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RESEARCH Understanding the design tradeoffs of cooperative streaming multicast: Co-
PROJECTS operative end-system multicast (CEM) is emerging as a miomiparadigm for

video distribution since the bandwidth overhead of dissatiig content is shared
among the participants themselves. Prior research in CEldddtused either on
the design of new protocols or on comparisons of completiesys However, the
inherent tradeoffs between different CEM designs, pdertyiunder a wide range
of operating conditions, are not well understood. In thiskyjd], we empirically
and systematically evaluate CEM design choices. We syathesir results into
a model that captures the inherent tradeoffs in CEMs, whigbarticular, conjec-
tures that no CEM design can simultaneously achieve lowhaaat, low lag, and
high streaming quality.

SAAR: A shared control plane for cooper ative streaming multicast: Common
to all cooperative end-system multicast (CEM) systems éscibntrol task of se-
lecting overlay neighbors. We demonstrate that the cotash of neighbor acqui-
sition can be factored out to a separate control overlaypttaides a single primi-
tive: a configurable anycast for peer selection. Differetticbverlay organizations
(single-tree, multi-tree, mesh, and hybrids) can be supda@imply and efficiently
by expressing appropriate anycast policies. We designeédngplemented SAAR
[2], a shared control plane for CEMs. An experimental evadmademonstrates
that SAAR’s control efficiency enables fast channel swiighand high streaming
quality even under high churn rates in an application liKEMP
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A realistic Internet latency generator to support large-scale overlay simula-
tions. Understanding the characteristics of the Internet dgtags (i.e. the set of
all-pair static propagation delays amongst edge netwasks)portant for the de-
sign and evaluation of large scale distributed systems as@verlay networks. In
this work [3], we measure and analyze delays among thous#retige networks
and build a model of the Internet delay space. The model preseelevant metrics
of distributed system design, allows for compact repregemt, and can be used to
synthesize data at a scale where direct measurements aagestoe impractical.

Scrivener : Providing incentivesin cooper ative content distribution networks:
Participants of cooperative peer-to-peer applicationaatmecessarily have an in-
centive to donate resources to the system if they can gey#ters’s resources for
free. We design and implement Scrivener [4,7], a decentdlsystem that ensures
fair sharing of bandwidth among the participating nodes, rovides service to a
user proportional to the user’s contribution.

Resource discovery in decentralized systems. Anycast is a powerful network
service that can be used to efficiently manage and locatenesin decentralized
distributed systems. Ideally, an anycast system must Hatdealocation aware,
and load aware. We motivate, design, and implement LALA shesy that realizes
the following anycast functionality: given a client reqtyesur goal is to select the
closest anycast server that has enough resources (i.eoit izverloaded) to satisfy
the client’s request.

SplitStream : High bandwidth content distribution in a cooper ative environ-
ment: In tree-based multicast systems, only a small number efiortnodes carry
the load of forwarding multicast messages. This poses dgrolm cooperative
end-system multicast where participants are expectedrtwiloote resources pro-
portional to the benefit they expect in return. SplitStreaB][is designed to dis-
tribute the forwarding load among all participants and tcomemodate nodes with
different bandwidth capacities.

FreePastry: | contributed to the FreePastry code, which is an open soume
plementation of Pastry, a generic, scalable and efficicogtsate for peer-to-peer
applications fittp: //freepastry.org/FreePastry/). FreePastry applications can be de-
ployed in the general Internet, executed in a wide-are®edslike Planetlab, or
executed on top of an emulator. As part of the explorationhefdesign space
of cooperative video streaming [1,2], | built from scrat@pgrox. 40,000 lines
of code) different peer-to-peer video streaming multieagiroaches (single-tree,
multi-tree, mesh-based and hybrids) on the FreePastryratds
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Max Planck Institute for Software Systems (MPI-SWS), Germany: Visiting
research student in the Distributed and Networked Systemgpgunder the guid-
ance of Dr. Peter Druschel who is a pioneer in the area oftsireat peer-to-peer
overlay networks, May 2006 - present.

Rice University, Houston, USA: M.S. and Ph.D. student in the Dept. of Com-
puter Science, Distributed and Networked Systems grougerutie guidance of
Dr. Peter Druschel who is a pioneer in the area of structuesd-fm-peer overlay
networks, Aug 2001 - May 2006.

University of California, Berkeley, USA: Summer intern in the Networked Sys-
tems group under the guidance of Dr. lon Stoica, for the fahg 2 summers: (i)
May-August 2003, and (ii) June-August 2004.
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