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Abstract

Despite years of attempting to find a solution to
Internet-wide IP multicast acceptable to both In-
ternet Service Providers (ISPs) and end-users (ap-
plications), the solutions that have emerged are ei-
ther relatively complex requiring significant admin-
istrative and protocol coordination, or have been
found to be lacking in one or more crucial respects.
This paper introduces Simple Multicast(SM), a
new architecture and protocol borrowing attractive
architectural and protocol features from existing
ones, and introducing some new ones of its own.
The architecture bases itself on the bi-directional
shared tree architecture, which is acknowledged
to have attractive scaling properties, and protocol
similarities to CBT[1], PIM[2], and BGMP[3] are
evident.

The thrust of Simple Multicast (SM) is twofold:
firstly, SM identifies a group with 8 bytes - an or-
dered combination of the core IP address, and class
D address, < core, classD >. The primary benefits
of this are that multicast address space allocation
becomes trivial; potentially, one class D space is
administered by each distinct core. Secondly, an
end-node (host) conveys the < core, classD > pa-
rameters to a SM router, obviating the need for a
”bootstrap” protocol[4] between routers, which po-
tentially suffers from slow convergence.

1 Introduction

This paper presents Simple Multicast (SM) which
is a novel approach to providing a many-to-many
network layer communication service.

The design goals of simple multicast represent a
change of emphasis from the current Internet Stan-
dards for multicast. The motivation stems partly
from anecdotal evidence that some Internet Service
Providers are reluctant to deploy IP multicast in its
current forms.

This reluctance seems to stem from several prob-
lems: perceived complexity of TP multicast rout-
ing and addressing; lack of management tools for
multicast routing and, in particular, lack of multi-
cast traffic management. Ironically, these and other
similar problems manifest themselves in IPv6 mul-
ticasting. If we can solve them for SM it could ul-
timately provide a smoother upgrade path to IPv6
multicast.

A number of ancillary protocols have evolved
around the inter/intra domain division charac-
terised by PIM-DM and BGMP, to support ad-
dress allocation[14], RP allocation[4], scoping[24]
and scoped address discovery[25]. This plethora of
infra-structural components also contribute to our
unease with the overall architectural trend in IP
multicast to date.

Simple Multicast is the product of combining
the advantageous features of some existing proto-
cols and incorporating them into the bi-directional
shared tree architecture, and the reevaluation of
some of the decisions made in the earlier years
of multicast design. Consequently, it is suited



to intra-domain as well as inter-domain multicas-

ting. SM’s design also allows it to flexibly support

the data-driven dense-mode multicast distribution

style. Shared tree - sparse mode - data distribu-

tion vs. dense-mode distribution is an application-

specific choice which is discussed in section 5.8.
To summarize, SM is designed to provide:

e separation of multicast group and core alloca-
tion from routing

e unification of intra and inter-domain routing

e possible exploitation of state reduction for sin-
gle source trees

e partial NAT immunity

e integrated unicast and multicast policy route
management

e expansion of usable address space so that
group of group aggregation for profligate ap-
plications (DIS) is possible

e hierarchical address use for filters
e an upgrade path to IPv6 multicast
e hooks for MPLS

These topics will be explained as part of the de-
tailed explanation of Simple Multicast (sections 4

and 5).

2 Paper Organisation

In the next section, we give a brief overview of some
of the history of TP multicast to date. Following
that, we uncover the motivation for SM in more
depth. Subsequently, we explore the design of SM
in some depth. That is followed by a look at some
possible variants on the SM theme. Open questions
about SM are discussed next, followed by a discus-
sion of related work, and some brief conclusions.

3 Background

There are many papers[7][9][3], that track the his-
tory and evolution of IP multicast as pioneered by
Deering et al. in the late 1980s[5]. To avoid rep-
etition, and for brevity, we describe only the more

recent history here that is relevant to the emergence
of Simple Multicast.

The Internet  multicast  backbone,
MBONE[10], was conceived in 1992 and,
though i1t has evolved from a flat structure to
a 2-level hierarchy of heterogeneous multicast
“regions”, the MBONE remains predominantly
DVMRP[11] based. DVMRP is the oldest and
most widely deployed multicast protocol in the
Internet, the original version being one of Deering’s
contributions[5].

Issues related to the scalability of DVMRP in the
wide-area context motivated the development of
CBT. CBT originated the bi-directional shared tree
architecture[1] in 1992. A tree rooted at a distin-
guished node, the ”core”, and spanning only those
networks and links leading to interested receiver
subnets is created by receivers’ first-hop routers ex-
plicitly joining the tree. A first-hop router ” grafts”
itself onto a the shared tree by unicasting a join
message hop-by-hop towards the core. If the join
message hits a router that belongs to the corre-
sponding tree the new branch is "grafted” on at
that point, terminating the join. This router be-
comes a data distribution ”fan-out” point in the
tree. Only those routers along a tree’s branches
need keep state about the group - the group-
identifier and a list of associated on-tree ports (in-
terfaces). The data forwarding model is simple:
if a packet arrives via an on-tree port (interface)
forward a copy of the packet over all outgoing
ports listed in the forwarding entry for the group-
identifier.

The original principle behind PIM’s design was
to have receivers explicitly join towards source(s)
as a means of supporting sparse groups - these
early ideas evolved in parallel to (independently
of) CBT. These ideas later developed into Proto-
col Independent Multicast (PTM), which comes in
two modes: sparse (PIM-sm)[12] and dense (PIM-
dm)[13]. PIM-sm is based on a uni-directional
shared tree rooted at a Rendezvous Point (RP),
synonymous with CBT’s core. The motive be-
hind PIM-sm’s uni-directional approach to shared
trees was to safeguard against looping data pack-
ets; data packets must arrive via a router’s incom-
ing interface for the relevant group which is always
the upstream interface (closest to the RP). Hence,
data originated on a member subnet (always down-
stream from the RP) must be first encapsulated and
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unicast to the RP where 1t distributed over down-
stream interface(s).

PIM-dm builds source-rooted trees and is based
on a data-driven “broadcast and prune” distribu-
tion model. It is thus similar in many respects to
DVMRP, and is therefore best suited to, and most
scalable in, environments with a dense receiver pop-
ulation.

A key issue relating to CBT and PIM-sm is how
they discover < core/RP, group > mappings; PIM-
sm defines a supplementary ”bootstrap” protocol[4]
which all PIM-sm routers must participate in;
some subset of the PIM-sm routers advertise them-
selves at regular intervals to all PIM-sm routers as
Candidate-RPs. Last-hop routers use a hash func-
tion to map a new group address - discovered by one
of a number of possible means - to a Candidate-RP.
This method of core discovery does not guarantee
any correlation between an RP, its location, and
the member set it is interconnecting. It also po-
tentially suffers from slow convergence. CBT has
left the use of a ”bootstrap” protocol as optional -
last-hop router manual (or network management)
configuration being the other likely option.

No protocol other than BGMP/MASC and
Simple Multicast (SM) has defined a scalable
means of core discovery, and a multicast ad-
dressing architecture that deals with the issue of
on-demand ”clash-free” multicast address alloca-
tion/assignment. This, and the poor scaling prop-
erties of the ”bootstrap” protocol, have resulted in
the relegation of PIM and CBT from inter-domain
multicast proposed solutions to intra-domain mul-
ticast solutions.

The confinement of CBT and PIM to intra-
domain led to the proposal of the BGMP/MASC
architecture and protocols. BGMP (Border Gate-
way Multicast Protocol) builds a bi-directional
shared tree of domains, and supports shortest-path
joins towards sources, similar to PIM-sm. The
Multicast Address Set Claim (MASC) [14] proto-
col deals with hierarchical block allocation of Class
D address space to routing domains (autonomous
systems (ASs)). Essentially, MASC creates a pre-
fix structure in the multicast address space in a
way similar to unicast address space. Multicast ad-
dress allocation has to be dynamic due to the lim-
ited multicast address space. MASC incorporates
mechanisms for detecting collisions between differ-
ent allocations and also deals with de-allocation.

Once a block of multicast addresses is allocated,
and no collision is detected for a period of time, the
address block is passed to Multicast Address Allo-
cation Server(s) (MAAS servers) for actual assign-
ment to multicast groups. The domain ”owning”
an address block is said to be the ”"root domain”
for all group addresses within the block.

A multicast address block’s association with an
AS, i.e. unicast prefix, is achieved by propagat-
ing the multicast prefix, and associated path at-
tributes, throughout the routing system in BGP-
4+[15]. Any router which subsequently sees a mul-
ticast data packet for which there exists no group
(tree) state, or a join message for group g, knows
in which direction to forward the packet.

4 Motivation for Simple Mul-
ticast

In the previous section we described the history
and evolution of PIM and CBT. As part of their
evolution we explained why these protocols are now
confined to intra-domain multicasting. It remains
for us to present a critique of BGMP/MASC as
a means of introducing the motivation for Simple
Multicast.

As explained in the previous section,
BGMP/MASC is an architecture that relies
on a set of protocols: BGMP - the tree building
protocol, MASC - the protocol used by MASC
servers (some small number per Autonomous
System (AS)) for requesting/relinquishing a group
address block from a top-level address block
allocation domain (e.g. an Address Registry), and
the protocol(s) that hosts will use to request group
addresses on-demand from the local MAAS server.

BGMP builds a bi-directional shared tree of do-
mains (ASs), and is to be deployed on AS Border
Routers. As such it must be categorized explicitly
as a multicast Exterior Gateway Protocol (EGP);
it cannot run on multicast routers deployed inside
a domain since interior routers do not keep the
same granularity, if any, of the routing informa-
tion - in particular the < group —to — AS > map-
pings discussed in the previous section - propagated
by BGP-44. Therefore, there are protocol inter-
working mechanisms that must be implemented on
BGMP routers each time a group spans more than



one domain. Note that we are not criticising the
intra- / inter-domain split which is advantageous
and necessary for many reasons, including network
manageability and information-hiding (scalability),
but rather the design of BGMP which imposes mul-
ticast protocol interworking at every AS boundary.
It would be an advantage to have a multicast proto-
col that can, where appropriate, be deployed within
a domain as well as between domains to avoid the
protocol interworking issues, which are often cum-
bersome and complex. Simple Multicast is one such
design.

We also consider the other component of the
BGMP/MASC architecture - MASC, to be the
most complex part of the architecture; it requires
the deployment of a hierarchy of servers, with dif-
ferent protocols required for communication be-
tween the different levels of the hierarchy. This
will undoubtedly be very difficult to deploy in an
Internet of today’s proportions. If we assume a 3-
level hierarchy - matching today’s unicast routing
hierarchy - the top-level servers are those deployed
in some top-level domain (e.g. a Routing Reg-
istry such as RIPE), the mid-level servers are de-
ployed within ASs (perhaps one per AS), and finally
MAAS servers at the subnet level. It is not clear at
this stage whether a different protocol will be used
for communication between successive levels of the
hierarchy; at least two protocols are proposed - one
for AS MASC servers to request/relinquish an ad-
dress block from a top-level domain, the other to
be used by hosts to request/relinquish group as-
signments from a local MAAS server. MDHCP[16]
has been proposed for the latter.

The MASC architecture also raises many ques-
tions, such as how is fair allocation assured, and
by what means are allocations controlled - a small
domain is unlikely to need as many multicast ad-
dresses as a large domain, so are maximum alloca-
tions to be imposed for some/all domains? Also,
large ISPs are likely to act as multicast address
registries to their smaller ISP customers, and with
a limited class D address space conflicts of interest
could arise. Tt is clearly very difficult to manage dy-
namic address allocations from a relatively limited
address space and ensure fairness and availability
at all times.

5 SM Design Features

This section discusses SM’s principle design fea-
tures. This section, and paper generally, omits de-
tailing SM’s protocol mechanisms for brevity, as
they are very similar to those of CBT, which are
well documented[1]. We do however, summarise
protocol operation, and also fully explain aspects
of the SM protocol which differ from CBT.

- Bi-directional Shared Trees: SM’s Foundation

Simple Multicast’s design is based on a bi-
directional shared tree distribution model. The
shared tree is built and maintained by protocol
mechanisms very similar to CBT’s; tree building
and maintenance belongs to the protocol’s control
plane - SM control packets are directly encapsu-
lated by TP. SM is awaiting an TP Protocol number
from TANA[17].

CBT[7] demonstrated that, compared with
source-rooted multicast trees, bi-directional shared
trees have attractive scaling characteristics partic-
ularly for the many-sender case, incurring O(G)
state in the network. In the same scenario they
are also lower cost to the network; the number of
nodes comprising a tree does not increase with the
number of senders as is the case with source-rooted
trees.

An unfounded misconception, now widely ac-
knowledged, of bi-directional shared trees is that
the core is a ”bottleneck”; once the tree is formed,
the core 1s just another node in the tree and has
no special significance. Data from a sender on a
member subnet is not sent via the core before be-
ing forwarded to other receivers, as is the case with
uni-directional shared trees, but is distributed over
the tree from the first-hop (on-tree) router.

Topologically proximate receivers’ join messages
for a topologically distant core are likely to con-
verge relatively close to the receiver set producing
a high ”fan-out” in the tree near its edges. Trees
with high edge ”fan-out” have been shown in [18]
to have good delivery delay properties in the many-
many distribution scenario. Thus, even the sim-
plest heuristic for electing a core, such as the group
initiator electing his own host or local router, is
likely to produce a perfectly adequate distribution
tree for most applications. Nevertheless, there are
cases where the receiver distribution may be suffi-
ciently dense to warrant the use of dense-mode dis-
tribution - the Reverse Path Forwarding (RPF)[5]



of multicast data by a router over all of its outgoing
interfaces (except ”leaf” subnetworks with no group
memberships). Simple Multicast can support this
type of data packet distribution (see below).

5.1 Trivial Multicast Address Allo-
cation

With the growing competition for multicast ad-
dresses from the relatively limited class D ad-
dress space, any Internet multicast architecture
should have an accompanying addressing archi-
tecture; BGMP/MASC, Simple Multicast, and
EXPRESS[19] all satisfy this requirement. EX-
PRESS 1s, in fact, similar in many respects to Sim-
ple Multicast - for example, both identify a group
by means of the concatenation of a unicast TP ad-
dress and a class D address (totalling 8 bytes in all).
This facilitates very simple address allocation and
management; potentially, each core (or source in
EXPRESS) is able to assign a whole class D space,
almost infinitely increasing the available multicast
address space. Besides the obvious, there are sev-
eral advantages to this. To illustrate one such ex-
ample, a radio station provider such as the BBC
could have a well-known < core, classD > identi-
fier, where the class D address represents the BBC’s
“home” | or "base”, address - perhaps one of BBC’s
News stations. Receivers could intuitively deduce
other stations, such as Radio 1, 2, 3, 4, or 5, by sim-
ply joining the group identified by the same core,
but with a class D address that is a positive offset
from the ”base” class D address. The EXPRESS

model is further discussed in section X.

5.2 Data Packets

SM data packets must carry a SM header?, directly
encapsulated by IP. This header is used to carry the
group identifier (core, class D) as well as other se-
mantic information relating to the group. If we pre-
sume the use of masks to allow the specification of
core and class D prefixes, we expect the SM header
not to consume more than 20 bytes (fixed length);
in some SM variations (see below) this could be sig-
nificantly less than 20 bytes. All SM data packets

Tt would be possible to carry this information as a new
IP option, but we consider the SM header approach to be
"cleaner” and more flexible, and probably makes for more
efficient (hardware) implementations.

are [P destination addressed to the ”all-SM-nodes”
group address (224.0.0.x), currently requested from
TANATLT].

Non-member senders must unicast data packets
to the group’s core router for dissemination over
the tree. A point of concern is: how does a non-
member sender know if the core is alive/reachable
to avoid a ”black hole” scenario? One way would
be for a sender (or first-hop router) to join the tree
by creating a uni-directional branch. This would
require a new SM join option to support the feature.

5.3 Incrementally Deployable

SM control messages are directly encapsulated by
IP. Join messages are unicast to the core router,
but joins (and all SM control messages) contain
the Router Alert TP option[20], causing all inter-
vening routers on the path to the tree/core to in-
spect the contents of the packet. The last SM-aware
router visited inserts its TP address (of the forward-
ing interface) into a field of the SM control packet
header. The next SM-aware router that processes
the packet inspects this field to see if the previous
SM hop 1s adjacent - if not, the router marks the
interface as a tunnel interface for the group and re-
members the previous SM hop. The previous SM
hop can derive similar tunnel end-point informa-
tion from the corresponding join-ack. Data packets
flowing between non-adjacent SM hops are ”tun-
nelled” - TP-in-TP encapsulation[21] is not necessary
- rather, the data packet’s TP destination address
1s simply re-written to the IP address of the re-
mote ”tunnel” end point. This ”auto-tunnelling”
mechanism allows for transparent incremental de-
ployment of SM.

5.4 Host Behaviour

A SM (host)  conveys  the
< core,classD > parameters to a SM router,
obviating the need for a ”bootstrap” protocol[4]
between routers, which does not scale. This is a
slight divergence from the traditional host service
model[5] in which hosts register only a class D
address to a local multicast router. If the end-node
takes responsibility for explicitly joining the tree -
rather than modifying IGMP[22] to carry core as
well as class D address - advantages could be gained
from seamless incremental deployment viewpoint;

end-node



this strategy increases the likelihood that a host
can participate in a SM group irrespective of the
presence of a local SM-aware router.

When a join hits the tree it is terminated and ac-
knowledged - the acknowledgement follows, in the
reverse direction, the state created by the join, all
the way back to where the join originated, ”con-
firming” that state in the process.

In the worst case (many hosts join the same
group but there is no local SM router), many SM
”tunnels” emanate from the LAN - one per joined
host. This will cause multiple (unicast) copies of a
group’s packets to be forwarded over the LAN. In
the best case (the presence of alocal SM router), all
but the first join is terminated at the LAN router.
When the join-ack for the first join is received by
the LAN router, it and the remaining joins can be
ack’d back to the host(s). On receiving multicast
packets, the LAN SM router will forward one native
copy for the group members onto the LAN. Further
discussion of SM host behaviour is provided in sec-
tion X.

5.5 Tree Maintenance: Heartbeats

& Keepalives

SM’s tree maintenance is similar to CBT’s - parents
monitor their children, and children monitor their
parents; a SM child periodically sends ”keepalive”
messages to its parent on a group-specific basis.

”Heartbeat” messages travel from the parent to
the child - they serve to indicate the core’s ”live-
ness” to each of a parent’s child routers. If the core
fails, its adjacent child router(s) indicate ”core un-
reachable” in the heartbeats they generate to their
children. Thus, the failure of the core does not
prevent the flow of heartbeats between parent and
child routers. The purpose of serving notice of core
unreachability to a child is so that child can take
appropriate action, such as attempt to rejoin the
same tree via a different route, or prune itself off
the tree and graft itself onto a ”backup” tree. Mul-
tiple trees - pre-formed or dynamically created - per
group may be relevant to applications requiring a
very high degree of reliability /availability.

5.6 Applicable to Inter-and Intra-
Domain Multicasting

SM can be deployed within and between domains,
obviating the need to implement cumbersome and
complex protocol interworking mechanisms on do-
main boundaries. It is obviously simpler to have
one multicasting mechanism than many.

5.7 Support for Access Control

Internet Service Provider’s (ISPs) will be catalytic
in the global success of IP multicast; for them, IP
multicast must be economically and technically vi-
able. Amongst other things, an IP multicast ar-
chitecture must be robust, incrementally deploy-
able, scalable wrt to network state, and incorpo-
rate an easily-manageable multicast addressing ar-
chitecture. More generally, the ability to control
access to a group will contribute to the success of
multicast; if an ISP’s charging model charges the
content provider (the source), then it would not
be unreasonable for the source to expect there are
no interruptions during the send period. A shared
tree’s core is an obvious point of control; an access
control list (allowed/include or disallowed/exclude
senders list) is configured on the group’s core router
and then propagated to other on-tree routers in
“heartbeat” messages. In a strictly controlled tree
all senders might have to unicast all data to the
core for authenticating, before the core forwards
the packets. The Simple Multicast architecture
supports these features.

5.8 Support for Dense-Mode Distri-
bution

A sender (belonging to a member subnet) can in-
dicate to the first-hop SM router that it wishes a
data packet to be forwarded using RPF style dis-
tribution - it does so by inserting a core address
of 0xFF:FF:FF:FF in the SM header of the data
packet.

5.9 Join Forwarding ” Aggregation”

The forwarding of SM join messages, based on the
core TP address portion of a group-id, follows uni-
cast routing information already present in routers.
For BGMP joins to do the same, group prefixes



have to be associated with unicast prefixes which
requires BGMP-specific supplementary routing in-
formation propagation. SM separates group ad-
dress and core allocation from routing altogether.

5.10 Multicast Scoping

At present, TP multicast scoping[23] is achieved by
configuring multicast border routers (M-BRs) on
a scope boundary with a boundary scope address
range - so-called Administratively Scoped address
range. Multicast traffic flows which are to be con-
fined within a range must use a class D address
which is within the range. M-BRs are an imper-
meable boundary to any multicast packet with a
class D destination address that falls within any
of its configured Administratively Scoped address
ranges.

It is perfectly feasible for SM to use exactly the
same mechanism for achieving multicast scoping.
However, multicast scoping as it is currently de-
fined requires a significant amount of configura-
tion, as well as co-ordination of the address space
for defining scope boundary ranges. Any mis-
configurations can lead to multicast packets ”leak-
ing” across boundaries they shouldn’t. Multicast
scope boundary configurations must conform to
certain rules, such as the rule that boundaries must
be completely contained within one another (the
term “nesting”, or "convex”, are often used). The
MZAP protocol[24] is implemented on M-BRs to
detect inconsistent administratively scoped bound-
ary configurations. As such it is essentially a net-
work management tool, it does not correct mis-
configurations.

SM has the unique ability to take advantage of
the unicast routing system boundaries (e.g. sub-
net, area, AS, AS-Confederation etc.) and use
these as ”natural” boundaries for multicast traf-
fic, obviating the need for the configuration of
explicit multicast boundaries. Furthermore, one
group identifier ( < core,classD > ) can be used
with multiple scopes. It works as follows: assume
a < core,classD > group identifier is to be used
for scopes A and B, with A nested inside B. A
and B are natural unicast routing boundaries, e.g.
area, and AS. A unicast routing system boundary is
implicitly identified by a router aggregating rout-
ing information before propagating it over outgo-
ing interfaces; this is achieved by shortening a pre-

fix mask. For example, routing information inside
boundary A has an associated mask of 24 bits. The
boundary router between A and B reduces this is
to 16 bits before propagating inside B.

Now, if a SM data packet carried a ”scope
mask(len)” in the SM header, the data packet
would not pass beyond any unicast routing system
boundary that itself propagates a shorter mask in
unicast route updates it sends. The general rule is:
a SM data packet carrying a ”scope mask(len)” is
only forwarded over those interfaces that aggregate
unicast routing information using a mask which is
equal length or longer than that specified in the SM
data packet header.

Figure 1 illustrates a router with 4 interfaces,
a), b), ¢) and d), each with the respective prefix
length. If a SM data packet arrives on interface b)
carrying a “scope-mask(len)a” of 12, it is forwarded
only over interfaces ¢) and d).

d)/ 12

a)/8 b) / 20

c)/16

Figure 1: Operation of SM Scoping

5.11

SM tree building is almost identical to that of CBT,
and similar to BGMP and PIM-sm. Like these
other protocols, SM takes care to avoid loops dur-
ing tree creation. Nevertheless;, SM has the oppor-
tunity to make use of flags in the SM header in-
cluded with data packets, and one such flag could
be used by data packets to detect loops. One
bit in the SM data packet header could indicate
to a receiving router that this packet’s TP TTL
should not reach zero. Note that not all zero-
TTL packets are necessarily looped; expanding-
ring searches[5] and some multicast diagnostic pro-
grams (e.g. mtrace[26]) purposefully use low TP

Loop Detection



TTLs. The SM ”loop bit” could be set by the rel-
evant applications.

6 SM Variations

Throughout the paper we have presented a uniform
view of Simple Multicast, but there are variations
on the theme which we now discuss. These varia-
tions are proposed solely with the intention of mak-
ing SM backwards compatible with existing multi-
cast router behaviour - perhaps we should call this
”conventional” multicast router behaviour. Multi-
cast router designs are currently optimised to ex-
pect a multicast data packet to have a class D ad-
dress as its IP destination address and be able to
uniquely identify the relevant distribution tree us-
ing this value, usually combined with the TP source
address (RPF). As we have seen, SM does not sub-
scribe to this conventional model.

There are two SM variations which allow multi-
cast routers to uniquely identify a SM group’s data
packets using the class D address alone. These vari-
ations relate to how class D addresses are used - in
the uniform view we proposed the use of one class
D space per core:

e one class D space shared between all core
routers

e one class D space per data link

In this first variation, the positive implication
of this is that data packets need not carry a SM
header. Data packets would be sent as native mul-
ticast data packets across multicast-capable links,
or tunnelled TP-in-TP otherwise. In all SM varia-
tions control packets need the SM header to iden-
tify control packet type (e.g. join-request,join-ack,
quit, keepalive, etc.).

A significant disadvantage of this variation is
that the problem of class D address space man-
agement re-surfaces - primarily, how can addresses
be guaranteed to be unique, and if multicast be-
comes ubiquitous, the relatively limited address
space could stifle its success. Nevertheless, we still
consider this method an easier and more manage-
able option than MASC; multicast address only
need to be unique, they do not need to be pre-
allocated in blocks, nor do they have to be propa-
gated by a routing protocol. Uniqueness is achiev-

able - for example, if all dynamic multicast ad-
dress were assigned by the same mechanism (like
7sdr” [14]).

The second variation again removes the class D
space management problems - in this variation one
class D space is shared only across a data-link.
When a host sends a join to the first-hop SM-aware
router, the class D address contained within the
join is relevant only to that link. The first-hop
router maps the incoming class D to a unique out-
going class D before forwarding the join with the
new class D on the outgoing data link. Subsequent
routers on the path to the tree (core) do the same.

This variation too, eliminates the need for data
packets to carry a SM header - data packets are
multicast natively across each data link. The class
D portion of the group identifier is guaranteed to
be unique across each data link, and therefore the
right tree can be identified using it alone.

A perceived disadvantage might be the IP desti-
nation address re-writing that happens on a link-
by-link basis on the packet’s journey - in this re-
spect, this variant 1s somewhat ATM-like. How-
ever, like ATM, an incoming address and port (in-
terface) can be mapped to an outgoing address
and port very quickly because it involves an exact-
match lookup.

It may not be possible to accommodate tunnels
in this SM variant and still identify a tree using the
class D address alone; a router that is serving as
multiple tunnel end-points could be sent the same
class D address (for different trees) by two different
virtual SM neighbours. These are distinguishable
by incoming port, but, if both joins are propagated
upstream over the same (virtual) port, subsequent
data packets arriving via the upstream port will
not be uniquely mappable (using class D alone) to
the branch(es) of one particular tree. This could be
overcome by having the router ”reject” a join and
request a new join for a class D address already
seen, but this ultimately impacts join latency.

6.1 Network Address Translation

A multicast session can be scoped within a private
network if the core/source address belongs to the
private address space and is not translated to any
global address. It is the address separation and fil-
tering feature of NAT that is of interest to scoping,

not 1t’s address translation function , this does not



require any changes to NAT router. Note that the
NAT [38] router require changes (ALG) only if we
want the multicast session to work across NAT, i.e.
some of the TP addresses in SM packets must be
translated in that case.

As we have discussed before, scoping can be
achieved within the same address space at higher
granularity (i.e. areas , subnets) by including the
core and/or source masks in the data packets. This
requires the Border Router to be SM-aware. With-
out NAT, the SM BR alone won’t be able to filter
private addresses, it doesn’t have the notion of pri-
vate address or address separation.

7 SM Questions

This section discusses the primary open, or contro-
versial, questions about the SM architecture.

7.1 Host Implications of SM

The role of hosts in the SM architecture requires
the incorporation of host kernel software. The ex-
tent of host kernel changes depends on whether a
host takes responsibility for sending SM joins, and
in this respect the host is acting similarly to a SM
router, or whether IGMP is extended to carry a
core address as well as a class D address. Extend-
ing IGMP is perfectly feasible - it has been done
before in upgrading from IGMPv1 to IGMPv2, and
changes will be required for IGMPv3[27] if it gains
wider acceptance. We do not, therefore, consider
host changes as significant barriers to SM deploy-
ment.

Both cases require changes to the host Applica-
tion Programming Interface (APT). Taking the BSD
Sockets API[28] as an example, joining a group is
achieved using a system call; the data structure
passed with the system call as an argument only
supports the specification of a class D address and
interface (IP) address. For SM this data structure
needs modifying to include a core address element,
which can be concatenated with the class D ad-
dress to form SM’s 8 byte group identifier. The
kernel SM software, or IGMP software, can then
make use of this information to generate a SM join
message, or IGMP Report, respectively. Note that,
since all hosts implement IGMP, if the host issues

a SM join message it must suppress the issuing of
any non-SM-modified IGMP Reports?.

For the case where SM is implemented on the
host, an obvious question is: if a local SM-aware
router i1s present, how does this router monitor
group membership presence/absence in a timely
fashion so as to not forward group traffic onto
the LAN unnecessarily? As we noted above, SM
hosts act like SM routers attached to a multi-access
link. As child "routers” on a multicast tree, they
send SM Keepalives to their parent. The adja-
cent upstream router (locally attached in this sce-
nario) can thus establish the presence or absence of
group members by the presence or absence of SM
Keepalives. However, the Keepalive interval is un-
likely to provide the same fine granularity of leave
latency that can be achieved with IGMPv2[22].

7.2 Layer 2 Filtering

The SM architecture does not recommend any
modifications to aspects of layer 2 sending or re-
ception of multicast frames. The low-order 4 bytes
of the SM group identifier - the class D address -
is statically mapped to a 6 octet multicast frame
destination address[29].

SM potentially imposes higher layer filtering of
multicast packets due to the potential for each of
a subnet’s hosts to join different SM groups, with
their group-ids differing only in the core address
portion of the group-id. In this worst-case scenario
the transmission of packets to one group will be re-
ceived by hosts belonging to all other SM groups on
the subnet; a group’s packets only become distin-
guishable at the hosts’ network layers. In a more
realistic case we might reasonably expect only a
small percentage of a subnet’s hosts to receive pack-
ets unnecessarily (note that this problem must also
be addressed in TPv6 multicast).

One possible way of guaranteeing layer-2 multi-
cast destination address uniqueness would be for
an IGMP-joining host to indicate in its member-
ship report that the layer-2 address 1s currently un-
known, and then for the local SM router to assign
a currently unused layer-2 multicast address. Ob-
viously, this requires changes to IGMP (discussed

2The sending of an IGMP Report may cause a local non-
SM multicast router to install multicast state, which would
be superfluous and could cause an error condition - multiple
trees for the group.



above); for instance, a membership report would
have to be layer-2 addressed to the well-known ”all-
routers” group address.

Another possibility would be to statically map
the core address to a multicast layer 2 address if we
assume groups associated with a core are likely to
be related (such as the BBC Radio 1, 2, 3... exam-
ple described above). This would still potentially
incur higher layer filtering of undesired groups, but
only those hosts subscribed to group(s) associated
with a particular core would be affected.

As a final note on this topic, the problem of
mapping a larger-than-usual network identifier to
a layer 2 address is not unique to SM - the problem
manifests itself in TPv6[30] and EXPRESS.

7.3 Performance issues

Although data packets carry a SM header in the
”default” variation of SM, from a purely technical
viewpoint there is no reason why SM data packet
forwarding performance should be inferior to that
of other schemes. Today’s production routers’ mul-
ticast forwarding engines are primarily hardware-
based. This hardware has been designed to forward
multicast packets using the RPF technique[5] - the
most widely deployed protocols, DVMRP and PIM,
are RPF-based. SM forwarding involves a multicast
forwarding entry look-up based on the contents of
the SM header, then forwarding a packet copy over
each outgoing interface listed in the entry. This
forwarding model is probably the simplest of all
forwarding models - there is no need to perform
a source address check. Deploying SM on routers
designed to forward using a different forwarding
paradigm will inevitably result in SM exhibiting
poorer performance - all data packets would go to
the ”slow path”, which is software based.

7.4 Interoperability

For domains not deploying SM, the issue of bor-
der router interoperability arises. This issue is not
unique to SM - all protocols have defined interop-
erability specifications for interworking with most
other protocols[30]. The interoperability require-
ments for SM will be similar to those of BGMP[3]
and CBT[32]. One of the most challenging aspects
of interoperability is that between shared and RPF-
based source trees; a shared tree of heterogeneous

domains requires each domain to attach via a sin-
gle border router. The implication for routers in-
side an RPF-based domain (e.g. DVMRP domain)
is that externally sourced data must arrive via the
path the router would use to reach the data source.
However, the domain ingress point - the attach-
ment point to the shared tree - is not the RPF
path for all external sources. A commonly recom-
mended solution to this problem is to have the do-
main ingress router tunnel data to the correct RPF
ingress router so the data appears to have arrived
via an acceptable path.

Another aspect of interoperability unique to SM,
EXPRESS, and IPv6 is: how to map a large net-
work layer group identifier to a ” conventional” mul-
ticast address, and vice-versa. At the time of writ-
ing this is a topic of ongoing research.

7.5 Domain-Level Control
Party” Independence)

(”3rd

For the case in which SM is used both within and
between domains, joins from different parts of the
domain might only converge (merge) outside the
domain. It is not desirable for a domain to depend
on another, ”3rd party”, domain for the distribu-
tion of internally sourced traffic to other internal
receivers. It is therefore necessary to ensure that
joins from different internal receivers merge at a
common point inside the domain.

BGP-4 operates on border routers (BRs) of tran-
sit domains, and ensures that all BRs know which
of them acts as egress for a particular unicast prefix.
Some transit domains (the elected egress router)
inject external route information internally, and
therefore, internal routers know in which direction
to forward packets destined to a particular unicast
prefix. In other cases, and in stub domains, ex-
ternal route information is not injected inside the
domain. Nevertheless, the BRs of these domains
know for which unicast prefix(es) each of them is
acting as egress. Thus, domain BR routing knowl-
edge ensures that joins originated inside a domain
converge at a common point inside the domain.

This principle can be applied recursively across
a multiple levels of routing hierarchy.
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7.6 Transit policy

Shared trees are not as inherently flexible at sup-
porting transit routing policies as multicast source
trees or unicast sink trees. For example, there may
be instances when policy might prohibit packets
from A to D transmitting domain B for a group
(C,M). With a core (C) in domain B, or just due
to the shared tree that was formed, packets from
senders in A to receivers in D might traverse do-
main B.

One solution to this problem takes inspiration
from the PIM-SM concept of using the shared tree
to find out about per-source trees. The way it
works is that the sender in domain A, say S, sends
a message to the core C telling it that it would
like to create a ”spin-off” group, (S,M’). Then the
core C, in the heartbeat messages for group (C,M)
advertises the spin-off tree that members of (C,M)
should also join for receiving packets from S.

Although this does allow creation of multiple
trees to support a single group, this is less expensive
than the PIM-sm scheme in which receivers source-
join to senders based on source data rate; SM cre-
ates additional trees only when it has to, such as
when transit policy prevents a source reaching the
group’s receivers.

7.7 Group State Aggregation

The ability to aggregate routing state information
is a desirable property of any widely deployed rout-
ing system. Aggregation of multicast forwarding in-
formation is desirable to reduce memory consump-
tion and improve lookup (i.e. forwarding) per-
formance. Achieving multicast forwarding state
aggregation however, 1s difficult; most multicast
groups are transient (created on-demand and short-
lived) and group membership of these group types
tends to be highly dynamic over the lifetime of the
group, as shown in YAM][18]. There is no evidence
to suggest, for a set of contiguous groups flowing
through a router - relative to a source (or core)
- the receiver set for each group will be related
in the slightest. This applies equally to any mul-
ticast architecture, including BGMP/MASC, de-
spite BGMP/MASC associating blocks of group ad-
dresses with domains.

11

8 Related Work

The proposal here involves a change to router and
host systems. There have been several other multi-
cast researchers who have proposed changes to both
end systems and infrastructure, usually motivated
by special high level protocol requirements. For ex-
ample, Pragmatic General Multicast[37] is a modi-
fication to host and router dynamic subtree filtering
functions to enable more scalable reliability mech-
anisms.

The Addressable Internet Multicast model[36]
envisages changes to the infrastructure to support
a wide range of enhanced multicast services includ-
ing more scaleable anycast, sub-cast, and layered
multicast. EXPRESS[19] multicast is more closely
aligned to SM and we discuss this in more detail in
the next subsection.

8.1 Comparison with EXPRESS

Simple Multicast exhibits many similarities to
the recently proposed EXPRESS model [19]; EX-
PRESS uses 8-byte group identifiers: the combina-
tion of source IP address and an EXPRESS iden-
tifier - a class D address. Similar to SM, this
makes address management trivial by greatly ex-
panding the available address space, with the abil-
ity to easily ensure uniqueness per source (core in
SM). The host behaviour is also similar, with EX-
PRESS hosts issuing subscribe requests to join a
tree that is built using protocol operations simi-
lar to CBT’s. However, the tree built is a source-
rooted tree - joins are sent towards a source, and
there are controls implemented that only allow the
source to inject data onto the tree. Like SM, EX-
PRESS considers access control an important as-
pect of a successful multicast business model.
Where SM diverges from EXPRESS is in the
nature of the multicast tree - SM builds a bi-
directional shared tree which can be shared by mul-
tiple senders whereas EXPRESS imposes one tree
per sender. In EXPRESS multiple senders define a
multicast session, but the a session is an application
layer notion. We believe that a single tree support-
ing multiple senders is best suited for the purpose of
Internet multicasting because a large number of ap-
plications are multi-sender (e.g. conference appli-
cations, multi-player games, DIS[33] applications).
In multi-sender scenarios it is less overhead, and



therefore more efficient, to build a single shared
tree than multiple trees.

9 Conclusion

This paper introduced Simple Multicast (SM) - a
novel approach to providing a many-to-many net-
work layer communication service. The principles
of SM are based around an 8-byte group identifier,
and a host’s involvement in conveying the group’s
core address to a nearby SM-aware router, obviat-
ing the need for a bootstrap-like protocol. We have
shown that significant advantages can be gained
from these features, such as simple group address
allocation due to the vastly increased address space,
and the potential unification of intra- and inter-
domain multicast routing protocol due to the ab-
sence of any reliance on a bootstrap protocol or
unicast routing for group address propagation. We
have also discussed similarities in the problem space
between SM and IPv6, and conclude that address-
ing these problems now as part of evolving IPv4
multicast, could greatly simplify interoperability
with, and the upgrade path to, TPv6.
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