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Abstract

A mobile ad hoc network (MANET) is a multi-hop Vass network with dynamically changing topologythwhe development of
MANET technology, various routing protocols haverbg@roposed over the years with minimum controlrleed and network

resources. AODV is the most popular routing prot@mong others. It is a single path, loop free, @mand type routing protocol
and its performance is better than other routingtpcols in MANET environment. However, single patbtraction is considered
one of the biggest drawbacks of AODV. Also, itrhase routing overhead both at the time of routeah®ry and route repair. In the
networks with light traffic and low mobility AOD¢ales flawlessly to the larger networks with lownbaidth and storage overhead.
But in networks with heavy traffic, a big numberaites will break resulting in repeated route digedes and error reports in the
network, which is an overhead. The mobile nodddANET have limited resources such as battery poliveited bandwidth which

the single path protocols cannot handle efficientligus routing is a vital issue in the design dlANET. Multipath routing allows

the establishment of multiple paths between a aisglirce and single destination node. Researchers hroposed many multipath
extensions of AODV protocol to establish reliabdenenunication and ensure better load balancing ttienconventional protocol.

This paper reviews some multipath extensions of A@initing protocol and a comparative study is dofleere is no frontrunner of
the comparison, but there are important infererfoescholars who will design new routing protocoiduture.
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1. INTRODUCTION

MANETSs are wireless networks which are characteriby
dynamic topologies and no fixed organization. EacHe in a
MANET is a computer that may be required to achbed a
host and a router. Moreover, it maybe required davérd
packets among nodes which cannot directly commtmiwéh
each other. It is an independent collection of neobsers that
communicate over wireless links with bandwidth ¢oaists.
Since the nodes are mobile, the network topology af@ange
promptly and arbitrarily over time. The networkdspersed,
where all activity including discovering the topglo and

delivering messages must be executed by the nodes

themselves.

Fig-1: lllustration of a MANET

Research has gained a significant advance in thelaament
of routing protocols for wireless ad hoc networkietwork
topology changes frequently due to node mobility aower
restrictions. Therefore, efficient routing protazolare
necessary to organize and maintain communicatidwess
the nodes. The adhoc networking, with increasedrtaple
devices and progress in mobile communications ggini
importance with widespread applications The set
applications for MANETs range from small, statictwerks
that are constrained by power sources, to largiesbighly
dynamic networks, e.g. military battlefield opeoais, civilian
environments, emergency rescues, Personal Areadietw
mobile conferencing.

The mobile ad hoc networking field is very vast dhnere are
certain limitations that have to be met. The maospartant
scenario is the ability to establish a network leccps where it
is not possible otherwise. They have limited banitlviand
low power. Also, wireless networks are susceptiblattacks.

Paper Outline

The rest of the paper is organized as follows: iBectl
presents routing in MANETS. Section Il presentsdduction
to AODV protocol. Section IV presents the relatearkin V,
the extensions to AODV are explained. VI concludies
paper.
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2. ROUTING IN MANETSs

Routing protocols proposed in MANETSs are developedas
to handle topology changes well but they may heaarge
control overhead which is the foremost challengenaking a
protocol efficient. Different categories of routipgotocols are

presented in Fig.2.
' J AODV, DSR, |
REACTIVE ¢
: TORA

Manet ] | '
. PROACTIVE { A foores
protocols | !

\

HYBRID H ZRP, FSR

Fig-2: Basic categories of MANET routing protocols

In Reactive or on-demand routing protocols the @suare
created only when they are needed. The applicaifothis
protocol can be seen in the Ad-hoc On-demand Distan
Vector Routing Protocol (AODV) and TORA (Temporally
Ordered Routing Algorithm)

Whereas in Proactive or Table-driven protocols tueles
keep updating their routing tables by periodicalssages.
This can be seen in DSDV (Destination-Sequencethbis
Vector) and OLSR (Optimized Link State Routing).

Hybrid routing protocols are designed by merging tood
features of reactive and proactive routing protecaio
enhance scalability and to reduce the route disgove
overheads. ZRP (Zone Routing Protocol) is a wetvkm
hybrid protocol. The protocols can also be categariinto
Location-aware (Geographical), Multipath, Hieraozj
Multicast, Geographical Multicast, and Power-aw&ie

3. INTRODUCTION TO AODV

AODYV is an on-demand routing protocol for ad hotweks.
It uses hop-by-hop routing by maintaining routiaple entries
at intermediate nodes for a pre-specified expimatione.
AODV only request a route when required and does no
require nodes to maintain routes to destinatiors #ne not
actively used in communications. It is a flat ragtiprotocol
and does not need any central organizational sysidmndle
the routing process. The protocol uses HELLO mess#gat
are broadcast periodically to the immediate neighbdhese
HELLO messages are local advertisements for théiraeed
presence of the node and neighbors

AODV is a loop free protocol and avoids the countrfinity
problem of other distance-vector protocols. The ntda-
infinity problem is a result of how distance vectouting

protocols, work: "Good news travels quickly, badvadravels
slowly" [1]i.e. when the link cost for any link doe this good
news travels very fast. However, when the link dostany
link increases, this bad news takes many iteratiohshe
algorithm to travel. AODV evades this problem byings
sequence numbers on route updates to determing-tmndate
path to the destination. As stated in [18] AODV whas only
on-demand routing protocol promoted from an InteDwaft

to an experimental RFC in that year. As is the caitle all
reactive ad hoc routing protocols, AODV consists twb
protocol procedures: Route discovery and route teaance.
Route Discovery: The route discovery process isiateid
when a source needs a route to a destination fahwhdoes
not have a route in its routing table. To initiateute
discovery, the source floods the network with ateaequest
(RREQ) packet specifying the destination for whikl route

is requested, the last known sequence number fer th
destination and a unique RREQ id that each nodetains
and increments upon the sending of an RREQ. This
propagation is illustrated in Fig. 3.

It may obtain multiple routes to different destinas from a
single RREQ. The immediate neighbors broadcastrihér to

their neighbors until the request either reachemt@mmediate
node with a route to the destination or the destinanode

itself. Duplicate RREQ packets are discarded armediate
nodes. On forwarding the RREQ packets to their himigs,

the intermediate nodes record in their route talthes address
of the neighbor from which the first copy of the letchas

arrived. This recorded information is further usedonstruct
the reverse path for the route reply (RREP) padkéte same
RREQ packets arrive later on, they are discarded.

DESTINATION

Fig-3: RREQ Propagation in AODV

Fig. 4 illustrates the forward and reverse patimfation in the
AODV protocol. When the RREQ reaches a node witbuge
to the destination (possibly the destination i}self Route
Reply (RREP), containing the number of hops to the
destination and the sequence number for that raesiteent
back along the reverse path. An intermediate nadereply to
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the RREQ only if it has a destination sequence raurttat is
greater than or equal to the number contained énrtute
request packet header. A larger destination seguenmber
indicates a more current (or more recent) route.

forwdrd route

DESTINATION

Fig-4: Forward Route formation in AODV

Route Maintenance: Route maintenance is the prooéss
responding to changes in topology. Neighboring sode
periodically exchange hello message and absenckelid
message indicates a link failure. When a node tetebroken
link while attempting to forward a packet to thexnbop, it
generates a RERR packet that is sent to all sowsieg the
broken link. The RERR packet erases all routesgusie link
along the way. The RERR contains a list of the achable
destinations. If a source receives a RERR pacleétaoute to
the destination is still required, it initiates a&@w route
discovery process.

4. RELATED WORK

In this section, we have given a brief review ofitnog
protocols which are developed as an extension¢cA@DV
routing protocol under various scenarios.

The motivation of multipath routings is clearly teduce the
overhead and to guarantee a better network loaahbialg.
Many studies have been conducted comparing AOD&ftHer
routing protocols in terms of Packet delivery ratfoverage
end-to-end delay etc. subjected to change in noodés and
traffic type. One such simulation result is showj138].
DYMO performs better than AODV in terms of all aleov
stated parameters.A number of modifications hawntone
on AODV to increase its performance in terms oficas
parameters. The AODV protocol needs to discoverrthee
first in order to send the actual data. This resiit search
latency effectsof this protocol. To decrease radigeovery
rate in single path routing, some multipath routprgtocols
have been proposed to extend AODV [11], [6], arf].[1

Mallapur Veerayya et al. in [16] proposed an energpre
routing protocol for Quality-of-Service (QoS) supp@ an
infrastructure-less ad-hoc network. The distingi®gs in their
scheme was that it used only local information,unets no
additional communication or co-operation betweetdeaso
Simmi Jain in [15]proposed a solution to improveltipath
functionality in pure AODV protocol that helps tmprove the
performance of routing protocol for selecting besite and
identification of misbehaving nodes.

Abderrahmen Mtibaa and Farouk Kamoun proposed aichyb
protocol MMDV in [14] that extends the AODV protdaaith

a dynamic MPR (Multipoint Relays) and multiple path
Simulation resultsshow that MMDV enhance the packet
delivery performance and reduce the overhead inpenison

to AODV

Davide Cerri and Alessandro Ghioni in [12] statat ttill now
many experimental RFCs have been produced by IETF
MANET working group. However, none of these protsco
specifies any security measure, effectively assgrthiat there

are no malicious nodes participating in routing rafiens.
They presented A-SAODV, a prototype implementatbthe
SAODV routing protocol adding security to AODV.

N.Jaisankar and R.Saravanan[7] proposed a multipating
scheme which provides better performance and stigtaty
computing multiple routes in a single route disagvehey
claimed the proposed scheme was better than AODV in
discovering and maintaining routes.

Abdulsalam Alammari et al[l] subdivided multipath
extensions to AODV into two types. MIAODV uses nipik
paths saved with the intermediate node. NMIAODVsusee
reverse and one forward route (the optimal) to lsotlrce and
destination nodes respectively. Simulation resstisw that
both types of AODV extensions extremely outperform
traditional AODV. On the other hand, MIAODV type
outperforms NMIAODYV type in most mobility scenarios

5.MULTIPATH EXTENSIONS OF AODV
5.1 AOMDV (Ad Haoc on-demand Multipath Distance
Vector Routing)

[12] Extends AODV to discover multiple paths betwee
Source and Destination in route discovery. It isdahon the
distance vector concept and uses hop-by-hop routing
approach. Mahesh K. Marina and Samir R. Das [9¢limped
AOMDV with the route discovery and route mainteranc
phase similar to AODV. The main difference liestie route
discovery process which has been modified to enaibikiple
paths. The basic structure of a routing table eimrythe
AOMDYV in comparison to AODV is altered [8]. Thereea
two main differences: (i) the hop-count is replackd
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advertised hop-count in the AOMDV and (ii) the néxp is
replaced by the route list.

AOMDYV is intended to provide efficient recovery framute
failures and efficient fault tolerance. To achielvese goals, it
computes multiple loop-free and disjoint alterngigths at
every node [4]. A stress is given on link disjoiggs of
multiple paths such that the paths may shawdes but
no edges. Two main components of AOMDYV process @re-
a route update rule to establish and maintain pialtoop-free
paths at each node. (ii) A distributed protocolfital link-
disjoint paths.

When an intermediate node receives route requestst the
reverse path to all the multiple paths that arallegd sends a
route reply to source. Same process is repeatedhby
destination when it receives a route request [4].sfated in
[12] duplicate copies of a RREQ are not immediately
discarded. Each packet is examined to see if ivides a
node-disjoint path to the source.Route maintenamnte
AOMDYV is also similar to that in AODV. The differea is
that, in AOMDV, a node only forwards a RERR packata
destination when all paths to the destination hrédkost all
the multipath routing protocols use the data flowpdate the
time-tags of the paths and keep them fresh, AOMDakes
use of periodic HELLO messages to detect the vgliofi the
links.

Many performance comparisons have been done between
AODV and its multipath extensions. Simulations By $how
that AOMDV reduces the packet loss by up to 40% and
reduces routing overhead by about 30% by reduchey t
frequency of route discovery operations. [11]StafEse
advantage of using AOMDV is that it allows interriatd
nodes to reply to RREQs, while still selecting diisf paths.
Abdulsalam Alammari et al. [1]consider restrictiof link-
disjoint routes a vital drawback of AOMDV. Many efént
routes can be missed, which leads to consumptiomocomuch
memory with increase in routing overhead. AOMDV edes
links when they seem to be failed and sometimesiders
congested links as broken links. It removes sudhspfiom

the list.

Use of a large number of control packets for calitayy and
maintaining multiple routes between a source arsfimggion
is also a drawback of AOMDV [6]

5.2 AODV-BR (AODV with Backup Routing)

Sung-Ju Lee and Mario Gerla [10] proposed a sch&mne
improve existing on demand routing protocols byatirg a
mesh and providing multiple alternate routes. Ttieeme is
applied to AODV. Neighboring nodes hear the rowply
transmissions by being in unrestrained mode, aor@ st route
to the destination through the neighbor that tratisch the
reply packet. The new path thus found is calledekbp path

The algorithm tries to find a partial-route as ako@cwhen the
routing protocol detects a broken link in the priynaurrent
route. Backup route is maintained at each neighdfothe

primary current route to be used when needed wihieans
not all intermediate nodes will save backup rowgeAlternate
routes are utilized only when data packets canaatdlivered
through the primary route. This also means onlywéod

backup route can be offered while it does not take

consideration the reverse backup route [1]. lald&hes the
mesh and multiple paths without transmitting antyaxontrol
messages. Nodes on the primary path contain ongjfespath
to the destination. It is the neighboring nodes ciwhstore
backup paths.

AODV-BR protocol uses the route discovery proces$s o

AODV. The alternate route creation part is estaleldsduring

the RREP phase, and uses the nature of wireless

communications [7]. The destination sends a RREPtkhe
selected route when it receives the first RREQaterIRREQs
that traversed a better route (with fewer hops)ewh node
that is not part of the selected route overhedRREP packet
not directed to it. It records the sending neighasrthe next
hop to the destination in its alternate route talviehis way a
node may receive numerous RREPs for the same resltxt
the best route among them and insert it into tterradte route
table. When an RREP finally reaches the sourcaefdute, a
primary route between that source and destinatias been
established.

All the nodes that have an alternate route to #stidation in
their alternate route table form a fish bone. Sacform is
illustrated in figure 5. When the link between nedeand c
fails, node y of the mesh forwards the packet froode b
directly to the destination node D without sendinthrough
node c. An alternate path with the same path leagthhe
primary route is used as backup.

— * alternate path —— . primary path

Fig-5: Multiple routes depicting Fishbone-type structure

Data packets are not dropped when the route breakrs
The node that detects the link break also sendSRRRto the
source node to initiate a route discovery. To dgtish
between the fresh and out-of-date routes Timer ar@shm is

used. Routing overhead of AODV-BR is same as tHat o

Volume: 02 Issue: 09 | Sep-2013, Available @ http://www.ijret.org 497




IJRET: International Journal of Research in Engineering and T echnology

el SSN: 2319-1163 | pl SSN: 2321-7308

AODV and packet delivery ratio is more becausesitua
longer route to deliver the packets that are drdgpeAODV.
According to authors in [6] AODV-BR is not really a
multipath protocol in the sense that nodes onlynta@ one
path per destination.

This scheme has two disadvantages [17]. Firsthgr & node
detects a link break, the future data packets deives are
broadcasted for which there is no link layer ackieslgment.

So, the recipient that has a backup path has t aerexplicit

network layer acknowledgment to inform the safeeption of

data packets, which increases the control overt@acondly,

this scheme works only if the nodes that moved aaay
within the transmission range of its immediate tggh node
on the path and one of its neighbors that have upagaths
stored. Abdulsalam Alammari et al. [1]state a dragkbthat

only the nodes that are involved by a primary aurneute

will save backup route so, AODV-BR will have limite
number of routes.

5.3 SMORT (Scalable M ultipath on Demand
Routing)

L. Reddeppa Reddy and S.V. Raghavan [17] proposed
Scalable Multipath On-demand RouTing (SMORT) protoc
They based its development on the fact that asiteeof the
network increases, on-demand routing protocols eeas
perform due to large routing overhead generatedlewnhi
repairing route breaks. SMORT computes multiplé $aife
paths and is a multipath extension to AODV routing
protocol.The path between the source and the @disiinis
considered as a fail-safe to the primary path, bfypasses one
or more intermediate nodes on the primary pathl &afie
paths can have both links and nodes in common. M&ST

is a reactive routing protocol, the routing process be
categorized into three phases: route discoveryermply and
route maintenance.

The route discovery phase of SMORT is same asdahtie
route discovery phase of AODV except the fact that
SMORT, RREQ packet does not have any destination
sequence numbers. Also, the nodes can accept RURREQ
packets for computation of multiple fail safe patirsd can
rebroadcast only the first RREQ. The protocol cotapifail
safe paths in the route discovery cycle as it reditbe route
recovery time and path maintenance overhead more
effectively. Reduction in the control overhead waf#o the
protocol to scale to larger networks [19]. The-&sfe paths
have higher fault tolerance.

Figure 6(a) shows a set of fail-safe paths whichetioer
bypass all nodes on the primary path. e.g., thehspat
S—»w—n—y—z—D and S>w—x—y—l—-D are failsafe
paths to the primary path-8v—x—y—z—D. Even if node x
and node z move away, the session between nodd Boaie

D is unchanged because the packets can be redirectibe
fail-safe paths.

Destination Address

Source Address
Next Hop

Hop Count

Reply Generator
Multiple Reply
Node List

(node a, node b, node c....)

Fig.-6 (a) Multiple fail-safe paths; (b) Route-reply packe
format

SMORT RREP (Fig. 6(b)) contains three extra fiekds
compute multiple fail safe paths and to avoid mogitioops.
These are Reply Generator, Multiple Reply and Nbi.
The Reply generator field is used to store the addod the
packet generator. The Multiple reply field is a Bzl
variable to distinguish the first RREP packet. Nodesept
only the first received RREP, and store the routerimation
carried by it in its routing table.

Exhaustive simulations using large networks confitnieat
SMORT is scalable, and performs better even at dnigh
mobility and tralc loads, when compared to the AODV
protocol [17]. AODV has higher routing overhead rtha
SMORT because AODV involves additional route
computations and RERR packet transmissions forvesgtg
from route breaks [20]. However, SMORT has to meimthe
request-received table which being an additionakrlogad is a
disadvantage.

5.4 AODVM (AODV-Multipath)

AODVM is the first modified version of the AODV praiml
which is able to detect multiple node-disjoint gabietween a
sending source and a receiving destination. Thelifroations
are mostly to route request and reply prozessvhile
route recovery and maintenance are similar het of
AODV. AODVM is said to be more reliable and to dhta
better overall performance compared to AODV. Unlike
AODV, duplicate RREQ packets are not systematically
discarded in AODVM. Instead of neglecting the doale
RREQ packets, intermediate nodes store the infoomat
included in these packets in a table called RRHf)etas a
new entry and rebroadcasts the RREQ-packet.

The destination generates a new RREP, containimeyafield
called “last-hop-ID”, for every received RREQ-paclkand
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sends it back to the related node. Only the ddsimanode
replies to a request since we want to guarantee-digjoint
routes. Edge-disjointness is not chosen on purgdaseto the
fact that multiple paths passing through one ietetiag node
might fail simultaneously upon the failure of tlwete node
Overhearing RREP-packets for neighbor nodes isstindt
property in AODVM. To ensure that nodes do not ipgrate
in more than one route, whenever a node overhesrbits
neighbors broadcasting an RREP packet, it delebed t
neighbor from its RREQ table and adds a routingyetat its
routing table as a route to the destination. Rgutoops are
prevented in AODVM because nodes are not allowed to
forward more than one RREP. For confirmation of tbete,

the source sends back a Route Confirmation (RRCbhYsege
to the destination upon receiving an RREP.

Stephen Mueller and Dipak Ghosal [3] describe some

modifications and optimizations in this protocolthe form of
AODVM/PD i.e. AODVM with path diversity. Its main
objective is to find more diverse paths, or to mmize the
correlation factor of the discovered paths. It uségrmation
gained from overheard packets (like AODVM) to acptieh

this.

Table-1: Comparative analysis of Protocols

Route

Protocols Route_ Reconfigur- Stored . Update . Advantages Disadvantages
Selection ation Information Information
Next hop for Scalability problems
Newest and Delete  route " P Route  Error| Flexible to highly| Unnecessary
AODV desired : . )
shortest path | Inform source L packet dynamic topologieg bandwidth
destination :
consumption
Newest & Next: hop, last Low inter-nodal| Do not scale well in
. . Delete  route| hop, hop count Route  Error S
AOMDV First available ) coordination moderate to spars
Inform source | for desired| packet
route A overhead. networks.
destination
Local repair,| Next hop, Better throughput | Not  efficient in
AODV-BR SNF?(\)AI{'[eeS;t atr? Inform  sourcel number of hops R:;igt Error Performance thal heavilyloaded
P & neighbors destination P AODV dynamicnetworks.
Replace Next hop, Reduced overhead, Transmission of
SMORT Newest path primary route numbgr of hops| Route  Error mcreasgd _ RERR over.multlple
with secondary life time, full | packet scalability even in paths increase
route path large networks overhead
gigj!g?r)(tmde Delete  route U 6, N F\’_oute Efficient Load 57:12[;153:;95 0 vrclltjr?
AODVM ' hop, last hop| discovery : . : ;
selected by Inform source Balancing increasein routing
J hop count Error message
destination overhead

CONCLUSIONS AND FUTURE WORK

Multipath routing protocols have been proposednfiabile ad
hoc networks throughout years. Multipath routing gaovide
load balancing and reduce the frequency of rouseodiery
mechanism effectively in comparison to their singlath
counterparts. Researchers have made vast progress hoc
networks, but skepticism remains regarding the ttaat which

of them has an overall superior performance. Mauitipath

extensions of AODV have been suggested. However, we

cannot make a comparative study amongst these qoteto
basically because there are several shortcomingsadh of
them and it is difficult to choose the best of thath This

paper strives to study these extensions based eir th
characteristics and compares them with
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described comparison framework. The table thatshaltithe
comparative data is shown above. In future, a nestopol

can be developed keeping in mind the various adwgmst and
disadvantages of these extensions.
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