Reliable Multicast Using Shared Ac k Trees

J.J. Garcia-Luna-Aceves Brian Neil Levine

Computer Engineering Depar tment University of California, Santa Cruz

Overview

• Definition of reliab le multicast ser vice.

• Taxonomy of reliable multicast pr otocols.

• Maximum attainab le throughput anal ysis.

• Description of Lorax, a shared ac k tree protocol.

• Conclusions.

A Reliable Multicast Ser vice Definition

• Every packet is delivered to eac h receiver within a finite time and free of err ors.

• Additionally, only a single cop y of each packet is delivered, in the or der sent b y the sour ce.

• Efficient garba ge collection. P ackets can be safely deleted within a finite amount of time .

Taxonomy

Ways to solve the A CK implosion problem.

• Whether ACKs or NAKs are used is not impor tant, but rather:

  • Who controls memor y allocation and pacing?
  • How are receiver s organized?

• Structures imposed on the member s of the

session.

• None, rings, or trees.

Taxonomy (cont’d)

• Congestion Windo w.
  • Packets possib ly requiring retransmission.

• Memory Window.
  • Packets requiring ac knowledgment from all

receiver s.

Reliable Protocol Classes 1. Sender -Initiated

• No structure ,
• deletion with ACKs, repairs

with ACKs or NAKs.

2. Receiver-Initiated

• No structure ,
• no deletion ,
• repairs with NAKs.

Reliable Protocol Classes (cont’ d)

2 Subclass.

Receiver-initiated with NAK-avoidance (RINA)

• Nodes wait and listen before sending NAKs.

3. Ring-based

• logical ring structure ,
• rotating token allows deletion,
• NAKs sent to token site to request repair s.

Reliable Protocol Classes (cont’ d) 4. Tree-based

• ack tree structure ,
• deletion with Aggregate

ACKs,

• repairs with local ACKs.

4 Subclass.

Tree-based with local NAK-a voidance and Period Polling (Tree-NAPP)

• NAK-avoidance within local gr oup.

Method of Analysis

• BasedonworkbyPingali,Towsley,andKurose.

• We are interested in the maximum throughput of

each class.

• All loss events at an y node are m utually independent.

• No acknowledgments are lost.
  • Protocols that rel y on NAK-avoidance are

helped the most. T ree-NAPP is not helped as much as RINA.

Analytical Bounds

Results fr om Pingali, Towsley, and Kurose .

‡ Results fr om Levine and Gar cia-Luna.

Protocol Processing, func. of recv . set Sender -Initiated* Receiver-Initiated*

RINA* Ring-based^‡ Tree-based‡ Tree-NAPP‡

O R Rln ( ) O R( ) O Rln( ) O R( ) O 1( ) O 1( )

Processor Speed vs. Number of

Suppor table Receivers

Rings

Tree-NAPP

Trees

Recv-init

RINA

Send-init

RINA Protocols

e.g., Log Based Receiver -Reliable Multicast or SRM • A server logs and stores the entire session indefinitel y.

• All receivers store the entire session indefinitel y.
• Soft-state NAK-avoidance timer s is an O(n^2)

operation that does not scale .

• The limitations of sender -initiated is the need to process A CKs and to kno w all the receiver s.

• Using the TTL field is a poor appr oximation to local groups.

• NAK-avoidance not as useful when NAKs are lost.

The Lorax Protocol

• The first Reliab le Concurrent Multicast pr otocol that constructs and maintains a shared ac k tree for all sour ces in a session.

• Lorax self-routes acknowledgments to wards sour ces. There are no routing tab les.

• Lorax is the fir st RINA or Tree-based pr otocol proposed to date that has saf e deletion .

• The deletion mec hanisms used in Lorax can be combined with an y retransmission strategy .

Shared Ac k Trees

• Current tree-based pr otocols do not scale , because the y need one ac k tree per sour ce per gr oup.

Shared Ac k Trees m ust be ab le to route ACKs.

The path lies thr ough parent or thr ough a c hild.

A B C D E F G

A B C D E F G

Implicit Labels and Routing

No routing tab les are needed.

1 10 11

100 101 110 111

10 111 11 111

Lorax Is Two Protocols in One The tree b uilt by Lorax can be used to handle Retransmissions, or Deletion, or both.

Retransmissions Deletion Sender -Initiated No Structure Receiver-Initiated No Deletion Rings Rings Trees Trees

Summar y

• Our maximum throughput anal ysis sug gests that trees are the best method.

• Lorax is the fir st protocol to construct and maintain a shared ac k tree for multiple sour ces.

• Routing of ac knowledgments is perf ormed without routing tab les at eac h host.

• Lorax can be setup as an e xtension to pr otocols that cannot saf ely delete pac kets.

Postscript of paper s available at:

http://www.cse .ucsc.edu/resear ch/ccrg/publications.html