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RECEIVING DATA AT A SWITCHING PROVIDER EDGE (S-PE) ROUTER FROM AN
UPSTREAM ORIGINATING PROVIDER EDGE (O-PE) ROUTER BY WAY OF A FIRST
PW, THE FIRST PW HAVING A HEAD-END COUPLED TO THE O-PE AND A TAIL
END COUPLED TO THE S-PE

RECEIVING DATA COMPRISES RECEIVING MULTICAST DATA /

THE S-PE HAS A SERVICE PLANE AND A TRANSPORT PLANE AND /
WHEREIN THE SERVICE PLANE OF THE S-PE IS DISJOINT FROM THE
TRANSPORT PLANE OF THE S-PE

THE O-PE RECEIVES DATA FROM ANOTHER O-PE /

: * 110
REPLICATING THE DATA RECEIVED BY THE S-PE TO AT LEAST ONE RECEIVER] /

PROVIDER EDGE (R-PE) ROUTER BY WAY OF A RESPECTIVE PW FOR EACH OF
THE AT LEAST ONE R-PE, EACH OF THE RESPECTIVE PW BETWEEN THE S-PE
AND THE R-PE HAVING A HEAD END COUPLED TO THE SPE AND A TAIL END
COUPLED TO THE R-PE

REPLICATING COMPRISES REPLICATING, AT THE S-PE, DOWNSTREAM /
FLOWS ONTO HEADENDS OF DOWNSTREAM PWS

y

MERGING, BY THE S-PE, UPSTREAM FLOWS TO A TAIL END OF AN UPSTREAM
PW

FIGURE 6A
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116

RECEIVING DATA AT A SECOND SWITCHING PROVIDER EDGE (S-PE) ROUTER
FROM THE UPSTREAM ORIGINATING PROVIDER EDGE (O-PE) ROUTER BY
WAY OF A SECOND PW, THE SECOND PW HAVING A HEAD-END COUPLED TO
THE O-PE AND A TAIL END COUPLED TO THE SECOND S-PE

Y

REPLICATING THE DATA RECEIVED BY THE SECOND S-PE TO AT LEAST ONE
RECEIVER PROVIDER EDGE (R-PE) ROUTER BY WAY OF A RESPECTIVE PW
FOR EACH OF THE AT LEAST ONE R-PE, EACH OF THE RESPECTIVE PW
BETWEEN THE SECOND S-PE AND THE R-PE HAVING A HEAD END COUPLED
TO THE SECOND SPE AND A TAIL END COUPLED TO THE R-PE

Y

RECEIVING DATA AT THE SWITCHING PROVIDER EDGE (S-PE) ROUTER FROM
A SECOND UPSTREAM ORIGINATING PROVIDER EDGE (O-PE) ROUTER BY
WAY OF A SECOND PW, THE SECOND PW HAVING A HEAD-END COUPLED TO
THE SECOND O-PE AND A TAIL END COUPLED TO THE S-PE

DESIGNATING ONE OF THE O-PE AND THE SECOND O-PE AS A /
PREFERRED SOURCE OF DATA
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METHOD AND APPARATUS FOR
POINT-TO-MULTITPOINT DISTRIBUTION USING
PSEUDOWIRES

BACKGROUND

[0001] Service providers (SPs) are seeking an efficient,
scalable, yet simple means of distributing multicast data.
There are a number of different approaches with trade-offs
for each. Historically, the SP has either provided basic
transport for multicast data where the subscriber is respon-
sible for the replication or the SP provides multicast services
where replication is done on behalf of the subscriber. The
former model is very inefficient, as the subscriber must
replicate the data onto each transport instance built in the SP;
nevertheless, the architecture is simple for the provider to
support. In contrast, the multicast service is much more
efficient; however, it is much more complex for the SP to
operate. In both cases, scalability is constrained by band-
width efficiency or operational complexity, respectively. An
ideal solution leverages the concepts of both the multicast
transport and the multicast service mitigating the extreme
compromises of either solution.

SUMMARY

[0002] Prior methods of facilitating multicast distribution
typically couple the transport plane with the service plane.
Examples include the use of Virtual Switch Instances (VSIs)
which represent Layer 2 (L2) bridging entities where the
VSI interprets the contents of the service plane, maintains a
cache of the service end-point locations, and manages the
state of the end-points. This architecture uses the VSI as the
merging and branching point. It does require managing state
of the services plane.

[0003] Another alternative is to link the services plane into
a label-switching infrastructure that is mapped into point to
multipoint (P2MP) Label Switching Paths (LSPs). This
model requires the service plane to be linked to the Multi-
Protocol Label Switch (MPLS) control plane. Typically, the
MPLS control plane requires a P2MP LSP that might be
based on Resource Reservation Protocol Traffic Engineering
(RSVP-TE). The RSVP-TE provides the transport mecha-
nism; however, the higher layer association of label switch-
ing to service plane switching is still required.

[0004] Conventional mechanisms such as those explained
above suffer from a variety of deficiencies. These two
methods do allow optimized distribution trees; however,
both of the existing prior art methods require the transport
provider to interact with the services plane. This is a huge
impediment to deployment as the service plane typically
belongs to a different provider that does not want to establish
any interaction with the transport provider.

[0005] Embodiments of the invention significantly over-
come such deficiencies and provide mechanisms and tech-
niques that provide a method and apparatus for point-to-
multipoint distribution using pseudowires. The presently
defined architecture decouples the transport plane from the
service plane enabling a more scaleable operational model.
It also provides an optimized distribution tree for P2MP
flows that are typical of broadcast video. The transport
provider has explicit control over the merge and replication
points in the network.
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[0006] In a particular embodiment of a method for pro-
viding point-to-multipoint multihop distribution using
Pseudowires (PWs), the method includes receiving data at a
switching provider edge (S-PE) router from an upstream
originating provider edge (O-PE) router by way of a first
PW, the first PW having a head-end coupled to the O-PE and
a tail end coupled to the S-PE. The method also includes
replicating the data received by the S-PE to at least one
receiver provider edge (R-PE) router by way of a respective
PW for each of the at least one R-PE, each of the respective
PW between the S-PE and the R-PE having a head end
coupled to the SPE and a tail end coupled to the R-PE.

[0007] Other embodiments include a computer readable
medium having computer readable code thereon for provid-
ing a point-to-multipoint multihop distribution using
Pseudowires (PWs). The medium includes instructions for
receiving data at a switching provider edge (S-PE) router
from an upstream originating provider edge (O-PE) router
by way of a first PW, said first PW having a head-end
coupled to said O-PE and a tail end coupled to said S-PE.
The medium also includes instructions for replicating said
data received by said S-PE to at least one receiver provider
edge (R-PE) router by way of a respective PW for each of
said at least one R-PE, each of said respective PW between
said S-PE and said R-PE having a head end coupled to said
SPE and a tail end coupled to said R-PE.

[0008] Still other embodiments include a computerized
device, configured to process all the method operations
disclosed herein as embodiments of the invention. In such
embodiments, the computerized device includes a memory
system, a processor, communications interface in an inter-
connection mechanism connecting these components. The
memory system is encoded with a process that provides
point-to-multipoint multihop distribution using Pseudowires
as explained herein that when performed (e.g. when execut-
ing) on the processor, operates as explained herein within the
computerized device to perform all of the method embodi-
ments and operations explained herein as embodiments of
the invention. Thus any computerized device that performs
or is programmed to perform up processing explained herein
is an embodiment of the invention.

[0009] Other arrangements of embodiments of the inven-
tion that are disclosed herein include software programs to
perform the method embodiment steps and operations sum-
marized above and disclosed in detail below. More particu-
larly, a computer program product is one embodiment that
has a computer-readable medium including computer pro-
gram logic encoded thereon that when performed in a
computerized device provides associated operations provid-
ing point-to-multipoint multihop distribution using
Pseudowires as explained herein. The computer program
logic, when executed on at least one processor with a
computing system, causes the processor to perform the
operations (e.g., the methods) indicated herein as embodi-
ments of the invention. Such arrangements of the invention
are typically provided as software, code and/or other data
structures arranged or encoded on a computer readable
medium such as an optical medium (e.g., CD-ROM), floppy
or hard disk or other a medium such as firmware or micro-
code in one or more ROM or RAM or PROM chips or as an
Application Specific Integrated Circuit (ASIC) or as down-
loadable software images in one or more modules, shared
libraries, etc. The software or firmware or other such con-
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figurations can be installed onto a computerized device to
cause one or more processors in the computerized device to
perform the techniques explained herein as embodiments of
the invention. Software processes that operate in a collection
of computerized devices, such as in a group of data com-
munications devices or other entities can also provide the
system of the invention. The system of the invention can be
distributed between many software processes on several data
communications devices, or all processes could run on a
small set of dedicated computers, or on one computer alone.

[0010] Tt is to be understood that the embodiments of the
invention can be embodied strictly as a software program, as
software and hardware, or as hardware and/or circuitry
alone, such as within a data communications device. The
features of the invention, as explained herein, may be
employed in data communications devices and/or software
systems for such devices such as those manufactured by
Cisco Systems, Inc. of San Jose, Calif.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The foregoing and other objects, features and
advantages of the invention will be apparent from the
following more particular description of preferred embodi-
ments of the invention, as illustrated in the accompanying
drawings in which like reference characters refer to the same
parts throughout the different views. The drawings are not
necessarily to scale, emphasis instead being placed upon
illustrating the principles of the invention.

[0012] FIG. 1 comprises a block diagram of a prior art
multicast network environment;

[0013] FIG. 2 comprises a block diagram of a first envi-
ronment for performing point-to-multipoint multihop distri-
bution using Pseudowires in accordance with embodiments
of the invention;

[0014] FIG. 3 comprises a block diagram of the environ-
ment of FIG. 2 with the addition of a second S-PE;

[0015] FIG. 4 comprises a block diagram of the environ-
ment of FIG. 2 with the addition of a second O-PE;

[0016] FIG. 5 comprises a block diagram of the environ-
ment of FIG. 2 with the addition of a second S-PE down-
stream from a first S-PE;

[0017] FIGS. 6A and 6B comprises a flow chart of a
particular embodiment of a method for performing point-
to-multipoint multihop distribution using Pseudowires in
accordance with embodiments of the invention; and

[0018] FIG. 7 illustrates an example computer system
architecture for a computer system that performs point-to-
multipoint multihop distribution using Pseudowires in
accordance with embodiments of the invention.

DETAILED DESCRIPTION

[0019] Referring to FIG. 1, a prior art multicast network
environment 10 is shown. The environment 10 includes a
first Provider edge (PE) router PE1, which is in communi-
cation with a plurality of other PE routers PE2-PE4. Packets
received by PE1 from another network device (not shown)
may be forwarded to one or more of PE2, PE3 and PE4,
known as multicasting. A router typically includes a service
plane used for handling the routing and signaling protocols
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and a transport plane for performing the packet forwarding.
The service plane and the transport plane of a router are
typically linked together to provide efficient routing within
the environment. Historically, the provider might use virtual
circuit (VC) such as a Frame Relay Permanent Viurtual
Circuit (FR PVC) or Asynchronous Transfer Mode Virtual
Circuit (ATM VC) as the means of transport. A first VC 12
is used to provide communication between PE1 and PE2, a
second VC 14 to provide communication between PE1 and
PE3 and a third VC 16 to provide communication between
PE1 and PE4.

[0020] Referring now to FIG. 2, with the introduction of
Layer 2 Virtual Private Networks (.2VPNs) a provider may
use a PW as a means of transporting multicast data. To avoid
the scalability problem at the head-end, an architecture that
uses multi-hop/multi-point pseudowires is utilized. This
deviates from previous L2VPN concepts that define a point-
to-point PW. This model statically binds an upstream PW to
one or more downstream PW.

[0021] The services plane remains disjoint from the trans-
port plane in the sense that the PW and it’s control plane
have no knowledge of the multicast sources. The root of the
tree is engineered to be located at the multicast source. The
premise of this solution is that the multicast stream is a
persistent stream that is to be replicated to all receivers. An
example of this application is broadcast video where all
receivers expect to receive all content any time that it is
available.

[0022] Upstream is distinguished from downstream at the
PW switching-PE (S-PE) by associating upstream to the
content source while downstream is associated with the
content receiver. Traffic that is received from an upstream
PW is replicated to all the downstream PWs.

[0023] The present invention described in FIG. 2 intro-
duces the concept of head-end and tail-end of a PW that
correlate with upstream and downstream, respectively. A
PW 22 is signaled between an origination PE (O-PE) (PE1)
and an S-PE (PES) where the content is sourced at the O-PE.
The S-PE understands through the PW control plane that it
is receiving the tail-end of the PW. Subsequently, the S-PE
signals the establishment of PWs to one or more down-
stream receiving PE (R-PE). In this instance PW 24 is
established between PE5S and PE2, PW26 is established
between PES and PE3 and PW28 is established between PES
and PE4. The R-PE (e.g., PE 2 and/or PE3 and/or PE4)
recognizes via the control that it is also terminating a tail-end
of'the PW (e.g., PW 22 and/or 24 and/or 26). Architecturally,
a device may operate as any device (i.e., O-PE, S-PE, or
R-PE) and it’s the designation on the PW configuration that
defines the role of the device.

[0024] The flow model used on the multipoint multihop
pseudowire is described as one-way with regards to appli-
cation contact; however, the actual tree supports bidirec-
tional flows up and down the tree. The innovation specifies
that upstream flows are only merged onto the tail-end of the
upstream PW while downstream flows are replicated onto
the head-ends of the downstream PW. PES recognizes it is
a branch point and needs to replicate received packets. PES
decapsulates the received packet from the tail-end PW,
replicates the packet, and subsequently encapsulates the
packet into the respective head-end PW to each of PE2, PE3
and PE4. Due to the use of PWs, there is simply a layer 2
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connection. No multicast state is maintained and handled by
the S-PE. In fact, the payload of the PW might not even be
a multicast packet. By way of the present environment 20,
the transport provider is able to specify the location of
SPE(s) branchpoints in order to conserve bandwidth and
provide optimal utilization of the system, especially in
multicast type applications such as broadcast video.

[0025] Referring now to FIG. 3, a similar environment 30
as environment 20 of FIG. 2 is shown. Environment 30
includes a PW 22 between a first origination PE (O-PE)
(PE1) and an S-PE (PES) where the content is sourced at the
O-PE. The S-PE understands through the PW control plane
that it receiving the tail-end of the PW. Subsequently, the
S-PE signals the establishment of PWs to one or more
downstream receiving PE (R-PE). In this instance PW 24 is
established between PES and PE2, PW 26 is established
between PES and PE3 and PW 28 is established between
PE5 and PE4. The R-PE (e.g., PE 2, PE3 and/or PE4)
recognizes via the control plane that it is also terminating a
tail-end of the PW (e.g., PW 22, 24 and/or 26). Also shown
is a second S-PE, PE6. PE6 is also in communication with
PE1 by way of a PW 32. PE6 replicates packets to PE7
across PW 34 and also to PE8 via PW 36. In this environ-
ment 30, two S-PEs are used to provide replication to two
groups of R-PEs.

[0026] Referring now to FIG. 4 a similar environment 40
as environment 20 of FIG. 2 is shown. Environment 40
includes a PW 22 between a first origination PE (O-PE)
(PE1) and an S-PE (PES) where the content is sourced at the
O-PE. A PW 22 is signaled between an origination PE
(O-PE) (PE1) and an S-PE (PE5) where the content is
sourced at the O-PE. The S-PE understands through the PW
control plane that it is receiving the tail-end of the PW.
Subsequently, the S-PE signals the establishment of PWs to
one or more downstream receiving PE (R-PE). In this
instance PW 24 is established between PES and PE2, PW 26
is established between PES and PE3 and PW 28 is estab-
lished between PE5 and PE4. The R-PE (e.g., PE 2, PE3
and/or PE4) recognizes via the control that it is also termi-
nating a tail-end of the PW (e.g., PW 22, 24 and/or 26). Also
shown in environment 40 is a second O-PE, PE9. PE9 is in
communication with PES by way of a PW 42. In this
environment, the architecture support redundancy where
two O-PE’s each build a PW to an S-PE. In this case, the
S-PE will have two tail-end PW’s from which to receive data
and replicate onto the head-ends of PW to R-PE. In this
scenario, the S-PE may designate one of the tail-ends PW to
the O-PE as preferred. This topological model allows the
application to have redundant content feeds or to provide a
backup feed in case the primary feed is lost.

[0027] Referring now to FIG. 5, an environment 50 which
facilitates hierarchy where an S-PE may feed a downstream
S-PE that further replicates data onto it’s attached down-
stream PW is shown. The provider may define a hierarchy of
S-PEs in order to maintain bandwidth efficiency while
minimizing operational costs. A PW 22 is signaled between
an origination PE (O-PE) (PE1) and a first S-PE, PE10. The
first S-PE is in communication with a second S-PE (PES)
where the content is sourced at the O-PE and switched
through the cascaded S-PE. The S-PE understands through
the PW control plane that it receiving the tail-end of the PW.
Subsequently, the S-PE signals the establishment of PWs to
one or more downstream receiving PE (R-PE). In this
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instance PW 24 is established between PE5 and PE2, PW 26
is established between PE5 and PE3 and PW 28 is estab-
lished between PE5 and PE4. The R-PE (e.g., PE 2, PE3
and/or PE4) recognizes via the control that it is also termi-
nating a tail-end of the PW (e.g., PW 22, 24 and/or 26).

[0028] A flow chart of a particular embodiment of the
presently disclosed method for point-to-multipoint distribu-
tion using pseudowires is depicted in FIGS. 6 A and 6B. The
rectangular elements are herein denoted “processing blocks™”
and represent computer software instructions or groups of
instructions. Alternatively, the processing blocks represent
steps performed by functionally equivalent circuits such as
a digital signal processor circuit or an application specific
integrated circuit (ASIC). The flow diagrams do not depict
the syntax of any particular programming language. Rather,
the flow diagrams illustrate the functional information one
of ordinary skill in the art requires to fabricate circuits or to
generate computer software to perform the processing
required in accordance with the present invention. It should
be noted that many routine program elements, such as
initialization of loops and variables and the use of temporary
variables are not shown. It will be appreciated by those of
ordinary skill in the art that unless otherwise indicated
herein, the particular sequence of steps described is illus-
trative only and can be varied without departing from the
spirit of the invention. Thus, unless otherwise stated the
steps described below are unordered meaning that, when
possible, the steps can be performed in any convenient or
desirable order.

[0029] Referring now to FIGS. 6 A and 6B, the method 100
begins with processing block 102 which recites receiving
data at a switching provider edge (S-PE) router from an
upstream originating provider edge (O-PE) router by way of
a first PW, the first PW having a head-end coupled to the
O-PE and a tail end coupled to the S-PE. Processing block
104 discloses the receiving data comprises receiving multi-
cast data. Processing block 106 discloses the S-PE has a
service plane and a transport plane and wherein the service
plane of the S-PE is disjoint from the transport plane of the
S-PE. In certain embodiment, as recited by processing block
108, the O-PE can receive data from another O-PE.

[0030] Processing block 110 states replicating the data
received by the S-PE to at least one receiver provider edge
(R-PE) router by way of a respective PW for each of the at
least one R-PE, each of the respective PW between the S-PE
and the R-PE having a head end coupled to the SPE and a
tail end coupled to the R-PE. As recited in processing block
112, the replicating comprises replicating, at the S-PE,
downstream flows onto headends of downstream PWs.

[0031] Processing block 114 discloses merging, by the
S-PE, upstream flows to a tail end of an upstream PW.
Processing block 116 states receiving data at a second
switching provider edge (S-PE) router from the upstream
originating provider edge (O-PE) router by way of a second
PW, the second PW having a head-end coupled to the O-PE
and a tail end coupled to the second S-PE.

[0032] Processing block 118 recites replicating the data
received by the second S-PE to at least one receiver provider
edge (R-PE) router by way of a respective PW for each of
the at least one R-PE, each of the respective PW between the
second S-PE and the R-PE having a head end coupled to the
second SPE and a tail end coupled to the R-PE.
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[0033] Processing block 120 discloses receiving data at
the switching provider edge (S-PE) router from a second
upstream originating provider edge (O-PE) router by way of
a second PW, the second PW having a head-end coupled to
the second O-PE and a tail end coupled to the S-PE. In this
scenario, as recited in processing block 122, one of the O-PE
and the second O-PE can be designated as a preferred source
of data.

[0034] FIG. 7 illustrates example architectures of a com-
puter system that is configured as a network device 240. In
this example, the network device 240 includes an intercon-
nection mechanism 211 that couples a memory system 212,
a processor 213, and a communications interface 214. The
communications interface 214 allows the network device
240 to communicate with external devices or systems.

[0035] The memory system 212 may be any type of
computer readable medium that is encoded with an appli-
cation 255-A that represents software code such as data
and/or logic instructions (e.g., stored in the memory or on
another computer readable medium such as a disk) that
embody the processing functionality of embodiments of the
invention as explained above. The processor 213 can access
the memory system 212 via the interconnection mechanism
211 in order to launch, run, execute, interpret or otherwise
perform the logic instructions of the applications 255-A for
the network device in order to produce a corresponding
process 255-B. In other words, the process 255-B represents
one or more portions of the application 255-A performing
within or upon the processor 213 in the network device.

[0036] The architectural innovation facilitates an efficient
traffic replication model for P2MP while simplifying opera-
tional complexities. The transport provider is able to specify
the optimal fan-out points in the network in order to con-
serve bandwidth. The application in the services plane is
decoupled from the transport plane minimizing the interac-
tion the transport provider and the service provider.

[0037] 1t is to be understood that embodiments of the
invention include the applications (i.e., the un-executed or
non-performing logic instructions and/or data) encoded
within a computer readable medium such as a floppy disk,
hard disk or in an optical medium, or in a memory type
system such as in firmware, read only memory (ROM), or,
as in this example, as executable code within the memory
system 212 (e.g., within random access memory or RAM).
It is also to be understood that other embodiments of the
invention can provide the applications operating within the
processor 213 as the processes. While not shown in this
example, those skilled in the art will understand that the
computer system may include other processes and/or soft-
ware and hardware components, such as an operating sys-
tem, which have been left out of this illustration for ease of
description of the invention.

[0038] Having described preferred embodiments of the
invention it will now become apparent to those of ordinary
skill in the art that other embodiments incorporating these
concepts may be used. Additionally, the software included as
part of the invention may be embodied in a computer
program product that includes a computer useable medium.
For example, such a computer usable medium can include a
readable memory device, such as a hard drive device, a
CD-ROM, a DVD-ROM, or a computer diskette, having
computer readable program code segments stored thereon.
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The computer readable medium can also include a commu-
nications link, either optical, wired, or wireless, having
program code segments carried thereon as digital or analog
signals. Accordingly, it is submitted that that the invention
should not be limited to the described embodiments but
rather should be limited only by the spirit and scope of the
appended claims.

What is claimed is:
1. A method of providing point-to-multipoint multihop
distribution using Pseudowires (PWs) comprising:

receiving data at a switching provider edge (S-PE) router
from an upstream originating provider edge (O-PE)
router by way of a first PW, said first PW having a
head-end coupled to said O-PE and a tail end coupled
to said S-PE;

replicating said data received by said S-PE to at least one
receiver provider edge (R-PE) router by way of a
respective PW for each of said at least one R-PE, each
of said respective PW between said S-PE and said R-PE
having a head end coupled to said SPE and a tail end
coupled to said R-PE.

2. The method of claim 1 wherein said S-PE has a service
plane and a transport plane and wherein said service plane
of'said S-PE is disjoint from the transport plane of said S-PE.

3. The method of claim 1 further comprising merging, by
said S-PE, upstream flows to a tail end of an upstream PW.

4. The method of claim 1 wherein said replicating com-
prises replicating, at said S-PE, downstream flows onto
headends of downstream PWs.

5. The method of claim 1 wherein said receiving data
comprises receiving multicast data.

6. The method of claim 1 further comprising receiving
data at a second switching provider edge (S-PE) router from
the upstream originating provider edge (O-PE) router by
way of a second PW, said second PW having a head-end
coupled to said O-PE and a tail end coupled to said second
S-PE; and

replicating said data received by said second S-PE to at
least one receiver provider edge (R-PE) router by way
of a respective PW for each of said at least one R-PE,
each of said respective PW between said second S-PE
and said R-PE having a head end coupled to said
second SPE and a tail end coupled to said R-PE.

7. The method of claim 1 further comprising receiving
data at the switching provider edge (S-PE) router from a
second upstream originating provider edge (O-PE) router by
way of a second PW, said second PW having a head-end
coupled to said second O-PE and a tail end coupled to said
S-PE.

8. The method of claim 7 further comprising designating
one of said O-PE and said second O-PE as a preferred source
of data.

9. The method of claim 1 wherein said O-PE receives data
from another O-PE.

10. A computer system comprising:

an originating provider edge router:

a switching provider edge (S-PE) router in communica-
tion with said O-PE by way of a first Pseudowire (PW)
said first PW having a head end at said O-PE and a tail
end at said S-PE;
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at least one receiver provider edge (R-PE) router in
communication with said S-PE by way of a respective
PW for each of said at least one R-PE, each of said
respective PWs between said S-PE and said R-PE
having a head end coupled to said SPE and a tail end
coupled to said R-PE and

wherein said S-PE comprises:
a memory;
a processor;
a communications interface;

an interconnection mechanism coupling the memory,
the processor and the communications interface; and

wherein the memory is encoded with a point to multi-
point multihop distribution using Pseudowires appli-
cation that when performed on the processor, pro-
vides a process for processing information, the
process causing the SP-E to perform the operations
of:

receiving data at the switching provider edge (S-PE)
router from the upstream originating provider
edge (O-PE) router by way of the first PW; and

replicating said data received by said S-PE to at least
one receiver provider edge (R-PE) router by way
of a respective PW for each of said at least one
R-PE.

11. The computer system of claim 10 wherein said S-PE
includes a service plane and a transport plane and wherein
said service plane of said S-PE is disjoint from the transport
plane of said S-PE.

12. The computer system of claim 10 further comprising
said S-PE performing the operation of merging upstream
flows to a tail end of an upstream PW.

13. The computer system of claim 10 wherein said
replicating comprises replicating, at said S-PE, downstream
flows onto headends of downstream PWs.

14. The computer system of claim 10 wherein said
receiving data comprises receiving multicast data.

15. The computer system of claim 10 further comprising
a second switching provider edge (S-PE) router receiving
data from the upstream originating provider edge (O-PE)
router by way of a second PW, said second PW having a
head-end coupled to said O-PE and a tail end coupled to said
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second S-PE, and wherein said second S-PE performs the
operations of replicating said data received by said second
S-PE to at least one receiver provider edge (R-PE) router by
way of a respective PW for each of said at least one R-PE,
each of said respective PW between said second S-PE and
said R-PE having a head end coupled to said second SPE and
a tail end coupled to said R-PE.

16. The computer system of claim 10 further comprising
a second upstream originating provider edge (O-PE) router
providing data at the switching provider edge (S-PE) router
by way of a second PW, said second PW having a head-end
coupled to said second O-PE and a tail end coupled to said
S-PE.

17. The computer system of claim 15 wherein one of said
O-PE and said second O-PE are designated as a preferred
source of data.

18. The computer system of claim 10 further comprising
a second O-PE in communication with said first O-PE by
way of a second Pseudowire (PW) said second PW having
a head end at said second O-PE and a tail end at first O-PE;

19. A computer readable medium having computer read-
able code thereon for providing a point-to-multipoint mul-
tihop distribution using Pseudowires (PWs), the medium
comprising:

instructions for receiving data at a switching provider
edge (S-PE) router from an upstream originating pro-
vider edge (O-PE) router by way of a first PW, said first
PW having a head-end coupled to said O-PE and a tail
end coupled to said S-PE; and

instructions for replicating said data received by said
S-PE to at least one receiver provider edge (R-PE)
router by way of a respective PW for each of said at
least one R-PE, each of said respective PW between
said S-PE and said R-PE having a head end coupled to
said SPE and a tail end coupled to said R-PE.

20. The computer readable medium of claim 18 further

comprising:

instructions for merging, by said S-PE, upstream flows to
a tail end of an upstream PW; and

instructions for replicating, at said S-PE, downstream
flows onto headends of downstream PWs.

Juniper Exhibit 1030, page 14





