How did IP Multicast get so complicated?

Mark Handley ACIRI

mjh@aciri.org

Overview

IP Multicast Service Model

Multicast Addresses

DVMRP (1988-1993)

Broadcast and Prune

PIM-DM (~1993)

DVMRP for "real" routers

CBT and PIM-SM (~1993)

A different way of looking at the problem

Core Discovery

We merely moved the problem

HPIM or change the service model?

PIM-SM v2

MSDP

A necessary short-term kludge

Overview (cont)

Multicast Address Allocation

SAP/SDP (1993-) Scaling limits Adding Hierarchy to Address Allocation AAP and MASC MADCAP: client API to address allocation

BGMP: Core Discovery Revisited

But it’s so complicated!!!

Express Simple Multicast

IP Multicast

Dynamically constructs efficient distribution trees from senders to receivers.

Service Model:

Receivers announce their interest

Senders just send

Routers conspire to deliver data from senders to receivers

Class D addresses

Traditionally, IP Addresses were divided into classes:

Class A for networks with millions of hosts Class B for networks with thousands of hosts Class C for networks with tens to hundreds of hosts

Class D is multicast group addresses

A multicast sender just sends to a class D multicast address Multicast receivers express an interest in a class D multicast address If they choose the same address, the network delivers traffic from the senders to the receivers.

Class D addresses are in the range 224.0.0.0 to 239.255.255.255.

Why is this so cool?

Efficient one-to-many distribution.

Multicast address is a logical address.

It binds together senders and receivers, which need have no prior knowledge of each other or the network topology.

In the extreme, this can lead to a whole new way of viewing the design of applications (peer-to-peer rather than client/server).

Resource discovery made easy.

DVMRP (Steve Deering, ~1988)

Basic Model is "Broadcast and Prune":

Broadcast and Prune

Branches not on the shortest path tree to a receiver are pruned off:

Shortest Path Tree

Resulting in a shortest path distribution tree rooted at the sender:

Local Tree Maintenance

Changes in membership are handled efficiently and locally by grafting and pruning:

A Shortest Path Tree Per-Sender

Distribution trees are per-{sender,group} and are triggered by data packets:

Dense-Mode PIM

PIM = Protocol Independent Multicast

DVMRP builds it’s own routing table.

PIM attempts to use the underlying unicast routing table.

Very similar to DVMRP

Broadcast and Prune.

Also DVMRP pre-computes certain RPF information.

This prevents packet duplication.

PIM didn’t want to do this, so detects duplicates and then fixes them.

Surely there’s a better way?

Dense mode protocols create per-(source,group) state in routers unrelated to where the traffic goes.

Why not rendezvous at a meeting point instead of broadcasting the data?

Basic idea from Paul Francis/Van Jacobson

Result:

Core Based Trees (CBT)

Francis, Ballardie and Crowcroft Sparse-mode PIM (SM-PIM)

Estrin, Farinacci, Jacobson, et al.

Sparse-mode PIM

Instead of flooding and pruning to directly build a shortest path tree, Sparse-mode PIM initially builds a shared tree.

The shared tree is built by sending join messages towards a

Rendezvous Point (RP).

Once data is flowing, the shared tree can be converted to a shortest path tree if required.

PIM-SM: Building the Shared Tree

10

100

1000

10000

100000

1e+06

100 1000 10000 100000 1e+06

Addresses Allocated

Address Space Size

Addresses allocated before probability of a clash is 0.5

Upper Bound (y=x)

Lower Bound (y=x^0.5) i=0.01m i=0.001m i=0.0001m i=0.00001m