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Ubiquitous Internet Broadcasting
Anyone can publish
*/Anyone, anywhere, can tune in

"""“"' L-

RO RGOS EaOrik s CORTEREECE -
l-|1'rr.-||| REH PN~ AEGUST 30

nic r'ﬁr:r*r"

m ”’"i |
TU nn
Pﬂ?ffrﬁ#i

T AT L




End System Multicast
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ESM: The Benefits

Easy to deploy
— No change to network infrastructure

Programmable end-hosts

— Application-specific customizations
Transcoding/

Priority forwarding
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ESM Project Chronology

2000: Architecture proposed

Next 3 years: “Protocol-design approach”

+ Examples: Narada, Yoid, Overcast, Scattercast, Nice,
ALMI, Hypercast, CAN Multicast, Bayeux, CoopNet,
SplitStream, Bullet, ...

+ Demonstrated the potential using simulation and
university-based Internet test-beds

2002 + present: “Application-centric approach”
+ Does end system multicast work in the real world?

+ First completely operational system with extensive
usage and first report of experience
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Outline

System overview

Deployment status

Deployment experience and system performance
_essons learned
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tem Overview

7a FE. Monitor
] Fﬁ Logger

Key Components:
+Protocol to organize receivers into efficient overlays
+Support for heterogeneous receivers
+Support for hosts behind NATs and firewalls
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Overlay Protocol Semantics

Connected overlay tree rooted at source
+ Data sent along the tree
+ Bound fanout at each node

Optimize for end-to-end bandwidth
+ Secondary for delay

Distributed, self-improving protocol

+ Periodically probe other hosts as 2potential parents®
+ Switch parent if improve performance
: Seattle-
Pittsburgh L AN
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Support for heterogeneous receivers

Each receiver. Recelve as many
A/V Signal Encoder | 18Y€rs as capacity allows.
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Support for NATs and Firewalls

+Support NATs as children of public hosts
+Support NATs as parents of public hosts
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Outline

System overview

Deployment status

Deployment experience and system performance
_essons learned
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User experience
Performance Stats

Overlay Tree
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Deployment status

Event Duration | Unique | Peak
(hours) Hosts Size
SIGCOMM '02 25 338 83
SIGCOMM '03 72 705 101
Slashdot 24 1609 160
DARPA Grand 4 800 280
Challenge
Total 220 4000 -

Many continents and many networks.
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Snapshot from Sigcomm ‘02 Broadcast

U.S. East Coast (O
U.S. Central O
U.S. West Coast O
Europe O

Asa O

Unknown (O
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Outline

System overview
Deployment status

Deployment experience and system performance
+ New analysis methodology and tools

Lessons learned
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Performance: Sigcomm ‘02

5 gcommO2

~ Bandwidth constrained: wireless, poor
access bandwidth
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System Dynamics
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System Dynamics
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Rebroadcast
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More conferences and lectures

Conference and |lecture broadcasts
have good overall performance.
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Slashdot Broadcast

Slasndot

Performance is not as good as conference
and lecture broadcasts.
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Resource Index

S
N

Resource Index:

(3+5)/3 = 2.7

7/1/2004

Ratio of supply of
bandwidth to demand of
bandwidth

Resource index ==
means the system is
saturated

Resource index ==
means the system can
support two times the
current members in the
system
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Resource Index

.

Abundant resources

Resource Index

Only considering bandwidth.
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Resource Index with NATSs

Inefficient structure Connedctivity-optimal structure

Resource Index: Resource Index:
(3+3)/3 = 2.0 (3+5)/3 = 2.7
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Considering connectivity constraints

Resource Index

M o>r\e constrained.

The presence of NATs and firewalls places
more constraints on the environment.
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Outline

System overview
Deployment status
Deployment experience and system performance

| essons learned
+ Towards the next iteration....
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Lessons learned: NATs/firewalls

Observation: There are a lot of NATs in the
system (70%)

Problem: Fewer resources and poor
performance

Solutions:

+ (1) Enabling NAT-NAT connections using UDP as
the transport protocol

+ (2) Connectivity-aware structuring so hosts with
public IP addresses use NATSs as parents
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Solutions

Inefficient structure Connectivity-optimal structure

Resource Index: Resource Index:
(3+3)/3 = 2.0 (3+5)/3 = 2.7

Increase Resource Index in Slashdot by 74%.
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| essons learned

Automatic estimation of bandwidth

Observation: Some hosts lie about or misconfigure
their bandwidth contributions

Problem: Poor performance

Solution: Measurement-based estimation of outgoing
bandwidth can increase Resource Index by 20%

Preferential treatment
Observation: Close to saturation
Problem: Cannot accept more hosts into the system

Solution: Preferential treatment of contributors avoids
rejection of 78% of the hosts

+ Accept contributors at full streaming rate

+ Allow free-riders to join lower quality stream
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Summary

First operational experience with a real broadcast
application

+ 4000 viewers and 4 publishers

Demonstrated the potential of end system multicast
In a real application with real users

+ Can provide good performance for most of the broadcasts
conducted to date

|dentified the importance of several issues that have
not received attention in the research community
+ Resource constrained environment, NATs/firewalls

Next big challenges

+ Wider and larger-scale deployment, security, interactivity,
making the application friendly
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