Session Directories and Multicast Address Allocation

Mark Handley USC/ISI

mjh@isi.edu

A Little History

The first multicast session directory was sd from Van

Jacobson and Steve McCanne at LBNL in 1992.

I wrote sdr in 1994, and eventually it came to replace sd.

Both tools multicast periodic messages to a well known group to announce multicast sessions. They also use the information in these announcement messages to perform multicast address allocation.

Van Jacobson briefly described an address allocation scheme for sd in his Sigcomm 1994 tutorial, and this work stems from that original idea.

Basic Address Allocation Idea

Sdr announces which multicast addresses are in use. To allocate an address, simply listen to know which addresses are used, choose randomly from those not in use, and announce the address you choose.

Problem:

Not all sessions you might clash with can be seen and so avoided. If I allocate a global scope address, it can clash with local TTL-scoped sessions elsewhere.

TTL Scoping

Sender sets IP "time-to-live" field in packets.

Each router decrements TTL.

When TTL reaches zero, packet is dropped.

TTL constrains how far a multicast packet can travel.

Configured TTL thresholds in routers supplement the basic mechanism to divide the Mbone into appropriate scope-zones such as "Europe" or "site-local".

When a session is created, the TTL to decide its scope is chosen.

Announcement packets go to the same scope as the session they announce.

Informed Partitioned Random Multicast Address Allocation (IPRMA)

To avoid clashes, split the address space into different ranges for each scope:

The Problem with IPRMA

Not all locations choose the same TTL thresholds:

Within Europe, TTL 48 divides countries.

In North America, TTL 48 thresholds are not used.

How then do you partition the address space?

Too many ranges result in many empty ranges and poor utilization.

Too few ranges result in failures of the informed mechanism.

Informed Mechanism Failure

100

1000

100 1000

Allocations before clash

Address Space Size

Multicast Addresses Allocated before Clash

R

IR

IPR 3

IPR 7

R ds1 R ds2 R ds3 R ds4 IR ds1 IR ds2 IR ds3 IR ds4 IPR 3-band ds1 IPR 3-band ds2 IPR 3-band ds3 IPR 3-band ds4 IPR 7-band ds1 IPR 7-band ds2 IPR 7-band ds3 IPR 7-band ds4

Adaptive Address Space Partitioning

If we don’t know in advance the TTL values used worldwide and the distribution of sessions between them, it makes sense for the partitioning to be adaptive:

Grow a partition when many addresses are assigned from it.

Shrink unused partitions.

Van first proposed this, but the difficult part is doing it without having a partition at one site grow to overlap a different scope partition at another site.

When this happens the "informed" part of the mechanism fails.

Deterministic Adaptive Partitioning

To perform address allocation so that heterogeneity of distribution of sessions between partitions does not cause partition overlap:

Allocate numerous partitions at the high-TTL end of the space

Have occupied partitions "push" the lower-TTL partitions down the space.

Have inter-partition gaps between occupied partitions to cope with short-term variations of allocation.

Deterministic Adaptive Partitioning

100

1000

100 1000

Allocations before clash probability > 50%

Address Space Size

AIPR-1 (20% gap) AIPR-2 (50% gap) AIPR-3 (60% gap) AIPR-4 (70% gap) AIPR-H (hybrid) IPR 3-band IPR 7-band 100

1000

100 1000

Allocations before clash probability > 50%

Address Space Size

AIPR-1 (20% gap) AIPR-2 (50% gap) IPR 3-band IPR 7-band

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

A: Shortest path tree, delay=~distance

200 800 3200 12800 51200 2.0e5 8.2e5 3.3e6 1.3e7 200 400 800 1600

3200

6400

12800

25600

51200

1

10

100

1000

D2 (ms)

No of sites

No of responses

B: Shared tree, delay=~distance C: Shortest path tree, delay=distance+random D: Shared tree, delay=distance+random

Mean no of responses

200 400

800 1600

3200 6400

1280025600

51200

D2 (ms) 200 400 800 1600 3200 6400

12800 25600

51200

No of sites 1

10

100

1000

No of responses