenging task since the
does not support routing between a fixed mobile nodes are free to move randomly. Ad hoc
network like the Internet and a mobile ad hoc routing protocols can be classified into three
network. In the Internet draft “Global classes: proactive, reactive and hybrid routing
Connectivity for IPv6 Mobile Ad Hoc Networks” protocols. In proactive routing the routing table
a solution is presented where the AODV of every node is updated periodically. On the
protocol is modified in such a way that it can contrary, reactive routing is performed on-
route packets not only within a mobile ad hoc demand, i.e. the sending node searches for a
network, but also to a fixed, wired network. This route to the destination node only when it needs
project aims to implement this solution in a to communicate with it. Hybrid routing uses a
simulation environment. This paper presents amixture of these two routing approaches. That is,
study of internet access performance in wirelessproactive routing is used in a limited area around
ad hoc networks under which we compare threethe mobile node and reactive routing is used
ad hoc routing protocols : reactive, proactive outside this area. The aim of this paper is to
and hybrid, describe the detail of test compare this three ad hoc network protocols.
implementation, present experimental result andWireless networks often provide multiple

underline the limits. possible routes between a source destination pair.
Thus, integrating admission control into the
Keyword: routing protocol enables the identification of

alternate routes if the shortest path is congested.
AODV, MANET, wireless network, mobile For this purpose, the simulation tool Network
node, end to end delay, handover, active, Simulator 2 (NS 2), will be used.
proactive, hybrid, gateway
2. Background
1. Introduction
A previous project on AODV protocol has
A mobile ad hoc network is a network been done. It includes the study of AODV route
formed and functioning without any established discovery, the study of AODV route
infrastructure or centralized administration and maintenance and a simulation of AODV
consists of mobile nodes that use a wirelessprotocol in order to know how well it scales.
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One goal in simulating AODV is to show the
2.1.Route Discovery scalability of this protocol. How do the
performances of AODV protocol vary with the
Whenever a node (source) determines that itnumber of node? Attempting to answer this
needs a route to another node (destination) itquestion, the message activity (total number of
broadcasts eoute reques{RREQ) message and AODV message received and sent at each node)
sets a timer to wait for the reception ofcaute and the memory CPU has been measured. The
reply (RREP). A node that receives a RREQ conclusion is that as the number of node
creates aeverse route entrfor the source in its increases, the message activity and the memory
routing table. Then it checks to determine usage increase quadratically. This can be
whether it has received a RREQ with the sameexplained by the observation that when node
Originator IP Address and RREQ ID. If such a broadcasted a RREQ messages, those messages
RREQ has been received, the node discards thare received by more nodes. Consequently, more
newly received RREQ in order to prevent resources like the memory are needed. Our
duplicated RREQs from being forwarded. If the project is an improvement of the AODV
RREQ is not discarded the node continues toprotocol. By using the AODV protocol, we are
process it as follows: If the node is either the going to see the performance of internet access
destination or if it has an unexpired route to thefor MANET.
destination it unicasts a RREP back to the source;
otherwise it rebroadcasts the RREQ. If a RREP3. Internet Access for Mobile Ad Hoc
IS generated, any intermediate node along the Networks
path back to the source createavard route
entry for the destination in its routing table and As mentioned above, AODV was originally

forwards the RREP towards the source. designed for routing packets within a MANET
. and not between a MANET and a wired network.
2.2.Route Maintenance The principle of the internet access for mobile

ad hoc network, it's to use the ADOV protocol

When an active link breaks, the node in order to find a route to reach a gateway.
upstream of the break invalidates all its routesHowever, the global connectivity for IPv6
that use the broken link. Then, the node MANET provided the solution for internet
broadcasts aoute error (RERR) message that access with AODV protocol. This solution has
contains the IP address of each destination thasome limitations in terms of the expanding ring
has become unreachable due to the link breaksearch mechanism. In the AODV protocol, if the
Upon reception of such a RERR message, asource does not receive any RREP before the
node searches its routing table to see if it hgs an RREQ timer expires, it broadcasts a new RREQ
route(s) to the unreachable destination(s) (listedwith an increased time to live (TTL) value. If
in the RERR message) that uses the originator othe gateway in the MANET cannot reply to the
the RERR as the next hop. If such routes existRREQ, it is rebroadcasted until its TTL value
they are invalidated and the node broadcasts aeaches zero. When the timer of the RREQ
new RERR message. expires, a new RREQ message is broadcasted

This process continues until the source with a larger TTL value. This is somehow time
receives a RERR message. The source themvasting because in many cases the source finds
invalidates the listed routes as previously a route to the destination, up to a maximum of
described and initiates a route discovery procesRREQ_RETRIES times.
if needed. We present a modification of the protocol in

order to solve this network search problem.
2.3. Message activity and resources
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3.1. Gateway Operation 4. Simulation: details and results

In our solution, when a gateway receives a  4.1.Scenario and parameters
RREQ, it consults its routing table for the
destination IP address specified in the RREQ The studied scenario consists G mobile
message. If the address is not found, the gatewaypodes two gateways, two routers and two hosts.
sends a RREP with an 'I' flag (RREP_I) back to The topology is a rectangular area witBOO m
the originator of the RREQ. On the other hand, length and 800 m width A rectangular area
if the gateway finds the destination in its routing was chosen in order to force the use of longer
table, it unicasts a RREP as normal, but mayroutes between nodes, compared to a square area
also optionally send a RREP_I back to the with the same node densiffhe two gateways
originator of the RREQ. This will provide the were placed on each side of the area; their x- and
mobile node a default route although it has noty-coordinates in meters af200,500)and(1100,
requested it. If the mobile node is to 500) All simulations were run fot000 seconds
communicate with the Internet later, the default of simulation time. Since we were interested in
route is already established, and another timestudying the behavior of the network in steady
consuming gateway discovery process can bestate, the first 100 seconds of the simulation
avoided. were ignored.

Ten of the 60 mobile nodes are constant bit
rate (CBR) traffic sources sending data packets
with a size of 512 bytes, to one of the two hosts,
chosen randomly. The sources are distributed
randomly within the MANET. The transmission
range of the mobile nodes is 250 meters. (Cf
Figure 2)

Fig.2
Fig.1
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the AODV messages plus the data packets in

Parameters Proactiv§ReactivdHybrid bytes. o

ADVERT INTERVAL 5 sec No | 5se Each data point is an average value of ten runs

ADVERT ZONE No No |3nodds With different randomly generated movement

ALL_MANET_GW_MULTICAST | No yes | vyes patterns.

address

CWADY D yes 1 Mo ] vyes 4.3.Simulation Results

RREQ | yes yes yes

RREP | yes yes yes . . ) ) ) .

NET DIAMETER yes No No In all figures discussed in this section it
Table 1 should be noted that the term “traffic load”

denotes only the data traffic that each source

Table 1 shows the parameter setup for ourgenerates, which is ten times less than the total
simulation environment. In order to get rid of data traffic in the whole network. To that come
undesirable situations of full network search also control packets sent by the data link and
during gateway discovery, as opposed to thenetwork layers.
previous implementations, we considered the
ALL_MANET_GW_MULTICAST address 4.3.1. Advertisement interval
modification so that in the case of reactive
gateway discovery, only registered nodes for this ~ Figure 3 shows the impact of the
address are able to receive and process (forwardddvertisement interval on the average end-to-end
the packet. delay when the traffic load changes for the

GWADV ID parameter is used in proactive proactive gateway discovery method. It can be

as well as in hybrid gateway discovery in order observed that the curve representing the
to identify individual advertisements, hence advertisement interval of one second differs

avoiding loops. greatly from other curves representing higher
The gateways broadcast GWADVs every advertisement intervals. The reason is that a very
ADVERTISEMENT INTERVAL=5 seconds short interval leads to a lot of advertisements
when the proactive or hybrid discovery method and thus a lot of overhead, which in turn means
is used. ADVERTISEMENT ZONE, which is many collisions, retransmissions and route
set to three, is used for the hybrid gateway discoveries that increase the end-to-end delay.
discovery method and defines the range within
which proactive gateway discovery is used.

1000 1sec
2sec

800 A

600 - / 3sec
400 5sec
200 - J ——10sec

0

4.2. Performance Metrics

In comparing the gateway discovery
approaches, the evaluation has been done
according to the following three metrics:

— The packet delivery ratiois defined as the
number of received data packets divided by the
number of generated data packets.

— The end-to-end delays defined as the time a
data packet is received by the destination minus
the time the data packet is generated by the
source.

— The overheadis defined as the amount of
AODV messages in bytes divided by the sum of

average end-to-end delay
(ms)

SO O P OO
NP RSP

traffic load (kbits/s)

Fig.3
4.3.2. Impact of different protocols
4.3.2.1.Packet delay ratio
Figure 4 shows the packet delivery ratio, the

average end-to-end delay and the AODV
The Study of MANET Internet-Work Performance - Journal © ZRDC 2006 -4 -



overhead respectively for the three gatewayhave been different for the reactive method
discovery methods when the traffic loads compared to e.g. the proactive.
changes. Packet losses occur frequently due té-rom one point of view, the reactive method
many reasons, e.g. when a source sends packeshould perform better since it generates less
along a path that recently has broken but theoverhead, which should cause less number of
source has not been informed about that yet; orcollisions.
when a source has no other nodes within its On the other hand, the reactive method
transmission range (i.e. the node is isolated) forshould perform worse because it does not send
some time and its outgoing buffer is full. Since periodic advertisements, which would give
we have omitted the TCP protocol and its shorter routes (in terms of number of hops) in
retransmission function from our model high the long term Since a number of other aspects
packet losses may occur. need to be taken into account, it is our belief tha
As Figure 4 shows, the packet delivery ratio the given scenario and the assumptions made for
is high when the traffic load is light but the simulation have a significant impact on the
decreases when the traffic increases. This resultesults.
is expected but it can also be seen that increasing

the traffic affects all three approaches pretty
much the same way. One can also see that the & 1000
delivery ratio is somewhat lower for very light g 80 _
loads (5 kbits/s/source) compared to light loads | § 5 600 £ —Hybrid
(20 kbits/s/source). The reason for this is that | 2 € 400 Ereoa::t‘i'fe
once a connection has been established, itis nol g 200
fully used when the traffic is very light. g ol
Therefore, only a few numbers of packets are| ° 20 40 60 80 100 120
sent before the connection breaks and a new traffic load (Kbits/s)
route must be discovered.
Fig.5
€ 1 — 4.3.2.3A0DV overhead
8 g0 — Hybrid
8 601 Reactive In Figure 6 the AODV overhead is
s Proaciive dominated by the periodically broadcasted
5 oo GWADV messages. As the figure shows, the
Tooep e RO AODV overhead is significantly larger for the
taffc load (kbits/s) proactive approach than for the reactive
approach, especially for light traffic loads. This
Fig.4 is an expected result since the proactive
approach periodically broadcasts gateway
4.3.2.2 Average end to end delay information no matter if the mobile nodes need

them or not, while the reactive approach

Figure 5 shows that the average end-to-endProadcasts gateway information only when a
delay increases as expected when the loadnobile node sends a request for it. Moreover,
increases, since increased load means moréh€ figure shows that the overhead of the hybrid
collisions, retransmissions and route discoveries @Pproach, which is a mixture of both the
We can also see that the difference between théroactive and the reactive approach, is between
different strategies is negligible. the two other methods

One might have expected that the delivery
ratio and the average end-to-end delay would
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MAC address resolution is needed for the old
: next hop anymore. So far there is no problem

| X —— Hybrid except that the old data packet remains in the
—— Reactive ARP queue. If the node much later needs to

———— Proactive resolve the MAC address of the old next hop and

T the ARP resolution succeeds, the data packet
© e waiting in the queue will be sent to the next hop
traffic load (kbits/s) resulting in a very long end-to-end delay.
Increasing the buffer size will in fact only make

Fig.6 the problem even worse since then there are

more than single data packets that will be

4.4. Limitations delivered to the next hop with a very long end-

to-end delay.

There are some problems with the ARP1 Furthermore, the lack of retransmissions
implementation in ns-2 that have negative means that one single loss of an ARP request or
impact on our results. Each node has an ARPan ARP reply means that the data (e.g. RREP_I)
queue that can hold only one packet for eachcannot be sent to the source, which will be
neighbor while requesting the MAC address of forced to reattempt its gateway discovery
the next hop. If other packets arrive to the queueprocess. The first problem caused by ARP has
before the MAC address is resolved, all but thebeen investigated, which shows that increasing
last one will be dropped. This can lead to loss ofthe ARP buffer size makes the situation much
important messages from upper layers, such a$etter (although another solution is preferred).
the RREP or the RREP_| messages from AODV. Another thing that affects the simulation
Consequently, if the source does not receive anyesults in a negative way is when sources
RREP or RREP_| before its timer expires, it hasbecome isolated from the MANET such that
to reattempt its gateway discovery processthey cannot reach any gateway. Isolated sources
where the reply could be lost again. Rememberresult in decreased packet delivery ratio and
that this important message can be dropped byncreased end-to-end delay.

ARP on each hop between the gateway and the

source where an address resolution process i§- Future work

started. In the worst case, the source will give up

after some attempts and the session is aborted. Providing admission control in wireless
Increasing the buffer size of ARP can prevent networks is particularly challenging because of
situations like this to occur. the shared and open nature of single channel

There is another problem, where ARP is wireless communications. Unlike wired
involved, which cannot be solved by increasing networks, the available bandwidth on a
the buffer size. Since there is no timer involved communication link may change due to mobility
in the address resolution process, aOr outside interference. While these issues
retransmission will not occur until it is triggered Prevent wireless QoS solutions from providing
by a new incoming packet. This can have astrong bandwidth guarantees, wireless quality-
significant impact on the end-to-end delay. of-service mechanisms can still increase the
Suppose that a data packet is sent to ARP fronfeliability of the communication link.
the routing protocol. Because of some reason We hope to implement an admission control
(e.g. collision) the address resolution fails. based QoS mechanism for multi-rate wireless ad
Before a new data packet is sent to ARP tohoc networks owing to the fact that multi-rate
trigger an ARP request retransmission, therouting provides a feasible environment for QoS.
routing protocol changes its route towards the
destination (with a new next hop) and, hence, no

al
o

N
o

w
o

=
o
|

o

AODV overhead (%)
N
o

S

The Study of MANET Internet-Work Performance - Journal © ZRDC 2006 -6-



6. Conclusion Master’s thesis. Department of
Communication Systems, Lund Institute of
In accordance with the simulation results, all Technology, Lund University. January 2003.
the methods of gateway discovery have a similar
performance. It's easily seen that the traffic load
affects the performance of all the gateway
discovery technologies in the same way.
However it's shown that there is high overhead
in proactive method. Hence proactive approach
wastes resource as bandwidth and power.
According to the AODV overhead table, reactive
approach seems to be the best approach in terms
of resource management.
However, our simulation results leave much
to be desired. We revealed issues that would
affect the results negatively. These issues
include ARP configuration problems, hardware
and technical limitations.
Therefore further research in this area would
guarantee much reliable results.
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