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Abstract

The past decade has seen a great deal of effort invested
in developing multicast technology for the Internet. Un-
fortunately, early excitement about multicast has given
way to frustration with the challenges of designing and
deploying a scalable multicast service. The reaction to
the slow deployment of multicast has been an explosion
in different implementation techniques designed for spe-
cific applications. None of these new services have been
widely deployed. As a result, multicast technology is com-
plex and confusing to application writers. To address this
complexity, we argue for development of a multicast ses-
sion layer. By decoupling the service model and program-
ming interface from the underlying implementation, this
new layer simultaneously simplifies the development of
multicast applications and eases the deployment of new
multicast technology. We outline the case for a multicast
session layer and discuss principles for its design.

1 Introduction

Most observers recognize the potential of using multicast
to deliver data efficiently to multiple destinations. Sadly,
these advantages have not been realized in the Internet
because no protocol has emerged that satisfies the re-
quirements of both application writers and network oper-
ators. The first widely deployed protocol was IP Multi-
cast. While early implementations based on flooding and
pruning were developed by researchers in the early 1990’s,
this protocol did not scale as usage increased. New pro-
tocols were developed to address these shortcomings but
none addressed all the scaling issues. Consequently, in
the past few years researchers have defined new service
models and protocols to exploit the advantages of multi-
cast.

Some multicast protocols are well-matched to a spe-
cific application (e.g., Single Source Multicast is ideal for
large-scale 1-to-many applications such as streaming ra-
dio or televsion) but are not general enough to implement
all multicast applications. Another example is the use of
application-level multicast to implement peer-to-peer and
small-scale video conferencing applications. This prolif-
eration of narrowly focused protocols has confused appli-
cation developers and inhibited deployment and use of

multicast technology.

An application developer today has several protocols
to choose between when implementing a multicast appli-
cation:

e Any Source Multicast (ASM) offers a general service
model that can be used to build a range of applica-
tions but suffers from serious implementation prob-
lems that have limited its deployment.

e Single Source Multicast (SSM) addresses many of the
implementation problems in ASM and, as a result, is
likely to be widely deployed. However, as the name
suggests, the SSM service model provides for only
one sender per session, so applications that require
multiple senders must either use a different protocol
or implement extra functionality on top of SSM.

e Application-level Multicast (ALM) avoids the de-
ployment problems of ASM and SSM by moving mul-
ticast forwarding from the network to end hosts. As
a result, ALM offers more flexibility than ASM or
SSM but is less efficient and does not scale well.

Few applications are well-suited for just one of these
protocols. Instead, applications demand a rich service
model that can be mapped to different network-level im-
plementation techniques as necessary. We propose that a
new multicast session layer protcol be defined to support
this functionality. A session layer protocol sits on top of
lower layer protocols (e.g., UDP at the transport layer
and IP Multicast at the network layer) to provide more
sophisticated services to applications than the underlying
protocols.

An obvious benefit of adding this new layer is that it
simplifies the job of writing a multicast application. The
application developer no longer needs to understand the
details of and tradeoffs between the different techniques
available. Moreover, a single application may require the
use of different network-layer protocols depending on how
it is used or the application may combine different pro-
tocols. The rules and algorithms to choose between and
combine different protocols will likely be complex. Lo-
calizing them in a reusable session-layer protocol simul-
taneously simplifies the task of writing a new application



while offering a richer service. Another benefit of adding
a new multicast session layer is that new network-layer
multicast protocols and technologies can be seamlessly
deployed by updating the session layer, eliminating the
need to modify existing applications.

Based on the past decade of experience with IP Mul-
ticast, we believe a major shortcoming of the ASM ser-
vice model is that it places many demands on the net-
work. Yet, the service model offers applications no way to
express their requirements which may influence how the
multicast service is implemented. As a result, network-
level multicast protocols are unnecessarily complex and
inefficient. We propose that the interface to the new ses-
sion layer permit, or even require, applications to convey
their service requirements and important session param-
eters to guide the implementation.

This paper presents the case for the development of a
multicast session layer and suggests principles for the de-
sign of its interface. Section 2 briefly summarizes the
evolution of multicast protocols (i.e., ASM, SSM, and
ALM) and discuesses the strengths and weaknesses of
each protocol. Section 3 describes our assumptions about
the network-level mulciast facilities that will be available
to implement the session layer. Section 4 surveys some
multicast applications and discusses their characteristics
and appropriate implementations. Lastly, Section 5 dis-
cusses some issues surrounding the design of the multicast
session layer.

2 Multicast Protocol Background

The basis for ASM is the host group service model devel-
oped and implemented by Deering[5]. In the host group
model, any host can dynamically join or leave a multicast
session and any host can send to a session at any time.
The host group model places the burden of choosing the
implementation for a particular multicast session on the
network itself. However, the interface between applica-
tions and the network is, by design, very narrow. As a
result, the best the network can do is to observe an appli-
cation’s behavior and guess what implementation is best
based on its observations.

While this architecture is simple and elegant for appli-
cation writers, it has proven to be impractical. For ex-
ample, in a multicast session with multiple senders, the
multicast infrastructure must decide whether to construct
a single shared distribution tree for all senders or multiple
trees rooted at individual senders (or some combination
thereof).! Ideally the decision of whether to use a shared
tree or a source-rooted tree will take into account global
parameters such as the total number of senders in a ses-

LA multicast distribution tree is a logical structure over which
packets are forwarded to reach receivers in a multicast session. The
nodes of the tree are typically routers or hosts arranged in an over-
lay.

sion and the application’s sensitivity to latency. However,
a scalable multicast routing protocol that implements the
ASM service model must not be centralized so this deci-
sion must be made by individual routers. Each router
observes only the local behavior of a multicast sessionso
no router has the complete information needed to make
an optimal decision.

As another example, the ASM service model requires
no signalling from an application (i.e., session set-up)
before sending data to a multicast session. At the
same time, the network must discover new sources and
promptly include them in a distribution tree. There are
two basic approaches to the problem of source discovery.
One approach is to identify a unique Rendezvous Point
(RP) for each multicast group and send all packets from
all senders to the RP. This approach was rejected by net-
work operators since it forces them to rely on a third party
for correct multicast operation when the RP is located in
a network controlled by a different organization.

Another approach to sender discovery allows each net-
work to maintain an RP and to announce new senders
to remote networks (i.e., to the RPs in other networks).
This design is the foundation of the Multicast Source Dis-
covery Protocol (MSDP)[6]. Engineering robust protocols
dictates the use of soft state in which state is discarded
unless it is periodically refreshed. But the absence of sig-
nalling in ASM leaves no way to maintain an up-to-date
list of senders in a multicast session. Instead, the net-
work must react quickly to data packets from previously
unknown senders. As a result, if an application sends
data less frequently than the timeout interval in the un-
derlying routing protocol, the protocol will either work
poorly or require extra effort to serve such applications.
This bursty source problem has hampered MSDP since
its conception.

Another problem with ASM is that of multicast address
allocation. Each ASM session must be allocated a unique
group address out of a pool of only 228 available addresses.
This constraint places a severe limit on the total number
of sessions that can be simultaneously active given the size
of the Internet. The lack of a reasonable scheme for global
multicast address allocation compounds this problem.

To address the problems of source discovery and ad-
dress allocation, Holbrook[10] and others proposed SSM.
SSM provides an alternative multicast service model in
which sessions are constrained to have just one sender.
By including the address of the sender in the multicast
session address, the network no longer needs to solve the
source discovery problem. Of course, the burden is sim-
ply moved to the application since because addresses must
now be given explicitly when joining a session. The ad-
dress allocation problem is also solved because SSM offers
a large pool of multicast sessions (224) per source host. As
a result, the total number of simultaneous SSM sessions
is much larger and each host can autonomously allocate
addresses for sessions whose source is on that host.



In his thesis, Holbrook outlined several techniques to
provide a richer service model (i.e., multiple sources) on
top of a network-level SSM service[11]. A recent project
by Hoerdt, Beck, and Pansiot has developed a detailed
protocol for one of those techniques[9]. Their goal is to
emulate the existing ASM interface and unlike our pro-
posal, uses a single implementation for all applications.

Another response to the problems with ASM is Fran-
cis’s work on a system he initially called Yallcast and
later renamed Yoid[7]. Yoid aims to provide a general
content distribution service. A major part of Yoid is a
scalable application-level multicast service that can ex-
ploit network-level multicast where it is available but does
not require it. However, Yoid is also designed to use per-
manent storage at forwarding nodes so that large data
sets (e.g., Usenet news, WWW mirrors, etc.) can be dis-
tributed even if all interested parties cannot participate
in a multicast session simultaneously. Our goals are more
modest — to provide a working multicast service that can
be used by a range of multicast applications. Although
the initial document outlining the design of Yoid[7] has
a number of new and promising ideas, the project appar-
ently was abandoned before these ideas were pursued.

Several other ALM schemes have been proposed
recently[12, 2, 13, 14]. These protocols are designed to
use only unicast and hence cannot exploit the advantages
of network-level multicast where it is available.

3 Network Model

This section discusses our assumptions about how
network-level multicast will evolve in the future and what
services will be available to applications as a result.

We assume that the unresolved challenges of interdo-
main ASM will prevent wide-scale deployment. However,
within a limited area (i.e., on a single LAN or within a
larger network operated by a single organization), inter-
domain source discovery is not an issue and the problem
of address allocation is mitigated. As a result, we expect
ASM may be deployed within small, isolated parts of the
Internet.

As for SSM, we assume it will eventually be widely
available for interdomain multicast. The protocols needed
to support SSM are already widely available in routers.
The major barrier to widespread SSM deployment today
appears to be support in host operating systems. Al-
though support for SSM in switches is another nagging
problem?, we do not believe it will inhibit the eventual
deployment of SSM. SSM has addressed the major archi-
tectural problems with ASM and as a result, we expect

2Without special support in switches, multicast is flooded to all
ports on a switch. Some switches support IP multicast by “snoop-
ing” on IP-level multicast signalling (i.e., IGMP). But, as IGMP
has grown more complex, IGMP snooping is less feasible, particu-
larly in low-end switches. Other solutions have been proposed (e.g.,
CGMP, GMRP) but none is yet widely used.

it will be widely deployed.

Finally, we assume neither SSM nor ASM will be ubiq-
uitous. That is, although some form of network-level mul-
ticast may be available in many parts of the Internet,
there will always be some endpoints that have neither
SSM nor ASM available. Ideally, our new multicast ses-
sion layer should accomodate these endpoints, with the
understanding that application-level forwarding, which
will be required to reach these nodes, implies less efficient
transmission and extra overhead. Including these end-
points addresses the chicken-and-egg problem with mul-
ticast deployment. Applications can be deployed before
the network supports multicast but when network-level
multicast is deployed, applications benefit from the im-
proved efficiency immediately and transparently.

4 Applications

Many attributes distinguish multicast applications, in-
cluding the total number of participants per session,
the number of senders and receivers, and performance
requirements such as latency, throughput, and packet
loss. This section surveys some multicast applications
and their characteristics to illustrate the diversity of re-
quirements.

One obvious multicast application is distribution of the
same content to many simultaneous receivers. The con-
tent might be bulk data transmitted reliably via digital
fountain coding and framing[3] or time sensitive contin-
uous media (i.e., audio/video). In either case, a session
contains a single sender and a potentially very large set
of receivers. We refer to these applications as I-to-many
applications.

SSM is ideal for, and indeed was motivated by, such
applications. Even if a global ASM service was available,
it is a poor fit for a 1-to-many application for two rea-
sons. First, it requires global multicast address allocation
as discussed above. And second, ASM offers a content
publisher no protection against a rogue sender intent on
disrupting a session by sending its own, unwanted traffic.

Another natural application of multicast is multiparty
collaboration. Multiparty collaboration encompasses sev-
eral multicast applications with different needs. Video
conferencing is an important collaboration application,
but a richer environment may also include other tools
such as a shared workspace application (e.g., shared
whiteboard or text editor) or a distributed presentation
application (e.g., PowerPoint, synchronized web brows-
ing, or a distributed visualization system). These appli-
cations have slightly different requirements — audio and
video conferencing demand low latency for effective com-
munication. The other tools cited have looser bounds on
latency but often require reliable transmission.

Regardless of the specific tools being used, collabora-
tion applications can be used in any of several different



scenarios. A small collaborative session might contain
just a few participants, perhaps as few as two. We refer
to these application as small scale n-way applications. In
a small session, network-level multicast is not very com-
pelling, particularly if the participants are physically dis-
tant from each other. The overhead induced by using
application-level forwarding in such a session (in both
bandwidth consumption and latency) is minimal. In addi-
tion, by using application-level forwarding an application
can avoid nagging problems with network-level multicast
deployment. Moving the forwarding state into the end
hosts also reduces the amount of state that each multi-
cast router must maintain.

In addition to small N-way conferences, multiparty col-
laboration tools are used in larger settings. For instance,
the Access Grid[1] (AG) is a suite of collaboration tools
that support room-level and desktop interaction in groups
with as many as several hundred endpoints. This is an
example of a large scale n-way application. In such a
large session, the benefits of network-level multicast are
obvious. Given the problems with wide-area ASM deploy-
ment, SSM is a logical choice for the AG. However, AG
applications have multiple sources so applications must
either establish separate SSM trees rooted at each sender
or share an SSM tree between multiple senders by “back-
hauling” data from each sender to a designated tree root.

The decision about how many trees to use and how
to share them depends on the dynamics of the session.
For instance, in an interactive meeting with several ac-
tive participants, it makes sense to use individual trees
rooted at each sender to minimize latency. Alternatively,
consider a lecture in which one site is the primary source
but participants at other sites occasionally ask questions.
In this case, remote sites participate infrequently and only
briefly. In addition, there is minimal interaction between
different sites so some extra latency can be tolerated.
These facts suggest that in this scenario it is more con-
venient for remote participants to send directly to the
primary sender who can then resend to all participants
via the multicast distribution tree that is already estab-
lished.

The underlying network topology also influences the de-
cision. If two sites are close to each other (topologically)
then the cost in added latency and bandwidth consump-
tion of using a single distribution tree and forwarding all
traffic to one site is minimal. On the other hand, if the
sites are far apart (e.g., if they are on separate conti-
nents), it is appropriate to use separate distribution trees
for each geographic (or topological) region.

Regardless of how trees are shared, each receiver must
dynamically locate all sending nodes in order to join the
appropriate SSM trees. At first glance, this problem of
locating sending nodes may seem like a major challenge.
However, in the AG case, endpoints join existing con-
ferences through a centralized “venue server” which can
easily keep track of all the participants currently in the

session. Hence, in this particular case, there is no need
for the network or multicast session layer to locate sources
— the application already knows where the sources are
and just needs a way to convey that information to the
session layer.

Large scale 1-to-many applications and multiparty col-
laboration have been the most successful multicast appli-
cations on the Internet thus far but there are numerous
other applications well-suited to multicast that have not
used it, primarily due to the lack of deployment.

In multiplayer games and distributed interactive simu-
lations (DIS), participants in a shared environment must
constantly update their neighbors as they move around or
alter the environment. These applications typically use a
centralized server to collect updates and then redistribute
them to participants. This architecture simplifies the im-
plementation since a centralized server can easily serialize
events and resolve conflicts. Multicast can greatly im-
prove the scalability and robustness of these applications
when it is possible to process events in a completely dis-
tributed fashion[15].

Another example of a multicast application is a service
that broadcasts a continuous stream of information (e.g.,
sports scores, stock quotes, etc.) to multiple simultane-
ous clients. Such “push” technology was trendy several
years ago via services such as PointCast. Although Point-
Cast’s technology was never widely deployed, similar ser-
vices are growing rapidly today. They could be optimized
to greatly reduce the load on content servers as well as
bandwidth consumption by using multicast.

The applications outlined above illustrate some of the
implementation techniques available for multicast appli-
cations and the factors that influence the choice. Our
goal is to simplify application development and improve
the utility of multicast protocols by moving the decision
process as well as the actual implementation of the mul-
ticast service into the multicast session layer.

The benefits offered by this new layer are many. For
example, the programming interface for multicast appli-
cations changes from today’s balkanized world of ASM,
SSM, and ALM to a single interface that offers a rich
service to a broad range of applications. Furthermore,
common functionality such as sharing a single SSM tree
between multiple senders and application-level forward-
ing to reach receivers without multicast connectivity is
localized in a single protocol module that can be improved
and updated independent of applications.

5 Implementation Issues

In this section we discuss some general issues surround-
ing the design and implementation of a multicast session
layer.



5.1 Application Hints and Requirements

As alluded to above, we believe that the progamatic inter-
face to the multicast session layer should be very expres-
sive. It should allow applications to give hints about ex-
pected properties of each multicast session. For instance,
if an application specifies that there will be one sender, a
single SSM tree is clearly an appropriate implementation.
On the other hand, if the application indicates that there
will be many nodes, all of which will both send and re-
ceive data, then the session layer should consider sharing
trees in some fashion.

The session layer can, of course, observe an applica-
tion and infer some of this information. (For instance,
PIM-SM uses shared trees by default and if it notices one
sender generating a lot of traffic, it may switch the dis-
tribution just for that sender to a tree rooted directly at
the source.) However, since applications generally have
detailed information that can be used at lower layers, it
may greatly simplify the lower layers to pass that infor-
mation explicitly rather than forcing it to be deduced.
In any case, having applications explicitly indicate what
they know about a session does not preclude the session
protocol from using introspection to refine its behavior.
Rather, it lets the session layer make a more informed
decision about the initial implementation.

The interface should also allow applications to express
their requirements. For example, an audio application
used interactively in a collaboration environment might
specify that low latency is important which would ar-
gue for using per-source trees rather than shared trees.
On the other hand, a bulk data distribution application
(e.g., database replication) might prefer a tree with higher
throughput even at the cost of increased latency. Unlike
many session parameters outlined above (e.g., the number
and locations of senders), an application’s requirements
cannot be inferred by simply observing the application’s
behavior. As a result, adding the ability for an applica-
tion to specify its preferences can enable the session layer
to make optimizations that are not possible with the ex-
isting, narrow ASM interface.

5.2 Naming

The addition of a new layer provides the opportunity to
define a new scheme for naming or addressing multicast
sessions. Much like network-layer IP addresses abstract
the details of underlying link-layer addressing, the nam-
ing at the session layer can hide the details of network-
layer multicast addresses from higher layers. By doing so,
the session layer can easily incorporate new network-level
technologies, even if they use different addressing schemes
(e.g., IPV6).

The scheme for naming sessions must be somewhat cou-
pled to the implementation of the session layer protocol
since the protocol must be able to map a session name

(i.e., a parameter to a join_session() interface routine)
to transport-layer parameters for joining the session.

We believe that a good design is for the session name to
explicitly include an application-level rendezvous which a
new participant must contact as the first step in join-
ing a session. The rendezvous can then inform the join-
ing host of either a network-level multicast group to join
or another member of the session to provide application-
level forwarding. Although this is a simple transaction,
there are still two major drawbacks to using a fixed (per-
session) rendezvous: the rendezvous is a single point of
failure and it may be a performance bottleneck.

Multiple rendezvous hosts may be specified to mitigate
the availability problem. Performance issues may be ad-
dressed by using network-level multicast whenever possi-
ble for the initial exchange with the rendezvous, falling
back to unicast only if network-level multicast is unavail-
able. Of course, this does not address the case of a large
group in which many of the participants are forced to
contact the rendezvous via unicast. We have no specific
solution to this problem but note that this problem is
not addressed by the application-level multicast protocols
cited in Section 2. If this turns out to be an important
problem, a caching hierarchy could be deployed to reduce
the load at the rendezvous.

With this design, session names include transport-layer
parameters for contacting the rendezvous as well as an
identifier to distinguish different sessions managed by that
rendezvous. An obvious syntax for encoding this informa-
tion is a URL. For instance, consider the following URL:

mcast://rendezvous.domain.com:2222/foo

To join this group, a host might has the session
name (foo) to generate a group address and attempt
to join an SSM tree with that address rooted at
rendezvous.domain. com, on UDP port 2222. The ren-
dezvous periodically transmits over that SSM session the
addresses of network-level multicast sessions that are part
of the larger session and the addresses of other members
in the session that can forward the session traffic to new
members if necessary. If the joining host cannot join the
rendezvous SSM session, it falls back to contacting the
rendezvous directly via unicast. In either case, after find-
ing a way to join the session the host no longer needs to
remain in contact with the rendezvous. The process out-
lined above is merely a strawman — there are many ways
in which it can be optimized which we plan to study.

5.3 Anycast

Another application of multicast is anycast. In the ASM
service model, host group addresses provide a level of in-
direction that, in conjunction with network-based source
discovery can be used for applications such as service
discovery[4]. Although such applications could use a mul-
ticast session layer, these applications would be better



served by defining a separate service layer for anycast.
ASM is one implementation that could be used for any-
cast. As with multicast, separating the programming in-
terface for anycast from its implementation would allow
new the underlying services to evolve independently of ap-
plications. For instance, it would be expedient to deploy
anycast applications using ASM as the implementation
but network-level anycast technology could later replace
ASM. In this way, no applications use ASM directly so
it could later be deprecated in favor of SSM and other
newer technologies without requiring extensive changes
to existing applications.

5.4 Other Services

The introduction of a multicast session layer offers the
opportunity to include richer services than those provided
by lower layers. A new service should be added only if it
cannot be implemented at a higher layer or if there are
significant benefits (e.g., in performance) to including it
in the lower layer and it can be implemented efficiently
enough that its inclusion does not penalize applications
that do not need it.

Examples of services that could be considered for inclu-
sion in the multicast session layer include data reliability
and encryption/authentication. These areas need further
study.

6 Summary

This paper argues that a multicast session layer should be
introduced. The goal of this layer is to provide a higher-
level abstraction to a collection of multicast services that
will improve the quality of multicast applications, sim-
plify application development, and satisfy the practical
constraints of multicast deployment. We are in the pro-
cess of building a prototype of the session layer protocol
outlined in this paper. We hope to perform wide-area
experiments soon.
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