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Abstract
As the internet developing rapidly, new requirements, such as 
video on demand and video conference are emerging. We present 
multicast routing protocol for providing efficient and flexible 
multicast services over the Internet. The Master routers handle 
most of the multicast-related tasks A Master router handles many 
to many communications efficiently; restrict the end to end delay 
using intra-domain multicast protocol called Service-Oriented 
Multicast Protocol (SOMP). SOMP builds a shared multicast tree 
rooted at the Master router for each group. The multicast tree is 
computed in the master router by employing the Delay Restricted 
Dynamic Multicast (DRDM) algorithm, which dynamically builds 
a delay-restricted multicast tree and minimizes the tree cost as well. 
The physical construction of the multicast tree over the Internet 
is performed by a special type of self-routing packets in order to 
minimize the protocol overhead. 
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I.Introduction
Many  networking applications such as audio conferencing/
videoconferencing, video-on-demand services-learning, e-health, 
distributed interactive simulation, software upgrading, and 
distributed database replication require multicast communication, 
which is a basic type of group communications, over a large   network 
such as the Internet. In multicast communication, messages   from 
the source are delivered to all the members of a multicast group.   
The demand for multicast communication from networking 
applications has been growing at an accelerated pace.  As a  result, 
efficient support for  multicast communication   remains to be a 
critical and challenging issue in networking research.
For  multicast communication in a Wide-Area Network (WAN), 
a straightforward implementation is to adopt the unicast model;  
that is, multicast is realized by performing multiple unicast   
communications in the network. However, the problem of 
this  simple routing scheme is that it wastes too much network  
bandwidth and causes long communication delay. A more efficient  
multicast routing scheme is to build a multicast tree, which contains 
paths  from the source node to the group member nodes via some  
intermediate nodes in the network, so that the source node can 
transmit only one copy of the packet along the tree. Clearly, the 
multicast tree scheme can reduce the traffic load and lead to shorter 
communication delay.
Traditional multicast protocols construct and update the multicast  
tree in a distributed manner, which may cause two problems: 
First, since each node has only local or partial information on 
the  network topology and group membership, it is difficult to 
build an efficient multicast tree, and second, due to the lack of 
complete information, broadcast is often used for sending control  
packets and data packets, which consumes a great deal of network  
bandwidth.
The rest of this paper is organized as follows. In Section II, we 
describe some of the existing approaches. Service-Oriented 
multicast protocol is described in Section III. Section IV, gives 

the detailed description of the multicast tree construction algorithm 
Delay-Restricted Dynamic Multicast (DRDM). Section V presents 
and discusses the simulation results. Finally, Section VI concludes 
the paper highlighting the advantages of our algorithm.

II.Background
Shared Tree-based multicast   routing   protocols faces problems 
like 
1. The multicast communication from a source  to a multicast group  
may not be very efficient in most cases in terms of multicast tree  
cost and communication delay due to the shared multicast tree.
2. The elected core has the same architecture as any other routers 
in the network; thus, it has limited computation and packet 
forwarding   capabilities.
3. Cause traffic jam around the core, since the packets from  
multiple sources may reach the core simultaneously. The traffic 
concentration will further cause the problems of packet loss and   
longer communication delay.
4. It cannot tolerate any failure of the core. To overcome all 
these problems and to build an effective Shared Tree, Master 
router concept is used. A master router is responsible for more 
complex service-related tasks such as multicast session and group 
membership management, routing scheme control, transmission 
bandwidth management, and traffic scheduling and performs some 
service specific functions. The master router integrates multiple 
routers, each of which can serve more than one multicast groups. 
Each master router should be owned by an ISP, who provides 
multicast services, so that the ISP centralizes most of the service-
related tasks on the master router to alleviate the burden on the 
Internet. 
Controlled Rearrangement for Constrained Dynamic Multicasting 
(CRCDM) can construct a dynamic minimum-cost  multicast 
tree, which satisfies the delay constraint. The CRCDM algorithm 
is based on a concept called Quality Factor (QF) that represents 
the usefulness of a portion of the multicast tree to the overall 
multicast session.  However, since the CRCDM algorithm relies 
on a delay-constrained minimum- cost unicast   routing algorithm,    
its time complexity is relatively high.

A. Multicast Group and Session Management Protocol
The Internet Group Management Protocol (IGMP)  [6], to  manage   
the process that a host computer joins or leaves a multicast   group 
in  the  subnet. IGMP is used  by hosts  to register  their  dynamic   
multicast group membership. It is also used by routers to discover 
these group members. In IGMP, one of the routers connected to 
the same subnet is called the Designated Router (DR), which is  
selected among the  routers in the same subnet to perform some  
jobs on behalf of the subnet. In IGMP, the DR is responsible for 
sending Host Membership Query messages to discover which   
groups  have members on  their  subnet. Hosts respond to a  Query 
by generating  Host Membership   Reports,  reporting  each group 
that they belong to on the network interface from which the Query  
was received. Thus, the group membership is transparent to users, 
regardless that they are in the group or outside  the group. However, 
unlike DVMRP and CBT, where no routers have the complete 
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group membership information, and MOSPF, where every router 
knows all the membership information, in the new architecture, 
only the m-router knows all the group membership information. 
This feature of the new architecture makes more sense because 
the group membership information should be easily accessible 
to  the ISP for  possible accounting and billing purposes, and the 
information should not be accessed by other parties.
The master router acquires group membership information from 
intermediate routers as follows. Whenever an intermediate router   
finds out that a host in its resided subnet joins a new group, or 
all members in its subnetwork quit from an existing group, the 
i-router sends a unicast message to the m-router to inform the  
group membership change. Thus, the master router collects group 
membership information passively and dynamically. Since the 
m-router is responsible for managing the multicast groups, it 
should be able to issue a multicast address for a new multicast 
group, revoke a multicast address from an abandoned multicast    
group, and publish the multicast addresses for existing multicast  
groups. For managing multicast sessions, the master router is 
responsible   for starting a new multicast session, tearing down an 
expired  multicast session, and checking, tracking, and recording 
the  multicast traffic in the corresponding multicast session. Since 
the lifetime of a multicast session depends on its multicast service   
requirements,  multicast session management  follows the service-
related requirements and policies. The Master router also keeps 
track of all the membership on-off information for multicast   
scheduling/routing and for accounting/billing purposes.
Because the master router is the sole entity for managing the 
multicast groups and multicast sessions,  it should have abilities for 
outsiders to query proper information about multicast groups   and 
sessions in the master router.  All the service-related information   
will be kept in a database on the master router. As SOMP is an  
intradomain multicast routing protocol, which means that the  
number of hosts is limited by the domain size, the information   
maintained in the master router will not increase as the Internet  
expands.

III.  An Overview of (SOMP) Multicast Routing Protocol
Assume that the Internet consists of a number of autonomous    
systems or domains, where  each domain   is under the administrative   
control of a single entity. Besides a multicast routing protocol, 
each domain also runs a unicast routing protocol. SCMP is an 
intradomain multicast protocol that constructs the multicast tree 
within the domain in which   a link-state   unicast   routing   protocol   
is running. In SCMP, the master router’s IP address is known to 
all the routers in the domain in advance. This can be realized 
by putting the IP address of the master router in every router’s 
configuration file. After a router is notified by one host in its 
subnet that it wants   to join or leave a group, the router sends a 
JOIN/LEAVE request   message to the  master router, indicating 
the group ID and  the  IP address of the router. The master router 
keeps track of all the group members in the group. When the 
master router receives such JOIN/LEAVE request message, it 
updates the multicast tree according to the change of the group 
membership. A networkwide routing algorithm is run on the master 
router to generate a multicast tree for a given multicast group. This 
is achievable because the master router has all group membership 
and global network topology information. The multicast tree is 
generated in the master router based on the collected topology and 
membership information. After the multicast tree is generated in 
the master router, it should be physically formed in the domain. 
The routers on the tree should update the routing table according 

to the generated multicast tree. SOMP uses a special type of 
packet, called TREE packet, to accomplish this. Each TREE 
packet contains the complete information about a subtree of the 
multicast tree. The master router is responsible for generating 
the original TREE packets. The intermediate router   receives a 
TREE packet, which represents a subtree rooted at the intermediate 
router itself. After  receiving the TREE packet,  the intermediate 
router sets the routing table according to the information in the 
TREE packet and sends a new TREE packet  to each intermediate 
router, which is the child of the intermediate router in the multicast 
tree. The procedure is performed recursively on the multicast 
tree until it reaches the leaf routers. The resulting multicast tree 
is a shared bidirectional tree that is rooted  at the master router. 
The reasons for running a networkwide routing algorithm at the 
master router and passing the multicast tree information along the  
tree are the following. A routing algorithm that constructs  a near-
optimal multicast tree usually has higher time complexity.  Thus, 
it should be run only once networkwide and should be run by the  
router with more computation power. It is not necessary to run the 
same algorithm for the same multicast tree repeatedly   on many 
intermediate routers with less computation power. On the other 
hand, the packet size of the TREE packet is comparable to that 
of the packet containing the multicast membership information;   
thus, it will not increase the message payload much. Besides, the 
information is transmitted only through the intermediate routers   
on the multicast tree, and all the routing- related operations are   
performed only once during a multicast session. When a source 
sends a packet to a group, if the source is not on the tree, the 
multicast packet is encapsulated in a unicast packet  and sent 
to the master router first (note that the IP address of the  master 
router is known to all the routers in advance). The master router 
decapsulates the packet and forwards it along the tree as a multicast 
packet. If the source is on the tree, the  packet can be forwarded 
along the tree directly because the tree is bidirectional. Fig. shows  
an overview of the SOMP.

IV. Delay Restricted Dynamic 4.1Multicast Algorithm 
(DRDM)
DRDM algorithm chooses the least cost path to the multicast tree 
and then join the multicast session. If this path does not satisfy the 
delay constrain, DRDM algorithm will use the least delay path 
generated in initial phase.

1. Definition 1
A node in the generated tree is called the graft node. If a new 
node added to the graft node, the ramous will be generated by 
the graft node. 

2. Definition 2
A graft path is the least cost path that satisfies delay constrain, 
when a member joins the multicast tree.
The process of DRDM algorithm is described as follows:
(i). Regarding source node s as the root, we use FLSPT algorithm 
to calculate the least cost path (Pcost) and the least delay of each 
path (Pdelay) between the nodes. Then we can receive the cost 
and delay between each node pair. So there are two paths: One 
is the least price cost path (Pcost), and another is the least delay 
path (Pdelay).  
As a member joins the multicast session and try to choose a path, 
DRDM algorithm will choose Pcost. if there are two or more 
paths with the same least cost, and DRDM algorithm will choose 
Pdelay, if two or more paths are with the same least delay. If the 
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delay and cost are the same, DRDM algorithm will choose any 
one randomly. Pcost and Pdelay may or may not be the same 
path. According to their definition, the relationship between them 
is as follows:
cost (Pcost) ≤ cost (Pdelay)
delay (Pdelay) ≤ delay (Pcost)
(ii). Regarding source node s as the initial tree T.
(iii). Procedure of member joining. By the applying requisition 
operation ri = (vi, ρi=add), a host can join in a multicast session 
at any time. Initially, there is only one node s in the multicast 
tree. That is T0 = {s}. Assuming the joining operation applied 
after k times, the multicast tree is called Tk. In this case a new 
node v is joining, the multicast tree will become Tk+1. Then there 
are two cases:
(a). Node v is already in the multicast tree Tk. The multicast tree 
remains unchanged. Tk+1=Tk,  Mk+1=MkU{v}.
(b). Node v is not in multicast tree Tk. Assuming there are N nodes 
in the multicast tree Tk. Since its least delay path and least cost path 
has been calculated from each node to node v, there are 2N paths 
that link v and Tk. DRDM algorithm sorts these paths ascending, 
then searches these paths until finds a path that satisfies the delay 
constrain. If path P(k,v) is the result path, then DRDM algorithm 
unites k into the multicast tree Tk and forms Tk+1.
As members join the multicast session, a loop may appear. 
Therefore, it is necessary to check the graft path and judge whether 
there is already a node in the multicast tree, before combing the 
graft path to the existing multicast tree. If there is already a node of 
the multicast group member in the existing multicast tree, this path 
must be pruned and then downward multicast paths must be also 
updated. The pseudo code for member joining is as follows: 
Member Joining
if v∈Tk
       Mk+1 = Mk + {v}
else
       mincost = ∞
     for each node k of Tk
if delay(Pcost(k,v))+delay(P(s,k)) ≤ Δ
     if cost(Pcost(k,v))<∞
         mincost = cost(Pcost(k,v))
         Pcost(k,v) is graft path, k is graft node
else if delay(Pdelay(k,v))+delay(P(s,k)) ≤ Δ
    if (cost(Pdelay(k,v))<∞
        mincost = cost(Pdelay(k,v))
       Pdelay(k,v) is graft path, k is graft node
Tk+1 = Tk ∪ graft path
end if
4. Procedure for member quitting. When a host quits from a 
multicast session, there are two cases:
(i). If node v is not a leaf node, the node v will be deleted from 
multicast group Mk and will not receive multicast messages 
anymore, but still transmits messages.
(ii). If node v is a leaf node, the node v is deleted from multicast 
group Mk and stops receiving multicast messages. Then the 
upward node of v will be deleted, until the upward node has the 
ramous or is a multicast node.
The pseudo code for number quitting multicast group is as 
follows:
Member Leaving
Tk+1 = Tk
if v is leaf node
   m=v
   while US(m)  and US(m) has only one subnode m

Tk+1=Tk+1-P(m,US(m))
m=US(m)
   Tk+1=Tk+1-P(m,US(m))
end if
Mk+1=Mk-v

A. Forming Multicast Tree in the network
After the master router constructs the multicast tree, it should 
distribute the tree in the domain so that the intermediate routers on 
the tree can update their routing tables and forward the multicast 
data packets correctly. This is completed by the multicast tree 
forming  process.
In order to minimize the protocol overhead, we adopt the self-
routing scheme proposed in [18] for a self-routing multicast  
network, in which multicast routing  is realized  by the  tag  attached   
to  the  packet. For a random topology network, we can similarly  
use such self-routing packets to construct the multicast tree. We 
call this type of packet TREE packet. 
A TREE packet includes all the information about a tree. The 
length of the TREE packet is a variable, which depends on the  
size of the tree. 

 
Fig. 1: Format of Tree Packet

The format  of the subpacket  is the same  as the format  of 
TREE packet. This recursive packet structure reflects  the recursive  
structure of the tree. “Subpacket  i” includes all the information   
about the tree rooted at “downstream router  i.”
The TREE packet is a self-routing packet, which means that the 
routers  forward the TREE packet according to the information    
in the TREE packet itself. When a  router receives a TREE packet  
from its upstream router, it updates its routing  table based on 
the information in the packet and sends new TREE packets to its 
downstream routers, if any. The first TREE packet  is generated  in 
the master router  based  on the  multicast tree. Since  the  master 
router is  the  root  of  the multicast tree,  each  downstream    router 
of the  m-router is the root of a subtree. The m-router  builds a 
TREE packet  for each subtree.  Then, the m-router sends  these  
TREE packets to the corresponding downstream  routers, and  
the down- stream routers are added to the “downstream” of the 
routing   entries.  When an  intermediate router  receives  a TREE 
packet, the TREE  packet should include  the  information of  the 
subtree, which is  rooted  at  the  intermediate router itself.  The 
“up- stream” of the route entry is set to be the router from which 
the TREE packet is received. The TREE packet is split  into several 
smaller TREE packets, each of which represents a subtree that is 
rooted at one of the downstream routers. Then, each  of the smaller 
TREE packets is sent to the corresponding downstream router 
after the  downstream router is  added to the “downstream” of the 
route entry. After all the TREE packets  reach  the leaf routers, 
the tree is formed in the network.
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TREE Packet processing algorithm
upstream = IP address of the router from which the TREE Packet 
is received
for each downstream router  in the TREE packet
   add ds to the downstream of the routing entry;
  extract the subpacket corresponding to ds from the TREE 
packet; 
   send the subpacket as a new TREE packet to the ds;
end

B. Forwarding Multicast Packets
The multicast tree constructed  is a bidirectional tree. It means  
that  the multicast packet can be transmitted  in both directions 
on  the  tree. The  multicast  packet  is  not only forwarded to the 
downstream  routers but also forwarded to the upstream router  
when necessary. Since we assume that the link is symmetric,  the 
delay of a path  in both  directions is the  same;  thus, the  optimality 
of the  multicast tree will not be impaired.
All the i-routers  are configured  to know the IP address of the  
master router. When a source router  has a multicast packet to 
send, it first checks whether  it is on the multicast  tree. If it is on 
the multicast  tree, it sends  the packet  to the upstream router  and  
all the  downstream routers. If the  source  is not on the tree, it 
encapsulates  the packet  into a unicast packet and  sends  it to the 
m-router. The m-router  decapsulates the data, puts it in a multicast 
packet,  and  forwards the packet according to the routing entry. 
When forwarding  the multicast packet, the intermediate router.

1. Packet forwarding algorithm
incoming = the router from which the multicast packet is 
received;
if incoming is the unpstream router
   forward the packet to all the downstream routers;
else 
   if incoming is one of the downstream routers
      forward the packet to upstream router;
      forward the packet to all the downstream routers except 
incoming;
   else
      drop the packet;
end

V. Simulation Results
We have implemented the newly proposed multicast protocol 
along with three existing protocols on the ns-2 simulator and 
conducted extensive simulations to evaluate the protocol. In this 
section, we compare the multicast trees constructed by our protocol 
and other protocols, and data overhead of the protocols.

A. Multicast Trees
A random network topology is generated, with each link being 
assigned a random link delay and a random link cost. A set of group 
members is randomly picked from the nodes in the topology. We 
use different algorithms to construct the multicast tree for the  same 
set of group members and compare  the multicast tree afterward.    
The comparison metrics are tree delay and tree cost.

Fig. 2:

Fig. 3:

We compare the DCDM algorithm with other four existing   
algorithms: MB, DVMRP, MOSPF, and CBT. CRCDM was  not 
implemented due to its dependence on a high-complexity   unicast  
routing protocol. Since the  multi- cast tree constructed by DVMRP 
or MOSPF is determined not only by the set of group  members, 
but also by the source node, we assume  that  the source  node is 
the same  node  as the core in CBT. Under  this assumption, the 
multicast  trees constructed by  these  three  algorithms (DVMRP,  
MOSPF, and (CBT) are identical because all of the trees are 
composed of the shortest delay  paths between the core/source 
and  the group members. Therefore, in  the simulation, we only 
implemented CBT, KMB, and DCDM

B. Networkwide Performance
Besides comparing the  multicast trees, we implemented SCMP  
and other three protocols (DVMRP, MOSPF, and CBT) on the  
ns-2 simulator  to compare  their  networkwide performance.  The 
following metrics are compared:

1. Data overhead
The network bandwidth used by data packets. A data  packet  going  
through one  link  contributes lc units  to the data overhead, where  
lc is the link cost of the link. 

2. Protocol overhead
The network bandwidth used by protocol packets. Protocol  
packet  going through  one link contributes lc units  to the protocol 
overhead,  where lc is the link cost of the link. Maximum end-to-
end delay: the maximum delay experi- enced by the packets from 
the source to the group members.

C. Concluding Remarks
By concentrating most multicast routing and service-related  
tasks in the master router, routing efforts on other routers can 
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be greatly reduced, and the bandwidth wasting  in the rest of the 
Internet can be avoided. ST-based  protocols suffer the traffic 
concentration problem around the core, whereas the master routers  
in the new architecture are specially designed  powerful routers  
to  fficiently handle heavy network traffic, which can greatly 
alleviate the problem.

Fig. 4:

Another common  problem of  ST-based  protocols is the  single  
core  failure problem. In  the  new  architecture, since  the  master 
router is owned and admini- strated  by the ISP, it is easy to install  a 
hot standby system, in which there is a secondary m-router besides  
the primary  master router. The primary and  the secondary  master 
routers run simultaneously. The data is mirrored to the secondary 
master router in real time so that both master routers  have identical 
information. When  the  primary m-router  fails, the secondary 
m- router will take over the job automatically.
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