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I. I NTRODUCTION

High-bandwidth multicast among widely distributed nodes
is critical for a wide range of important applications including
audio and video conferencing, multi-party games and content
distribution. Multicast decouples the size of the receiver set
from the amount of state kept at any single node and poten-
tially avoids redundant communication in the network.

The limited deployment of IP Multicast has led to consid-
erable interest in alternate approaches that rely only on end
systems [11], [14], [1], [20], [24], [9]. In an end system mul-
ticast approach, participating end hosts organize themselves
into an overlay topology for data delivery. Each edge in the
topology corresponds to a unicast path between two end hosts
in the underlying Internet. All multicast-related functionality
is implemented at the end hosts instead of at the routers of
the underlying network, and the goal of the multicast protocol
is to construct and maintain an efficient overlay for data
transmission.

Among the proposed end system multicast protocols, tree-
based systems have proven to be highly scalable and efficient
in terms of physical link stress, state and control overhead,
and end-to-end latency [14], [1], [8], [10]. However, normal
tree structures have inherent problems in terms of resilience
and bandwidth capacity.

Overlay trees composed of autonomous, unpredictable end
systems are highly dependent on the reliability of interior
nodes, and consequently vulnerable to transient behaviors of
the participating end hosts [2]. Measurement studies of widely
used peer-to-peer systems have reported median session times
ranging from two hours to a minute [6], [12], [10], [23].
Handling this high level oftransiency while still delivering
high application performance at relatively low costs has proven
to be a difficult task [22], [10], [18], [7], [17], [21].

Trees are vulnerable to effects arising from bandwidth-
limited interior nodes. Measurement studies report a significant
degree ofheterogeneityin peer-to-peer applications [3], [23].
Available bandwidth has been reported to vary from less than
10 Kbps to more than 10 Mbps, with a large portion of the
peers having very limited performance [19]. Thus, a major
obstacle in multicast applications is to construct a distribution
topology that avoids hotspots in the data path while providing
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Fig. 1. Nemo’s logical organization. Shapes illustrates the role of a peer
within a cluster: a leader at a given layer can act as co-leader or ordinary
member at the next higher layer.

good end-to-end performance.
In my research, I address these key issues in peer-to-peer

multicast: transiency and heterogeneity, while still delivering
high application performance. My approach is mainly experi-
mental – designing, building, testing and redesigning as a way
of gaining further insights into complex systems.

II. RESEARCH

As a first step to enable large-scale peer-to-peer multicast,
we have designed Nemo [4] for resilient multicast specifically
addressing high degrees of transiency.

Nemo uses theimplicit approach to building overlays for
multicasting: participating peers are organized into clusters
based on network proximity, with every peer being a member
of a cluster at the lowest layer. Each of these clusters selects
a leader that becomes a member of the immediately higher
layer. In part to avoid dependency on a single node, every
cluster leader recruits a number of co-leaders to form its
crew. The process is repeated, with all peers in a layer
being grouped into clusters, crew members selected, and
leaders promoted to participate in the next higher layer. Thus
peers can lead more than one cluster in successive layers
of this logical hierarchy. Co-leaders improve the resilience
of the multicast group by avoiding dependencies on single
nodes and providing alternative paths for data forwarding.
In addition, crew members share the load from message
forwarding, thus improving scalability. Figure 1 illustrates
the logical organization of Nemo. Simulation and wide-area
experimentation have illustrated the benefit of using crews in



Fig. 2. FatNemo’s Topology. The figure illustrates how the tree gets fatter
when moving toward the root.

transient environments [4].

Building on the resilience of Nemo, FatNemo [5] addresses
the bandwidth constraints of conventional tree-based multicast
found in heterogenous environments through adopting the
concept of Leiserson’s fat-trees [16] from parallel architecture.
Similar to Leiserson’s goals, we aim at building a multicast
overlay with minimized mean and standard deviation of inter-
node communication latency. Thus, we propose to organize
participant end systems in a tree that closely resembles a
Leiserson fat-tree. To build an overlay fat-tree, FatNemo relies
on three main heuristics:(1) higher bandwidth capacity nodes
should be placed higher up in the tree,(2) all peers must serve
as crew members to maximize load balancing, and(3) the size
of clusters should increase exponentially as one ascends the
tree.

The per-node bandwidth constraint is critical for bandwidth-
demanding applications and can be stated as the number
of full-rate streams a peer is able to support, i.e. itsout-
degree. By organizing peers based on their out-degrees [11],
we aim to reduce the bandwidth constraints of links higher up
in the tree. Since estimating available bandwidth is a time
consuming process [13], [15], peers initially join the tree
based on proximity. Once in the tree, every leader checks
its highest owned cluster for better suited leaders in terms of
bandwidth availability, and transfers leadership if such a peer
exists. This assures that high out-degree peers will gradually
ascend to higher layers, thus helping shape the tree as a
bandwidth optimized fat-tree. Figure 2 illustrates how a fat-
tree is resembled on the overlay.

In cooperative environments, peers contribute resources
in order to receive a service. Conventional multicast trees,
however, are not well suited for these environments as interior
nodes share most of the forwarding responsibility, while leaf
nodes only consume without providing resources. Continuing
our work, I’m exploring how performance-based multicast can
be applied to cooperative environments and I’m also building
new applications, such as wide-area file systems and large-
scale multi-player games, to illustrate the advantage of these
novel protocols and to better understand their limitations.
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