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7 ABSTRACT

A packet trapsfer scheme for translerring packets al a
boundary of a plurality networks 1s disclosed. A network
interconnection apparatus (router) communicates with a
previous hop node m one of the plurality of networks by a
first control mcssage including a first identification infor-
mation for identitying an upsircam path from the previous
hop node and a specification mformation for specifying a
aroup of packets 10 be transferred on the upstream path, and
with a next hop node in another of the plurality of networks
by a second control message including a second identifica-
tion information for identifying a downstrcam path to the
next hop node and a specification information for specifying
a group of packels to be transferred on the downstream path.
Then, the network inlerconnection apparatus slores a first
identifier at a layer lower than layer 3 of the upstream path
and a second identifier at a layer lower than layer 3 of the
downsircam path corresponding to the upstrcam  path,
according (o the first and second control messages, and
transfers a packet from the upstream path to the correspond-
ing downslream pathy, referrimg to the memory.

23 Claims, 33 Drawing Sheets
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router 11C to the router 11A are both connected to the bypass
pipe 131 from the router 11C to the router 11A by using a
table in the add/drop and header conversion unit within this
router 11C (or a switch table in a case of a multi-port router).

Similarly, when the bypass pipe set up request message
for a bypass pipe in a direction from the router 11E to the
ronter 11A is reecived from the router 11E, the ronter 11B
utilizes the bypass pipe 131 to the router 11A that has
already been established in this router 11B, by merging the
VC for the bypass pipe from the router 11E to the bypass
pipe 131 by an appropriate setting of a table in the add/drop
and header conversion unit within this router 11B (or a
switch tablc in a casc of a multi-port routcr), such that the
datagram from the router 11E can reach to the router 11A by
ouly the ATM layer processing.

Thus, in this casc, as shown in F1G. 55, the bypass pipcs
from the router processing units in the routers 11E and 11T
are merged at the router 11B to effectively form a spanning
tree with the router 11A as a root and the other routers as
nodes.

Hence, the multi-point to point connection obtained in
this prooedure is obtained by the merging of the connections
in the routers, and not by a use of a mulli-poinl connection
of the ATM-LAN. Consequently, this multi-point to point
ATM connection can he realized by the protocol among the
routers alone, and the datalink layer is not necessarily
required to have a function of a multi-point connection.

As described, in this procedure, it is possible to form the
multi-point to point ATM conncction as shown in FIG. 55 in
which each router functions as a roet (destination) and the
other routers functions as leaves (start poiny).

Here, the cell flow from this multi-point to point ATM
conncction is merged a1 cach router functioning as a node,
the multiplexing of the datagram is necessary, and the
following should be taken into account.

First, in a casc of using the ALL type 3/4, a different MID
(Multiplex Identifier) should be assigned to the source of
each datagram. By means of this, 1t becomes possible for the
router 11A (o identify each lransmission source.

Sccond, in a casc of psing thc AAL type §, the trapsmis-
sion source identification at the cell level is impossible at the
router 11A, so that the add/drop tunction in the router or the
ATM switch should be provided with such a [unction that,
i a given VC, until a transmission of one AAL-PDU
(datagram) is finished, the other PDUs are not allowed to
flow into that given VC.

In the multi-point to point AI'M connection obtained by
this procedure, each router functions as a root (destination)
and the branch points (nodes) of this multi-point 1o point
ATM connection are located at the routers. In this manner,
it becomes possible to realize the dedicated Ve with a
simaller number of VCs (or more specifically, a smaller
number of ATM-1_ANs inter-networked to one ATM-1.AN).

Thus, in this procedure, the spanning tree for the datagram
transter which 1s generated by the routiug protocol operating
among the routers is directly realized by the multi-point to
point connection formed by the ATM connections. Note here
that, within each ATM-T.AN, each of these mlti-point to
point VCs is basically the point to point VC, which may be
a VC associated with QoS.

In this procedure, as a plurality of datagrams from a
plurality of locations are multiplexed into onc VC at the
router, there is a possibility for an overflow of the VC
capacity or a cell loss within the AI'M switch to occur, in a
case ol the trallic concentration. Such an overllow or a cell
loss can be prevented by any of the following measures.
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(1) For the VC in which the congestion or the cell loss is
likely (0 occeur, the relay of the cell o that VC by only
the ATM layer processing can be temporarily or par-
tially interrupted and the routing to the router process-
ing unit is used instead.

(2) For the lower stream of the spanning tree (i.e., at a side
closer to the terminal point router), a larger bandwidth
resource can be secured in advance compared with the
upper stream.

(3) Basically, the cell loss occurs at the router which
becomes a node of the spanning tree. Conscquently, an
ATM switch in such a router can be sclectively formed
by a high performance switch capable of realizing the
Tower cell loss rate compared with the ATM switch in
the ATM-T.AN.

It is to be noted that, besides those already mentioned
above, many modifications and variations of the above
¢mbodiments may be made without departing from the
novel and advantageous features of the present invention.
Accordingly, all such modifications and variations are
intended to be included within the scope of the appended
claims.

What is claimed is:

1. A network interconnection apparatus for transferring
packets at a beundary of a plurality of networks, the appa-
ralus comprising:

a control message processing unit configured to commu-
nicate with a previous hop node in one of the plurality
of networks by a first control message including a first
identification information for identifying an upstream
path from the previous hop node to the network inter-
contiection apparatus and a specification information
for specilying a group of packets (0 be (ranslerred on
the upslream path, and configured to communicate wilh
a next hop node in another of the plurality of networks
by a second control message including a second iden-
tification information for identifying a downstream
path from the nctwork intcrconnection apparatus to the
next hop node and a specification infonmation for
specitying a group of packets to be transterred on the
downstream path;

a memory wmt configured to storc a first identificr at a
layer lower than layer 3 of the upstream path and a
second identifier al a layer lower than layer 3 of the
downstreamn path corresponding to the upstream path,
according to the first and second control messages used
by the control message processing unit; and

a transfer unit configured to transfer a packel from the
upstream path to the corresponding downstream path,
relerring to the memory unit.

2. The apparatus according 1o claim 1, further comprising:

anolther memory unil configured o store a destination
information including a layer 3 address regarding a
destination and a corresponding next hop information,

wherein the control message processing unit commuiu-
cates with the next hop node according to the destina-
tion information and the corresponding next hop infor-
mation stored in said another memory nnit.

3. The apparatus according to claim 2, wherein the contral
message processing unit starts to communicate with at least
one of the next hop node and (he previous hop node when
said another memory unit indicates a new information based
on a routing protocol.

4. The apparatus according to claim 2, further comprising,
a transfer processing unit configured to transfer a packet to
the next hop node, referring to said another memory unit
according (o a laver 3 address regarding a deslination of the
packet.
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5. The apparatus according to claim 4, further comprising
a receiving unit configured 1o receive a packet through a
virtual connection, and to transfer the packet to the transfer
unit when said memory unil stores an identifier of the virtual
connection as the first identifier that corresponds to the
second identifier and otherwise transler the packet to the
transfer processing unit.

6. The apparatus according to claim 5, wherein the
receiving unit transfers a packet to the transfer processing
unit when the packet is received through a prescribed virtual
connection, and the control message processing unit pro-
cesses the first control message indicating another virtual
connection other than the prescribed virtual connection as
the upstream path.

7. The apparatus according to claim 1, whercin the
transfer unit uses a first virtual connection as the upstream
path and a second virtual connection as the downstream
path.

8. The apparatus according to claim 7, wherein the
memory unit stores an identifier of the first virtual connec-
tion as the first identifier and an identifier of the second
virtual connection as the second identifier.

9. The apparatus according to claim 8, wherein, when at
least one of the first and second virtual comnections pass
through a switch for switching virtual connections, the
control message processing unit uses an identification infor-
mation for identifying said at lcast one of the first and sccond
virtual connections uniquely in a corresponding one of the
plurality of networks.

10. The apparatus according to claim 9, further compris-
ing a setup unit configured to set up said at least one of the
first and second virtual connections by signaling before the
memory unit stores a corresponding one of the first and
second identifiers as available for the transfer unit.

11. The apparatus according to claim 1, wherein the
control message processing upit uses at least one ol
addresses regarding a source or a destination of the group of
packets to be transferred as the specification information.

12. The apparatus according to claim 1, wherein the
transfer unit transfers another packet from the upstream path
to the corresponding downstream path, said packet being
toward one destination and said anothier packet being toward
another destination, both said packet and said another packet
belonging to the group of packets.

13. The apparatus according to claim 1, wherein the
control message processing unit uses the first identifier to be
stored in the memory unil as fhe first identification
information, and uses Lhe second identifier to be stored in the
memory unit as the second identification information.

14. The apparatus according to claim 1, wherein the 50

control message processing unit starts 1o communicate with
one of the next hop node and the previous hop node when
the other ol the next hop node and the previous hop node
starts to commmunicate with the network iatercounection
apparatus.

15. The apparatus according to claim 1, wherein the
control message processing unit starts 1o communicate with
one of the next hop node and the previous hop node when
the network interconnection apparatus receives a packet
from the previous hop node or ransmits a packet to the next
hop node.

16. The apparatus according te claim 1, wherein the
control message processing unit starts to communicate with
one of the next hop node and the previous hop node
according to statistical information regarding transterring
packets 1o the next hop node.
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17. The apparatus according to claim 1, wherein the
control message processing unit communicates with another
previous hop node by a third control message including a
third identification information for identifying another
upstream path from said another previous hop node to the
network interconnection apparatus and a specilication infor-
mation for specifying a group of packets to be transferred on
said another upstream path, and the memory unit stores a
third identifier at a layer lower than layer 3 of said another
upstream path, such that the first and third identifiers are
stored in correspondence with the second identifier.
18. The apparatus according to claim 17, wherein the
transfer unit transfers all packets of one protocol data unit
from the upstream path of the first identifier or said another
upstrcam path of the third identifier to the downstrcam path
of the second identifier before starting to transfer a packet of
another protocol data unit.
19. The apparatus according to claim 1, wherein the
inemory unit stores the second identifier while communica-
tion regarding the second control message is repeated and
deletes the second identifier when the communication
regarding the second controt message stops for a predeter-
mined period.
20. The apparatus according to claim 1, wherein the
memory unit deletes the second identifier when a delete
control message is reccived from at least one of the next hop
nodc and the previovs hop node.
21. The apparatus according to claim 1, wherein the
memory unit deletes the first identifier when a packet from
the upstream path of the first identifier is uot received for a
predetermined period.
22. A method of transferring packets at a boundary of a
plurality of networks, the method comprising the steps of:
communicating with a previous hop node m one of the
phurality of networks by a first control message includ-
ing a first identification information for identitving an
upsiream path [rom the previous hop node and a
specification information for specifying a group of
packets to be transferred on the upstrean: path;

communicating with a next hop node in another of the
plurality of networks by a second control message
including a second identification information for iden-
tifying a downstream path to the next hop node and a
specification information lor specifyiug, a group of
packets to be transferred on the downstreatn path;

sloring, in a memory, 4 first identifier at a layer lower than
layer 3 of the upstream path and a sccond identifier at
a layer lower than layer 3 of the downstream path
corresponding to the upstream path, according to the
first and second control messages; and

transferring a packet from the upstream path to the

corresponding downstream  path, referring to the
memory.

23. The method according to claim 22, further compris-
ing:

stotiug, prioe to the step of comnwoicating with the pext

hop node, a destination information including a layer 3
address regarding a desination and a corresponding
next hop information in another memory,

wherein the step of communicating with the next hop

node communicates according to the destination infor-
mation and the corresponding next hop information
stored 1n said another memory.



