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Outline

• Introduction and motivation
• Challenges in (interactive) media streaming
• Approach

– Peer-to-peer audio streaming protocol: 
ACTIVE

– Group conferencing application: AudioPeer
– Media streaming for MMOGs: PartyPeer

• Conclusions, Q&A
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Scalable P2P Media Streaming
with Low-latency

for
Large Participant Groups

Focus

Challenges

• Latency: low end-to-end delay
• Scalability: support large user base

Note: 1. and 2. are conflicting goals
• Real-time dynamic reconfiguration

• Transient topology interconnections (peers come 
and go, reconfig must be fast)

• Distributed topology maintenance (no central control)
• Security, resource management, …
• Practical issues: NAT, asymmetric bandwidth, …
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Topology Approach 1

• Centralized, i.e., client-server
– Everybody connects to a massive server

+ Latency between participants is bounded

- Single point of failure and “hot spot”; lots of resources 
necessary (e.g., bandwidth); not massively scalable
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Topology Approach 2

• Decentralized, based on peer-to-peer
– Players connect directly to each other

+ Very scalable; few central resources needed

- Providing a bound on the end-to-end latency becomes 
challenging

- User administration

• Hybrid model is
possible
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Challenges in P2P (1)

• Latency: Processing delay in each node is up to 50 ms 
(user level audio processing & network buffering)
– Latency for voice communication should be less than 

250-300 ms
– A path within the p2p tree structure with many 

intermediate nodes presents a problem

Challenges in P2P (2)

• “NATmare” (© Nan Chen, Atrica)
– Many peers use network address translation
– Peers cannot directly connect (without gateway re-

configuration)

Peer 1 Peer 2

NAT device
(Cable modem gateway)

NAT device
(DSL gateway)

192.168.0.1 192.168.1.3

128.125.4.204 209.7.114.157
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Education Application Domain:
Distance Education Network

• AudioPeer - Peer-to-peer streaming;
in collaboration with USC Distance Education Network

• Goals and Challenges:
– Enable discussions and Q&A

for courses, labs, office hours

– Support participation of students ,
TAs, LAs , and instructors

– Be scalable: 100+ groups
(classes), 1000+ students

– Be extensible, e.g., speech transcripts
of sessions to allow text search

AudioPeer Architecture

Audio Chat Participants
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Adaptive C ore-based T ree 
for 

Interactive V irtual E nvironments

ACTIVE Protocol

Support low-latency streaming among active users
� Cluster the current active speakers to the core node
� Dynamically optimize the multicast tree
� Control the number of active speakers

Support large conversation group
� Use distributed Credit Point (CP) system to build large

scale loop-free audio forwarding tree
� Mixes audio on intermediate nodes (save bandwidth)
� Use silence detection to avoid sending redundant data

ACTIVE Key Features
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ACTIVE Protocol

– Distinguish between active and passive users!
• Empirical observation: At any specific time,

only a fraction of all users are actively
speaking

– We include the application layer processing
delay (more realistic assumption)

ACTIVE Protocol (2)

ACTIVE Protocol Pipeline

User Status Floor Control Optimization

Distinguish 
Active Users

Allow Users to
Speak

Cluster Active
Users 

Credit Point System
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Physical

ACTIVE: Cluster Active Speakers

Performance Metrics
• RDP : Relative Delay Penalty

• MST: Delay calculated using minimum-
spanning tree algorithm
• MST is calculated without considering the 
processing delay
• MST calculated is considered to be the 
optimal solution for all overlay algorithm 
ignoring the processing delay

• RDP-AU: RDP among active speakers
• RDP-ALL: RDP among all users

 
MST

y ystem DelaMeasured S
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Performance Evaluation
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RDP-AU

MST

RDP-ALL

Performance Evaluation

Implementation of AudioPeer

• Web based, simple 
interface
– Can be easily 

integrated with DEN

• For large, moderated 
groups:
– Allows floor control by 

moderator (e.g., TA)

• For small groups (e.g., 
projects discussions):
– Automatic floor control 

to allow complete
interactivityParticipant Client

AudioPeer, Second Generation
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Audio Mixing

Administration Control Interface

An online administration and a 3-D visualization tool

• Visualization of large 
groups

• Monitoring of network 
conditions, etc.
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Social Community Tool: PartyPeer

• Distributed virtual 
environment

• Users are represented as 
avatars

• Differently “themed”
rooms

• ACTIVE protocol 
provides audio 
conferencing capabilities

• Proximity audio creates 
“aural landscape”

• Broadcast and interactive 
modes

Level 1

Level 2

Level 3 Speaker

45 kbps

45 kbps45 kbps

Broadcaster

Level 4

Full volume

Reduced volume ...

......

... ...

5 links per node: 225 kbps

Full volume (broadcast mode)
Full volume (interactive mode)
Reduced volume (interactive mode)

Note:   - Not all arrows are shown.
            - Two arrows in the same direction may
               represent mixed audio.

Parent of Broadcaster

Children of Broadcaster

Proximity Audio

Level 1

Level 2

Level 3 Speaker

45 kbps

45 kbps45 kbps

Broadcaster

Level 4

Full volume

Reduced volume ...

......

... ...

5 links per node: 225 kbps

Full volume (broadcast mode)
Full volume (interactive mode)
Reduced volume (interactive mode)

Note:   - Not all arrows are shown.
            - Two arrows in the same direction may
               represent mixed audio.

Parent of Broadcaster

Children of Broadcaster
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Social Community Tool: PartyPeer

PartyPeer Prototype Environment
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PartyPeer Prototype Environment

• Position-aware Mobile Music 
Streaming

• Integration of a PDA, wireless 
networking (802.11b) and GPS

• User location is acquired through GPS 
receiver

• Music (or other audio source) is 
streamed based on the location of the 
device

• Applications: outdoor museum guide, 
games

• [Mobisys 2005]

Mobile P2P: MStream
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Thank You!   Questions?

DMRL Lab Website

http://dmrl.usc.edu

IMSC Website

http://imsc.usc.edu


