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METHOD FOR DISTRIBUTED MULTICAST ROUTING IN CONNECTION-~ORIENTED

NETWORKS AND NETWORK FOR APPLYING THIS METHOD

The present invention relates to a multicast routing
method of the distributed tyvpe for connection-oriented networks

and to a network for applyving this method.

Multicasting will be a very important service 1in the
near future. However, no satisfactory multicast routing system
suitable for connection-oriented networks (such as SDH networks)
has been proposed as vet.

Multicasting in IP networks (DVMRP, MOSPF, PIM) 1s

based on the existence of routing tables calculated previously

by means of unicast protocols. In the case of connection-
oriented networks, however, unicast protocols do not use routing
tables, and therefore these known methods are not applicable in
these networks. Moreover, results adapted from unicast tables do
not in any case produce optimal solutions for the multicast
situation.

Furthermore, the networks have not had a distributed

control plane in the past, and all operations have been carried
out by a centralised network control system. However, the

requirement for distributed routing capacity within the network

has arisen with the advent of new arxrchitectures (ASON, ASTN,

GMPLS) .
Because of the 1large number of networks which have
already been installed, a solution having the smallest possible

impact on the devices in use would clearly be preferable. Such a

solution would naturally be considered by the greater part of
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the market as an optimal solution.
The general object of the present invention 1s .to
overcome the drawbacks mentioned above by providing a network

and a method for distributed multicast routing which 1is

particularly suitable for connection-oriented networks and which
has a limited impact on the network devices.

With this aim 1in mind, a method has been devised,
according to the invention, for multicast routing for a
telecommunications network comprising a plurality of

communication nodes interconnected by multiple paths, for the

establishment of a multicasting connection between a source node

and a plurality of destination nodes, comprising the steps of

making the source node generate a destination notification
message which is propagated in the network until it reaches the
destination nodes, to inform them of the need to connect to the
source node; making each destination node generate, on receipt
of the destination notification message, a connection reqguest
containing information on the weighted connection costs;

propagating the connection request in the network towards the

source node, while collecting further 1information on the
weighted connection costs accumulated along the path; receiving
at the source node the connection requests propagated in the
network from the destination nodes; selecting the multicasting

>~ 1nformation

paths with satisfactory costs according to th

.

received from the source node with the connection requests; and
making the multicasting connection via the multicasting paths
selected in this way.

Also according to the invention, a telecommunications

network has been devised, comprising a plurality of
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communication nodes interconnected by multiple paths for the

establishment of a multicasting connection between a source node
and a plurality of destination nodes, in which the aforesaid
method' is applied for the multicast routing.

To clarify the explanation  of the innovative
principles of the present invention and its advantages over the
known technology, a description is given below, with the aid of
the single attached drawing, of a possible example of embodiment
in which these principles are applied.

With reference to the figure, this shows a diagram of
a generic network in which a certain number of nodes are
connected to each other by communication paths. In the network,
one source node wishes to establish a multicast call to a
plurality of destination nodes, by making a suitable selection
from the possible paths.

In the diagram, the source node 1s connected by a path
(called the multicast tree) to one or more destination nodes
(the leaves of the tree). A weight w 1is associated with each
line connecting two nodes. Optimising a multicast tree means
finding the paths which connect the source to all the the
drawing the selected path (drawn in heavier lines) between the
source node and the destination nodes has a total weight or
"multicast tree cost" of woH+w7+wS+wid+w3.

In the remainder of this document, the following
terminology will be used, applied to a specified node:

- D 18 the set of all the destination nodes;

- Dj 18 a generic subset of D;

- D, 1s a subset of D consisting of the destination nodes

which can be currently reached by a specified node;
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- Dp 1s a subset of destination nodes which are currently
linked to the specified node;

- AC, (Accumulated Cost) 1s the cost accumulated along the

path from the nodes of the set D, to the specified node;

- PH (Previous Hop) is the address of the node sending the

message requesting the creation of the connection.

A description will now be given of an automatic
procedure used to find an optimal multicast tree to implement a
given request for creation of a multicast connection. A high-

level description of the protocol associated with this process

will also be given.

According to the described solution, a distributed
algorithm i1is provided, to avoid wasting resources. All the
network elements (NE) of the network carry out the calculation

operations in parallel. The information regquired to calculate

the multicast routings travels within the network, making it

unnecessary for the NE to maintain full wvisibility of the whole
network.

According to the proposed solution, the establishment
of multicast connections is based on an exchange of information
in three steps.

In the first step, the destination nodes are informed
that a multicast connection request 1s arriving from a
particular source.

The second step is carried out both by the destination

.

node and by the network: each destination node sends a
connection reqguest to the source, and these reguests are
processed and relaved by each node within the network. The

requests are propagated from node to node until they reach the
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source node, carrying the information on the cost accumulated

along the path.

The third step is confirmation of the establishment of

the connection, in which the source node, having received the

information on the costs of the possible paths, selects the path
with a satisfactory cost.
The proposed solution enables requests arriving from

different nodes to be combined, and enables messages requesting

the creation of the multicast connection to be propagated
between the nodes.

A description will now be given of the behaviour of
the nodes and the information used to enable the source node to

find the optimal path.

As stated above, the source node must first inform all

the destination nodes that a multicast connection 1is to be

established. To do this, the source node sends appropriate

information to the destination nodes through the network. This

procedure can be called the "destination notification

procedure". The transmitted information can be in various forms,

the important requirement being that, at the end of the

destination notification procedure, each destination node has

been informed that it is a destination node for this particular
multicast connection and knows the address of the source.

When this has been achieved, each destination node
sends back to the multicast source node a message requesting
establishment of the connection. This message 1s called the

"connection request" message. The connection request sent by a

destination node to the source node contains the following

information:
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- destination of the message (for practical purposes, this

1s the multicast source) ;

- AC (Accumulated Cost): this represents the sum of the
costs of the connections along which the message passes from Dy
to the node;

- PH (Previous Hop): this is the address of the device
(node) sending the message;

- D,: the sgset of the destination nodes which can be reached

via the device (node) PH.
If a node recelives two messages with the same Dy and
PH, the message with the higher AC 1s rejected.

A node receilves the information propagated from the

destination nodes, extracts useful information from it and
stores it in a first table, which we shall call the "receive
table", and which contains the information received from the PH.
From this table, the node calculates a second table,
which we shall call the "send table". As explained below, this
second table contains calculated information which the node

sends to 1ts neighbours.

For the purposes of implementation, these two tables
can also be combined i1nto a single table, as will be clear to a
skilled person. However, for convenience of description, they
will be described as separate tables in the following text,
although 1t 1s to be understood that each of the described
tables can form part of a single table.

The receive table has n inputs and the generic i1-th
input has the following fields:

- Dy = set of destination nodes which can be reached via the

corresponding PH;
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- AC, = accumulated cost of the path from this node to all
the nodes in Dy;

- PH

address of the Previous Hop;
- Bn = unigque identifier of the input in the table.

On the other hand, the send table is obtained from the
receive table by closure with respect to the combination of the
discrete sets Dy. More specifically, it contains all the inputs
of the receive table without the PH column, and has the

following properties:

- for each set R of indices such that ~r Dr = &, 'there 1is

i

an index m such that Dn \r Dr where R is a set of indices for

indexed sets Dr and A~ is the intersection over the set of indices

R for Dr; and y i1s the union over the set of indices R for Dr.
- for each set R of indices and for each index m such that
~r Dr = @ and Dn = wr Dy, it is true that ACTrAC:.

The send table also has an additional field (DF)

indicating the set of records in the receive table from which 1t

has been derived.

The tables are updated by the following procedure.

When a node receives a multicast connection creation
request message, 1t takes the set of nodes Dy which can be
reached by the PH (Previous Hop) from the address field. It then
looks in the send table to find an input 1 in the table with

Dj_:Dr .

p—

If the input exists and AC;i<AC,, the message 1is
automatically rejected; otherwise, the i-th input in the receive
table is replaced and/or supplemented with the information in

the message. The send table is updated as a result: this means
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that the node tests all the possible combinations with an empty

intersection between the new record and all the records 1in the

table. If one or more of the combinations matches the properties
of the send table, they are added or substituted in 1it;
otherwise they are rejected.

The multicast connection creation regquests are
propagated by the following procedure.

Whenever a record in the send table is updated and/or
created, a creation request message 1s sent to all the

pr—

neighbouring nodes, with the exclusion 1f necessary (for

optimisation) of the PH of the inputs of the receive table
indicated by the DF field.

Finally, when the messages arrive at the source node,
this node selects the path between it and the destination nodes
by selecting, among the records in 1ts receive table, the one

having all the desired destination nodes 1in the Dr field and

having the lowest total cost AC.

It is now clear how the specified object has been

g
—

achieved by the provision of a distributed multicast routing

system having the desired minimal impact on the network and
having high efficiency.

Naturally, the above description of an embodiment
applying the innovative principles of the present invention has

been provided solely in order to give an example of these

innovative principles, and must not, therefore, be interpreted

as limiting the scope of the patent claimed hereain.
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CLALMS

1. Method for multicast routing for telecommunications
networks comprising a plurality  of communication  nodes
interconnected by multiple paths, for the establishment of a
multicasting connection between a source node and a plurality of
destination nodes, comprising the steps of:

~ making the source node generate a destination

notification message which is propagated in the network until it
reaches the destination nodes, to inform them of the need to
connect to the source node;

~ making each destination node generate, on receipt of

the destination notification message, a connection request

containing information on the weighted connection costs;

~ - propagating the connection request 1in the network
towards the source node, while collecting further information on
the weighted connection costs accumulated along the path;

- receiving at the source node the connection regquests

propagated in the network from the destination nodes, selecting
the multicasting paths with satisfactory costs according to the
information received from the source node with the connection
requests, and making the multicasting connection along the

multicasting paths selected in this way.

2. Method according to Claim 1, in which the connection
request which i1s sent by the destination nodes and which is
propagated in the network towards the source node contains at

least the following information:

-~ PH (Previous Hop): address of the device (node)

sending the message;
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— D,: set of the destination nodes which can be reached

via the device (node) PH.

— AC (Accumulated Cost): sum of the costs of the
connections along which the message passes from Dy to the node.
3. Method according to Claim 2, 1in which a node which

receives information propagated from the destination nodes

extracts useful information from this and stores it 1in a first
table or part of a table, called the '"receive table", and the
node calculates, from this table or part of a table, a second
table or part of a table, called the "send table", from which
new information 1s extracted and propagated 1in the network
towards the source node.

4. Method according to Claim 3, in which the receive
table has a generic i-th input having the following fields:

- Dr = set of destination nodes which can be reached via
the corresponding PH;

— AC, = accumulated cost of the path from this node to
all the nodes in Dy:

- PH

address of the Previous Hop;

- En = unique identifier of the input in the table.

5. Method according to Claim 4, in which the send table
is obtained from the receive table by closure with respect to

~—

the combination of the discrete sets D,, and has the following

properties:
— for each set R of indices such that ~r Dr = ¢, there
is an i1ndex m such that Dp = r Dr.

— for each set R of i1ndices and for each index m such

that (R Dr = @ and Dm = UR Dr, it iS true that ACI’QSERACZL'*
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6. Method according to Claim 5, 1in which, when a node
recelves a multicast connection creation request message, it
takes the set of nodes D, which can be reached by the PH

(Previous Hop) from the address field. It then looks in 1ts send

table to find an input i in the table with Di=D,; 1f the input
exists and AC;<AC,, the message 1s automatically rejected;
otherwise, the 1-th 1input 1n the receive table 1s replaced
and/or supplemented with the information in the message.

7. Method according to Claim 6, 1in which the node, in
order to update 1ts send table, tests all the possible
combinations with an empty intersection between the new record
and all the records in the table; 1f one or more of the

P

combinations matches the properties of the send table, they are

added or substituted in it; otherwise they are rejected.

8. Method according to Claim 5, 1n which the send table
has an additional field (DF) indicating the set of records in
the receive table from which it has been derived.

9. Method according to Claim 8, in which, for the

propagation of the multicast connection c¢reation regquests,

wh

.

enever a record of the send table is updated and/or created in

one node, a creation request message 1s sent to all the

neighbouring nodes, with the exclusion, if necessary, of the‘\ PH
of the inputs of the receive table indicated by the DF field.

10. Method according to Claim 3, 1in which, when the
messages arrive at the source node, the source node selects the
path between it and the destination nodes by selecting, among

the records 1n its receive table, the one having all the desired

destination nodes in the D, field and having the lowest total

cost AC.
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11. Telecommunications network comprising a plurality of
communication nodes interconnected by multiple paths, for the
establishment of a multicasting connection between a source node

and a plurality of destination nodes, 1in which a method

according to any one of the preceding claims 1is applied for the

multicast routing.
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