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(7) ABSTRACT

A method, device, and system for providing multipoint
network services over a ring topology network. According to
the disclosed method point-to-point connections and point-
to-multipoint connections are established between network
elements (NEs) providing the same network services. These
connections eliminate the need for replicating packets at a
source NE and, as a result, the bandwidth utilization is
significantly improved. In one embodiment of this invention
the multipoint network services provided by the present
invention is a virtual private LAN service (VPLS).
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METHOD FOR ENABLING MULTIPOINT
NETWORK SERVICES OVER A RING TOPOLOGY
NETWORK

FIELD OF THE INVENTION

[0001] The present invention relates generally to virtual
private networks, and in particular to a method for enabling
the operation of virtual private local area network (LAN)
services.

BACKGROUND OF THE INVENTION

[0002] Ethernet has emerged as the standard of choice for
local area networks. With speeds of 10 Mbps, 100 Mbps, 1
Gbps, and 10 Gbps, Ethernet capacity has grown to meet the
need for increased network capacities. Consequently, there
is considerable interest by operators to offer multipoint
network services over public networks. A multipoint net-
work service is a service that allows each of the customer
sites to communicate directly and independently with all
other customer sites connected to the network via a common
interface.

[0003] A new network technology that renders multipoint
connectivity services has been introduced recently in U.S.
patent application Ser. No. 10/265621 by Casey. This tech-
nology is known as “virtual private LAN service” (VPLS).
VPLS is a multipoint Layer 2 virtual private network (VPN)
technology that allows multiple sites to be connected over a
emulated Ethernet broadcast domain that is supported
across, for example, multi-protocol label switching (MPLS)
networks. That is, VPLS provides connectivity between
geographically dispersed customer sites across metropolitan
area networks (MANs) or wide area networks (WANS),
seemingly as if the customer sites were connected using a
LAN.

[0004] Abstractly, a VPLS can be defined as a group of
virtual switch instances (VSIs) that are interconnected in a
full-mesh topology to form an emulated LAN. Specifically,
a full-mesh of transport tunnels (i.e pseudowires) needs to be
established between network elements (NEs) participating
in a single VPLS. Concretely, a VSI can be seen as a
bridging function, in which a packet is switched based upon
its destination address “DA” (e.g., a medium access layer
(MAC) address) and membership in a VPLS. If the desti-
nation address is unknown, or is a broadcast or multicast
address, the packet is flooded (i.e., replicated and broad-
casted) to all transport tunnels associated with the VSI. All
NEs participating in a single VPLS instance appear to be on
the same LAN.

[0005] Reference is now made to FIG. 1, which shows a
VPLS 100 established between sites 110, 112, 114 and 116
of a customer A. Sites 110, 112, 114 and 116 are served by
NEs 120, 122, 124 and 126 respectively. Each site is
connected to an output port of each NE through a customer
edge (CE) device (not shown). The VPLS is formed by a
full-mesh of pseudowire (PW) connections 130 that inter-
connect NEs 120 through 126. The PW connections are
carried over a MPLS network 150.

[0006] NEs in VPLS 100 need to support a “split-horizon”
scheme in order to prevent loops. Namely, a NE in VPLS
100 is not allowed to forward traffic from one PW to another
PW in the same VPLS. Furthermore, each NE in VPLS 100
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needs to implement basic bridging capabilities, such as
flooding packets and replicating packets, as well as learning
and aging (to remove unused) destination addresses. A
packet received at a source NE (e.g. NE 120) is transmitted
to its destination based on the DA designated in the packet.
If the source NE (in this case 120) does not recognize the
destination NE associated with the DA, the packet is flooded
to all other NEs in VPLS 100.

[0007] A packet to be flooded is replicated in as many
copies as the number of PWs 130 connected to a NE,
namely, a packet is replicated on all connections that are
associated with a particular VSI. The number of packet
replications increases linearly as the number of connections
in the VSl increases. This replication is not as efficient as the
mechanism for transmitting broadcast traffic with Ethernet
switching technology, in which broadcast traffic is transmit-
ted only once per physical interface. Furthermore, replicat-
ing packets and transmitting them at wire speed may not be
feasible.

[0008] VPLS and other multipoint network services are
designed to operate properly only in a full-mesh logical
topology. This significantly limits the bandwidth utilization
when providing VPLS over networks that have a network
topology other than a full-mesh topology, such as ring
topology networks. Therefore, it would be advantageous to
allow multipoint network services to be efficiently executed
over networks having a topology other than a full-mesh
topology. It would be further advantageous to eliminate the
shortcomings resulting from the need to replicate packets.

SUMMARY OF THE INVENTION

[0009] The present invention discloses a method and sys-
tem for providing multipoint network services over a net-
work that has a topology other than a full-mesh topology,
specifically a ring network topology.

[0010] According to the present invention there is pro-
vided a method for enabling efficient bandwidth utilization
of multipoint network services over a ring topology network
that includes a plurality of network elements (NEs), com-
prising the steps of: setting up a full connectivity between
the NEs of connected through the ring topology network,
and providing multipoint network services between the NEs
using the full connectivity; whereby data packets of the
multipoint network services are flooded from one of the NEs
that serves as a source NE to all other NEs of the plurality
that serve as edge NEs, and whereby the data packets are
replicated at the source NE.

[0011] According to the present invention there is pro-
vided A network element (NE) operative to enable efficient
bandwidth utilization of a multipoint network service over a
ring topology network, comprising a virtual connection
selector (VCS) operative of mapping incoming data packets
to connections, and a plurality of inputs/outputs used for
transferring the data packets to and from the connections,
whereby the NE communicates with other NEs sharing the
multipoint network service over a full connectivity estab-
lished between the NEs of the ring topology network; and
whereby data packets of the multipoint network service
flooded from the NE to all the other NEs are not be
replicated at the source NE.

[0012] According to the present invention there is pro-
vided a system for efficient bandwidth utilization of a
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multipoint network service over a ring topology network,
the system comprising a plurality of network elements
(NEs), each NE operative to provide a forwarding function,
and a full connectivity mechanism that facilitates multipoint
network services between all the NE on the ring topology
network.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The invention is herein described, by way of
example only, with reference to the accompanying drawings,
wherein:

[0014]

[0015] FIG. 2 is an illustration of a fiber optic ring
network used to demonstrate the principles of the present
invention;

[0016] FIG. 3 is an exemplary diagram of a virtual con-
nection selector (VCS);

[0017] FIG. 4 is an example for building a VPLS in
accordance with the present invention;

[0018] FIG. 5 is an example for the content of a forward
information table (FIT);

[0019] FIG. 6 is a non-limiting flowchart describing the
destination address (DA) learning procedure in accordance
with the present invention

[0020] FIG. 7A is an example for the content of a ‘des-
tination NE to a destination label’ (DNE2DL) mapping
table;

[0021] FIG. 7B is an example for the content of a ‘des-
tination label mapping table (DA2DL) table;

[0022] FIG. 8 is a non-limiting flowchart describing the
operation of a VPLS in accordance with the present inven-
tion

FIG. 1 is an exemplary VPLS network (prior-art);

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0023] The present invention discloses a method and sys-
tem for providing multipoint network services over a ring
network topology. In a preferred embodiment, the multipoint
network services are provided as a VPLS. According to the
disclosed method, point-to-point (P2P) connections and
point-to-multipoint (2MP) connections are established
between network elements that provide the same network
service. These connections enable the efficient execution of
multipoint network services. The present invention elimi-
nates the need for replicating packets at the source NE and,
as a result, the bandwidth utilization is significantly
improved.

[0024] Reference is now made to FIG. 2, which shows an
illustration of a fiber optic ring network 200 used to high-
light the principles of the present invention.. Network 200
may be, but is not limited to, a synchronous optical network
(SONET), a synchronous digital hierarchy (SDH) network,
a resilient packet ring (RPR) network, a Frame Relay
network and the like.

[0025] Network 200 comprises a plurality of “n” NEs 220
connected to a fiber optic ring 210. NEs 220-1 through 220-n
establish a single VPLS between the sites of a customer A.
Each site is connected to an output port of each NE 220
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through a customer edge (CE) device (not shown). Each NE
220 is capable of forwarding labeled packets to other NEs.
To allow the operation of a VPLS, full connectivity needs to
be established between the NEs. The present invention sets
up a full connectivity between NEs 220-1 through 220-n by
creating point-to-point connections and point-to-multipoint
connections between each and every one of the NEs 220
participating in the VPLS. FIG. 2 shows only connections
originating from NE 220-1 and NE 220-#n. For example, a
point-to-multipoint connection 230-1 connects between a
NE 220-1 and NEs 220-2 through 220-#. Also, ‘n-1" point-
to-point connections 241-2 through 241-n connect between
NE 220-1 and NEs 220-2 through 220-n, respectively.
Connections 24n-1 through 24n-3 are point-to-point con-
nections originating from NE 220-n. Thus, at most ‘n’
connections can be created from each NE 220, ie. ‘n-1’
point-to-point connections and a single point-to-multipoint
connection. Hence, the number of connections required to be
established between NEs 220 participating in a VPLS are at
most ‘n*(n-1)" unidirectional point-to-point connections
and ‘n’ point-to-multipoint connections. A point-to-point
connection (e.g., connection 241-3) is not a direct connec-
tion, i.e., the connection is established through fiber optic
ring 210 and passed transparently through all NEs 220 lying
in the path between the source NE (e.g. 210) and the edge
NE (e.g., NE 220-3 for connection 241-3). The creation of
the point-to-point and the point-to multipoint connections is
described in greater detailed below. Note that while only a
single VPLS is shown in FIG. 2, network 200 may comprise
a plurality of VPLSs. Network 200 may also include NEs
that are not part of a VPLS. It should be noted the full
connectivity can be established through a partial mesh of
point-to-point connections and point-to-multipoint connec-
tions.

[0026] To allow for the functionality of the point-to-point
and the point-to-multipoint connections, each NE 220 is
configured to perform at least the following functions: drop,
forward, and drop-and-forward (additional functions may
include address learning and aging). The drop function drops
packets at the specific NE with the aim of sending them out
of fiber optic ring 210, i.e., transfers packets to one or more
CE devices connected to a respective NE 220. The forward
function forwards packets from the NE (e.g., NE 220-2) to
its neighbor NE (e.g., NE 220-3), where both NEs 220-2 and
220-3 may be part of the same VPLS. Note that if a NE does
not participate in a specific VPLS service, it is configured to
forward all traffic belonging to that specific VPLS. The
drop-and-forward function replicates an incoming packet
internally in a local NE, drops a copy of the replicated packet
in the local NE, and forwards the packet to the next NE.
Each NE 220 is configured with the appropriate functions
for each connection (i.e. it is configured as to how to handle
packet received on this connection, i.e., drop, forward, or
drop-and-forward). In addition, as mentioned, each NE 220
is capable of learning destination addresses as described in
greater detail below with reference to FIG. §.

[0027] The VPLS is realized through an inventive virtual
connection selector (VCS) included in each NE. Specifi-
cally, the VCS executes all activities related to forwarding
packets and mapping incoming packets to connections. A
schematic diagram of a VCS 300 is shown in FIG. 3. VCS
300 includes virtual interfaces 310, 320, 330 and 340.
Interface 310 is an egress for a point-to-multipoint connec-
tion used for flooded packets, interfaces 320-1 through
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320-n-1 are ingresses of ‘n—1" incoming point-to-multipoint
connections, interfaces 330-1 through 330-n-1 are ingresses
of ‘n-1’ incoming point-to-point connections, and interfaces
340-1 through 330-n-1 are egresses of ‘n-1" outgoing
point-to-point connections. Note that if a partial mesh is
established, then the number of ingress and egress connec-
tions may be less than ‘n-1" on each interface.

[0028] VCS 300 further includes a destination address-to-
a-destination label (“DA2DL”) mapping table 350, a desti-
nation NE-to-a-destination label (“DNE2DL”) mapping
table 345, and a forwarding information table (“FIT”) 352.
VCS 300 of a source NE assigns a label (e.g., a MPLS label)
for each incoming packet received on a specific input port.
Specifically, a packet is mapped to a connection according
to its destination address. The mapping information is pref-
erably kept in the DA2DL 350 table, but may also be kept
elsewhere. Packets are forwarded along an established con-
nection where each VCS 300 along the path of the connec-
tion makes forwarding decisions based solely on the content
of the label. The forwarding information is preferably kept
in FIT 352, which indicates per each label how to handle the
packet, i.e., drop, forward, or drop-and-forward. DNE2DL
table 354 maintains the mapping information of destination
NEs to point-to-point connections. The contents of DA2DL
table 350, FIT 352, and DNE2DL table 354 may be precon-
figured or dynamically updated. Specifically, DA2DL table
350 can be dynamically configured through a learning
procedure described in greater detail below.

[0029] Reference is now made to FIG. 4, which shows an
exemplary VPLS, established according to the present
invention. FIG. 4 shows a fiber optic ring network 400 that
includes four NEs 420-1, 420-2, 420-3 and 420-4 connected
to a connection medium 410. The VPLS is established,
between the sites of a customer B, by creating a single
point-to-multipoint connection and three point-to-point con-
nections for each NE 420, for a total of sixteen connections.
For simplicity, only connections originating in NE 420-1 are
shown.

[0030] As shown in FIG. 4A, a point-to-multipoint con-
nection 430-1 is established between NE 420-1 and NEs
420-2 through 420-4 by configuring each of NEs 420-2,
420-3 and 420-4. Specifically, for the creation of connection
430-1, NE 420-2 and NE 420-3 are configured to operate in
a drop-and-forward mode, while NE 420-4 is configured to
operate in a drop mode. Furthermore, a label designated as
a default label is associated with point-to-multipoint con-
nection 430-1. For example, the default label associated with
connection 430-1 is ‘991°. Subsequently, other three point-
to-multipoint connections from NEs 420-2, 420-3 and 420-4
are created.

[0031] Next, the point-to-point connections are estab-
lished, where a single connection is added at a time. As
shown in FIG. 4B, a point-to-point connection 441-2 is set
up between NE 420-1 and NE 420-2. This is achieved by
configuring NE 420-2 to operate in a drop mode and by
notifying NE 420-2 with a label associated with connection
441-2. The configuration may be done in software, in
hardware or in a combination of software and hardware. The
label associated with connection 441-2 is ‘12°. As shown in
FIG. 4C, a point-to-point connection 441-3 is setup between
NE 420-1 and NE 420-3, by configuring NE 420-2 to
operate in a forward mode and NE 420-3 to operate in a drop
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mode (assuming appropriate ring directionality). NE 420-3
is also notified with a label associated with connection
441-3. The label associated with connection 441-3 is ‘13’.
The process of building the VPLS continues by adding
another point-to-point connection 441-4 between NE 420-1
and NE 420-4. This is done through configuring NE 420-2
and NE 420-3 to operate in a forward mode, and NE 420-4
to operate in a drop mode. Further, NE 420-4 is notified with
a label associated with connection 441-4. The label associ-
ated with connection 441-4 is ‘14°. All connections origi-
nating from NE 420-1 are shown in FIG. 4D. The process
for creating point-to-point connections is thereafter repeated
at most for three more times, for each of NEs 420-2, 420-3
and 420-4. The relations between operation modes, i.c.,
‘drop’, ‘forward’ or ‘drop-and-forward’ and connections are
saved in FIT 352.

[0032] As an example, FIG. 5 shows the content of a FIT
352 in NE 420-2 after configuring the connections associ-
ated with NE 420-1. The content of the FIT 352 is based on
the point-to-point connections 441-1 through 441-4 and
point-to-multipoint connection 430. The operation to be
taken is designated for each label. For example, the opera-
tion is set to drop-and-forward for label ‘991° of point-to-
multipoint connection 430. The creation of point-to-point
and point-to-multipoint connections can be executed manu-
ally by means of, e.g., a network management system
(NMS) or automatically by means of a signaling protocol.

[0033] It should be noted by one skilled in the art that the
implementation of the VPLS discussed hereinabove is
merely one embodiment of the disclosed invention. For
example, another approach is to create the point-to-point
connections first and then add the point-to-multipoint con-
nections. However, packet replication at the source node
must be performed in the case where point-to-multipoint
connections are not created. Yet, another approach is to
create the point-to-multipoint connections first, and then
create point-to-point connections dynamically following the
real traffic patterns.

[0034] In accordance with this invention, the point-to-
point connections are associated with destination addresses
(DAs), e.g., medium access layer (MAC) addresses. The
association between a point-to-point connections and a
destination address may be performed either manually by
e.g. using a NMS or by using a learning procedure. In the
former case, a point-to-point connection is associated with
(i.e. has a logical connection with) a DA using a NMS. A
source NE (e.g., NE 420-1) determines the destination
address of an incoming packet and sends the packet over a
point-to-point connection associated with the designated
destination address.

[0035] FIG. 6 shows a non-limiting flowchart 600
describing the operation of the learning procedure in accor-
dance with this invention. The learning procedure associates
point-to-point connections with destination addresses and
dynamically updates the content of the DA2DL table. In step
S610, for each NE, a point-to-point connection is associated
with a destination NE by means of a NMS or signaling. The
relations between destination NEs and point-to-point con-
nections are saved in the DNE2DL table. In step S620, a
“learning” NE that receives a packet on a point-to-multi-
point connection identifies the source address (SA) and the
source NE of the incoming packet. The source NE is
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identified by the point-to-multipoint connection on which
the packet is transmitted. That is, a packet sent over a
point-to-multipoint connection includes a default label, and
this label allows to identify the source NE. For example, the
packet transmitted over point-to-multipoint connection 431
is associated with default label ‘991°. Hence, a “learning”
NE that receives a packet with the label ‘991° concludes that
the source NE is 420-1. In step S630, this SA is associated
with a point-to-point connection directing to the source NE.
This is performed by searching the DNE2DL table for a
destination label related to the default label of point-to-point
connection originating in the source NE. In step S640, the
SA and the destination label found in the DNE2DL table are
saved in the DA2DL table of the learning NE. Specifically,
the SA is saved in DA2DL table 350 (FIG. 3) as a desti-
nation address and the source NE is saved as the destination
NE.

[0036] As an example, FIG. 7A shows a DNE2DL 354
table configured by a NMS for NE 420-1. A packet sent from
source NE 420-3 over a point-to-multipoint connection
includes a source address of ‘yyy’ and a default label ‘993’
identifying source NE 420-3. Once this packet is received at
NE 420-1, the default label and the source address are
identified. Next, the label associated with source NE 420-3,
i.e., ‘993’ is searched in DNE2DL table 354. This label is
associated with a destination label ‘13’ which relates to a
point-to-point connection directing from NE 420-1 to NE
420-3. Once the source NE is associated with a destination
label, the source address ‘yyy’ is linked up with label ‘13°.
This relation is saved in a DA2DL table 350. FIG. 7B shows
the content of DA2DL table 350 of NE 420-1. DA2DL table
750 includes a list of DAs, each DA relating to a destination
label. A destination label determines the connection on
which the packets are to be transmitted. For instance, a
packet having a DA of ‘xyz’ is associated with a destination
label ‘12’ and will be transmitted over point-to-point con-
nection 441-2; a packet having a DA of ‘yyy’ is associated
with a destination label ‘13° and will be transmitted over
point-to-point connection 441-3; a packet having a DA of
‘zzz’ is associated with a destination label ‘14’ and will be
transmitted over point-to-point connection 441-4; and a
packet without a DA or with an unknown DA is associated
with a default label ‘991° and will be transmitted over
point-to-multipoint connection 431.

[0037] The present invention can further configure a point-
to-point connection to transfer at an optimized bandwidth.
For optimization purposes, the bandwidth to be allocated is
calculated only once for point-to-point connections, while
the point-to-multipoint connections utilize the same allo-
cated bandwidth in the case in which the topology overlaps.
The actual point-to-point connection bandwidth is deter-
mined by the service level defined for the VPLS.

[0038] Reference is now made to FIG. 8, which shows a
non-limiting flowchart 800 describing the operation of mul-
tipoint network services established over a ring network
topology according to the present invention. The method is
described with reference to the VPLS as an exemplary case.
This should not be viewed as limiting the scope of the
invention. The VPLS is established using the process
described in greater detail with reference to FIG. 4.

[0039] In step S810, a packet sent from a customer site is
received at a source NE (e.g. NE 420-1). In step S820, the
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source NE searches its DA2DL table 350 to detect the
destination label associated with the DA designated in the
incoming packet. In step S830, the destination label found in
step S820 is appended to the incoming packet. If the DA is
not found in the DA2DL table 350, then a label of a
point-to-multipoint connection is appended to the incoming
packet. The label may be selected from the group consisting
of a multi-protocol label switching (MPLS) label, an asyn-
chronous transfer mode (ATM), a frame relay label, a time
division multiplexing (TDM) time slot and a wavelength. In
step S840, the packet is transmitted over a connection
associated with the appended label. Each NE that receives
this packet handles it according to a predetermined operation
mode associated with the packet’s destination label. For
example, referring back to the VPLS network shown in FIG.
4, if a packet received at NE 420-1 has a DA of ‘zzz’, the
destination label ‘14’ is added to this packet, and thereafter
the packet is transmitted over point-to-point connection
441-4. As discussed above, NE 420-2 is configured to
forward to NE 420-3 packets received on connection 441-4,
NE 420-3 is configured to forward to NE 420-4 packets
received on the same connection 441-4, and NE 420-4 drops
packets received on this connection. In another example, a
packet received at NE 420-1 has a DA of ‘mmm’. This
address is not part of the exemplary DA2DL table 750
shown in FIG. 7B, so a default label 991 is associated with
this packet, and thereafter the packet is transmitted over
point-to-multipoint connection 430-1 to NE 420-2, NE
420-3, and NE 420-4. NE 420-2 replicates the incoming
packet and forwards the packet replication to NE 420-3,
while the original packet is sent to the customer site. The
same is true for NE 420-3. Upon reception of the same
packet over point-to-multipoint connection 430-1, NE 420-4
transfers the packet to the customer site. To eliminate loops,
packets transmitted on a point-to-point or point-to-multi-
point connections are discarded either by the source NE or
using a time to live (TTL) mechanism.

[0040] Note that a flooded packet is replicated internally
only once at the NE that performs that drop-and-forward
function. Hence, packets replications are not performed at a
source NE. This is opposed to prior art solutions, where a
packet to be flooded is replicated at the source NE to as
many as the number of NEs that are associated with a
particular VPLS. Hence, using the present invention, pack-
ets to be flooded need only be transmitted from a specific NE
once per its VCS interface. This significantly increases
traffic efficiency and decreases network congestion, as fewer
packets are transferred over the network.

[0041] The invention has now been described with refer-
ence to a specific embodiment where MPLS transport tun-
nels are used. Other embodiments will be apparent to those
of ordinary skill in the art. For example, the method can be
adapted for the use of other transport tunnels, such as
generic route encapsulation (GRE), Layer two tunnel pro-
tocol (L2TP), Internet protocol security (IPSEC), and so on.

[0042] All publications, patents and patent applications
mentioned in this specification are herein incorporated in
their entirety by reference into the specification, to the same
extent as if each individual publication, patent or patent
application was specifically and individually indicated to be
incorporated herein by reference. In addition, citation or
identification of any reference in this application shall not be
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construed as an admission that such reference is available as
prior art to the present invention.

What is claimed is:

1. A method for enabling efficient bandwidth utilization of
multipoint network services over a ring topology network
that includes a plurality of network elements (NEs), com-
prising the steps of:

a. setting up a full connectivity between the NEs of the
ring topology network; and

b. providing multipoint network services between said
NEs using said full connectivity;

whereby data packets of said multipoint network ser-
vices flooded from one of said NEs that serves as a
source NE to all other NEs of said plurality that serve
as edge NEs, and whereby said data packets are not
replicated at said source NE.

2. The method of claim 1, wherein said step of providing
multipoint network services includes providing services
selected from the group consisting of a virtual private LAN
service (VPLS) and an emulated LAN service.

3. The method of claim 1, wherein said step of setting up
a full connectivity between all the NEs of the ring topology
network further includes:

1. establishing a first plurality of point-to-multipoint con-
nections between each said source NE and all said edge
NEs; and,

ii. establishing second a plurality of point-to-point con-
nections between each said source NE and every one of
said edge NEs.

4. The method of claim 3, wherein said establishing of a
first plurality of point-to-multipoint connections includes
establishing connections between each said source NE and
each of said edge NEs, and wherein said establishing of a
second plurality of point-to-point connections includes
establishing a connection between said each source NE and
every one of said edge NEs.

5. The method of claim 3, wherein said establishing of a
first plurality of point-to-multipoint connections includes
establishing connections between each said source NE and
at least two of said edge NEs, and wherein said establishing
of a second plurality of point-to-point connections includes
establishing a connection between said each source NE and
at least one said edge NEs.

6. The method of claim 3, wherein said establishing of
said first plurality of point-to-multipoint connections
includes providing each said data packet with a respective
default label, configuring each of said edge NEs except a
terminal NE to perform a drop-and-forward operation on
each said data packet having a default label and configuring
said terminal NE to perform a drop action on each said data
packet having a default label.

7. The method of claim 6, wherein said configuring is
performed by an operator selected from the group consisting
of a network management system (NMS), a command line
interface (CLI), and a signaling protocol.

8. The method of claim 6, wherein said providing of each
said data packet with a respective default label includes
providing a default label associated with a respective said
point-to-multipoint connection.
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9. The method of claim 8, wherein said providing of each
said data packet with a respective default label is performed
by each said source NE.

10. The method of claim 9, wherein said providing of each
said data packet with a respective default label by each said
source NE includes appending said respective default label
if at least one condition is satisfied, wherein said at least one
condition is selected from the group of a condition in which
a destination address not being designated in said packet, a
condition in which a destination address is a multicast or
broadcast address and a condition in which a point-to-point
connection from said source NE to said edge NE does no
exist.

11. The method of claim 10, wherein said designating
each said data packet with a destination address includes
designating each said data packet with an Ethernet medium
access layer (MAC) address.

12. The method of claim 6, wherein said configuring each
of said destination NEs except said terminal NE to perform
a drop-and-forward operation on each said data packet
having a default label further includes:

A. replicating said data packet internally in said edge NE
that receives said packet;

B. sending a copy of said replicated data packet to at least
one customer site connected to said edge NE; and,

C. sending said data packet to a next NE connected to said
ring topology network.

13. The method of claim 3, wherein said establishing of
a second plurality of point-to-point connections between
each said source NE and every one of said edge NEs
includes associating each said point-to-point connection
with a specific label.

14. The method of claim 4, wherein said establishing of
a second plurality of point-to-point connections between
each said source NE and every one of said edge NEs further
includes:

A. configuring each NE positioned on a path between
each said source NE and a respective edge NE to
perform a forward action on each packet including said
specific label; and,

B. configuring said respective edge NE to perform a drop

action on each packet including said specific label.

15. The method of claim 14, wherein said configuring is
performed by an operator selected from the group consisting
of a network management system (NMS), a command line
interface (CLI), and a signaling protocol.

16. The method of claim 15, wherein said configuring
each NE positioned on a path between each said source NE
and a respective destination NE to perform a forward action
on each packet including said specific label further includes
sending said packet to a next NE on said ring topology
network.

17. The method of claim 14, wherein said configuring of
said respective edge NE to perform a drop action on each
packet including said specific label further includes sending
said packet to at least one customer site connected to said
respective edge NE.

18. The method of claim 13, wherein said associating each
said point-to-point connection with a specific label includes
appending said specific label by said source NE based on a
respective destination address of said packet.
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19. The method of claim 18, wherein said specific label is
selected from the group consisting of a multi-protocol label
switching (MPLS) label, an asynchronous transfer mode
(ATM), a frame relay label, a time division multiplexing
(TDM) time slot and a wavelength.

20. The method of claim 1, wherein said data packets to
be flooded comprise at least one of a multicast data packet,
broadcast data packets and data packets with unknown
destination address.

21. A network element (NE) operative to enable efficient
bandwidth utilization of a multipoint network service over a
ring topology network, comprising:

a) a virtual connection selector (VCS) operative of map
incoming data packets to connections;

b) a plurality of input ports used for receiving said data
packets from at least one customer site device

¢) a plurality of output ports for transferring said data
packets to at least one customer site device; and,

d) at least two ring ports to receive and transmit data
packets over a communication means of the ring net-
work.

whereby the NE communicates with other NEs sharing
the multipoint network service over a full connectivity
established between the NEs of the ring topology
network; and whereby data packets of the multipoint
network service flooded from said NE to all said other
NEs are not replicated by said NE.

22. The NE of claim 21, wherein said connections include
a first plurality of point-to-multipoint (P2ZMP) connections
established to and from said NE over said ring topology
network.

23. The NE of claim 21, wherein said connections further
include a second plurality of point-to-point (P2P) connec-
tions established to and from said NE over said ring topol-
ogy network.

24. The NE of claim 21, wherein said multipoint network
service is selected from the group consisting of a virtual
private local area network (LAN) service (VPLS) and an
emulated local area network (LAN) service

25. The NE of claim 23, wherein said point-to-point
connections and said point-to-multipoint connections are
carried over connections based on a network selected from
the group of a multi-protocol label switching (MPLS) net-
work, an asynchronous transfer mode (ATM) network, and
a Frame Relay network.

26. The NE of claim 21, wherein said VCS includes:

i. a destination address to a destination label (DA2DL)
table used for mapping a destination address to a
corresponding destination label associated with a said
data packet;

ii. a forward information table (FIT) coupled to said
DA2DL table and used for associating a label with a
specific forwarding function; and,

iii. a destination NE-to-a destination label (DNE2DL)
table coupled to said DA2DL and said FIT tables and
used for mapping a destination NE to a corresponding
destination label.

27. The NE of claim 26, wherein said destination
addresses are included in said DA2DL table, and wherein
each said destination address is associated with a corre-
sponding destination label.

Dec. 8, 2005

28. The NE of claim 27, wherein each said destination
address includes an Ethernet medium access layer (MAC)
address.

29. The NE of claim 26, wherein said specific forwarding
function is selected from the group consisting of a drop
function, a forward function and a drop-and-forward func-
tion.

30. The NE of claim 21, wherein said forwarding unit
includes a forwarding information table (FIT) that indicates
the forwarding actions to be performed per each said label

31. A system for efficient bandwidth utilization of a
multipoint network service over a ring topology network,
the system comprising:

a. a plurality of network elements (NEs), each NE opera-
tive to provide a forwarding function; and

b. a full connectivity mechanism that facilitates multi-
point network services between all said NE on the ring
topology network.

32. The system of claim 31, wherein each said NE

includes:

i. a virtual connection selector (VCS) capable of mapping
incoming data packets to network connections;

ii. a plurality of input ports used for receiving said data
packets from at least one customer site device; and,

iii. a plurality of output ports for transferring said data
packets to at least one customer site device.
33. The system of claim 31, wherein said full connectivity
mechanism includes:

i. a first plurality of point-to-multipoint (P2MP) connec-
tions established to and from each said NE over said
network; and

ii. a second plurality of point-to-point (P2P) connections
established to and from each said NE over said net-
work;

whereby said point-to-point connections and said point-

to-multipoint connections provide full connectivity

between all NEs sharing said multipoint network ser-
vice.

34. The system of claim 32, wherein said VCS further
includes:

i. a destination address to a destination label (DA2DL)
table used for mapping a destination address to a
corresponding destination label associated with a said
data packet;

ii. a forward information table (FIT) coupled to said
DA2DL table and used for associating a label with a
specific forwarding function; and,

iii. a destination NE-to-a destination label (DNE2DL)
table coupled to said DA2DL and said FIT tables and
used for mapping a destination NE to a corresponding
destination label.

35. The system of claim 33, wherein said P2P connections
and said P2MP connections are carried over connections
based on a network selected from the group of a multi-
protocol label switching (MPLS) network, an asynchronous
transfer mode (ATM) network, and a frame relay network.

#* #* #* #* #*
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