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The links shown represent the control paths and are not necessarily
one-hop links. In subsequent sections, for the sake of simplicity, we
will not show ATM users at the higher levels of hierarchy.

1. INTRODUCTION

In multicast, there are two problems to be considered: identification Level 4

of a group of users participating in multicast and establishment of (e.g., Brigade)

virtual connections for the flow of traffic. In the accepted ATM Leve 3

standards [1], [3], [8]-[9], there is no definition of an address format (e.g., Battalion)

that can represent al the destination users’. There has been no

serious consideration given to the support of true multipoint-to- Level 2

multipoint connections in ATM. The schemes used for multicast (eg. Company)

must involve point-to-multipoint connections. The common

approaches to multicast in ATM are the Virtual Channel (VC) Mesh (Lee‘ée' éamon) @ - Multicast Server

and use of Multicast Servers, both of which have limitations. With
the traditiona Multicast Server approach, the single server
maintains and manages the group membership information and can
become the bhottleneck. There is a single point of failure. The
scalability issues and other limitations suggest we should use
multiple servers.

3 - ATM End-point

Fig. 2-1. Hierarchical Structure of Multicast Servers

The principal idea is that the multicast groups of interest resemble
some sort of hierarchy and a server is responsible for some multicast
groups. For example, in the tactical network, if some information is

We have extended the concept of multicast servers by arranging a {0 be disseminated to everyone in a brigade, we could view this as

set of multicast servers hierarchicaly to exploit the natural hierarchy
of tactical networks. We propose the use of composite parameters to
identify multicast sessions. We address mobility issues in tactical
networks that go beyond the one-hop user/network mobility

distributing the information to everyone in each of the battalions in
this brigade.

We desire the multicast to be represented by a tree of multicast

servers and not a forest, for several reasons. First of all, it is
desirable that the traffic from any particular source be carried to a
server along just one virtual connection. In a forest of servers we
need to setup multiple connections freach source to the roots of
the different trees in the forest. Secondly, since the roots of the
different trees of a forest are likely to be at the same level, we can
always consider a server at the next higher level to be the root of the
transmission and the other servers at the same level who do not want
to participate in the group can be deleted from the multipoint
connections setup. Thirdly, with multiple sources, the AAL frames
IJ‘,or the different sources have to be sequentialized at the root of a
multicast transmission. With a forest, this will have to be done at
many server roots.

addressed by the WATM working group of the ATM Forum [5]. We
have designed the Hierarchica Multicast Server (HMS) Protocol
which defines the control messages exchanged among servers and
between users and servers. This paper is a description of the
hierarchical architecture and the procedures of the protocol.

2. HIERARCHICAL MULTICAST SERVER ARCHITECTURE

The hierarchy of the multicast servers may be mapped to the
administrative hierarchy, some geographical partitioning of the
network or any other partitioning of the network. The term “serve
is used instead of “multicast server” in many places in this paper.

The servers are addressable entities that are able to originate and
terminate switched virtual connections. The servers at all levels may
serve ATM users, each of which has a default multicast server with ) .
which it registers. A server or user maintains a bidirectional poinE@Ch multicast session, also called “group” (analogous to IP
to-point control path to its parent server for exchange of contr8/0UPS), is identified by an identifier and a scope and is denoted by
messages. In addition, there may be a unidirectional point-t8-luPle, (G Gy). The identifier, G is similar to the group address in
multipoint control path from a server to its descendants which {§ and may represent some kind of servicg défines the scope for
used if the same message is to be sent to all descendants. TH&&rOUp in the hierarchy and identifies the multicast tree in the
control paths may be virtual channels setup in the user plane dHgrarchy. If the scope is different but the identifier is the same, it
used to transport control signaling messages. Another approach i€y refer to the same service in a different domain.

use the connection oriented bearer independent transport service of

the generic transport services [10], if implemented. The hierarchicdH" Scope encompasses three parameters: the level of the highest
multicast servers are illustrated in the following diagram in Fig. 2-5€rver, the level of the lowest servers and some identification of the

extent of the highest servers influence. The lowest level for the
servers is useful when the transmission need not go all the way
down to the bottommost server. The third parameter is used to
identify a server within the highest level. It may be something like
saying “the &' brigade”; identifying one of the brigades. Within the

3. IDENTIFICATION OF A GROUP

This paper is the result of work done under the Contract DAABQ07-98-C-
D007 from U.S.Army CECOM.
L ATM anycasting addresses identify one of several members of a group and
not all members, as we would likein multicast.
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scope, there may be place for other parameters (e.g., security and A31

authentication parameters). But a discussion of other parameters is Level 3
beyond the scope of this paper.
(4) SERV-REG((GY/
4. OVERVIEW OF HMSPROTOCOL (6) SERV-REGUER) (A13))

A22

(3) Discovers Parent's Address

5) SERV-REG((G3),(A13))
RV-REG((G2),(A12))

All Al12 Al13 Al4 A15
(G1) (G2) (G3) (G4) (G5)

In the rest of the paper, we discuss procedures defined in the HMS Level 2 A2l
protocol. Each subsection describes an aspect of the protocol. The
(1) SERV-REG((G1),(A11)

control messages used for these various functions are mentioned in

these sections. Detailed description of the encodings for these

messages and their sub-units is beyond the scope of this paper.

Messages used for query, registration, deregistration, and join
operations in the following text are al timed and may be Level 1
retransmitted several times.

4.1 FORMATION OF THE HIERARCHICAL STRUCTURE

One possibility for forming the hierarchical structure of the servers Fig. 4-1An Example of Server Registration

is to manualy configure the structure. This is not an appealing

approach, especially in adynamically changing environment likethe 42 RecISTERING GROUPS

tactical network. The servers, serving the different units of the .
network, are either elected or selected based on some other kind of 111 SerVers, on boot up, may know the groups they serve. But this

configuration procedures. We use an election scheme which is like ~M&/_dynamicaly change. To handle the dynamic changes, the
most election algorithms. GROUP-REGISTER and GROUP-DEREGISTER messages are

used. The GROUP-REGISTER message is sent from a server which
gains control for agroup (G;,G) to its parent server. The response to
this message is GROUP-REGISTER-RESP. When a server no
servers or be configured with the addresses of such servers, The ~ |ONGer servesagroup, it sends a GROUP-DEREGISTER message to
auto-discovery procedures may employ ILMI [2] procedures similar its parent. The parameters in this message are the same as the ones
to those described in [6] and [7] or the ATM Forum's alternativ&?" the GROUP-REGISTER message. The response to this message
procedures, being developed as part of the PNNI Augmentdy GROUP-DEREGISTER-RESP. The REGISTER  and
Routing (PAR) specifications [4]. Once the address of the defalfEREGISTER messages are propagated up the hierarchy.

server is known, the ATM user proceeds to setup a bidirectional

point-to-point control path to this server. Uponcaessful 43 ESTABLISHING MULTICAST SESSIONS

establishment of the control path, it sends a USER-REGISTER order to establish a multicast session, there are three basic
message to the server over this control path, the response to Whighhlems: 1) locating the highest level multicast server for this
from the server is the USER-REGISTER-RESP message indicatiggup, called the “group server’ 2) communicating a request to

the success or failure of the registration. From this point on, thtaplish the multicast session, and 3) establishing virtual
identified server serves all the ATM multicast needs of the user.  connections for data transmission.

ATM users know their level in the network. These users can either
use auto-discovery procedures to determine their default multicast

When servers boot up they know the group addresses (includingcating the Group Server:

ideptifiers and scope) that they are responsible for. If the_y know ?ﬁere are a couple of ways of finding the group server, which is the
their direct descendant users, they can setup the point-to-paigbt of the multicast tree. If the user is registered with a default
control paths to these users. Otherwise, they can wait for the userg\{Qticast server, it can send the query message, MC-QUERY, to
register with them. A server determines its parent server using sof€ate the group server for group;,(&), over its control path. The
auto-discovery procedures, sets up a point-to-point control path ta#yer replies to this message with the MC-QUERY-RESP message
and sends a SERVER-REGISTER message that incIL_Jdes a list of@htaining the ATM address of the group serveg, As well as an

the groups served by this server and a list of all its descendgitication of the success or failure of the request. The default server
servers. When the parent receives this message, it adds this servggpgirectly answer the query if the server or one of its descendants
its list of direct descendant servers, adds this server to the pointd@rves the group. If not, the query message is propagated to its
multipoint control path, updates its list of descendant servers and $\&ent server and the responeesived is then relayed to the user.
groups served by the descendants, and sends a SERVERe message flow for this query is illustrated below in Fig. 4-2
REGISTER message to its parent containing the receivgghere the server S2 responds to the query with the server address,
information. The message is progressed all the way to the top of {Re " \vhich is not necessarily the address #f S2, but can be the
hierarchical structure. Before progressing a SERVER-REGISTEfdress of one of its descendants. The addressesd\A., in the

message to its parent server, a server may accumulate informatigfssages shown are used to route the messages correctly.
from more than one of its descendant servers and send a single

SERVER-REGISTER message. A simple example of this is
illustrated in Fig. 4-1, where the sequence of events is labeled (1)
through (6).
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User Server S1 Server S2

MC-Query(Gi,Gs,Q,Auser, Auser)

T -

MC-Query(Gi,Gs,Q,Auser,Ast)

MC-Query-Resp(Gi,Gs,Q,Auser, Ast ,SUCC, Aserv)

-—

C-Query-Resp(Gi,Gs,Q,Auser, Auser, SUCC, Astry)

Fig. 4-2 Flow Diagram for Server Discovery

Another way of locating amulticast server for amulticast group isto
use the service registry MIB in the ILMI [2] as in some auto-
discovery procedures.

Requesting the Establishment of a M ulticast Session:

Once the group server isidentified, the source in a multicast session
sends the request to join using the MC-JOIN message over its
control path. If there is no connection to the group server via the
default server, it may establish a temporary point-to-point control
signaling association with the group server. The MC-JOIN message
propagates up and down the hierarchy to reach the group server and
the group server replies with the MC-JOIN-RESP message, which
indicates the success or failure of this join request. This is possible
because the servers maintain a list of groups served by the
descendant servers. The response message travels the same control
paths back to the source of the request. The reply also includes a
parameter that identifies the point-to-point call in the user-plane that
the group server establishes to the source, which is used for
multicast transmission from the source to the group server.

User Plane Connectionsfor the Multicast Session:

If there is already an active multicast session for this group, the
group server sets up a point to point connection in the user plane to
the source, sends an MC-JOIN-RESP message back towards the
source identifying this call and adds the source to the list of sources.
There are no more user-plane connections to setup. The server
distributes traffic from the new source using the aready established
virtual channels for the multicast transmission.

If there is no active multicast session for the specified group, the
multicast group server proceeds as follows to setup the multicast
session:

1. It adds the source to the list of sources, sets up a point to point
connection in the user plane to the source, and returns an MC-
JOIN-RESP message towards the source identifying the point-
to-point call just established.

2. It sets up a point-to-multipoint call in the user-plane to al the
ATM users registered with it, links this call with the point-to-
point call it setup with the source in Step 1 above, and sends
MC-SER-JOIN message to these receivers. If the group server
is at the lowest level specified, then the establishment of the
multicast session is complete. Otherwise the following is done.

3. It addsits direct descendant servers to the call setup in Step 2,
if there was one, or it sets up a new point-to-multipoint cal to
all its direct descendant servers linking the new call just setup
with that in Step 1. It sends the message MC-SER-JOIN
identifying the multipoint cal, to al its descendant servers.

A descendant server does the following:

Upon receiving an MC-SER-JOIN message, if it is the lowest

level server, it sets up a point-to-multipoint call in the user-

plane to all the ATM users it serves, links the incoming call to
the new call it just setup, and sends M C-SER-JOIN message to
these receivers. This ends the chain of point-to-multipoint calls
used for the multicast session.

2. If the server is not the lowest level server for this group, it does
the following:

a) It setsup a point-to-multipoint call in the user-plane to al
the ATM users registered with it, links this call with the
cdl indicated in the MC-SER-JOIN it received, and
notifies these receivers by sending the MC-SER-JOIN
message.

b) It adds its direct descendant servers to the call setup in
Step 2a, if there was one, or sets up a new point-to-
multipoint call to its direct descendant servers, linking the
new call with the cal indicated in the MC-SER-JOIN it
received. It sends the control message MC-SER-JOIN to
its direct descendant servers identifying multipoint call.

An example message flow isillustrated in Fig. 4-3. Here, the group
server is A32 (also labeled G) and the source depicted is the first
source to contact the group server. The MC-JOIN message is
progressed towards G through the servers A31, A4l and A32. The
server A32 sets up a point-to-point user-plane connection to the
source and then proceeds to setup the connections down the tree.
The MC-SER-JOIN messages are carried over the point-to-
multipoint control path and the MC-SER-JOIN-RESP messages are
sent over the point-to-point control paths. In this diagram we have
not shown the users at intermediate levels of the hierarchy, for the
sake of simplicity.

A4l .A& yUser-Plane Connections|

@ ATM Multicast Server
O ATM User

’ Multicast Source

Fig. 4-3 Illustration of Multicast Session Establishment

It is clear that if there are n levels of multicast servers, then the
ATM cells from a source go through (n+1) callsin the user plane (in
a traditional multicast server approach there will be two calls).
Therefore, this scheme is most useful when the depth of the tree
involved is small, which is likely most of the times. If many levels
are involved, it is more like a broadcast (or a limited broadcast) and
in such cases some delays are tolerated. The depth of the tree
involved is determined by how the hierarchy is established. If there
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is a clear pattern in which groups are alocated, we may arrange the
hierarchy to minimize the depth of the structure.

The number of direct descendant servers and the ATM uesrs
registered limits the number of virtual channels used at any server.
Therefore, it is unlikely that at any server, the limit of virtual
channels, imposed by the hardware, is exceeded. This is one of the
advantages of this scheme.

Receiver Join:

When areceiver is within the domain of the group server, it does not
have to do anything extra to join the multicast session. In case a
receiver has moved or if it had not participated when the channels
were originaly setup, a receiver may join a group using the MC-
RX-JOIN message, which is propagated towards the group server
until a server that knows of this group is reached. That server adds
the receiver to the group. Otherwise, the group server receives this
message and adds it to its user-plane connection, or informs the user
to join somewhere else, or rejects the request (especidly if there is
no active session and/or the receiver is outside the scope for the
group). The response message MC-RX-JOIN-RESP contains all the
necessary information.

Any other ATM user (which will be authenticated) may serve as a
proxy agent and add a receiver to a multicast session. In that case
the proxy sends the MC-RX-JOIN message to the group server.

5. MOBILITY

This section discusses | ocation management and mobility of sources,
receivers, servers and switches in a multicast session.

5.1 LOCATION MANAGEMENT

The location of a user or a server need only be known to its parent
and hence location management becomes a localized operation.
When a user/server changes its attachment point, it is likely that its
address changes. We expect the location management functions
defined in the WATM specification [5] will handle these and other
mobility functions. Our concern is its association with the server.

If adirect descendant, an ATM user or a child server, moves and its
address changes, there are two possibilities. After movement, if the
parent server is still the same, after changing its point-to-point
control path to the parent (if not aready done as part of the WATM
procedures), the user/server sends USER_ADDR-CHANGE or
SERVER-ADDR-CHANGE to inform the parent of the address
change. When SERVER-ADDR-CHANGE is used, the information
will be propagated up the hierarchical structure.

The second possibility is that it moves outside the scope of the old
parent server into the domain of a new server, in which case, it has
to establish a point-to-point control path to the new parent server
and register with the new parent using the registration procedure
detailed earlier. The control path to the old server is either torn
down or lost during the move. In either case, upon the loss of the
virtual channel, the old server knows that it no longer serves the
node that just moved and deletes this node from its database. The
impact of movement on the server assignment to nodesis minimal.

5.2 SOURCE AND RECEIVER MOBILITY

When a source moves, the only portion of the multicast session
affected is the user-plane point-to-point call between the source and
the group server and the control path to its default server or the
group server. The cal in the user plane can be extended from the
previous location, completely re-established or rerouted, as
appropriate, as part of the WATM handover specifications. The
control signaling association is also re-established with its default
server. Thisis the advantage of using a multicast server scheme, as
opposed to a VC mesh where rerouting or changing the many point-
to-multipoint calls will be cumbersome, to say the least.

The receiver mobility is more involved than source mobility and

falls under one of the following three cases:

1. The receiver can move within the domain of its immediate
predecessor server, or

2. The receiver can move within the domain of some predecessor
server, which is not the immediate predecessor (parent), or

3. The receiver can move completely outside the domain of the
group server serving this group.

In all cases the control path is handled the same way. If a user-plane

connection is used for the control path, it can be handed off using

WATM procedures. If a generic transport mechanism is used, the

association is re-established.

We have worked out the details for handling the three scenarios. But
without getting into too many details, the procedures involve, re-
routing, partial clearing and re-establishing of the connection, or
path extension. We use the handover procedures of the WATM
specifications whenever possible. Otherwise, we use the receiver
join procedures using the MC-RX-JOIN message. |n some cases, we
aso advocate attempting both path extension and receiver join
procedures and keeping the one that succeeds first.

The second and third scenarios areillustrated in Fig. 5-1.

Fig. 5-1 lllustration of Receiver Movement within and outside the
domain of the Group Server

In Fig. 5-1, the shaded area represents the scope of the group server
labeled MCS-G. In case 2, the receiver R1, changes its attachment
point from switch Al to switch B1, thereby changing its default
server from MCS-1 to MCS-2. In case 3, the receiver R2 moves
outside the domain of the group server MCS-G. Here, if R2 is no
longer interested in participating in the multicast, it can simply clear
the connection to the old multicast server MCS-2. If R2 decides to
continue participating in the multicast session it can employ one of
the above mentioned methods or, if asimilar serviceis offered in its
new domain, R2 can join such a service in its new place, viaits new
default server MCS-3.
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5.3 SERVERAND SWITCH MOBILITY

When a switch or a server moves it may affect more than just the
node which moves. With the switch the effects can be considered in
terms of the disruption of a link between a server and one of its
descendants. With the server, there can be three situations. The
server may move without affecting the hierarchy, the server may
move along with its subtree into a new domain or the server may
move by itself without its descendants. We have worked out the
details of these various scenarios. These cases can be simplified in
this paper in terms of the movement of a user or a server, connecting
to a new parent server, the actions of the previous parent, and the
actions of orphaned nodes.

When a server moves resulting in no change to the hierarchy, the
control-paths to its parent and descendants and the user-plane
connections for active groups have to be re-established or rerouted
using WATM procedures. If upon movement, the address changes,
the SERVER-ADDR-CHANGE message will be propagated up the
hierarchy.

If a server finds that its parent server has changed, the server will
send SERVER-DEREGISTER message to the old parent (if that
control path is still open) and register with the new parent. For
active groups which involved the old parent, al user-plane
connections are torn down. All other user-plane connections are
maintained. In addition, if the server is no longer responsible for its
previous domain, al user-plane connections to the descendants are
disconnected and the descendant information removed. The new
parent server, upon the receipt of the SERVER-REGISTER
message, adds this server to its descendants, updates its control
paths to include the new descendant, and scope permitting, for all
active groups, adds this server to the active multicast session.

The previous parent, which lost a child server, removes the server
from its descendants, updates all information, and sends a SERVER-
DEREGISTER up the hierarchy indicating the server it just lost. If
the control paths to the server are not aready torn down (because
the child server may have dready done it), it removes the control
paths and affected user plane connections.

The only other kinds nodes affected are the orphaned server or user.
The orphaned user will clear al connections, determine a new
default server and register with the new one. The orphaned server,
will clear only those user-plane connections which are for groups
which came from the parent.

Although, in the above discusson we propose clearing of
connections, the detailed procedures involve a recovery period when
a server (parent or child) can come back up. The control paths are
cleared only after this period. We aso try to use the user-plane
connections for other active groups in the new location. This is true
if the descendants are still the same and only the parent changes.

6. SUMMARY AND CONCLUSIONS

In this paper an overview of the Hierarchical Multicast Server
(HMS) protocol used for ATM multicasting is presented. A
description of the architecture of servers, how the hierarchy is
formed, establishment of multicast sessions and mobility of various
components of the architecture is presented. In the current ATM

standards, there is no comprehensive solution to the ATM Multicast
problem. Our proposal, represents a workable solution in a
hierarchical setup suitable for the tactical network. In this proposal,
we have used the solutions being developed by the WATM working
group of the ATM Forum and addressed issues that are not yet
considered by the standards bodies. We feel that this solution can be
implemented in the networks, because we do not need to replace
other standardized protocols but add to those.

We are currently working towards enhancing the protocol design by
incorporating more receiver-oriented concepts into the design. We
are aso working on an implementation of this protocol in our
wireless testbed.
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