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Abstract – Adhoc networks are multi-hop networks
consisting of wireless autonomous hosts, where each host may
serve as a router to assists traffic from other nodes. Wireless
adhoc networks cover a wide range of network scenarios,
including sensor, mobile adhoc, personal area, and
rooftop/mesh networks. Sensors provide service to monitoring
stations. Mobile adhoc networks are pure infrastructure less
networks used in disaster relief, conference, hospital, campus
and battlefield environments, with laptops, palmtops, cellular
phones or other devices serving as nodes. Rooftop/mesh
networks provide high-speed wireless Internet access to
homes and offices. Therefore, routing in MANET is a critical
task due to highly dynamic environment. In recent years,
several routing protocols have been proposed for mobile
adhoc networks and prominent among them are DSR, AODV
and TORA. This research paper provides an overview of
these protocols by presenting their characteristics,
functionality, benefits and limitations and then makes their
comparative analysis so to analyze their performance. The
objective is to make observations about how the performance
of these protocols can be improved.
Keywords – MANET, DSR, AODV and TORA.

I. INTRODUCTION
An ad-hoc network is temporarily formed by a group of
mobile hosts communicating over wireless channels
without any fixed network interaction and centralized
administration. In the infrastructure, all the mobile hosts
communicate with other mobile hosts in a wireless
multi-hop routing style. All the mobile hosts act as routers
in the network. Mobile Ad-hoc Network (MANET) is a
temporary wireless network composed of mobile nodes, in
which an infrastructure is absent. There are no dedicated
routers, servers, access points and cables. Because of its
speedy and convenient deployment, robustness, and low
cost, a MANET can find its applications in the following
areas:
(1) Military use (e.g. a network in the battlefield)
(2) Search and rescue
(3) Vehicle-to-vehicle communication in intelligent
transportation.
(4) Temporary networks in meeting rooms, airports, etc.
(5) Personal Area Networks connecting cell phones,
laptops, smart watches, and other wearable computers. If
two mobile nodes are within each other’s transmission
range, they can communicate with each other directly.
Otherwise, the nodes in between have to forward the
packets for them. In such a case, every mobile node has to

function as a router to forward the packets for others.
Traditional routing protocols used in hardwired networks,
such as distance vector protocols (e.g. RIP) and link state
protocols (e.g., OSPF) cannot be applied in the MANET
directly for the following reasons:
(1) There may be uni-directional links between nodes.
(2) There is more than one eligible path between two nodes.
(3) The consumption of bandwidth and power supply
incurred by periodic routing information updates is
considerable.
(4) The routing fabrics converge slowly in contrast to rapid
topology change.
The rest of this paper is organized as follows.In section 2,
Types of routing schemes are described. Classification of
Adhoc Routing Protocols is explained in section
3.Comparative analysis of routing protocols is explained in
Section 4 .Conclusions and References
are given in
Section 5 and 6.

II. TYPES OF ROUTING SCHEMES
In adhoc networks the routing scheme is an important
Factor to improve the network efficiency.
There are 4 types of routing schemes such as
(a) Dynamic source routing scheme
(b) Clustered based routing scheme
(c) Zone routing scheme
(d) Minimum Connected Dominating Set (MCDS) scheme

(a) Dynamic source routing scheme:
A mobile host propagates the route discovery message all
over the network while a routing request is being issued.
Each node that is forwarding this route discovery
message adds its address into the source list in which the
message reaches the destination node. The complete path
from source to destination is listed in the packet. The route
is replied to the source node. The routes discovered in this
way or by hearing routing message in its neighbourhood are
recorded in the cache.

(b) Clustered based routing scheme:
In this approach the adhoc network is clustered as a
two-level network graph the upper level is the cluster-level
connected graph, and the lower level is the origin
node-level connected graph. At first it constructs
overlapping clusters structure in the network. Each node
should maintain not only intra-cluster topology information
but also the inter cluster topology.
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(c) Zone routing scheme:

Energy-constrained operation: Some nodes in the ad

The zone routing scheme is somewhat similar to the
cluster-based approach. For each mobile node it maintains
all the links within the defined radius, the so-called “zone”.
When a route request is issued, it searches within the
zone. Moreover, the inter-zone searching is executed by
multicasting request message to its boundary nodes. The
boundary nodes proceed with the same route searching
strategy. Finally the route or failure messages are replied.
(d) Minimum Connected Dominating Set (MCDS):
Another approach is the characteristic of the minimum
connected dominating set (MCDS) to construct a so-called
virtual backbone in an ad-hoc network. All the nodes not in
the virtual backbone have their dominators that are the
access points on the virtual backbone. A mobile host
communicating with other mobile hosts may be routed
through the virtual backbone by its dominator.

hoc network may rely on batteries or other exhaustible
means for their energy.
Limited physical security: More prone to physical
security threats than fixed cable networks.

III. CLASSIFICATION OF ADHOC ROUTING
PROTOCOLS
A Mobile Adhoc Network (MANET) is an autonomous
system of nodes (MSs) connected by wireless links.A
MANET does not necessarily need support from any
existing network infrastructure like an Internet gateway or
other fixed stations. The network’s wireless topology may
dynamically change in an unpredictable manner since
nodes are free to move. Information is transmitted in a
store-and forward manner using multi hop routing. Each
node is equipped with a wireless transmitter and a receiver
with an appropriate antenna. We assume that it is not
possible to have all nodes within each other’s radio range.
When the nodes are close-by i.e., within radio range, there
are no routing issues to be addressed. At a given point in
time, wireless connectivity in the form of a random
multi-hop graph exists between the nodes.

Applications:
 Virtual navigation: Data from a remote database is
transmitted periodically in small relevant blocks using links
present in the path of the automobile. This database may
contain the graphical representation of streets, buildings,
maps and the latest traffic information, which may be used
by the driver to decide on a route.
 Tele-medicine: Conference assistance from a surgeon
for an emergency intervention.
 Tele-Geo processing: Queries regarding location
information of the users.
 Crisis-management: Natural disasters, where the entire
communication infrastructure is in disarray.
 Education via the internet

Routing in MANETS – Goals
 Provide the maximum possible reliability - use
alternative routes if an intermediate node fails.
 Choose a route with the least cost metric.
 Give the nodes the best possible response time and
throughput.
 Route computation must be distributed. Centralized
routing in a dynamic network is usually very expensive.
 Routing computation should not involve the
maintenance of global state.
 Every node must have quick access to routes on
demand.
 Each node must be only concerned about the routes to
its destination.
 Broadcasts should be avoided (highly unreliable)
 It is desirable to have a backup route when the primary
route has become stale.

Routing Classification
The routing protocols can be classified as,
Proactive: when a packet needs to be forwarded, the route
is already known.
Reactive: Determine a route only when there is data to
send.
Routing protocols may also be categorized as :
(a)Table Driven protocols
(b)Source Initiated (on demand) protocols
Fig.1. A Mobile Adhoc Network

Characteristics of Adhoc Networks:
Dynamic topologies: Network topology may change
dynamically as the nodes are free to move.

Bandwidth-constrained, variable capacity links:
Realized throughput of wireless communication is less than
the radio’s maximum transmission rate. Collision occurs
frequently.

Routing protocols can be divided into two categories:
table-driven and on-demand routing based on when and
how the routes are discovered. In table driven routing
protocols consistent and up-to-date routing information to
all nodes is maintained at each node whereas in on-demand
routing the routes are created only when desired by the
source host.
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transmitter. The route labelled with the highest (i.e. most
recent) sequence number is used. If two routes have the
same sequence number then the route with the best metric
(i.e. shortest route) is used. Based on the past history, the
stations estimate the settling time of routes. The stations
delay the transmission of a routing update by settling time
so as to eliminate those updates that would occur if a better
route were found very soon.

Fig.2. Classification of Adhoc Routing Protocols

(a) Table Driven protocols:
In Table-driven routing protocols each node maintains
one or more tables containing routing information to every
other node in the network. All nodes update these tables so
as to maintain a consistent and up-to-date view of the
network. When the network topology changes the nodes
propagate update messages throughout the network in order
to maintain a consistent and up-to-date routing information
about the whole network. These routing protocols differ in
the method by which the topology change information is
distributed across the network and the number of necessary
routing-related tables.

Fig.3. Example of DSDV

A’s Routing Table before Change

3.1 Dynamic Destination-Sequenced Distance-Vector
Routing Protocol:
The Destination-Sequenced Distance-Vector (DSDV)
Routing Algorithm is based on the idea of the classical
Bellman-Ford
Routing
Algorithm
with
certain
improvements. Every mobile station maintains a routing
table that lists all available destinations, the number of hops
to reach the destination and the sequence number assigned
by the destination node. The sequence number is used to
distinguish stale routes from new ones and thus avoid the
formation of loops. The stations periodically transmit their
routing tables to their immediate neighbours. A station also
transmits its routing table if a significant change has
occurred in its table from the last update sent. So, the update
is both time-driven and event-driven. The routing table
updates can be sent in two ways:- a "full dump" or an
incremental update. A full dump sends the full routing table
to the neighbours and could span many packets whereas in
an incremental update only those entries from the routing
table are sent that has a metric change since the last update
and it must fit in a packet. If there is space in the
incremental update packet then those entries may be
included whose sequence number has changed. When the
network is relatively stable, incremental updates are sent to
avoid extra traffic and full dump are relatively infrequent.
In a fast-changing network, incremental packets can grow
big so full dumps will be more frequent. Each route update
packet, in addition to the routing table information, also
contains a unique sequence number assigned by the

A’s Routing Table after Change

3.2 The Wireless Routing Protocol (WRP):
The Wireless Routing Protocol (WRP) is a table-based
distance-vector routing protocol. Each node in the network
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maintains a Distance table, a Routing table, a Link-Cost
table and a Message Retransmission list. The Distance table
of a node x contains the distance of each destination node y
via each neighbour z of x.It also contains the downstream
neighbour of z through which this path is realized. The
Routing table of node x contains the distance of each
destination node y from node x, the predecessor and the
successor of node x on this path. It also contains a tag to
identify if the entry is a simple path, a loop or invalid.
Storing predecessor and successor in the table is beneficial
in detecting loops and avoiding counting-to-infinity
problems. The Link-Cost table contains cost of link to each
neighbour of the node and the number of timeouts since an
error-free message was received from that neighbour. The
Message Retransmission list (MRL) contains information
to let a node know which of its neighbour has not
acknowledged its update message and to retransmit update
message to that neighbour. Node exchange routing tables
with their neighbours using update messages periodically
as well as on link changes. The nodes present on the
response list of update message (formed using MRL) are
required to acknowledge the receipt of update message. If
there is no change in routing table since last update, the
node is required to send an idle Hello message to ensure
connectivity. On receiving an update message, the node
modifies its distance table and looks for better paths using
new information. Any new path so found is relayed back to
the original nodes so that they can update their tables. The
node also updates its routing table if the new path is better
than the existing path. On receiving an ACK, the mode
updates its MRL. A unique feature of this algorithm is that
it checks the consistency of all its neighbours every time it
detects a change in link of any of its neighbours.
Consistency check in this manner helps eliminate looping
situations in a better way and also has fast convergence.

3.3 Cluster head Gateway Switch Routing Protocol:
Cluster head Gateway Switch Routing (CGSR)
[Chiang97] uses as basis the DSDV Routing algorithm
described in the previous section. The mobile nodes are
aggregated into clusters and a cluster-head is elected. All
nodes that are in the communication range of the
cluster-head belong to its cluster. A gateway node is a node
that is in the communication range of two or more
cluster-heads. In a dynamic network cluster head scheme
can cause performance degradation due to frequent
cluster-head elections, so CGSR uses a Least Cluster
Change(LCC) algorithm. In LCC, cluster-head change
occurs only if a change in network causes two cluster-heads
to come into one cluster or one of the nodes moves out of
the range of all the cluster-heads. The general algorithm
works in the following manner. The source of the packet
transmits the packet to its cluster-head. From this
cluster-head, the packet is sent to the gateway node that
connects this cluster-head and the next cluster-head along
the route to the destination. The gateway sends it to that
cluster-head and so on till the destination cluster-head is
reached in this way. The destination cluster-head then

transmits the packet to the destination. Figure 4 shows an
example of CGSR routing Routing.

Fig.4. CGSR example

(b) Source Initiated On Demand Routing Protocol:
These protocols take a lazy approach to routing. In
contrast to table-driven routing protocols all up-to-date
routes are not maintained at every node, instead the routes
are created as and when required. When a source wants to
send to a destination, it invokes the route discovery
mechanisms to find the path to the destination. The route
remains valid till the destination is reachable or until the
route is no longer needed. This section discusses a few
on-demand routing protocols.

3.4 Adhoc On-demand Distance Vector Routing
(AODV)
Adhoc On-demand Distance Vector Routing (AODV)
[Perkins99] is an improvement on the DSDV algorithm
discussed in previous section. AODV minimizes the
number of broadcasts by creating routes on-demand as
opposed to DSDV that maintains the list of all the routes.
To find a path to the destination, the source broadcasts a
route request packet. The neighbours in turn broadcast the
packet to their neighbours till it reaches an intermediate
node that has a recent route information about the
destination or till it reaches the destination (Figure 5a). A
node discards a route request packet that it has already seen.
The route request packet uses sequence numbers to ensure
that the routes are loop free and to make sure that if the
intermediate nodes reply to route requests, they reply with
the latest information only. When a node forwards a route
request packet to its neighbours, it also records in its tables
the node from which the first copy of the request came. This
information is used to construct the reverse path for the
route reply packet. AODV uses only symmetric links
because the route reply packet follows the reverse path of
route request packet. As the route reply packet traverses
back to the source (Figure 5b), the nodes along the path
enter the forward route into their tables. If the source moves
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then it can reinitiate route discovery to the destination. If
one of the intermediate nodes move then the moved nodes
neighbour realizes the link failure and sends a link failure
notification to its upstream neighbours and so on till it
reaches the source upon which the source can reinitiate
route discovery if needed.

reaching such a node already contains, in its route record,
the sequence of hops taken from the source to this node.

Fig.5. (a)

Fig.6. Route Discovery
Fig.5. (b)

3.6 Temporally Ordered Routing Algorithm (TORA):
3.5 Dynamic Source Routing Protocol:
The Dynamic Source Routing Protocol [Johnson99] is a
source-routed on-demand routing protocol. A node
maintains route caches containing the source routes that it is
aware of. The node updates entries in the route cache as and
when it learns about new routes. The two major phases of
the protocol are: route discovery and route maintenance.
When the source node wants to send a packet to a
destination, it looks up its route cache to determine if it
already contains a route to the destination. If it finds that an
unexpired route to the destination exists, then it uses this
route to send the packet. But if the node does not have such
a route, then it initiates the route discovery process by
broadcasting a route request packet. The route request
packet contains the address of the source and the
destination, and a unique identification number. Each
intermediate node checks whether it knows of a route to the
destination. If it does not, it appends its address to the route
record of the packet and forwards the packet to its
neighbours. To limit the number of route requests
propagated, a node processes the route request packet only
if it has not already seen the packet and its address is not
present in the route record of the packet. A route reply is
generated when either the destination or an intermediate
node with current information about the destination
receives the route request packet. A route request packet

The Temporally Ordered Routing Algorithm (TORA) is
a highly adaptive, efficient and scalable distributed routing
algorithm based on the concept of link reversal [Park97].
TORA is proposed for highly dynamic mobile, multi hop
wireless networks. It is a source-initiated on-demand
routing protocol .It finds multiple routes from a source node
to a destination node. The main feature of TORA is that the
control messages are localized to a very small set of nodes
near the occurrence of a topological change.To achieve this,
the nodes maintain routing information about adjacent
nodes. The protocol has three basic functions: Route
creation, Route maintenance, and Route erasure.
Each node has a quintuple associated with it 1. Logical time of a link failure
2. The unique ID of the node that defined the new
reference level
3. A reflection indicator bit
4. A propagation ordering parameter
5. The unique ID of the node
The first three elements collectively represent the
reference level. A new reference level is defined each time
a node loses its last downstream link due to a link failure.
The last two values define a delta with respect to the
reference level [Park97].Route Creation is done using QRY
and UPD packets. The route creation algorithm starts with
the height(propagation ordering parameter in the quintuple)
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of destination set to 0 and all other node's height set to
NULL (i.e. undefined). The source broadcasts a QRY
packet with the destination node's id in it. A node with a
non-NULL height responds with a UPD packet that has its
height in it. A node receiving a UPD packet sets its height
to one more than that of the node that generated the UPD. A
node with higher height is considered upstream and a node
with lower height downstream. In this way a directed
acyclic graph is constructed from source to the destination.

3.7 Associativity Based Routing (ABR) protocol:
The Associativity Based Routing (ABR) protocol is a
new approach for routing. ABR defines a new metric for
routing known as the degree of association stability. It is
free from loops, deadlock, and packet duplicates. In ABR, a
route is selected based on associativity states of nodes. The
routes thus selected are liked to be long-lived. All node
generate periodic beacons to signify its existence. When a
neighbour node receives a beacon, it updates its
associativity tables. For every beacon received, a node
increment its associativity tick with respect to the node
from which it received the beacon. Association stability
means connection stability of one node with respect to
another node over time and space. A high value of
associativity tick with respect to a node indicates a low state
of node mobility, while a low value of associativity tick
may indicate a high state of node mobility. Associativity
ticks are reset when the neighbours of a node or the node
itself move out of proximity. The fundamental objective of
ABR is to find longer-lived routes for ad hoc mobile
networks. The three phases of ABR are Route discovery,
Route reconstruction (RRC) and Route deletion. The route
discovery phase is a broadcast query and await-reply
(BQ-REPLY) cycle. The source node broadcasts a BQ
message in search of nodes that have a route to the
destination. A node does not forward a BQ request more
than once. On receiving a BQ message, an intermediate
node appends its address and its associativity ticks to the
query packet. The next succeeding node erases its upstream
node neighbours ’associativity tick entries and retains only
the entry concerned with itself and its upstream node. Each
packet arriving at the destination will contain the
associativity ticks of the nodes along the route from source
to the destination. The destination can now select the best
route by examining the associativity ticks along each of the
paths. If multiple paths have the same overall degree of
association stability, the route with the minimum number of
hops is selected. Once a path has been chosen, the
destination sends a REPLY packet back to the source along
this path. The nodes on the path that the REPLY packet
follows mark their routes as valid. All other routes remain
inactive, thus avoiding the chance of duplicate packets
arriving at the destination.
RRC phase consists of partial route discovery, invalid
route erasure, valid route updates, and new route discovery,
depending on which node(s) along the route move. Source
node movement results in a new BQ-REPLY process
because the routing protocol is source-initiated. The route

notification (RN) message is used to erase the route entries
associated with downstream nodes. When the destination
moves, the destination's immediate upstream node erases
its route. A localized query (LQ [H]) process, where H
refers to the hop count from the upstream node to the
destination, is initiated to determine if the node is still
reachable. If the destination receives the LQ packet, it
selects the best partial route and REPLYs; otherwise, the
initiating node times out and backtracks to the next
upstream node. An RN message is sent to the next upstream
node to erase the invalid route and inform this node that it
should invoke the LQ [H] process. If this process results in
backtracking more than halfway to the source, the LQ
process is discontinued and the source initiates a new BQ
process. When a discovered route is no longer needed, the
source node initiates a route delete (RD) broadcast. All
nodes along the route delete the route entry from their
routing tables. The RD message is propagated by a full
broadcast, as opposed to a directed broadcast, because the
source node may not be aware of any route node changes
that occurred during RRCs.

3.8 Signal Stability Routing (SSR):
Signal Stability-Based Adaptive Routing protocol is an
on-demand routing protocol that selects routes based on the
signal strength between nodes and a node's location
stability. This route selection criterion has the effect of
choosing routes that have "stronger" connectivity. SSR
comprises of two cooperative protocols: the Dynamic
Routing Protocol (DRP) and the Static Routing Protocol
(SRP).
The DRP maintains the Signal Stability Table (SST) and
Routing Table (RT). The SST stores the signal strength of
neighbouring nodes obtained by periodic beacons from the
link layer of each neighbouring node. Signal strength is
either recorded as a strong or weak channel. All
transmissions are received by DRP and processed. After
updating the appropriate table entries, the DRP passes the
packet to the SRP .The SRP passes the packet up the stack
if it is the intended receiver. If not, it looks up the
destination in the RT and forwards the packet. If there is no
entry for the destination in the RT, it initiates a route-search
process to find a route. Route-request packets are
forwarded to the next hop only if they are received over
strong channels and have not been previously processed (to
avoid looping). The destination chooses the first arriving
route-search packet to send back as it is highly likely that
the packet arrived over the shortest and/or least congested
path. The DRP reverses the selected route and sends a
route-reply message back to the initiator of route-request.
The DRP of the nodes along the path update their RTs
accordingly. Route-search packets arriving at the
destination have necessarily arrived on the path of strongest
signal stability because the packets arriving over a weak
channel are dropped at intermediate nodes. If the source
times out before receiving a reply then it changes the PREF
field in the header to indicate that weak channels are
acceptable, since these may be the only links over which the
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packet can be propagated. When a link failure is detected
within the network, the intermediate nodes send an error
message to the source indicating which channel has failed.
The source then sends an erase message to notify all nodes
of the broken link and initiates a new route-search process
to find a new path to the destination.

IV. COMPARATIVE ANALYSIS OF ROUTING
PROTOCOLS

This section evaluates all MANETs routing protocols on
the basis of their properties.Under the real-time ad-hoc
network environment, some characteristics of the ad-hoc
network should be considered in designing the routing
schemes, such as dynamic topology, power constrained
mobile nodes, bandwidth constrained links, etc. In order to
improve the system performance, a routing scheme should
not be so complicated as to waste the resource of evaluating
the volatile routes for the rapid changes in network
topology. The rapid response routes are more important for
the route requests issuing, in spite of that they may not be
the shortest routes. Another important issue in such an
environment is that the control message should not
massively propagate all over the network. The control
message packets must be controlled carefully.
DSR has lower routing load than AODV. Because
AODV has to depend on route discovery more often, DSR
limits the overhead by using route cache. TORA is higher
because its overhead is the sum of neighbor discovery plus
routing creating and maintenance.DSR and AODV perform
well than TORA, delivering over 95% packet regardless of
mobility rate.TORA is lower because the link-reversal
process fails in the routing maintenance .TORA has a better
performance in the less sources.

Fig.7. Comparision of On –Demand Protocols

Advantages and Disadvantages:
 The overhead of TORA is worst. It has a better delivery
ratio in less sources.
 DSR is good at all mobility rate and movement speed.
Its performance is poor in a higher load.
 AODV performs almost as well as DST at all mobility
rates and movement. It depends more on route
discovery which may increase overhead in
 network

Fig.8: Comparision of Routing Protocols
Based on various properties routing protocols are
compared in this paper. The above two tables give the
Comparative Analysis of routing protocols in Mobile
Adhoc Networks. This Comparative Study helps in
improving the performance of these protocols.

V. CONCLUSIONS
This paper gives the Comparative analysis of routing
protocols in mobile adhoc networks. Two categories of
routing protocols were discussed. Table-driven and
on-demand routing protocols. In table-driven protocols,
each node maintain up-to-date routing information to all the
nodes in the network where in on-demand protocols a node
finds the route to a destination when it desires to send
packets to the destination. Several table-driven protocols
were discussed. DSDV is table-driven protocol which uses
destination sequence numbers to keep routes loop-free and
up-to-date. CGSR is a cluster-based routing protocol where
nodes are grouped into clusters.
On-demand routing protocols were also discussed. In
on-demand protocols, a route creation is initiated by the
source when the source wants to communicate to the
destination. AODV on-demand version of DSDV routing
protocol. DSRP is a source routing mechanism where the
route is in each packet. Similarly, SSR selects routes based
on signal strength.Under the real-time ad-hoc network
environment, some characteristics of the ad-hoc network
should be considered in designing the routing schemes,
such as dynamic topology, power constrained mobile
nodes, bandwidth constrained links, etc. In order to
improve the system performance, a routing scheme should
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not be so complicated as to waste the resource of evaluating
the volatile routes for the rapid changes in network
topology. The rapid response routes are more important for
the route requests issuing, in spite of that they may not be
the shortest routes. Another important issue in such an
environment is that the control message should not
massively propagate all over the network. The control
message packets must be controlled carefully.
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