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ABSTRACT
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Mobile ad-hoc network (MANET) is a dynamically reconfigurable wireless network with out any centralized
administration or infrastructure.  Here each node acts as a router for each other nodes.  Multicasting is the transmission
of datagram’s to a group of nodes identified by a single destination address. This paper analyzes the performance of
three protocols ODMRP, PUMA and OBAMP which were proposed for multicasting in ad hoc networks. ODMRP is
a mesh based, source initiated protocol, while PUMA is a receiver initiated protocol, which does not require the pre-
assignment of cores to multicast group. These two protocols are network layer protocols. OBAMP is an application
layer (overlay) protocol and it runs only in the end-systems belonging to the multicast group. We compare the
performance of these protocols with common scenario under varying metrics such as node mobility, group size and
transmission range using ns-2.29.
Keywords: Ad-hoc Networks, Multicasting, Packet Delivery Ratio, Mobility, End-to-end Delay, ODMRP, PUMA and
OBAMP.

1. INTRODUCTION

A Mobile Ad-Hoc Network (MANET) is a group of
wireless nodes without any central infrastructure, which
self-organize into a network in order to communicate
with each other. Due to their inherent broadcast
capability, MANET is well suited for multicast
applications. Every node in a mobile ad-hoc network
can able to function as a router and forwards the data
packets to the other nodes.  Because of the mobility and
limited radio propagation range of the wireless device,
most of the time the communication is multi hoped
among the nodes.  Also a link that exists at one time
may not exist at the next time.

In unicast communication, there is a one-to-one
correspondence between the sender and receiver node.
If the same data or message packet has to be delivered
to multiple receivers, then the unicast communication
results in bandwidth in efficiency. In multicasting a
single packet is send to multicast address to deliver a
copy of the packet to each members of the multicast
group. Multicast communications are also called as one-
to-many and many-to-many communication.  In many-
to-many situations, more than one source is available.

Because of the group oriented computing,
multicasting is one of the mostly used method in
MANET routing.  By combining the applications of ad-
hoc networks with multicasting, we can provide large
number of group application like military
communication, rescue operations and conferences.
Multicast routing protocols can be classified according

to their approach in delivering the multicast packets as
tree based, mesh based and overlay protocols.

Tree based protocols develop a shared multicast tree
based on hard state and any link breakages force actions
to repair the tree.  A multicast group leader maintains
the up to date multicast tree information by sending
periodic group hello messages. This approach has the
benefit of high data forwarding efficiency.

Mesh based protocols uses a forwarding group
concept to send the multicast packets to the receivers.
Here a mesh for each multicast group was established.
Using a single mesh structure, which includes all
multicast group members, multiple paths exist and they
are immediately available for use when the ongoing path
is broken. Here a group of nodes acts as a multicast
forwarding nodes for each multicast group.  However to
maintain the topology, mesh based protocol requires
more control signals.  Due to this the network load and
control overheads are increased.

Overlay protocols are application layer protocols. It
is a peer-to-peer protocol, in which only the nodes that
are members of the session are involved. Here a unicast
protocol is used to track the network dynamics in the
network layer.  At the same time, the overlay approach
monitors the group dynamics. The control in network
layer and application layer results in a low control
overhead even in highly dynamic situations.

This paper is organized as follows: In Section 2, brief
descriptions about the protocols ODMRP, PUMA and
OBAMP were given. Section 3 gives details about the
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common scenario we have taken for the comparison,
simulation and outcomes of the simulation. Conclusion
about the comparison was given in Section 4.

2. BRIEF DESCRIPTION OF PROTOCOLS

On Demand Multicast Routing Protocol (ODMRP) [1],
[2], [3] is a multicast routing protocol for mobile ad-hoc
networks.  It is a state-of-the-art protocol, based on which
many protocols were developed [7], [8], [9]. ODMRP
relies on periodic network-wide flooding for route
discovery and maintenance.  It is a source initiated, mesh
protocol. To establish a mesh, ODMRP uses the
forwarding group concept. The set of nodes responsible
for forwarding multicast data on shortest paths between
the pair of members constitute a forwarding group.

If a multicast source has packets to send, it floods a
member advertising packet called Join Query packet.  On
receiving the Join Query packet, every node in the
network rebroadcast the packets to their neighbor nodes
after storing the upstream node address into their route
table. In response to these Join Query packets, the
multicast receivers create and broadcast a Join Reply
message to their neighbors.  These Join Reply messages
relayed back to the source using the known reverse path.
The nodes on the reverse path become the forwarding
group.

The nodes on the forwarding group are responsible
for forwarding multicast data to the multicast receivers
by forming a mesh structure between all senders and
receivers. The mesh structure provides richer
connectivity among multicast members compared with
tree structure. But this method of mesh construction
results in unnecessary transmission of data packets
compared to receiver initiated approach.

In ODMRP a soft-state approach is used to maintain
the multicast group members. Here explicit control
message is not required to join or leave the group. If a
source has no packets to send and wants to leave the
group, it simply stops sending the Join Query packet.
Similarly if a multicast receiver wants to leave a multicast
group, it simply stops to response the Join Query packet.
That is, it will not send any Join Reply packet. To refresh
the route and group members, ODMRP has to floods
periodically the Join Query packet.

PUMA [4] is a Protocol for Unified Multicasting
through Announcement used in ad hoc network. It does
not require any pre-assigned core and unicast routing
protocol for its operation. Very simple multicast
announcement signaling is used here for the creation and
maintenance of the multicast routing structure. It uses a
receiver initiated approach, in which the receiver elects
a core to serve as the point of contact between the group
and non-members of the group.

The multicast receivers connect the core through the
shortest path between the core and the individual receiver.
The nodes on the shortest paths between any receiver and
the core collectively form the mesh structure. Multicast
announcement is a single control message used in PUMA
for all its functions.  This control message gives the details
about sequence number, group ID, core ID, distance to
the core and parent details.  Parent indicates the preferred
neighbor to reach the core. The core of the group transmits
these multicast announcements every three seconds
periodically. Whenever there is a change in the user
member status, during that time also a new multicast
announcement was generated.

If a receiver wants to join a multicast group, then it
verifies first whether it has received a multicast
announcement for that group or not. If the multicast
announcement is already received then the core specified
in that announcement is taken as its core. If the
announcement is not received then it considers itself as
a core for the group and starts to send a new
announcement to its neighbor. If several receivers try to
join the group at a time, than the receiver with highest
ID was elected as the core for that group.

In PUMA, the multicast packets move hop by hop,
until they reach the mesh members. A node forwards a
multicast packet it receives from the neighbors if it is
the parent for that neighbor’s node. Once the data
packets reach the mesh, they are flooded within the
mesh.  Packet ID cache is used to detect and discard the
duplicate packets.

OBAMP [5], [6] is an Overlay Borùvka based Ad-
hoc Multicast Protocol. It is an application layer (overlay)
protocol which use AODV as a network (underlying)
routing protocol. Overlay protocol involves only nodes
that are members of the multicast session. The signaling
information’s and user data are transferred through the
transport layer tunnels among other nodes. Therefore
without any multicast support from the network layer,
the multicast functionality can be enabled within the end-
user applications.

Boruvka algorithm used here is a classical tool to
find the minimum spanning tree. The goal of OBAMP is
to limit the network traffic to achieve a high delivery
ratio and a low latency (end-to-end delay) even when
the group size is increased.  OBAMP uses the mesh-first
approach technique. In the mesh-first approach it is
possible to quickly select a recovery overlay link among
the mesh links, without the need of discovering the
available overlay links. In OBAMP, three elementary sub
procedures are used to create and maintain the mesh
structure.  The hello and fast-hello sub procedures are used
to find the neighbors of each member and to estimate
their hop distance.  Two members connected by a mesh
link are considered as neighbors. Using the above two
procedure the mesh link is established periodically. The
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third sub procedure link-pruning is used to manage the
removal of a mesh link.  The status information of the
mesh links connected to the member is maintained by
each member using a neighbor’s list structure.

3. PERFORMANCE EVALUATION

The following metrics are used in comparing the protocol
performance:

Packet Delivery Ratio

It is defined as the ratio of number of multicast data
packets delivered to all the multicast receivers to the
number of multicast data packets supposed to be
delivered to multicast receivers. This ratio represents the
routing effectiveness of the multicast protocol.

Mobility

This metric is used to measure the movement of the node
in the network by calculating the relative node
movement between all pairs of nodes in the network.

Transmission Range

This range represents the distance the beacon message
must travel. This range is limited by the power
constraints, frequency reuse and channel effects.

End-to-End Delay

It is the average time taken for a data packet to move
from the source to the multicast receivers.

Group Size

This indicates the numbers of member nodes belongs to
a group.

Total Bytes Send Per Bytes Delivered

This metric shows the efficiency of the multicast routing
protocol in terms of the bandwidth utilization.

These metrics are important because they can be
used to identify the properties for design methods and
provide valuable information about simulation results.

Simulation Environment
We compare the performance of ODMRP, PUMA and
OBAMP under similar scenarios. The simulations of
ODMRP, PUMA and OBAMP are implemented in ns-
2.29. Our simulation models a network of 50 mobile
nodes randomly placed within a 1000 m x 1000 m area.
Nodes in our simulation move according to random way
point mobility model, which is in random direction.  We
use the two ray ground propagation model and the MAC
layer is IEEE 802.11.Each simulation is executed for 500
seconds. Radio propagation range is 250 meters with
omni directional link and carrier sense range is 550
meters.  The channel capacity is 2Mbits/sec.

The multicast data streams are CBR streams with
the size of the data packet as 512 bytes. We use one node
(node 0) as source and nodes in the order 1, 2, 3, 4...etc.,
as multicast receivers for all the protocols. All the 50
nodes (including source and destination) are placed
randomly. Receivers join the multicast group at the
beginning of the simulation and never leave the group
during the simulation time.  The simulation scenarios
are created by the setdest tool of ns-2.29.

Simulation Results

The packet delivery ratio (PDR) is plotted as a function
of transmission range in fig.1. From that it is clear that,
if the transmission range is increased, then it covers a
large area and number of nodes and hence PDR is
increased. For all the three protocols it is found that good
PDR is obtained only at 250 m and above that. Since the
node power is a constraint, it is not advisable to increase
the range beyond a certain limit.

Figure 1: PDR Vs. Transmission Range

Next, the packet delivery ratio is plotted as a function
of mobility in fig.2 with a constant transmission range
of 250 m. As the mobility is increased, naturally the
number of packets dropped is also increased.  Thus for
all the three protocols it is found that the PDR is
decreased with mobility.  However ODMRP has higher
PDR compared to PUMA and OBAMP.

Figure 2: PDR Vs. Mobility (m/s)
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As the mobility increases, number of packets send
also gets increased and is highest for PUMA. This is
shown in fig.3, which is the plot of packets send as a
function of mobility. Therefore bandwidth utilization is
efficiently used in PUMA.

Figure 3: Packets Send as a Function of Mobility (m/s)

Figure 4 (a), (b), (c) and (d) are the plots of packet
delivery ratio with variation in group size for different
mobility conditions.

Figure 4 (a): PDR Vs Group Size [Mobility (10 m/s)]

Figure 4 (b): PDR Vs. Group Size [Mobility (20 m/s)]

Figure 4 (c): PDR Vs. Group Size [Mobility (30 m/s)]

Figure 4 (d): PDR Vs. Group Size [Mobility (40 m/s)]

From the above figures it is clearly understood that,
ODMRP maintains almost same value of PDR as the
group size varies under a particular mobility condition.
As the mobility increases it is found that the PDR value
gets decreased as expected.   However it is found from
fig. 4 (b), (c) and (d) that PUMA has higher packet
delivery ratio than ODMRP and OBAMP for large group
size with high mobility.

In fig. (5), the amount of packets send with group
size is plotted. It is found that the number of packets
send is increased with increase in group size. PUMA
sends more packet than the other two. This indicates that
bandwidth is efficiently utilized in PUMA.

Figure 5: Packets Send Vs. Group Size

The Packet delivery ratio (PDR) is plotted as a
function of multiple senders in fig. 6. It is found that the
packet delivery ratio is decreased for all the protocols
with increase in number of senders.

Figure 6: PDR Vs Number of Senders

The End to end delay (EED) is plotted as a function
of multiple senders in fig. 7. In multi sender scenario,
the tree formation becomes complicated in ODMRP and
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therefore, it is found that the EED is very much increased
compared to other two protocols. It is also found that,
PUMA maintains almost constant EED with multiple
sender scenarios also. This makes, PUMA as a more
suitable protocol for video streaming applications.

Figure 7: End-to-End Delay Vs. Number of Senders

4. CONCLUSION

ODMRP is the state-of-the-art network layer routing
protocol based on which many protocols are developed.
Even through it comparable with PUMA and OBAMP,
the control overhead involved in it is high. Here we are
considering the scenario of one sender and many
receivers. For this scenario ODMRP performs as good
as the other protocol. IN PUMA, the number of packets
send is high   and the number of total packets transmitted
per data packets delivered is lower than the ODMRP. It
means the channel access of PUMA is more efficient than
ODMRP. It is also found that, PUMA maintains almost
constant EED with multiple sender scenarios also. This
makes, PUMA as a more suitable protocol for video
streaming applications.
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