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Abstract
In recent years mobile adhoc networks have become very popular 
and lots of research is being done on different aspects of MANET. 
Mobile Ad Hoc Networks (MANET)-a system of mobile nodes 
interfacing without the assistance of centralized infrastructure 
There are different aspects which are taken for research like 
routing, power consumption, bandwidth considerations etc. 
There are different strategies proposed for efficient routing which 
claimed to provide improved performance. There are different 
routing protocols proposed for MANETs which makes it quite 
difficult to determine which protocol is suitable for different 
network conditions.
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I. Introduction
Multicasting is the transmission of packets to a group of 
zero or more hosts identified by a single destination address. 
Multicasting is intended for group-oriented computing. Typically, 
the membership of a host group is dynamic: that is, hosts may 
join and leave groups at any time. There is no restriction in the 
location or number of members in a host group. A host may be a 
member of more than one group at a time. A host does not have 
to be a member of a group to send packets to it Currently, one 
particularly challenging environment for multicast is a mobile 
ad hoc network (MANET). A MANET consists of a dynamic 
collection of nodes with sometimes rapidly changing multihop 
topologies that are composed of relatively low-bandwidth wireless 
links. To provide communication through the whole network, a 
source-to-destination path could pass through several intermediate 
neighbor nodes. For example, two nodes can communicate directly 
with each other only if they are within each other’s transmission 
range. Otherwise, the communication between them has to rely 
on other nodes. In the mobile ad hoc net work shown in fig. 2.1, 
nodes A and B are within each other’s transmission range. If A 
needs to send a packet to B, it can send it directly. A and C are 
not within each other’s range. If A wants to send a packet to C, 
it has to first forward the packet to B and then use B to route the 
packet to C. 

Fig. 1: Mobile Ad-Hoc Network

The goal of MANETs is to extend mobility into the realm of 
autonomous, mobile, wireless domains, where a set of nodes 
forms the network routing infrastructure in an ad hoc fashion. 
The majority of applications for the MANET technology are 
in areas where rapid deployment and dynamic reconfiguration 
are necessary and the wired network is not available. These 
include military battlefields, emergency search and rescue sites, 
classrooms, and conventions where participants share information 
dynamically using their mobile devices. These applications lend 
themselves well to multicast operations. In addition, within a 
wireless medium, it is even more crucial to reduce the transmission 
overhead and power consumption. Multicasting can improve the 
efficiency of the wireless link when sending multiple copies of 
messages by exploiting the inherent broadcast property of wireless 
transmission.

II. Multicasting Routing Protocols
The following are the multicasting routing protocols in mobile 
adhoc networks are shown below:-

Distance Vector Multicast Routing Protocol (DVMRP)• 
Multicast Extension to Open Shortest Path First (MOSPF)• 
Protocol Independent Multicast Sparse-Mode (PIM-SM)• 
Protocol Independent Multicast Dense-Mode (PIM-DM)• 
Core-Based Tree (CBT)• 

A. Distance Vector Multicast Routing Protocol (DVMRP) 
Distance Vector Routing Protocol(DVRP) is an internet routing 
protocol that provides an efficient mechanism for message 
multicast to a group of hosts across an internetwork which is 
suitable for use within an autonomous system, but not between 
different autonomous system. It is the first and still predominant 
multicast routing protocol used in the internet. The multicast 
backbone is based on DVMRP for routing.
Based on the Routing Information Protocol (RIP), this is an 
alteration and improvement to protocols of the Reverse Path 
Forwarding (RPF) family, made to fit the handling of group 
routing. Every node that sends information holds its own routing 
information (the group’s spanning tree), which is created and 
updated when the multicast source sends a periodic burst of data 
to all nodes in the network, and only the nodes requesting the 
multicast transmissions acknowledge. The routing is then resolved 
using the Bellman-Ford algorithm (distance vector). When a 
DVMRP router receives a multicast packet, it sends the packet 
to all attached routers and waits for a response. Routers with 
no group members return a “prune” message, which eventually 
prevents further multicast messages for that group from reaching 
the router. The prune state is soft, that is, it will time-out within a 
set time interval. If after sending a prune and before the state can 
time-out, the host wants to join the group, it has to send a “graft” 
message upstream. DVMRP is inefficient when the number of 
receivers in the group is sparsely distributed. 
DVMRP builds its own routing table instead of reusing the existing 
unicast routing table for RPF checking of incoming packets. A 
packet is assumed to have arrived on the RPF interface if a router 
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receives it on an interface that it uses to send unicast packets to 
the source. If the packet arrives on the RPF interface, then router 
forwards it out the interfaces that are present in the outgoing 
interface list of a multicast routing table entry. 

Fig. 2: The Tree Construction Process in DVMRP; a) Dark Circles 
are Group Members b) Periodically Datagrams are Forwarded 
Using RPM Across the Entire Internetwork; c) A Leaf Router 
Sends a Prune Message Back Toward the Source if There are 
no Group Member Directly Attached Leaf Subnetwork; d) The 
Resulting Multicast Tree

The multicast spanning tree is built through a series of floods, prunes, 
and grafts. A flood refers to the DVMRP insistence that all DVMRP 
multicast routers must transmit multicast packets to all outgoing 
interfaces. Of course, this insistence seems to be a bit of overkill 
since many of the DVMRP routers may have no end-user nodes 
that are interested in the multicast traffic (i.e. their (S,G) tables, 
discerned by IGMP, are empty). In this case, these routers send 
a “prune” message back “up the tree” (also called “upstream”), 
stating that they are not interested in the multicast traffic. This 
pruning effect is only transient, however. For after a couple of 
minutes, the pruned branches re-grow, giving a chance for the 
effected routers to either join back with the main tree (if users 
have requested multicast group traffic via IGMP) or just send 
another prune message.
Further, if it feels ready to re-enter the tree immediately, a multicast 
router can send a “graft” message upstream instead of waiting for 
this de-pruning process. Interestingly, current implementations 
of DVMRP maintain information on pruned branches but do 
not actually delete them from the internal database. With the high 
volume of prune/grow-back/graft operations in a typical multicast 
network, just toggling a state field in the entry saves router CPU 
cycles in exchange for the modest amount of additional memory 
required to track all branches.
If it does not arrive on RPF interface, it is silently discarded to 
avoid loop-backs. The advantage of RPF is that it does not require 
the router to know about spanning trees. This way, multicast adapts 
automatically and only is sent where it is wanted. RPF checking 
cannot be used to check the validity of a path in case of asymmetric 
paths.
Thus, every source holds different routes towards the group’s 
members and high loads in large groups are avoided. An additional 
feature is the ability to reduce the periodic flooding using “prune” 
messages (truncated RPF) – after a node received an unwanted 
multicast invitation (a periodic flood) it can notify one level up the 

tree that the next invitations are not needed by sending a “prune” 
message, thereby diminishing the next flooding to a minimum.

B. Multicast Extension to Open Shortest Path First (MOSPF)
A multicast packet’s path is then calculated by building a pruned 
shortest−path tree rooted at the packet’s IP source. These trees 
are built on demand, without even flooding the first datagram 
of a group transmission, and the results of the calculation 
are cached for use by subsequent packets. MOSPF builds a 
“per−source−per−group multicast distribution tree”. Since 
MOSPF involves heavy computation at each router and requires 
a lot of exchange of topology and membership information, it is 
generally used only within a small domain, named as “Autonomous 
System”(Moy,1999).

It is a dense-mode & uses link state technique to build its 1. 
routing table. 
MOSPF is the extensions from the OSPF routing protocol. 2. 
Basically MOSPF routers flood OSPF area with information 
about group receivers. 
By this all the MOSPF routers have same view of group 3. 
membership.
This method gives some advantages over the distance vector 4. 
method.
There is no limitation in the number of hops in the routing • 
table.
The convergence time is to be faster than the DVMRP • 
implementation.
The first multicast traffic for each group doesn’t need to • 
be flooded because OSPF is a link state routing protocol 
which provides routers a database describing the network 
topology and updates the database through the use of 
advertisements. 
MOSPF, a new OSPF advertisement is added describing 5. 
multicast locations. Here also the group information is 
broadcasted across the network so that each router can 
maintain current state table information.
Distribution tree changes with the change of network topology 6. 
change as OSPF independently construct unicast routing 
topology.
It is considered as explicit join protocol as each MOSPF 7. 
router can create SPT for source and group

C. Protocol Independent Multicast Sparse-Mode (PIM-
SM)
The name of this protocol is PIM−SM because it is not dependent 
on any particular unicast routing protocol and has been designed 
to for sparse distribution of receivers. This protocol belongs 
to the class of center−based schemes, where there is a single 
distribution tree per group. But it supports both shared−tree and 
source−specific tree (SPT−shortest path tree). It basically aims 
at “multiple−sender−group” scenario. The PIM architecture has 
been designed to avoid the overhead of broadcasting packets when 
group members sparsely populate the internet. 
Each sparse-mode domain has a set of routers acting as RPs (RP-
set). Furthermore, each group has a single RP at any given time. 
Every router which want to receive multicast messages from a 
certain group needs to send a join message to the RP of that 
group. Each host has a Designated Router (DR) which is the router 
connected to the same sub network with the highest IP address. 
When a DR receives an IGMP message indicating the membership 
of a host to a certain group, the DR finds the RP of that group by 
performing a deterministic hash function over the sparse-mode 
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region’s RP-set and forwards a unicast PIM-Join message to the 
RP (Deering et al. 1996).

Fig. 3: Host Joins a Multicast Group

PIM-SM creates a shared tree from RP to all the hosts which • 
have joined the multicast group.
Receivers are always expected to send explicit join messages • 
to a router acting as a core.
Data is always distributed over this shared distribution tree.• 
A source interested in sending data to a multicast group sends • 
data to the RP first. The data is then forward down the shared 
tree to all the receivers.
PIM-SM generates periodic control messages to refresh the • 
multicast forwarding states on the router. 

D. Protocol Independent Multicast Sparse-Mode (PIM-
SM)
PIM−DM belongs to the class of source−specific multicast 
distribution tree construction algorithms. It constructs 
“per−source−per−group distribution tree”. As the name implies 
it has been designed for dense receiver distribution. In addition, 
it is independent of unicast routing protocol. Dense−mode PIM 
assumes that when a source starts sending, all downstream systems 
want to receive multicast data grams. Initially, multicast datagrams 
are flooded to all areas of the network. If some areas of the network 
do not have group members, dense−mode PIM will prune off the 
forwarding branch by setting up “prune state”. The forwarding 
branches form a tree rooted at the source leading to all members of 
the group. This tree is called a source rooted tree (Estrin, 1996).
Just like DVMRP PIM−DM also forwards a multicast datagram 
only if it clears the RPF check. The arriving interface of multicast 
data packets from a source S, should match with the unicast interface 
leading to the best next−hop router towards S. If a receiving router 
does not already have a forwarding entry, it creates it for the source 
and group G. The (S,G) outgoing interface list contains interfaces 
that have PIM routers present or host members for group G. Later 
the outgoing interface list gets modified as prunes are received.
Unlike PIM−SM there are no periodic joins transmitted, only 
“explicit grafts/prunes” are used for modifying the tree branches. If 
a router creates a (S,G) entry with an empty outgoing interface list 
after receiving a multicast datagram, it must trigger a PIM−Prune 
message (addressed to all−PIM−routers group address 224.0.0.13) 
towards the source S. This type of entry is called a “ negative 
cache entry”.
Negative cache entries can be found on leaf routers with no local 
group members, or on routers where prune messages were received 
from downstream routers that caused the outgoing interface list 

to become NULL. To avoid prune storms, prunes must not be 
sent upstream for every data packet matching a negative cache 
entry. Instead, there must be some policy deciding when a prune 
is to be sent upstream. Prune information is flushed periodically. 
This causes multicast datagrams to be sent to all downstream 
PIM routers.
If a router is directly connected to a host that wants to become 
a member of a group, the router may send a “Graft message” 
toward known sources. A router receiving the Graft message adds 
the received interface into the matching (S,G) entry’s outgoing 
interface list. If the entry transitions to forward state due to this 
added outgoing interface, the router must send a Graft message 
toward the source. Graft message is the only PIM message that uses 
a positive acknowledgment strategy. Senders of Graft messages 
unicast them to their upstream RPF neighbors. The neighbor 
processes each (S,G) and immediately acknowledges each (S,G) 
in a “GraftAck” message. This is relatively easy, since the receiver 
simply changes the PIM message type from Graft to Graft Ack 
and unicasts the original packet back to the source. The sender 
periodically retransmits the Graft message for any (S,G) that has 
not been acknowledged.
If two routers have equal cost paths to a source and are connected 
on a common multi−access network, duplicate datagrams will 
travel downstream onto the LAN. Dense−mode PIM will detect 
such a situation and will not let it persist. If a router receives a 
multicast datagram on an outgoing interface on a multi−access 
LAN, the packet must be a duplicate. In this case a single forwarder 
must be elected. The upstream routers can decide which one 
becomes the forwarder, using “Assert messages” addressed to 
224.0.0.13 on the LAN. Downstream routers listen to the Asserts 
so they know which one was elected. The upstream router elected 
is the one that has the best metric to the source. When a packet 
is received on an outgoing interface, a router will send an Assert 
packet on the LAN indicating what metric it uses to reach the 
source of the data packet. If metrics are comparable, the router 
with the best metric will become the forwarder. If the metrics are 
incomparable then the preference values associated with each 
metric kind are used to select the forwarder. This is useful when 
upstream routers run different unicast routing protocols. All other 
upstream routers will prune the interface from their outgoing 
interface list. The downstream routers also do the comparison 
in case the forwarder is different than the RPF neighbor. This 
is important so downstream routers send subsequent Prunes or 
Grafts to the correct neighbor.
Like DVMRP, PIM−DM performs well if the receiver distribution 
is dense. Since in PIM−DM there is no concept of dependent 
downstream routers, there is some additional overhead because 
of broadcast of multicast packets on links leading to downstream 
routers that do not consider the upstream router to be best next−hop 
router to the source of the multicast packet. But, there is a saving 
in terms of route−report exchanges because does not have any 
topology discovery protocol of itself.
Instead it uses unicast routes. Moreover, simplicity of the protocol 
makes it easier to implement and leads to higher performance.

PIM-DM is quite similar to the DVMRP due to their flooding 1. 
characteristics and it is a dense -mode, source based routing 
s protocol & uses the push model.
The major differences between these two are:2. 
PIM-DM is protocol independent. It means that PIM-DM • 
doesn’t have its own unicast routing protocol but it takes 
advantage by using the current unicast protocol presented 
in the network. 



IJCST Vol. 4, ISSue 4, oCT - DeC 2013

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology  253

 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

This allows PIM-DM to be implemented with any kind of • 
routing protocol on the network. A PIM-DM router simply 
floods packets out on all non-incoming interfaces. This 
procedure makes PIM-DM protocol independent.
It uses unicast routing table to perform RPF check but • 
DVMRP creates its own routing table.

E. Core Based Trees (CBT)
CBT is based on the use of a certain node as the group’s core. 
This core maintains the distribution tree for the entire group and 
all the group’s details sent to the core before being forwarded to 
the group. (Ballardie,1994) The core doesn’t have to be an active 
participant in the multicast group. The distribution scheme is built 
according to the paths of “join”/”leave” IGMP messages sent to 
the core, which results in low control overhead and no data sent 
to users not participating in the group (except for the core).
On the other hand, sending all data via the core means there 
is practically no use of optimal routing, and even worse, all 
transmissions run on the same few lines, causing high loads in 

large groups.
CBT is similar to PIM-SM in that they both initially choose 1. 
a center from which they build the tree, however, in CBT 
multiple centers are allowed for one group.
In CBT a center is called a core, a group initiator sends out a 2. 
CORE-NOTIFICATION message to all core routers for the 
group. This message initiates the building of a core tree which 
connect the all the group’s cores as a core backbone.
A join request is then unicast out to a known core address. 3. 
Any core router for this group that receives the request can act 
on it and reply with a join acknowledge. No action is taken 
by intermediate routers until a join acknowledge is sent back 
to the requesting node. 

Difference Between CBT and PIM-SM
CBT use only shared based trees and is not designed to use 1. 
SPT’s.
CBT uses bidirectional shared trees which makes it quite 2. 
complex but more efficient than PIM-SM.

Table 1: Dense Mode Protocols Vs Sparse Mode Protocols

Differing Characteristic Dense-mode protocols Sparse-mode protocols

Transmission 
mechanism 
.

Broadcast and prune Core / Rendezvous Point (RP) based (Centralized group 
management).Traffic restricted to the multicast Group

Distribution tree Source Source Distribution tree (shortest path tree) Distribution tree or Shared distribution tree or both

Existing Protocols DVMRP, PIM-DM CBT, PIM-SM

Group management Maintains information of hosts that 
are (positive) or not part of the group 
(negative) 

Maintains information of hosts that are part of the group

Routers where state is 
maintained 
. 

At all the routers, irrespective of whether it 
is on the multicast tree

State can be positive or negative. Only in routers on the 
packet delivery tree

Storage overhead in 
terms of routing 
entries

A routing entry for each (source, group) 
pair – either positive or negative

The shortest path entries, shared path entries and the 
negative cache entries for paths that are in the switching 
process.

Bandwidth overhead 
Total number of unwanted data packets 
transmitted over all network links along 
with the periodic prune messages 

Total number of PIM control messages. 

III. Conclusion
We have seen a great development in the field of wireless networks 
(infrastructure based) and in the field of Mobile adhoc network 
(infrastructure less network). In this paper a number of routing 
protocols for MANET, which are broadly categorized. There 
are various shortcomings in different routing protocols and it 
is difficult to choose routing protocol for different situations as 
there is tradeoff between various protocols. There are various 
challenges that need to be met, so these networks are going to 
have widespread use in the future. 
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