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Abstract—In this work, we propose a Two-tier Overlay Multicast Architec-
ture (TOMA) to provide scalable and efficient multicast support for a variety
of group communication applications. In TOMA, Multicast Service Overlay
Network (MSON) is advocated as the backbone service domain, while end
users in the access domains form a number of small clusters, in which an
application-layer multicast protocol is used for the communication between
the clustered end users. Our two-tier architecture is able to provide efficient
resource utilization with less control overhead, especially for large-scale ap-
plications. It also alleviates the forwarding state scalability problem and sim-
plifies multicast tree construction and maintenance when there are large num-
bers of groups ongoing in the networks. We conduct simulation studies and
the preliminary results demonstrate the promising performance of TOMA.
Currently, we are in the process of implementing TOMA in a commercial
on-line audio/vedio communication system, iVisit, to check the feasibility of
TOMA and to further investigate its performance in real environments.

I. INTRODUCTION

The Internet has overseen more and more emerging group
communication applications, such as video conferencing,
video on-demand, network games, and distributed interac-
tive simulation (DIS). Over the years, tremendous efforts have
been made to provide multicast support, ranging from IP mul-
ticast to recently proposed application-layer multicast. IP mul-
ticast utilizes a tree delivery structure which makes it fast, re-
source efficient and scale well to support very large multicast
groups. However, even after approximately two decades since
the inception of IP multicast, it is still far from being widely
deployed in the Internet. This is due to many technical rea-
sons as well as marketing reasons [8, 2]. The most critical
ones include: the lack of a scalable inter-domain routing pro-
tocol, the state scalability issue with a large number of groups,
the lack of support in access control, the requirement of global
deployment of multicast-capable IP routers and the lack of ap-
propriate pricing models. These issues make Internet Service
Providers (ISPs) reluctant to deploy and provide multicast ser-
vice.

In recent years, researchers resort to application-layer mul-
ticast approach: multicast-related features are implemented at
end hosts [10, 7, 14, 4, 12, 15]. Data packets are transmit-
ted between end hosts via unicast, and are replicated at end
hosts. Examples are Yoid [10], End System Multicast [7],
ALMI [14], and NICE [4], to name a few. These systems
do not require infrastructure support from intermediate nodes
(such as routers), and thus can be easily deployed. However,
application-layer multicast is generally not scalable to support
large multicast groups due to its relatively low bandwidth ef-
ficiency and heavy control overhead caused by tree mainte-
nance at end hosts. In addition, from the point of view of an
ISP, this approach is hard to have an effective service model to
make profit: group membership and multicast trees are solely

managed at end hosts, thus it is difficult for the ISP to have ef-
ficient member access control and to obtain the knowledge of
the group bandwidth usage, and makes an appropriate pricing
model impractical, if not impossible.

Then the question is: what is the viable or practical so-
lution for large-scale multicast support? In a multicast ser-
vice, multiple parties are involved: network service providers
(or higher-tier ISPs), Internet Service Providers (or lower-tier
ISPs, which we refer to as ISPs for short in this work), and
end users. However, which party really cares about multicast?
End users do not care as long as they can get their service at a
reasonable price. This is why many network games are imple-
mented using unicast. Network service providers do not care
as long as they can sell their connectivity service with a good
price. This actually contributes as one reason for the delay of
IP multicast deployment. Obviously, ISPs in the middle are
the ones who really care about multicast: their goal is to use
limited bandwidth purchased from network service providers
to support as many users as possible, i.e., to make a biggest
profit. Therefore, to develop a practical, comprehensive, and
profitable multicast service model for ISPs is the critical path
to multicast wide deployment.

Strongly motivated, in this work, we propose a Two-tier
Overlay Multicast Architecture (called TOMA) to provide
scalable, efficient, and practical multicast support for a variety
of group communication applications. In this architecture, we
advocate the notion of Multicast Service Overlay Network (re-
ferred to as MSON) as the backbone service domain. MSON
consists of service nodes or proxies which are strategically de-
ployed by an MSON provider (ISP). The design of MSON re-
lies on well-defined business relationships between the MSON
provider, network service providers (i.e., the underlying net-
work domains), and group coordinators (or initiators): the
MSON provider dimensions its overlay network according to
end user requests (provided by long-term measurement), pur-
chases bandwidth from the network service providers based
on their service level agreements (SLAs), and sells its multi-
cast services to group coordinators via service contracts. Out-
side MSON, end hosts (group members) subscribe to MSON
by transparently connecting to some special proxies (called
member proxies) advertised by the MSON provider. Instead of
communicating with its member proxy using unicast, an end
host could form a cluster with other end hosts close by. In the
cluster, application-layer multicast is used for efficient data
delivery between the limited number of end users. The end
users participating in the groups only need to pay for their reg-
ular network connection service outside MSON. A high level
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Fig. 1. A big picture of TOMA, where F is the group registry server/DNS
server, and A, B, C, D and E are overlay proxies.

picture of TOMA is illustrated in Fig. 1. F is the group reg-
istry server, containing information about groups registered in
the MSON, thus helps access control. An DNS server can
also reside in F, and it is used by the MSON provider to ad-
vertise member proxies. In the network, there is one multi-
cast group with (source) member proxy A and (destination)
member proxies D and E. An overlay multicast tree is built in
MSON for this group. Three P2P trees (one for each member
proxy) are established outside MSON.

The proposed TOMA architecture not only provides scal-
able and efficient multicast support as well as a practical pric-
ing model for ISPs, it also brings many other advantages. First,
an MSON provider can support a variety of group communi-
cation applications simultaneously, unlike some other exist-
ing multicast overlays (such as [7], [10], [6], and [11]), with
each overlay only supporting one group. This provides an
additional incentive for ISPs to adopt TOMA. Second, it is
relatively easy for ISPs to manage resources since MSON is
based on well-defined business relationships via SLAs with
network service providers and service contracts with group co-
ordinators. They can put major efforts on planning and man-
aging their overlay networks. Third, the notion of MSON sig-
nificantly simplifies the management of underlying networks:
network service providers only need to provide services to lim-
ited numbers of MSON providers instead of millions or bil-
lions of individual end users. This level of traffic aggregation,
in the long run, will make IntServ practical. A good anal-
ogy to this scenario is the relationship between manufacturers,
dealers, and consumers in our daily life. Lastly, MSON can
be further extended to support virtual group services, such as
web content distribution. Web clients who share similar inter-
ests can form a virtual group managed by MSON. Data trans-
mission inside MSON can be reorganized in order to provide
better services.

To make TOMA a reality, we face many challenges:
• Efficient management of MSON: It is anticipated that an
MSON will accommodate a large number of multicast groups.
How does an MSON provider efficiently establish and manage
numerous multicast trees?
• Cluster formation outside MSON: End users of multicast
groups might disperse around the country (or even the world).
They first need to subscribe to MSON and connect to some
member proxies. How should appropriate member proxies be
selected? And how are efficient clusters formed among end
users?

• MSON dimensioning: Given that the MSON provider has
an overlay architecture, how should it dimension the overlay
network? In other words, where should the overlay proxies be
placed, which links are used to transmit data, and how much
bandwidth on each link should be reserved?
• Pricing: The lack of mechanisms to measure resource usage
and bill multicast users is one of the main barriers that delay
the deployment of IP multicast. Therefore, how to charge the
multicast group users of MSON is an important factor to de-
cide whether MSON is a practical solution.

In this work, we tackle all these issues. To address the ef-
ficient management of MSON, we propose an efficient and
scalable protocol, called OLAMP (OverLay Aggregated Mul-
ticast Protocol), in which we adopt aggregated multicast ap-
proach [9], with multiple groups sharing one delivery tree.
Outside MSON, we develop efficient member proxy selection
mechanisms, and choose a core-based application-layer mul-
ticast routing approach for data transmission inside clusters.
Besides, we suggest several effective algorithms to dimension
overlay networks: locating overlay proxies, identifying over-
lay links, and dimensioning bandwidth. We also propose a
cost-based pricing model for the overlay ISPs who adopt the
TOMA architecture to charge multicast users. We believe this
pricing model provides incentives for both service providers
and clients to adopt our multicast service scheme. We have
conducted simulation studies and our preliminary results have
shown the promising performance of TOMA as well as the
effectiveness of our dimensioning algorithms.

II. PRELIMINARY RESULTS

In this section, we briefly present some results with regards
to the performance of multicast trees built by different multi-
cast schemes: TOMA, NICE [4] (a scalable application-layer
multicast protocol), an IP multicast protocol (Core-Based Tree
[3]), and unicast protocol (we include unicast as a reference
point for some metrics).

We use following metrics to compare multicast tree perfor-
mance. Multicast tree cost is measured by the number of links
in a multicast distribution tree. It quantifies the efficiency of
multicast routing schemes. To assess the quality of data paths,
we measure link stress and path length when data are trans-
mitted from a randomly selected source to all members. Link
Stress is defined as the number of identical data packets deliv-
ered over each link. Path Length is the number of links on the
path from the source to a member.
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Fig. 2. Tree cost vs. group size.

We focus on large group sizes of 200 to 1000 members to
test the scalability of different protocols. In simulation experi-
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Fig. 3. Average path length vs. group size.

ments, end hosts join the multicast group during an interval of
400 seconds, and the session ends at 1000 seconds. We col-
lect the metrics after the multicast tree has stabilized. We use
various network topologies in our simulations, and different
topologies yield similar results [13]. Due to space limitation,
we only present the results for a set of Transit-Stub topologies
[5].

Multicast tree cost In Fig. 2, we plot the average tree cost
of TOMA, NICE, and CBT as group size increases. As a ref-
erence, we also include the total link cost for unicast. Com-
pared with the cost of unicast paths, NICE trees reduce the
cost by 30 − 46%, TOMA trees reduce the cost by approxi-
mately 61 − 70%, and CBT trees save the cost by 68 − 80%.
Clearly, the performance of TOMA is comparable to IP mul-
ticast. In addition, TOMA outperforms NICE in all cases, and
their difference magnifies as group size is increased. This ef-
ficiency gain of TOMA vs. NICE is due to two reasons. First,
TOMA takes advantage of the carefully dimensioned over-
lay networks which resemble the underlying network topol-
ogy, whereas NICE relies on path probing techniques and con-
structs overlay topologies with degraded quality. Second, by
using proxies as intermediate nodes, TOMA allows the pack-
ets to be replicated at proxies and hence decreases the redun-
dant packets sent over the physical links. We also found out
that average link stress shows a similar trend [13].

Average path length The results for average path length are
shown in Fig. 3. As expected, unicast and IP multicast have
the shortest end-to-end paths. Additionally, the path lengths
of TOMA trees are much shorter than those of NICE trees on
average. For instance, at group size of 1000, the average path
lengths of TOMA and NICE trees are 15.32 and 21.72, respec-
tively. Again, the performance improvement of TOMA over
NICE is gained through efficient overlays: in TOMA, overlay
links are constructed based on the shortest paths in network
layer; as a result, data packets can avoid going through unnec-
essarily long paths.

We also obtained results for the metrics of control over-
head, robustness, and state scalability. Our observations
through simulation experiments can be summarized as fol-
lows: TOMA creates multicast distribution trees with tree cost
and average link stress almost comparable to those of IP mul-
ticast; the data paths of TOMA trees have lower latency than
that of NICE trees; the control overhead of TOMA is signifi-
cantly less than NICE for large groups; TOMA is more robust
than NICE when there are ungraceful user leaves; TOMA is
scalable to large numbers of groups in terms of control over-
head and multicast state.

III. ON-GOING WORK

To further check the feasibility of TOMA and evaluate its
performance in real environments, we are collaborating with
iVisit 1, to implement and test TOMA in the existing iVisit
system.

The current iVisit audio/video communication system ex-
plores a hybrid peer-to-peer/central-server approach. Multi-
party communications can adaptively switch between central
server mode and peer-to-peer mode based on the criteria such
as network congestions, network failures, and participant dy-
namics, etc. In this way, Ivy can take advantages of both the
robustness of central servers and the cost-efficiency of peer-
to-peer services, achieving better performance compared with
pure peer-to-peer or central server mode. However, this ap-
proach is not resource-efficient and scalable enough to support
large numbers of users. Thus, the company is seeking for new
solutions. MSON perfectly fits in the iVisit system, replac-
ing the central-server. Proxies will be deployed by iVisit, and
each of the member proxies will be responsible for end user
cluster formation, as well as the multicast routing in MSON.
In this way, TOMA provides an effective solution to scalable
multimedia group communications for iVisit.
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