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3.4 MULTICAST ROUTING  
 

In multicasting, there is one source and a group of destinations. The relationship is one to many.In 

this type of communication, the source address is a unicast address,but the destination address is 

a group address, a group of one or more destination networks in which there is at least one member 

of the group that is interested in receiving the multicast datagram. 

Multicasting starts with a single packet from the source that is duplicated by the routers. The 

destination address in each packet is the same for all duplicates.Note that only a single copy of the 

packet travels between any two routers. 

Multicast Applications 

Access to Distributed Databases. 

Most of the large databases today are distributed.That is, the information is stored in more than one 

location, usually at the time of production.The user who needs to access the database does not know 

the location of the information. A user’s request is multicast to all the database locations, and the 

location that has the information responds. 

Information Dissemination. 

Businesses often need to send information to their customers.If the nature of the information is the 

same for each customer, it can be multicast. In this way a business can send one message that can 

reach many customers. 

Teleconferencing. Teleconferencing involves multicasting. The individuals attending a 

teleconference all need to receive the same information at the same time. 

Distance Learning.One growing area in the use of multicasting is distance learning. 

 

MULTICASTING BASICS 

In multicast communication, the sender is only one, but the receiver is many, sometimes thousands 

or millions spread all over the world. It should be clear that we cannot include the addresses of all 

recipients in the packet.The destination address of a packet, as described in the Internet Protocol 

(IP) should be only one. For this reason,we need multicast addresses. A multicast address defines 

a group of recipients, not a single one. 

A multicast address is an identifier for a group. If a new group is formed with some active members, 

an authority can assign an unused multicast address to this group to uniquely define it. 
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Multicast Forwarding 

Important issue in multicasting is the decision a router needs to make to forward a multicast 

packet.Forwarding in unicast and multicast communication is different in two aspects: 

In unicast communication, the destination address of the packet defines one single destination. The 

packet needs to be sent only out of one of the interfaces, the interface which is the branch in the 

shortest-path tree reaching the destination with the minimum cost. 

In multicast communication, the destination of the packet defines one group, but that group may 

have more than one member in the internet.To reach all of the destinations, the router may have 

to send the packet out of more than one interface. Figure (below) shows the concept. 

 

 
 

Fig3.4.1: Forwarding depends on destination and source. 
[Source : “Data Communications and Networking” by Behrouz A. Forouzan,Page-649] 

 
In part a of the figure3.4.1, the source is in a section of the internet where there is no group 

member. In part b, the source is in a section where there is a group member.  In part a, the router 

needs to send out the packet from two interfaces; in part b, the router should send the packet only 

from one interface to avoid sending a second copy of the packet from the interface it has arrived 

at. 

Two Approaches to Multicasting 

Source-Based Tree Approach 

In the source-based tree approach to multicasting, each router needs to create a separate tree for each 

source-group combination. If there are m groups and n sources in the internet, a router needs to 

create (mxn) routing trees. In each tree,the corresponding source is the root, the members of the 

group are the leaves, and the router itself is somewhere on the tree. 

Group-Shared Tree Approach 

In the group-shared tree approach, a router act like a  source for each group. The designated router, 

which is called the core router or the rendezvous point router, acts as the representative for the group. 

Any source that has a packet to send to a member of that group sends it to the core center (unicast  
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communication) and the core center is responsible for multicasting.The core center creates one  

single routing tree with itself as the root and any routers with active members in the group as the 

leaves.In this approach, there are m core routers (one for each group) and each core router has a 

routing tree, for the total of m trees. Therefore  the number of routing trees is reduced from (m x 

n) in the source-based tree approach to m in this approach. 

INTRADOMAIN MULTICAST PROTOCOLS 
 
Multicast Distance Vector (DVMRP) 
 
The Distance Vector Multicast Routing Protocol (DVMRP) is the extension of the Routing 

Information Protocol (RIP) which is used in unicast routing. It uses the source based tree approach 

to multicasting. 

Multicast tree in three steps: 

1.The router uses an algorithm called reverse path forwarding (RPF) to simulate creating part of the 

optimal source-based tree between the source and itself. 

2.The router uses an algorithm called reverse path broadcasting (RPB) to create a broadcast 

(spanning) tree whose root is the router itself and whose leaves are all networks in the internet. 

3.The router uses an algorithm called reverse path multicasting (RPM) to create a multicast tree by 

cutting some branches of the tree that end in networks with no member in the group. 

 
Reverse Path Forwarding (RPF) 

The first algorithm, reverse path forwarding (RPF), forces the router to forward a multicast packet 

from one specific interface: the one which has come through the shortest path from the source to the 

router.The router does not know the shortest path from the source to itself, but it can find which is 

the next router in the shortest path from itself to the source (reverse path). 

The router simply consults its unicast forwarding table, pretending that it wants to send a packet to 

the source; the forwarding table gives the next router and the interface the message that the packet 

should be sent out in this reverse direction. 

The router uses this information to accept a multicast packet only if it arrives from this interface. 

This is needed to prevent looping. In multicasting, a packet may arrive at the same router that has 

forwarded it.If the router does not drop all arrived packets except the one, multiple copies of the 

packet will be circulating in the internet. 
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Reverse Path Broadcasting (RPB) 
 
The RPF algorithm helps a router to forward only one copy received from a source and drop the rest. 

When we think about broadcasting in the second step, we need to remember that destinations are all 

the networks (LANs) in the internet. To be efficient,we need to prevent each network from receiving 

more than one copy of the packet. 

If a network is connected to more than one router, it may receive a copy of the packet from each 

router. RPF cannot help here, because a network does not have the intelligence to apply the RPF 

algorithm; we need to allow only one of the routers attached to a network to pass the packet to the 

network. 

One way to do so is to designate only one router as the parent of a network related to a specific 

source. When a router that is not the parent of the attached network receives a multicast packet, it 

simply drops the packet.There are several ways that the parent of the network related to a network 

can be selected; one way is to select the router that has the shortest path to the source (using the 

unicast forwarding table, again in the reverse direction). 

Every packet started from the source reaches all LANs in the internet travelling the shortest path. 

Figure 3.4.2  shows how RPB can avoid duplicate reception in a network by assigning a 

designated parent router, R1, for network N.The difference between RPB and RPF is shown in 

figure 3.4.3. 

 
 

 
Fig3.4.2:  Reverse path broadcasting. 

[Source : “Data Communications and Networking” by Behrouz A. Forouzan,Page-652] 
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Reverse Path Multicasting (RPM) 
 

To increase efficiency, the multicast packet must reach only those networks that have active 

members for that particular group. This is called reverse path multicasting (RPM). 

To change the broadcast shortest-path tree to a multicast shortest-path tree, each router needs to 

prune (make inactive) the interfaces that do not reach a network with active members corresponding 

to a particular source-group combination. 

This step can be done bottom-up, from the leaves to the root. At the leaf level, the routers connected 

to the network collect the membership information using the IGMP protocol. 

The parent router of the network can then disseminate this information upward using the reverse 

shortest-path tree from the router to the source, the same way as the distance vector messages are 

passed from one neighbor to another. 

 

 
 

Fig3.4.3:RPB vs RPF. 
[Source : “Data Communications and Networking” by Behrouz A. Forouzan,Page-653] 

 
Multicast Link State (MOSPF) 

 
Multicast Open Shortest Path First (MOSPF) is the extension of the Open Shortest Path First (OSPF) 

protocol, which is used in unicast routing as shown in figure 3.4.4. It  uses the source based tree 

approach to multicasting. 

In  multicasting, each router needs to have a database, as with the case of unicast distance-vector 

routing, to show which interface has an active member in a particular group. 

A router follow these  steps to forward a multicast packet received from source S and to be sent to 

destination G (a group of recipients): 

The router uses the Dijkstra algorithm to create a shortest-path tree with S as the root and all 

destinations in the internet as the leaves. Note that this shortest-path tree is different from the  
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one the router normally uses for unicast forwarding, in which the root of the tree is the router 

itself. 

Here, the root of the tree is the source of the packet defined in the source address of the packet The 

router finds itself in the shortest-path tree created in the first step. In otherwords, the router creates 

a shortest-path subtree with itself as the root of the subtree.The shortest-path subtree is actually a 

broadcast subtree with the router as the root and all networks as the leaves. 

The IGMP protocol is used to find the information at the leaf level. The router can now forward 

the received packet out of only those interfaces that correspond to the branches of the multicast 

tree. 

 

 
Fig3.4.4: Tree formation in MOSPF. 

[Source : “Data Communications and Networking” by Behrouz A. Forouzan,Page-654] 
 

Protocol Independent Multicast (PIM) 
 
Protocol Independent Multicast (PIM) is the name given to a common protocol that needs a unicast 

routing protocol for its operation, but the unicast protocol can be either a distance-vector protocol 

or a link-state protocol .PIM uses the forwarding table of a unicast routing protocol to find the next 

router in a path to the destination, but it does not matter how the forwarding table is created. 

Feature of  PIM: It can work in two different modes: dense and sparse. 

The term dense means that the number of active members of a group in the internet is large;the 

probability that a router has a member in a group is high.For example, in a popular teleconference 

that has a lot of members. 
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The term sparse, means that only a few routers in the internet have active members in the group; 

the probability that a router has a member of the group is low.For example, in a technical 

teleconference where a number of members are spread somewhere in the internet. When the 

protocol is working in the dense mode, it is referred to as PIM-DM; when it is working in the 

sparse mode, it is referred to as PIM-SM. 

Protocol Independent Multicast-Dense Mode (PIM-DM) 

When the number of routers with attached members is large relative to the number of routers in the 

internet, PIM works in the dense mode and is called PIM-DM. In this mode, the protocol uses a 

source-based tree approach as shown in figure 3.4.5. 

PIM-DM uses only two strategies described in DVMRP: RPF and RPM. 

The two steps used in PIM-DM . 

1.A router that has received a multicast packet from the source S destined for the group G first uses 

the RPF strategy to avoid receiving a duplicate of the packet. It consults the forwarding table of the  

unicast protocol to find the next router if it wants to send a message to the source S (in the reverse 

direction).If the packet has not arrived from the next router in the reverse direction, it drops the 

packet and sends a prune (remove things which are not needed) message in that direction to prevent 

receiving future packets related to (S, G). 

 

 
Fig3.4.5: Idea behind PIM- DM. 

[Source : “Data Communications and Networking” by Behrouz A. Forouzan,Page-656] 

 
2. If the packet in the first step has arrived from the next router in the reverse direction, the receiving 

router forwards the packet from all its interfaces except the one from which the packet has arrived . 

Note that this is  broadcasting instead of a multicasting if the packet is the first packet from the 

source S to group G.Each router downstream that receives an unwanted packet sends a prune  
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message to the router upstream, and eventually the broadcasting is changed to multicasting. 

Figure (above)  PIM-DM. The first packet is broadcast to all networks, which have or do not have 

members. After a prune message arrives from a router with no member, the second packet is only 

multicast. 

Protocol Independent Multicast-Sparse Mode (PIM-SM) 

When the number of routers with attached members is small relative to the number of routers in the 

internet, PIM works in the sparse mode and is called PIM-SM as shown in figure 3.4.6. 

In this environment, PIM-SM uses a group-shared tree approach to multicasting.The core router in 

PIM-SM is called the rendezvous point (RP). Multicast communication is achieved in two steps. 

Any router that has a multicast packet to send to a group of destinations first encapsulates the 

multicast packet in a unicast packet (tunneling) and sends it to the RP. The RP then decapsulates the 

unicast packet and sends the multicast packet to its destination. 

PIM-SM uses a complex algorithm to select one router among all routers in the internet as the RP 

for a specific group. This means that if we have m active groups, we need m RPs, although a 

router may serve more than one group. 

After the RP for each group is selected, each router creates a database and stores the group  identifier 

and the IP address of the RP for tunneling multicast packets to it. 

PIM-SM uses a spanning multicast tree rooted at the RP with leaves pointing to designated routers 

connected to each network with an active member. A very interesting point in PIM-SM is the 

formation of the multicast tree for a group. 

To create a multicast tree rooted at the RP, PIM-SM uses join and prune messages. 

Figure (below) shows the operation of join and prune messages in PIM-SM. First, three networks 

join group G1 and form a multicast tree. Later, one of the networks leaves the group and the tree is 

pruned.The join message is used to add possible new branches to the tree; the prune message is used 

to cut branches that are not needed. 

When a designated router finds out that a network has a new member in the corresponding group 

(via IGMP), it sends a join message in a unicast packet destined for the RP.The packet travels 

through the unicast shortest-path tree to reach the RP. Any router in the path receives and forwards 

the packet, but at the same time, the router adds two pieces of information to its multicast 

forwarding table. 
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Fig3.4.6: Idea behind PIM-SM. 
[Source : “Data Communications and Networking” by Behrouz A. Forouzan,Page-657] 

 

The number of the interface through which the join message was sent to the RP is marked(if not 

already marked) as the only interface through which the multicast packet destined for the same 

group should be received.In this way, the first join message sent by a designated router creates a 

path from the RP to one of the networks with group members.To avoid sending multicast packets 

to networks with no members, PIM-SM uses the prune message. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 


