
Abstract
Multicasting is the transmission of datagram to a group of 
hosts identified by a single destination address and hence 
is intended for group-oriented computing. In MANET (Mobile 
Ad hoc Network), multicast can efficiently support a variety of 
applications that are characterized by close collaborative efforts. 
We have conducted survey of simulation results of various 
Manet routing algorithms and analyzed them for multicasting. 
The Routing algorithms considered are AODV, DSR, DSDV and 
TORA. The performance measurements are based on the 
various parameters such as packet delivery fraction, average 
end to end delay, routing overhead and throughput. Future work 
in this area includes development of efficient routing protocols 
so as to improve the performance of the parameter in which 
the particular routing protocol is lagging.
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I. Introduction   
Multicasting [12] in wireless ad – hoc network is a hot topic in 
recent years. By multicasting, the transmission of packets from 
a source or a group of sources to a group of one or more hosts 
that are identified by a single destination address. Multicasting 
greatly reduces the transmission cost when sending the same 
packet to multiple recipients. A multicast packets is typically 
delivered to all members of its destination group with the same 
reliability as regular unicast packets. Multicast can reduce 
communication costs, the link bandwidth consumption, sender 
and router processing and delivery delay. In addition, it can 
provide a simple and robust communication mechanism when 
the receiver’s individual address is unknown or changeable. 
It can improve the usage of wireless links by sending multiple 
copies of data packets using inherent multicast behavior 
of wireless transmission though reducing transmission 
overhead and power consumption is a very challenging part in 
multicasting. There are many applications where one-to-many 
and many-to-many transmissions are required. The multicast 
service is employed in areas of collaborative work e.g. in rescue 
operations, battlefields video conferencing etc. 
The objective of this paper is to study the Mobile Ad-hoc Network 
(MANET) routing protocol in Multicast environment. It is to make 
the comparison between AODV, DSDV, TORA and DSR routing 
protocols, using the performance metric such as packet delivery 
fraction, average-end to end delay and throughput. This paper 
also carries out the analysis and discusses which protocol 
is best between AODV, DSR, DSDV and TORA in mobility that 
implement in multicast environment.
This paper is organized as follows: Section 2 is described about 
the routing protocol for MANET such as AODV, DSR, DSDV 
and TORA explained deeply in order to show these protocol 
acts as a main role to realize this project. Section 3 explains 
about simulation environment in NS2. In Section 4 describes 
the comparison of this various routing protocol by showing 
simulation results and analysis which routing protocol is better 

for multicasting. Finally we conclude the paper.

II. Routing Protocols Overview
Routing is a key feature of the Internet because it enables 
messages to pass from one computer to another and eventually 
reach the target machine. Each intermediary computer performs 
routing by passing along the message to the next computer.

A. DSDV (Destination-Sequenced Distance-Vectors 
Routing)
Destination-Sequenced Distance-Vector Routing [3] is a table-
driven routing scheme for ad hoc mobile networks based on the 
Bellman-Ford algorithm. It was developed by C. Perkins and P. 
Bhagwat in 1994. The main contribution of the algorithm was 
to solve the routing loop problem. Each entry in the routing 
table contains a sequence number, the sequence numbers 
are generally even if a link is present; else, an odd number 
is used. 
The number is generated by the destination, and the emitter 
needs to send out the next update with this number. Routing 
information is distributed between nodes by sending full 
dumps infrequently and smaller incremental updates more 
frequently.
For example the routing table of Node A in this network is 
shown in the table.1 contains description of all possible paths 
reachable by node A, along with the next hop, number of hops 
and sequence number. If a router receives new information, 
then it uses the latest sequence number. If the sequence 
number is the same as the one already in the table, the route 
with the better metric is used. Stale entries are those entries 
that have not been updated for a while. Such entries as well as 
the routes using those nodes as next hops are deleted.

Table1: DSDV Routing Table

Destination Next 
Hop

Number of 
Hops

Sequence 
Number

Install 
Time

A A 0 A 46 001000
B B 1 B 36 001200
C B 2 C 28 001500

B. DSR (Dynamic Source Routing)
Dynamic Source Routing [5] is routing protocol for wireless 
mesh networks. It is similar to AODV in that it forms a route on-
demand when a transmitting computer requests one. However, 
it uses source routing instead of relying on the routing table at 
each intermediate device. Many successive refinements have 
been made to DSR, including DSRFLOW.
Determining source routes requires accumulating the address 
of each device between the source and destination during route 
discovery. The accumulated path information is cached by nodes 
processing the route discovery packets. The learned paths are 
used to route packets. To accomplish source routing, the routed 
packets contain the address of each device the packet will 
traverse. This may result in high overhead for long paths or 
large addresses, like IPv6. To avoid using source routing, DSR 
optionally defines a flow id option that allows packets to be 
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forwarded on a hop-by-hop basis.
This protocol is truly based on source routing whereby all the 
routing information is maintained (continually updated) at 
mobile nodes. It has only two major phases, which are Route 
Discovery and Route Maintenance. Route Reply would only be 
generated if the message has reached the intended destination 
node (route record which is initially contained in Route Request 
would be inserted into the Route Reply).
To return the Route Reply, the destination node must have a 
route to the source node. If the route is in the Destination Node's 
route cache, the route would be used. Otherwise, the node will 
reverse the route based on the route record in the Route Reply 
message header (this requires that all links are symmetric). In 
the event of fatal transmission, the Route Maintenance Phase 
is initiated whereby the Route Error packets are generated at 
a node. The erroneous hop will be removed from the node's 
route cache; all routes containing the hop are truncated at that 
point. Again, the Route Discovery Phase is initiated to determine 
the most viable route.
DSR uses no periodic routing advertisement messages, 
thereby reducing network bandwidth overhead, particularly 
during periods when little or no significant host movement is 
taking place. DSR has a unique advantage by virtue of source 
routing. As the route is part of the packet itself, routing loops, 
either short-lived or long-lived, cannot be formed as they can 
be immediately detected and eliminated.

C. AODV (Ad hoc On Demand Distance Vector)
The Ad hoc On Demand Distance Vector [2] routing algorithm is 
a routing protocol designed for ad hoc mobile networks. AODV 
is capable of both unicast and multicast routing. It is an on 
demand algorithm, meaning that it builds routes between nodes 
only as desired by source nodes. It maintains these routes as 
long as they are needed by the sources. Additionally, AODV 
forms trees which connect multicast group members. The trees 
are composed of the group members and the nodes needed to 
connect the members. AODV uses sequence numbers to ensure 
the freshness of routes. It is loop-free, self-starting, and scales 
to large numbers of mobile nodes. For example, node S intends 
to find a route to node D, the process is shown in Fig..
AODV builds routes using a route request / route reply query 
cycle. When a source node desires a route to a destination for 
which it does not already have a route, it broadcasts a route 
request (RREQ) packet across the network. Nodes receiving 
this packet update their information for the source node and 
set up backwards pointers to the source node in the route 
tables. In addition to the source node's IP address, current 
sequence number, and broadcast ID, the RREQ also contains 
the most recent sequence number for the destination of which 
the source node is aware. A node receiving the RREQ may send 
a route reply (RREP) if it is either the destination or if it has a 
route to the destination with corresponding sequence number 
greater than or equal to that contained in the RREQ. If this is 
the case, it unicasts a RREP back to the source. Otherwise, 
it rebroadcasts the RREQ. Nodes keep track of the RREQ's 
source IP address and broadcast ID. If they receive a RREQ 
which they have already processed, they discard the RREQ 
and do not forward it.
RREP propagates back to the source, nodes set up forward 
pointers to the destination. Once the source node receives the 
RREP, it may begin to forward data packets to the destination. 
As long as the route remains active, it will continue to be 
maintained. A route is considered active as long as there are 
data packets periodically travelling from the source to the 

destination along that path. Once the source stops sending data 
packets, the links will time out and eventually be deleted from 
the intermediate node routing tables. If a link break occurs while 
the route is active, the node upstream of the break propagates 
a route error (RERR) message to the source node to inform 
it of the now unreachable destination(s). After receiving the 
RERR, if the source node still desires the route, it can reinitiate 
route discovery.
Multicast routes are set up in a similar manner. A node wishing 
to join a multicast group broadcasts a RREQ with the destination 
IP address set to that of the multicast group and with the 'J'(join) 
flag set to indicate that it would like to join the group. Any node 
receiving this RREQ that is a member of the multicast tree 
that has a fresh enough sequence number for the multicast 
group may send a RREP. As the RREPs propagate back to the 
source, the nodes forwarding the message set up pointers in 
their multicast route tables. As the source node receives the 
RREPs, it keeps track of the route with the freshest sequence 
number, and beyond that the smallest hop count to the next 
multicast group member. After the specified discovery period, 
the source nodes will unicast a Multicast Activation (MACT) 
message to its selected next hop. This message serves the 
purpose of activating the route. A node that does not receive 
this message that had set up a multicast route pointer will 
timeout and delete the pointer. If the node receiving the MACT 
was not already a part of the multicast tree, it will also have 
been keeping track of the best route from the RREPs it received. 
Hence it must also unicast a MACT to its next hop, and so on 
until a node that was previously a member of the multicast 
tree is reached.

Fig. 1 : AODV routing protocol

D. TORA (Temporally-Ordered Routing Algorithm)
The Temporally-Ordered Routing Algorithm [4] is an adaptive 
routing protocol for multi hop networks that possesses the 
following attributes:
• Distributed execution
• Multipath routing
• The protocol can simultaneously support both source-
initiated, on-demand routing for some destinations and 
destination-initiated, proactive routing for other destinations.
Minimization of communication overhead via localization of 
algorithmic reaction to topological changes.  TORA is distributed, 
in that routers need only maintain information about adjacent 
routers (i.e., one-hop knowledge). Like a distance-vector routing 
approach, TORA maintains state on a per-destination basis. 
However, TORA does not continuously execute a shortest-path 
computation and thus the metric used to establish the routing 
structure does not represent a distance. The destination-
oriented nature of the routing structure in TORA supports a 
mix of reactive and proactive routing on a per-destination basis. 
During reactive operation, sources initiate the establishment 
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of routes to a given destination on-demand. 
This mode of operation may be advantageous in dynamic 
networks with relatively sparse traffic patterns, since it may not 
be necessary (or desirable) to maintain routes between every 
source/destination pair at all times. At the same time, selected 
destinations can initiate proactive operation, resembling 
traditional table-driven routing approaches. This allows routes 
to be proactively maintained to destinations for which routing 
is consistently or frequently required (e.g., servers or gateways 
to hardwired infrastructure). TORA is designed to minimize the 
communication overhead associated with adapting to network 
topological changes. The scope of TORA's control messaging is 
typically localized to a very small set of nodes near a topological 
change.

The design and flexibility of TORA allow its operation to be 
biased towards high reactivity (i.e., low time complexity) and 
bandwidth conservation (i.e., low communication complexity) 
rather than routing optimality-making it potentially well-suited 
for use in dynamic wireless networks.

A logically separate version of TORA is run for each "destination" 
to which routing is required. TORA assigns directions to the 
links between routers to form a routing structure that is used 
to forward datagram’s to the destination. 

A router assigns a direction ("upstream" or "downstream") 
to the link with a neighbouring router based on the relative 
values of a metric associated with each router. The metric 
maintained by a router can conceptually be thought of as 
the router's "height" (i.e., links are directed from the higher 
router to the lower router). The significance of the heights 
and the link directional assignments is that a router may only 
forward datagram’s downstream. Links from a router to any 
neighbouring routers with an unknown or undefined height 
are considered undirected and cannot be used for forwarding. 
Collectively, the heights of the routers and the link directional 
assignments form a loop-free, multipath routing structure in 
which all directed paths lead downstream to the destination.

III. Simulation Environment
The protocol evaluations are based on the simulation using 
ns2 [6] and the graphs are generated using X-graph. NS2 is a 
discrete event simulator developed by the University of California 
at Berkeley and the VINT project. NS2 supports two languages, 
system programming language C++ for detail implementation 
and scripting language TCL for configuring and experimenting 
with the different parameters quickly.

NS2 has all the essential features like abstraction, visualization, 
emulation, and traffic & scenario generation.  X-graph draws 
a graph on a display with data given either from data files or 
standard input. It can display up to 64 independent data sets 
using different colours and life styles for each set. Simulation 
environment consists of 50 wireless nodes forming an ad hoc 
network, moving about over a 670 X 670 flat space for 200 
seconds of simulated time. Each run of the simulator accepts 
as input a scenario file that describes the exact motion of each 
node and the exact sequence of packets originated by each 
node, together with the exact time at which each change in 
motion or packet origination is to occur. 

IV. Comparison Of Routing Protocol
We can directly compare the performance results of the four 

protocols using the xgraph. In comparing the protocols, we 
chose to evaluate them according to the following metrics:

Throughput: It is defined as total number of packets received 
by the destination. It is a measure of effectiveness of a routing 
protocol. Finally what matters is the number of packets delivered 
successfully. 

Fig. 2: Throughput comparison

A. Packet delivery ratio
The ratio between the number of packets received by the 
TCP sink at the final destination and the number of packets 
originated by the “application layer” sources. It is a measure 
of efficiency of the protocol.

Fig.3 : packet delivery ratio for different routing protocol

B. Average Delay
It is a metric which is very significant with multimedia and 
real-time traffic. It is very important for any application where 
data is processed online. 

Fig. 4 : Delay introduced by routing protocols
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C. Routing overhead
The total number of routing packets transmitted during the 
simulation. For packets sent over multiple hops, each transmission 
of the packet (each hop) counts as one transmission. Since 
End-to-end Network Throughput (data routing performance) is 
defined as the external measure of effectiveness, efficiency 
is considered to be the internal measure. To achieve a given 
level of data routing performance, two different protocols 
can use differing amounts of overhead, depending on their 
internal efficiency, and thus protocol efficiency may or may not 
directly affect data routing performance. If control and data 
traffic share the same channel, and the channels capacity 
is limited, then excessive control traffic often impacts data 
routing performance.

Fig. 5: Variation of Routing overhead

From the Fig.it can be inferred that DSDV throughput is far 
better than other protocols. Since DSR pre-computes the routes 
before sending the packets its packet delivery ratio is better 
than other protocols as shown in Fig.TORA’s performance is 
relatively poor when throughput and packet delivery ratio are 
considered as metrics. 
Since DSDV is a proactive routing protocol in most of the 
cases it uses already established route and tries to get rid of 
the packets immediately resulting in low average delay. DSR 
requires complete route at the source itself before transferring 
the packet and since it is reactive routing protocol significant 
delay is introduced before transferring the packet. AODV also 
introduces low delays when compared to DSR and TORA. All this 
can be inferred from Fig. Routing overhead of all the protocols 
DSDV, AODV, TORA and DSR is significantly low as indicated 
in the Fig.

V. Conclusion
This paper does the realistic comparison of four routing 
protocols DSDV, AODV, TORA and DSR.  The significant 
observation is, simulation results agree with expected results 
based on theoretical analysis. As expected, DSDV performance 
is best considering its ability to maintain connection by periodic 
exchange of information, which is required for TCP, based traffic.  
Results are only valid when we consider TCP traffic and TCP is 
not appropriate transport protocol for highly mobile multi hop 
networks and UDP is preferred. For UDP traffic performance 
of reactive routing protocols is better than proactive routing 
protocols. 
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