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ARCHITECTURE FOR DENSE MULTICAST NETWORKS WITH
PROVISIONED ROUTES

FIELD OF THE INVENTION
[0001] The present invention generally relates to network resource
management systems and methods, and particularly relates to route
provisioning at an application level to address the needs of a network having
large amounts of multicasting traffic.

BACKGROUND OF THE INVENTION

[0002] Networks having large amounts of multicasting sessions as
primary application traffic face many issues, including path management, fault
tolerance, and routing performance and quality of service. Attempts to
address these issues have often concentrated on implementing solutions at a
network level. Path aggregation, for example, using shared multicast trees
has been implemented at a network level during network router configuration.
However, this solution fails to yield centralized, dynamic control of the network
that provides a powerful tool for network resource management, particularly
with regard to high levels of multicasting traffic. h\

[0003] What is needed is a system and method of provisioning
routes at the application level that can apply the principles of path aggregation
to multicast address assignment and network router control to more
successfully manage network resources in the context of high levels of
multicasting traffic. The present invention provides such a solution.

SUMMARY OF THE INVENTION

[0004] In accordance with the present invention, a multicasting
network route provisioning system for use in allowing an in-session multicast
application to switch its path on need includes a datastore of multicast
addresses operable to route multicasting traffic over different network paths.
It also includes a datastore of multicasting sessions having flows of various
flow patterns, wherein a flow pattern is defined in terms of a set of source and

destination network nodes, and corresponds to multiple routing network paths.
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Further, a session management module is adapted to aggregate multicasting
session flows by allocating multicast addresses to multicasting sessions
based on correspondence between the network paths and flow patterns of the
multicasting sessions, thereby ensuring that flow patterns corresponding to
different sets of network paths do not share a same multicast address.

[0005] Further areas of applicability of the present invention will
become apparent from the detailed description provided hereinafter. It should
be understood that the detailed description and specific examples, while
indicating the preferred embodiment of the invention, are intended for
purposes of illustration only and are not intended to limit the scope of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The present invention will become more fully understood
from the detailed description and the accompanying drawings, wherein:

[0007] Figure 1 is a block diagram illustrating a communications
network having a multicasting session management server providing a route
provisioning system in accordance with the present invention;

[0008] Figure 2 is a block diagram illustrating a route provisioning
system in accordance with the present invention;

[0009] Figure 3 is a flow diagram illustrating a path management
portion of a route provisioning method in accordance with the present
invention;

[0010] Figure 4 is a flow diagram illustrating a session management
portion of a route provisioning method in accordance with the present
invention; and

[0011] Figure 5 is a flow diagram illustrating a method of operation
for a multicasting application in accordance with the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] The following description of the preferred embodimenti(s) is
merely exemplary in nature and is in no way intended to limit the invention, its
application, or uses.

[0013] By way of overview, it may be helpful to consider a network
backbone of six routers. In this case, there are six possible source nodes,
and each unique set of nodes that can be formed with each source node
represents a unique flow pattern. For six backbone routers, there are one-
hundred eighty-six possible flow patterns, wherein a flow is defined as a
multicast session from one multicast application instance to other application
instances in the same network, which may include multiple subnets. Thus, if
four-hundred flows are routed from these six nodes, then it is obvious that
multiple flows will share a same flow pattern. The present invention in part
recognizes that it is desirable to aggregate these flows sharing same flow
patterns and thereby reduce the number of flows to be computed. Potential
benefits of this aggregation include computation reduction, reduced routing
overhead, reduced routing table size, and faster, more manageable packet
switching and routing, since the routing cost is rendered independent of the
number of multicast sessions/flows, and is instead bounded by the network
size.

[0014] The present invention further in part recognizes the benefit of
generating a shared multicast tree for patterns with same sets of nodes,
regardless of the flow sources. For example, the total number of shared trees
covering all flow patterns for a six node network is fifty-seven. The potential
benefits in this case include faster and easier backup routing. In particular, it
is possible to limit the number of multicasting addresses on a six node
backbone to fifty-seven, and the routing can thus be source independent.
This benefit stems from the ability of routers to switch packets according to
multicast group address only, instead of <source [P, group IP>, and simply
forward a packet received on one interface to the rest of its interfaces that join
the same group. Also, when a link becomes discontinuous, then network
reconfiguration is minimized because the disconnected or “pruned” sub-trees
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merely need to be reconnected or “un-prune” since forwarding at routers is
direction independent.

[0015] The present invention obtains the aforementioned benefits in
part by accomplishing aggregation of flows of a same flow pattern by allowing
them to use a common subset of multicast addresses, and ensuring that flows
of different patterns do not share a same multicast address. The degree of
aggregation is controlled by the ratio of how many multicast addresses are
allowed to be allocated to a same flow pattern. The exitreme case is total
aggregation, such that only one multicast address is allocated for all flows
sharing a same flow pattern. However, one advantage of multiple address
mapping to a same flow pattern is that a flow has the flexibility of switching to
another path by switching its multicast address whenever necessary. In the
case of congestion, for example, a multicasting session may switch to another
path of the same flow pattern by switching to another multicast address
assigned to the new path. Thus, allocated multicast addresses are actually
mapped into certain provisioned multicast routes. As a result, route
performance information can be easily retrieved. Different flows, however,
can still be distinguished with different source Internet Protocol (IP)
addresses. For example, Internet Group Management Protocol version 3
(IGMP v3) enables a receiving host to receive packets specifically from a
source, instead of all packets with the same IP multicast address. Also, flows
may use different User Datagram Protocol (UDP) ports as distinguishing
features. As a result, multicast receivers can listen to multiple multicasting
sessions on the same multicasting address, and ignore all multicasting
sessions not originating at the multicasting source from which they have
requested multicast data. The processes and approaches of the present
invention are further described below with reference to Figures 1 —5.

[0016] Figure 1 illustrates a communications network 10 composed
of multicast routers 12A — 12F that support provisioned multicast routing
between multicasting applications 14A — 14F performed by multicasting
session management server 16, which provides a route provisioning system
in accordance with the present invention. Network 10 may be, for example,
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an Intranet, such as a secure enterprise network, and/or a subnet of the
Internet operating under centralized control of the muliicasting session
management server 16. When an application (not shown) initiates a new
multicasting session, a proper multicast address must be allocated. It should
be readily understood that a multicasting application initiating a session may
reside within a subnet attached to a routers on the routing backbone, and that
the same may be true for receiving applications. In general, a requesting
application may communicate a new session request to server 16, which in
turn may employ multicasting session management module 18 to analyze the
flow pattern of the requested session, allocate a ‘multicasting address
assigned to a non-link-failure case path of the flow based on session
bandwidth requirements and monitored path performance, and manage the
session specifications utilizing and/or maintaining various information
resources. These resources may include datastore 20 of pre-computed
paths, datastore 22 of path to multicast address correspondence, and
datastore 24 of multicasting session specifications. The session
specifications may include information identifying session participants that
allow server 16 to communicate with session participants when the need
arises.

[0017] Server 16 may further employ path management module 26
to affect network router control and/or develop and maintain datastore 20 and
datastore 22 by pre-computing the possible paths of the network, including
cases of single-link failure discontinuity, and assigning a multicast address to
each non-link-failure case path and its associated link-failure case alternative
paths. The resulting data may be accumulated in accordance with link-failure
conditions in a datastore as illustrated below in Table 1, and this data may be

used to provision each network router accordingly.
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PathID | Main Backup | Backup | Backup | ... Backup
path path for | path for | path for path for
link link link (3,5)
(1,2) (1,3) (1,4) failure
failure | failure | failure
239.1.1.1 | - link -(1,3) |-(1,2) | Null (1,2)
(1,2) -(3,2) |-(2,3) |(orN/A) (1,3)
- link -(8,5) |-(3,5) (2,4)
(1,3) (4,5)
- link
(3.5)
239.1.1.2] ...
Table 1

As a result, each network router may be adapted to route multicasting traffic
according to the non-link-failure case in normal conditions, to detect a link-
failure case, and to route according to the detected link-failure case upon
detection of the link-failure. Since the same multicast address is used for a
non-link-failure case and each of its associated link-failure cases, it is possible
for the routers to accommodate a link-failure by switching to an alternative
route without requiring a change in multicasting address for the session.
Generally, it may be sufficient to pre-compute and accommodate each single
link-failure case for each non-link-failure case path, but multiple link failures
may additionally be considered in alternative implementations.

[0018] Path management module 26 may further develop and/or
utilize various information resources that may include datastore 28 storing a
network topology, datastore 30 of router assignments, and/or datastore 32 of
available multicast addresses. Server 16 may still further employ network
management module 34 to develop a network topology based on input from
network management personnel and/or detection of additional network
components.

[0019] Figure 2 illustrates operation of route provisioning system 36.
Therein, network interface input 38 may be receptive of requests from
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multicasting applications, including new session request 40, session
information request 41, session join and/or leave request 42, and/or path
switch request 44. Network interface input 38 may further be receptive of
session performance feedback 46 from session participants, which system 36
may receive, for example, by virtue of including itself in every multicasting
session, thereby ensuring that the session feedback is routed to system 36. A
new session request 40 may include a source identification 48, potential
destinations 50, bandwidth demand 52, delay bound 54, and/or additional
parameters. A join and/or leave request 42 may include a session
identification, a source identification, a location, a destination, a multicast
address, and/or additional information sufficient to identify the multicast
session and the joining and/or leaving application. A path switch request 44
from a participant in a multicasting session may contain similar information
sufficient to identify a multicasting session, as may session information
request 41 and sessi‘on performance feedback 46 from multicasting session
participants.

[0020] In response to a new session request 40, multicasting
session management module 18 may be adapted to analyze the session flow
pattern to identify a plurality of potential network paths, and to select an
unused path for the session, thereby allocating an unused multicast address,
only when a new path is needed. The need for a new path may result from
insufficient bandwidth on existing, respective paths, priority requirement, path
performance, and additional reasons. Thus, sessions having same flow
patterns may have different multicast addresses and associated paths, or may
have identical multicast addresses and associated paths as the need arises.
Session management module 18 may utilize datastore 20 of pre-computed
paths when identifying the plurality of potential paths for the flow pattern
specified by source identification 48 and potential destinations 50, and may
further allocate an address of datastore 22 of multicast addresses to path
correspondence based on a selected path for the session. Session
management module 18 further maintains datastore 24 of session information
and, in response to session information request 41 from a session participant,
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communicates the allocated multicast address 56 to the requesting
multicasting application via network interface output 58. In one embodiment,
the allocation is performed by indirect reference wherein a session is
assigned to a pre-computed, non-link-failure path corresponding to the
session’s flow pattern. Thus, a pointer to a path object may be stored in
datastore 24, and a complimentary lookup function may obtain the identity of
the multicast address assigned to the path that is in turn assigned to the
session when identifying the multicast address allocatéd to the session. Inan
alternative embodiment, the multicast address may be allocated by direct
reference by storing the multicast address for the selected path in datastore
24, and using a complementary lookup function to obtain the allocated
address directly from datastore 24.

[0021] In response to a session join and/or leave request 42,
session management module 18 may be adapted to amend the session
information in datastore 24 by adding or removing the session participant and,
if necessary, identify a new flow pattern for the session based on the new set
of session participants and their respective locations in the network. If a
change in flow pattern is identified, then a different multicast address may be
allocated based on a newly selected path of the new flow pattern; also,
session information may be amended to reflect the change in the multicast
address and/or selected path. Session participants, which include the
requesting application in the case of a join request, may thus be notified of the
newly allocated multicast address 56, which may be synonymous with the
newly selected path identity. Otherwise, a requesting application may be
notified of a multicast address 56 already allocated to the session.

[0022] Session management module may be adapted to select a
new path for one or more sessions in various conditions, amend session
specifications in datastore 24 to reflect the new multicast address assigned to
the newly selected path, and communicate the new multicast address 56 to
session participants. For example, in response to a path switch request 44,
session management module may select a new path for the session that
accommodates the needs of the session. Also, session management module

8
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18 may be adapted to proactively identify the need for a new path for a
session based on session performance feedback 46 absent a path switch
request, in which case session management module may select a new path
for the session that corresponds to the session flow pattern. Further, and
especially in alternative implementations where network routers do not
automatically accommodate link failure cases, session management module
18 may be adapted to detect a network discontinuity affecting a utilized path
via normal routing protocols, and to select new paths for affected sessions
based on the session flows and corresponding paths pre-computed to
accommodate the discontinuity and having different multicast addresses
assigned to them than are assigned to the non-link failure case paths. Thus,
session path switching can be accomplished efficiently through multicast
address reassignment in various ways in accordance with the present
invention.

-[0023] Path management module 26 may be adapted to utilize a
network topology of datastore 28 to pre-compute network paths, including
cases of discontinuity as detailed above. Path management module 26 may
also be adapted to establish the pool of available multicast addresses of
datastore 32, and further establish path to multicast address correspondence
of datastore 22 by assigning the multicast addresses to the pre-computed
paths; this process may include generating shared multicast trees for flow
patterns with same sets of nodes. Path management module 26 may further
be adapted to determine router assignments of datastore 30 based on the
network topology of datastore 28 and the path to multicast address
correspondence of datastore 22, and to communicate appropriate router
commands 60 to network routers via network interface output 58, thereby
providing the routers with the necessary routing tables to support multicast
routing in accordance with the present invention. In an implementation
assigning a multicast address to a non-link-failure case and each of its
associated link-failure cases, router commands 60 may be ordered to provide
alternative sets of routing tables with link-failure based conditions for
accessing the alternative sets of tables.

9
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[0024] Network management module 34 may be adapted to receive
network information 62 from network administrators via user interface input
64. Network interface module 34 may further be adapted o develop and
maintain the network topology of datastore 28 based on the network
information. Thus, network administrators may, for example, indicate addition
of a router to the network, which may cause an adjusiment to the network
topology, pre-computation of additionél paths, assignment of additional
addresses to the paths, and allocation of the assigned addresses to take
advantage of fhe additional paths. Other network alterations can be further
accommodated, and it should be readily understood that network information
may be alternatively or additionally auto-detected through a network layer,
which may correspond to a supervisory channel adapted to auto-detect
addition and/or removal of network components; auto-detection of network
topology changes may further employ means of network management, for
example, the Simple Network Management Protocol (SNMP) or other network
management protocol.

[0025] Figure 3 illustrates a path management portion of a route
provisioning method in accordance with the present invention. Beginning at
66, the method may include establishing a multicast address pool at step 68,
which may be accomplished by manual configuration, or by automated batch
reservation from a multicast address allocation server as with the Multicast
Address Dynamic Allocation Protocol (MADCAP). The method may also
include collecting network information at step 70, which may correspond to
receiving a network topology corresponding to a data structure of edges and
nodes. It may alternatively or additionally include receiving edge and node
information sufficient to construct the network topology. The method may
further include enumerating all of the potential flow patterns based on the
network topology at step 72, and enumerating all of the single link failures at
step 74. Steps 74 and 72 may include instantiating data representing all of
the sets of nodes of the network in normal and link failure conditions. Then,
the method may include pre-computing multicast routing paths for normal and
link failure cases based on the network topology at step 76. Step 76 may

10
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include instantiating data representing each path corresponding to a particular
flow, or set of nodes, and relating in memory the path data to the flow data
using one or more pointers.

[0026] With the network paths pre-computed and organized by
actual and/or potential multicast session flows, the pool of available multicast
addresses established in step 68 may be allocated to the paths in step 78 in a
manner that ensures that no two different flow patterns have the same
multicast address assigned to one of their associated paths. Step 78 may
correspond to allocating one or more multicast addresses to each non-link
failure path, while ensuring that no two non-link-failure paths are assigned the
same multicast address. Once the multicast addresses have been assigned
to the non-link-failure paths of the network, it may be possible to provision the
multicast routing paths to the network routers at step 80 based on the
multicast address to path correspondence and the network topology. Multiple
routing tables for a multicast address may be constructed at each router to
accommodate the various link failure cases with link-failure based conditions
provided to interrelate the alternative routing tables. Once the paths have
been pre-computed and router assignments made, it may not be necessary,
absent alterations to the network topology (other than link-failures), to change
any routing assignments; thus, the path management portion of the route
provisioning method of the present invention ends at 82.

[0027] Turning to Figure 4, a multicasting session management
portion of the route provisioning method of the present invention begins at 84
with receipt of an incoming request from a multicasting application and/or
network continuity and/or session performance sub-system, and the response
process depends on the type of request received as at 86. For example, if the
received request corresponds to a new session request from a multicasting
application, then the response process may include analyzing the flow pattern
of the session at step 88, which may be a set of member network nodes
identified in the request, to find one or more matching paths at step 90,
updating the session registry with session information that includes a
multicast address identifying the next available path of the flow pattern, and
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responding to the requesting application by indicating that the multicasting
session has been established and/or by providing the allocated multicast
address at step 94. Also, if the received request corresponds to a join and/or
leave request from a multicasting application, then the response process may
include updating the session registry database at step 92, analyzing the
updated session’s flow pattern at step 88 to find a next available matching
path at step 90, and responding to the requesting application at step 94 by, for
example, providing the allocated multicast address in the case of a join
request; if a new flow pattern results from the change in the session
information, then the response process may further include notifying the
session participants of the new multicast address at step 96. Furthermore, if
the received request corresponds to a new path request from a multicasting
application or network continuity and/or session performance monitoring sub-
system, then the response process may include finding the next available
path for the session flow at step 90, updating session information at step 92
based on the new multicast address, and notifying the session participants at
step 96, which may include a requesting multicasting application at step 94.
Finally, multicasting session participants may request session information;
thus the process may include looking up the session information at step 98
and responding to the requesting application at step 94 by providing the
session information, such as the allocated multica§t address.

[0028] Figure 5 illustrates a method of operation for a sending
multicasting appli]cation requesting a new session in accordance with the
present invention. Beginning at 100, the method includes starting a
multicasting session management application program interface at step 102,
and requesting to create and register a new multicasting session at step 104.
If the request is not successful as at 106 the method ends at 108. If,
however, the request is successful, then the multicasting application may
request and receive session information from the multicast management
server at step 110. Then, the multicasting application may perform the
multicast transmission at step 112. If a receiving application requests a
multicast channel change as at 114, then processing returns to step 110, and
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the new multicast address is used to continue transmission at step 112. If the
management server commands a channel change as at 116, then the
multicasting application changes the multicasting channel as commanded at
step 118, and processing returns to step 112.

[0029] A method of operation for a receiving multicasting application
is similar to that of the sending multicasting application of Figure 5. However,
the receiving multicasting application need not request a new multicasting
session, and receives rather than performs multicast transmission. Both
receiving and sending multicasting applications may additionally share
performance feedback with one another and with a session manager, and
may additionally communicate a path switch request for a session to the
session manager if the performance falls too low.

[0030] The description of the invention is merely exemplary in
nature and, thus, variations that do not depart from the gist of the invention
are intended to be within the scbpe of the invention. For example, it may be
the case that the multicasting sessions are known in advance of the network
path pre-computation and, in this case, the paths for the sessions may be pre-
selected so that multicast addresses can be assigned to paths in view of the
known needs relating to the network transmission resources. In this case, the
path manager may essentially perform assignment of multicast addresses to
paths and allocation of multicast addresses to sessions in one step, thus also
being a part of the session management module, and sending multicasting
applications need not request new sessions. Also, it may be the case that the |
multicast addresses are not assigned ahead of time to network paths, but may
be drawn from and returned to a pool of available multicasting addresses as
the need arises, such that the multicast addresses are assigned to sessions in
a manner that merely ensures that a multicast address assigned to a session
of one source-independent flow pattern is not also assigned to a session of
another source-independent flow pattern. Further, network paths may be
computed dynamically rather than pre-computed, and network routers
commanded and controlled in a complementary dynamic fashion. Still further,

functions of one module described herein may be moved to another module,
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and implemented separately or iﬁtegrated together in various combinations.
Further still, multiple servers disposed at different nodes of the network may
be employed to separately perform different modules and mutually
communicate to accomplish the system and method of the present invention.
Yet further still, combinations and orders of components and steps of the
present invention may be varied o accommodate varying operation among
multicasting applications, routers, and network structures and/or protocols.
Such variations are not to be regarded as a departure from the spirit and
scope of the invention.
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CLAIMS
What is claimed is:

1. A multicasting network route provisioning system for use in
allowing an in-session multicast application to switch its path on need,
comprising:

a datastore of multicast addresses operable to route
multicasting traffic over different network paths;

a datastore of muilticasting sessions having flows of various flow
patterns, wherein a flow pattern is defined in terms of a set of source and
destination network nodes, and corresponds to multiple routing network paths;
and

a session management module adapted to aggregate
multicasting session flows by allocating multicast addresses to multicasting
sessions based on correspondence between the network paths and flow
patterns of the multicasting sessions, thereby ensuring that flow patterns
corresponding to different sets of network paths do not share a same
multicast address.

2. The system of claim 1, wherein said multicasting session
management module is adapted to identify correspondence between flow
patterns on a source-independent basis that considers factors including at
least one of source, destinations, and application requirements relating to
network transmission resources.

3. The system of claim 1, wherein said multicasting session
management module is adapted to allow multicasting sessions having a same

flow pattern to have different multicast addresses.
4. The system of claim 1, wherein said multicasting session

management module is adapted to allow multicasting sessions having a same

flow pattern to share a same multicast address.
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5. The system of claim 1, wherein said multicasting session
management module is adapted to switch a path of a multicasting session by
allocating to the multicasting session a different multicast address operable to
route multicasting data over a different path corresponding to the flow pattern
of the multicasting session.

6. The system of claim 1, wherein said multicasting session
management module is adapted to adjust multicasting session membership
based on a change in session participation, to determine whether a session
obtains a new flow pattern based on the change in session participation, to
allocate a new multicast address to the session in the event a new flow
pattern is determined to be obtained, wherein the new multicast address is
operable to route multicasting traffic over a path of the new flow pattern, and
to communicate the new multicast address to session participants.

7. The system of claim 1, wherein said multicasting session
management module is adapted to monitor network path performance based
on session feedback from at least one of a network manager, a network

component, and a multicasting session patrticipant.

8. The system of claim 1, wherein said muliicasting session
management module is adapted to determine whether a session requires a
new path based on at least one of session performance feedback from a
session participant and a new path request from a session participant.

9. The system of claim 1, wherein said multicasting session
management module is adapted to communicate multicasting session

information to requesting multicasting session participants.

10. The system of claim 1, wherein said multicasting session
management module is adapted to communicate a change in multicasting
session information to multicasting session participants.
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11.  The system of claim 1, wherein said datastore of network paths
includes pre-computed network paths that account for network discontinuities.

12.  The system of claim 1, further comprising a path management
module adapted to pre-compute the network paths based on a network
topology.

13.  The system of claim 1, further comprising a path management
module adapted to establish multicast address to network routing path

correspondence.

14.  The system of claim 1, further comprising a path management
module adapted to provision multicast routing paths to routers.

15. The system of claim 1, further comprising a network

management module adapted to maintain a network topology.

16. The system of claim 1, further comprising a network interface
adapted to communicate with components of a communications network.

17. A network route provisioning system, comprising:

a path management module adapted to pre-compute network
paths based on a network topology, to assign multicast addresses to the pre-
computed network paths, and to communicate with network routers to
provision routes according to the multicast addresses assigned to the routes;

a datastore of multicasting session specifications identifying flow
patterns of multicasting sessions as sets of network source and destination
nodes; and

a session management module adapted to aggregate
multicasting session flows by selecting a path to route a multicasting session
in accordance with a flow pattern of the multicasting session, and by
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communicating the multicast address assigned io the selected path to
participants in the multicasting session.

18.  The system of claim 17, wherein 'said path management module
is adapted to pre-compute alternative network paths associated with link-
failure cases, o assign a same multicast address to a non-link failure case
path and to all of the alternative network paths associated with link-failure
cases, and to communicate with network routers to provision the alternative
routes with specified activation conditions relating to the link failure cases.

19. A network router, comprising:

a network routing data structure including:

(a) at least one first routing entry adapted to route multicasting
traffic along at least one link of a pre-computed network path; and

(b) at least one second routing entry adapted to route
multicasting traffic along at least one link of a conditional network path pre-
computed to accommodate a link-failure case;

a datum representing an activation condition relating to the link-
failure case; and

a routing mechanism adapted to determine whether the
activation condition is satisfied based on a detected link failure and to route
multicasting traffic according to the second routing entry when the activation

condition is determined to be satisfied.

20. A sending multicasting application program interface,

comprising:

multicasting means for multicasting data on a multicasting
channel;

receiving means for receiving a notification of a multicasting
address for a multicasting session; and

channel switching means for switching to a new multicasting
channel, thereby causing said multicasting means to cease multicasting at an
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old multicasting address, and to begin multicasting at a multicasting address
received for the multicasting session during transmission of the multicasting

session.

21.  The interface of claim 20, further comprising:

a performance feedback receiving means for receiving
multicasting session performance feedback from multicasting session
participants;

a session performance monitoring means for determining if a
new path is needed for the multicasting session based on feedback from
session participants; and

a path switch requesting means for requesting a new path for

the multicasting session from a session manager.

22.  The interface of claim 20, further comprising:

a new session requesting means for communicating a request
for a new multicasting session to a session manager, wherein the new
session request includes a session flow pattern; and ‘

a session information requesting means for requesting a
multicasting address allocated to the new multicasting session by the session

manager.

23. A receiving multicasting application program interface,

comprising:

receiving means for receiving a notification of a multicast
address for allocated to a multicasting session by a session manager;

listening means for listening to multicasting data over a
multicasting channel having the multicast address; and

channel switching means for switching to a new multicasting
channel, thereby causing said listening means to cease listening at an old
multicasting address, and to begin listening at a newly received multicasting
address.
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24.  The interface of claim 23, further comprising:

a session performance feedback means for providing session
performance feedback to a session manager and to session participants;

a session performance monitoring means for determining if a
new path is needed for the multicasting session based on feedback from
session participants; and

a path switch requesting means for requesting a new path for
the multicasting session from a session manager.

25. A multicasting network route provisioning method, comprising:
pre-computing network paths based on a network topology;
assigning different multicast addresses to the network paths;
and

selecting a path to route a multicasting session based on
correspondence between a flow pattern of the session and the network path,
wherein a flow pattern is defined in terms of a set of source and destination
network nodes, and corresponds to multiple routing network paths.

26. The method of claim 25, further comprising identifying
correspondence between fiow patterns and paths on a source-independent
basis that considers factors including at least one of source, destinations, and

application requirements relating to network transmission resources.

27.  The method of claim 25, further comprising allowing multicast
sessions having a same flow pattern to have different multicast addresses.

28. The system of claim 25, wherein said multicasting session

management module is adapted to allow multicasting sessions having a same
flow pattern to share a same multicast address.
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29. The method of claim 25, further comprising switching a network
path of a multicasting session by selecting a different path corresponding to
the flow pattern of the multicasting session, and by communicating the
multicast address assigned to the different path to a session participant.

30. The method of claim 25, further comprising monitoring network
path performance based on session feedback from at least one of a network

manager, a network component, and a multicasting session participant.

31.  The method of claim 25, further comprising determining whether
a session requires a new path based on at least one of session performance
feedback from a session participant and a new path request from a session
participant.

32.  The method of claim 25, further comprising communicating
multicasting session information to requesting multicasting session

participants.

33.  The method of claim 25, further comprising communicating a
change in multicasting session information to multicasting session
participants.

34. The method of claim 25, further comprising pre-computing an

alternative network path to accommodate a link-failure case.

35.  The method of claim 25, further comprising assigning a multicast
address assigned to pre-computed network path to an alternative network
path pre-computed to accommodate a link-failure case.

36. The method of claim 25, further comprising provisioning
multicast routing paths to routers by creating routing tables in the network
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routers that cause the routers to route multicasting traffic according to the
multicast addresses assigned to the pre-computed routes.

37. The method of claim 25, further comprising provisioning
multicast routing paths to routers by creating in the network routers alternative
routing tables with link-failure based access conditions that cause the routers
to route multicasting traffic according to the multicast addresses assigned to
the pre-computed routes in non-link-failure and link-failure cases.

38. The method of claim 25, further comprising maintaining a
network topology.

39.  The method of claim 25, further comprising communicating with

components of a communications network.
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