502010765 08/01/2012

PATENT ASSIGNMENT
Electronic Version v1.1
Stylesheet Version v1.1
SUBMISSION TYPE: NEW ASSIGNMENT
NATURE OF CONVEYANCE: ASSIGNMENT
CONVEYING PARTY DATA
| Name || Execution Date |
|claude Robitaille 07/17/2012 |
|Guillaume Lemieux 0712672012 |
RECEIVING PARTY DATA
|Name: HAccedian Networks Inc. |
|Street Address:  |[2351 Alfred-Nobel bivd. |
internal Address: |[suite N-410 |
|City: HSaint—Laurent, Quebec |
|State/Country: |cCANADA |
|Postal Code: ||Has 2A9 |
PROPERTY NUMBERS Total: 1
L)
o
Property Type Number o
[Te]
Application Number: 13551984 o
CORRESPONDENCE DATA =
g
Fax Number: 3124253909 &
Phone: 3124253900 T
Email: scallas@nixonpeabody.com
Correspondence will be sent lo the e-mail address first; if that is unsuccesstul, it will be sent
via US Mail.
Correspondent Name: Vera A. Shmidt
Address Line 1: Nixon Peabody LLP
Address Line 2: 300 S. Riverside Plaza, 16th Floor
Address Line 4: Chicago, ILLINOIS 60606
ATTORNEY DOCKET NUMBER: 268665-000023USPT
NAME OF SUBMITTER: Vera A. Shmidt
Total Attach ts: 18
ol Afachmen PATENT

502010765 REEL: 028702 FRAME: 0691



source=Executed_Assignment_and_Application#page1.tif
source=Executed_Assignment_and_Application#page?2.tif
source=Executed_Assignment_and_Application#page3.tif
source=Executed_Assignment_and_Application#page4.tif
source=Executed_Assignment_and_Application#page5.tif
source=Executed_Assignment_and_Application#page®b.tif
source=Executed_Assignment_and_Application#page?7 .tif
source=Executed_Assignment_and_Application#page8.tif
source=Executed_Assignment_and_Application#page9.tif
source=Executed_Assignment_and_Application#page10.tif
source=Executed_Assignment_and_Application#page11.tif
source=Executed_Assignment_and_Application#page12.tif
source=Executed_Assignment_and_Application#page13.tif
source=Executed_Assignment_and_Application#page 14.tif
source=Executed_Assignment_and_Application#page15.tif
source=Executed_Assignment_and_Application#page 16.tif
source=Executed_Assignment_and_Application#page17 .tif
source=Executed_Assignment_and_Application#page 18.tif

PATENT
REEL: 028702 FRAME: 0692




ATTORNEY DOCKET NO.: 268665-000023USPT

ASSIGNMENT

WHEREAS we, the below named inventors, (hereinafter referred to as Assignors), have contributed to an
invention entitled:

SYSTEMS AND METHODS OF INSTALLING AND OPERATING DEVICES WITHOUT EXPLICIT
NETWORK ADDRESSES

for which we filed the attached United States Patent Application; and

WHEREAS, Accedian Networks Inc. of 2351 Alfred-Nobel blvd., Suite N-410, Saint-Laurent, Quebec,
Canada H4S 2A9 (hereinafter referred to as Assignee), is desirous of securing our entire right, title, and interest in and to
this invention in all countries throughout the world, and in and to the United States Patent Application for this invention;

NOW THEREFORE, be it known that, for and in consideration of the sum of One Dollar ($1.00) in hand paid and
other good and valuable consideration the receipt of which from Assignee is hereby acknowledged, we, as Assignors, have
sold, assigned, transferred, and set over, and do hereby sell, assign, transfer, and set over unto Assignee, its lawful
successors and assigns, my entire right, title, and interest in and to this invention and this application, and all applications
claiming priority on the basis of such application, and all divisions and continuations thereof, and all Letters Patent of the
United States which may be granted thereon, and all reissues thereof, and all rights to claim priority on the basis of such
application, and all applications for Letters Patent which may hereafter be filed for this invention in any foreign country
and all Letters Patent which may be granted on this invention in any foreign country, and all extensions, renewals, and
reissues thereof; and we hereby authorize and request the Commissioner of Patents and Trademarks of the United States
and any official of any foreign country whose duty it is to issue patents on applications as described above, to issue all
Letters Patent for this invention to Assignee, its successors and assigns, in accordance with the terms of this Assignment;

AND, WE HEREBY covenant that we have the full right to convey the interest assigned by this Assignment, and
we have not executed and will not execute any agreement in conflict with this Assignment;

AND, WE HEREBY further covenant and agree that we will, without further consideration, communicate with
Assignee, its successors and assigns, any facts known to us respecting this invention, and testify in any legal proceeding,
sign all lawful papers when called upon to do so, execute and deliver any and all papers that may be necessary or desirable
to perfect the title to this invention in said Assignee, its successors or assigns, execute all divisional, continuation, and
reissue applications, make all rightful oaths and generally do everything possible to aid Assignee, its successors and
assigns, to obtain and enforce proper patent protection for this invention in the United States and any foreign country, it
being understood that any expense incident to the execution of such papers shall be borne by the Assignee, its successors
and assigns.

IN TESTIMONY WHEREOQF, we have/j unto set m ?/71\
Dateaéo 1 Z// 7/ Signature: ,///19// J WW@
] Name: —{Claude Robitaills”
Address: 24 Maude, St-Placide, Ouebec, JOV 2B0 CANADA

This Assignment should preferably be acknowledged before a United States Consul or Notary Public. If
not, then the execution by the Assignor should be witnessed by at least two other person should sign here.

Witness Cm\»u Q L AadziN Signature
Witness_{} ng\fﬁé(}» ‘{Q"\f&(.&fu Signature / Ar\
g rg Nl P
Witness Signature (|
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14066197.1
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IN TESTIMONY WHEREOF, we have hel eunto set m handﬂ
Date /z;vCQJ\u\ (tﬂiaoi o Slgnatule ,M

Name: " Guillauthe Lemleux
Address: 219 Desfrenes, St-Eustache, Quebec, J7R 61.9 CANADA

This Assignment should preferably be acknowledged before a United States Consul or Notary Public. If
not, then the execution by the Assignor should be witnessed by at least two other persons who should sign here.

Witness Casoe oM W Signature , Y
Witness_FY o\ @Con /ﬁynagu,»\ Signature M/

Witness Signature
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SYSTEMS AND METHODS OF INSTALLING AND OPERATING DEVICES
WITHOUT EXPLICIT NETWORK ADDRESSES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application incorporates by reference in their entireties the following
applications, all of which have the same filing date as the present application: “Programmable
Small Form-Factor Pluggable Module,” by Robitaille and Ostiguy, Attorney Docket No. 268665-
000019USPT; “Systems and Methods of Detecting and Assigning [P Addresses to Devices with
ARP Requests,” by Robitaille and Lemieux, Attorney Docket No. 268665-000020USPT;
“Systems and Methods of Using Beacon Messages to Discover Devices Across Subnets,” by
Robitaille and Bouftard, Attorney Docket No. 268665-000021USPT and “Systems and Methods
of Discovering and Controlling Devices without Explicit Addressing,” by Robitaille and
Bouffard, Attorney Docket No. 268665-000022USPT.

TECHNICAL FIELD
[0002] This invention is directed towards addressing the need for installing and
operating, without prior configuration or knowledge and without network addresses, devices in a

network for handling service requests on behalf of other upstream or downstream devices.

BACKGROUND
[0003] Some devices in a network may not be able to perform Service Operations
Administration and Maintenance (SOAM) and other functions on their own. Network operators

are looking to deploy SOAM devices at different points inside their network infrastructure.

BRIEF SUMMARY
[0004] There is a need to install devices that can perform such SOAM and other
functions on behalf of other upstream or downstream devices. These SOAM capable devices
may or may not be permanently installed inside a network. By allowing their installation and
operation without the need for an explicit network address, it is possible to reduce or eliminate
the need for an explicit configuration resulting in easier and more efficient deployment and use
of these devices. Since such devices are not assigned a network address, there is a need to be

able to discover the devices in a network where it may not actively participate in the normal
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network protocols that are in use. With some networks, the IDs or labels used by the protocols
are not necessarily the same in both directions. If the devices are not participating in the
underlying protocols (ex. MPLS, L2TPv3, GTP-U, etc.), the devices may not readily know what
ID or label to use to communicate.

[0005] The devices must also be able to be discovered without (but not excluding) being
pre-programmed with information specific to the network or the control infrastructure.

[0006] One aspect of the present invention relates to a method of discovering addressing
information of one or more upstream devices to respond to specific messages by a second device
on behalf of the one or more upstream devices in a network. The method includes acquiring the
addressing information in an upstream direction from one or more downstream devices to the
one or more upstream devices. The method further includes acquiring the addressing
information in a downstream direction from the one or more upstream devices to the one or more
downstream devices. The method further includes responding to specific messages using the
acquired addressing information about the one or more upstream devices.

[0007]  Additional aspect of the present invention relates to a method of discovering
addressing information of one or more upstream devices to respond to specific messages by a
second device on behalf of the one or more upstream devices in a network. The method includes
pre-programming the second device with test packets that include addressing information in an
upstream direction for the one or more upstream devices in each test packet. The method
additionally includes using upstream test packets for triggering one of the one or more upstream
devices to respond with a packet including the addressing information in a downstream direction
to one of one or more downstream devices from one of the one or more upstream devices. The
method further includes responding to specific messages including requests for functions that the
one or more upstream devices are unable to perform using the acquired addressing information
about one of the one or more upstream devices.

[0008] An additional aspect of the present invention relates to a system of discovering
addressing information of one or more upstream devices to respond to specific messages by a
second device on behalf of the one or more upstream devices in a network. The system includes
at least one downstream device coupled to a first processor; at least one upstream device coupled
to a second processor; and a second device coupled to a third processor, the second device

located between the at least one downstream device and the at least one upstream device. The
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second device is configured to acquire addressing information in an upstream direction from the
at least one downstream device and in a downstream direction from the at least one upstream
device in order for the second device to respond on behalf of the at least one upstream device to
the specific messages including requests for functions that the one or more upstream devices are

unable to perform.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The foregoing and other advantages of the present disclosure will become
apparent upon reading the following detailed description and upon reference to the drawings.

[0010] FIG. 1 illustrates a Multiprotocol Label Switching Network(MPLS) network with
an upstream device unable to perform SOAM functions, a device capable of performing SOAM
functions on behalf of the upstream device and a downstream device capable of requesting
SOAM functions;

[0011] FIG. 2 shows the flow of messages through a device that is capable of passively
discovering labels or IDs for a network when it is not configured with any prior knowledge of
other devices or of the network and is not assigned any unique addressing information inside that
network;

[0012] FIG. 3 shows the flow of messages through a device that is capable of actively
triggering the discovery of labels or IDs for a network when it is configured with some prior
knowledge about other devices and is not assigned any unique addressing information inside that
network;

[0013] FIG. 4 shows the flow of messages where a device handles SOAM functions
using acquired information on behalf of an upstream device that is not capable of performing the
requested SOAM functions.

[0014] While the invention is susceptible to various modifications and alternative forms,
specific embodiments have been shown by way of example in the drawings and will be described
in detail herein. It should be understood, however, that the invention is not intended to be
limited to the particular forms disclosed. Rather, the invention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined by the

appended claims.
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DETAILED DESCRIPTION

[0015] In order for a SOAM capable device to be inserted into a network and perform
SOAM and other functions of behalf of an upstream device or a plurality of upstream devices
unable to perform such SOAM functions, the device must be able to learn or acquire information
about the addressing of the other devices for which it needs to perform the SOAM functions.
This learning or acquiring shall be transparent to other devices in the network and must not
interfere with normal operation of the network.

[0016] FIG. 1 illustrates a generic portion of a MPLS network. Downstream device 101
is a network device capable of requesting SOAM functions from other devices inside the
network. The downstream device 101 may be a testing unit, a router or a remote node that is
local or external to a subnet where a device 102 that is configured to perform SOAM functions is
located. Device 104 is an upstream device inside the same network that is unable to perform
SOAM functions. The upstream device 104 may be a router or a remote node that is local or
external to a subnet where the device 102 is located. The device 102 is therefore inserted in front
of the upstream device 104 in order to perform the SOAM functions on behalf of the upstream
device 104. The device 102 incorporates a field programmable gate array (FPGA). According
to another embodiment of the present invention, the device 102 incorporates an application
specific integrated circuit (ASIC). The SOAM functions include monitoring traffic and
diagnosing issues, performing remote in-service layer 1-4 loopback, ITU-T Y.1564, ITU-T
Y.1731 and RFC 2544 performance testing and monitoring actual customer or user and network
statistics via a management interface, and other functions.

[0017] In one embodiment, in order to learn, discover or acquire the required addressing
information about the upstream device, the SOAM device may take a passive role. Referring
now to FIG. 2, this can be achieved by inspecting particular messages sent to an upstream device
204 behind the device 202 using a tunneling protocol such as MPLS. The upstream device 204
could be for example a handset or an LTE EnodeB and needs to be in the tunnel of interest and
capable to respond. Sometimes it is difficult to respond because of firewalls or lack of service
for the message. One solution to this problem is to make sure that the device 202 is pre-
programmed to passively look at any packets to and from the upstream device 204. Responses
from the upstream device 204 are identified by using the IP address in the tunnel or in the label

stack of packets originating from the upstream device 204. Other identifiers could also be used.
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The device 202 looks at the messages from the upstream device 204 and registers one or more
labels or IDs that are useful.

[0018] In FIG. 2, the downstream device 201 sends a packet 205 with a frame 206 to the
upstream device 204 which will require a response. The device 202 is in the tunnel of interest
and inspects the packet 205, registering labels or IDs that are useful and then forwards the packet
205 with the frame 206 on to the upstream device 204. These labels and IDs may or may not
have specific fields that are intended to aid in discovery of the addressing information of the
upstream device 204. The upstream device 204 receives packet 205 with frame 206and responds
to the downstream device 201 with a packet 207 that contains a frame 208. The device 202
receives the packet 207 with the frame 208. The device 202 inspects the packet 207, registering
labels and IDs that are useful and forwards the packet 207 on to the downstream device 201.
The device 202 now has the required addressing information about the upstream device 204 to
perform SOAM functions on behalf of the upstream device 204.

[0019] In another embodiment, in order to learn, discover or acquire the required
addressing information about the upstream device, the SOAM device may take an active role.
Referring now to FIG. 3, device 302 is pre-programmed with a first test message 306 aimed at
triggering a response from an upstream device 304. According to one aspect of the present
invention, the pre-programming includes providing, via configuration or other means, addressing
information about the labels or IDs needed to address each of the upstream devices 304. The
device 302 transmits a packet 306 with a frame 307 to the upstream device 304. The upstream
device 304 receives the packet 306 with the frame 307. The upstream device 304 either has
special software for the explicit purpose to handle the special packet 306 or the packet 306 is
addressed to a service known as already active on upstream device 304. The upstream device
304 then responds to the device 302 with a packet 308 with a frame 309. The device 302
analyzes the packet 308 and registers one or more labels or IDs, and then discards the packet 308
(without forwarding it) to avoid disrupting the operation of the network. The device 302 now
has the required addressing information about the upstream device 304 to perform SOAM
functions on behalf of the upstream device 304.

[0020] Once the SOAM device has obtained the required addressing information about
the upstream device as per the method illustrated by FIGs. 2 or 3, it may begin to provide SOAM

and other functions on behalf of the upstream device while letting other traftic flow transparently
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to and from the upstream device. Referring now to FIG. 4, a protocol flow diagram illustrates
how downstream device 401 can request a SOAM function from upstream device 404 and how it
is transparently handled by device 402.

[0021] The downstream device 401 transmits a SOAM packet 409 to device 402. The
device 402 receives the packet 409. The device 402 determines whether the packet 409 is for a
SOAM function that the device 402 needs to handle on behalf of an upstream device 404. If the
packet 409 is for a SOAM function, the device 402 performs the requested SOAM function using
the addressing information collected for the upstream device 404 and prepares a valid response
packet 410. The response packet 410 is then received by the downstream device 401 and is
handled as the response to the SOAM request in packet 409.

[0022] In another embodiment, it should be noted that the SOAM capable device may
handle the SOAM function on behalf of a plurality of devices located upstream or downstream
from the SOAM capable device. When providing SOAM functions on behalf of a plurality of
other devices, the SOAM capable device will learn and store the labels or IDs for each flow
direction for each of the learned devices.

[0023] The device to discover and the discoverer node are each coupled to a processor.
The present invention includes systems having processors to provide various functionality to
process information, and to determine results based on inputs. Generally, the processing may
be achieved with a combination of hardware and software elements. The hardware aspects may
include combinations of operatively coupled hardware components including microprocessors,
logical circuitry, communication/networking ports, digital filters, memory, or logical circuitry.
The processors may be adapted to perform operations specified by a computer-executable code,
which may be stored on a computer readable medium.

[0024] The steps of the methods described herein may be achieved via an appropriate
programmable processing device, such as an external conventional computer or an on-board field
programmable gate array (FPGA) or digital signal processor (DSP), that executes software, or
stored instructions. In general, physical processors and/or machines employed by embodiments
of the present invention for any processing or evaluation may include one or more networked or
non-networked general purpose computer systems, microprocessors, field programmable gate
arrays (FPGA’s), digital signal processors (DSP’s), micro-controllers, and the like, programmed

according to the teachings of the exemplary embodiments of the present invention, as is
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appreciated by those skilled in the computer and software arts. Appropriate software can be
readily prepared by programmers of ordinary skill based on the teachings of the exemplary
embodiments, as is appreciated by those skilled in the software arts. In addition, the devices and
subsystems of the exemplary embodiments can be implemented by the preparation of
application-specific integrated circuits or by interconnecting an appropriate network of
conventional component circuits, as is appreciated by those skilled in the electrical arts. Thus,
the exemplary embodiments are not limited to any specific combination of hardware circuitry
and/or software.

[0025] Stored on any one or on a combination of computer readable media, the
exemplary embodiments of the present invention may include software for controlling the
devices and subsystems of the exemplary embodiments, for driving the devices and subsystems
of the exemplary embodiments, for processing data and signals, for enabling the devices and
subsystems of the exemplary embodiments to interact with a human user, and the like. Such
software can include, but is not limited to, device drivers, firmware, operating systems,
development tools, applications software, and the like. Such computer readable media further
can include the computer program product of an embodiment of the present invention for
performing all or a portion (if processing is distributed) of the processing performed in
implementations. Computer code devices of the exemplary embodiments of the present
invention can include any suitable interpretable or executable code mechanism, including but not
limited to scripts, interpretable programs, dynamic link libraries (DLLs), Java classes and
applets, complete executable programs, and the like. Moreover, parts of the processing of the
exemplary embodiments of the present invention can be distributed for better performance,
reliability, cost, and the like.

[0026] Common forms of computer-readable media may include, for example, a floppy
disk, a flexible disk, hard disk, magnetic tape, any other suitable magnetic medium, a CD-ROM,
CDRW, DVD, any other suitable optical medium, punch cards, paper tape, optical mark sheets,
any other suitable physical medium with patterns of holes or other optically recognizable indicia,
a RAM, a PROM, an EPROM, a FLASH-EPROM, any other suitable memory chip or cartridge,
a carrier wave or any other suitable medium from which a computer can read.

[0027]  While particular implementations and applications of the present disclosure have

been illustrated and described, it is to be understood that the present disclosure is not limited to
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the precise construction and compositions disclosed herein and that various modifications,
changes, and variations can be apparent from the foregoing descriptions without departing from

the spirit and scope of the invention as defined in the appended claims.
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WHAT IS CLAIMED IS:
1. A method of discovering addressing information of one or more upstream devices to
respond to specific messages by a second device on behalf of the one or more upstream devices
in a network, the method comprising:

acquiring, by the second device, addressing information in an upstream direction from
one or more downstream devices to the one or more upstream devices;

acquiring, by the second device, addressing information in a downstream direction from
the one or more upstream devices to the one or more downstream devices; and

responding, by the second device, to specific messages including requests for functions
that the one or more upstream devices are unable to perform using the acquired addressing

information about the one or more upstream devices.

2. The method of claim 1, wherein the acquiring of the addressing information in the
upstream direction includes:

transmitting, by one of the one or more downstream devices, a packet with a frame to one
of the one or more upstream devices;

receiving, by the second device, the packet with the frame;

inspecting, by the second device, the packet with the frame;

storing, by the second device, labels, IDs and/or other useful information for one of the
one or more upstream devices in the upstream direction;

transmitting, by the second device, the packet with the frame to one of the one or more
upstream devices; and

receiving, by one of the one or more upstream devices, the packet with the frame.

3. The method of claim 1, wherein the acquiring of the addressing information in the
downstream direction includes:

transmitting, by one of the one or more upstream devices, a packet with a frame, to one of
the one or more downstream devices;

receiving, by the second device, the packet with the frame;

inspecting, by the second device, the packet with the frame;

268665-000023USPT
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storing, by the second device, labels, IDs and/or other relevant information for one of the
one or more upstream devices in the downstream direction;

transmitting, by the second device, the packet with the frame, to one of the one or more
downstream devices; and

receiving, by one of the one or more downstream devices, the packet with the frame.

4. The method of claim 1, wherein responding to specific messages using the acquired
addressing information about upstream devices includes:

transmitting, by one of the one or more downstream devices, a Service Operations
Administration and Maintenance (SOAM) packet to the second device acting on behalf of one of
the one or more upstream devices;

receiving, by the second device, the SOAM packet including a SOAM function to be
performed by the second device;

inspecting, by the second device, the SOAM packet;

performing, by the second device, the SOAM function requested in the packet,

transmitting, by the second device, to one of the one or more downstream devices, a
SOAM response packet using the addressing information about one of the one or more upstream
devices previously gathered by the second device during inspection; and

receiving, by one of the one or more downstream devices, a valid SOAM response in the

packet.

5. The method of claim 4, wherein the SOAM function includes monitoring network traffic
and diagnosing issues, performing remote in-service layer 1-4 loopback, performance testing or

monitoring actual customer and network statistics via a management interface.

6. The method of claim 1, wherein one of the one or more downstream devices is a testing
unit, a router or a remote node that is local or external to a subnet where the second device is

located.

7. The method of claim 1, wherein one of the one or more upstream devices is a router or a

remote node that is local or external to a subnet where the second device is located.
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8. The method of claim 1, wherein the second device incorporates a field programmable
gate array (FPGA).
9. The method of claim 1, wherein the second device incorporates an application specific

integrated circuit (ASIC).

10. The method of claim 1, wherein the second device is in a tunnel of interest.

11. A method of discovering addressing information of one or more upstream devices to
respond to specific messages by a second device on behalf of the one or more upstream devices
in a network, the method comprising:

pre-programming the second device with test packets that include addressing information
in an upstream direction for the one or more upstream devices in each test packet;

using upstream test packets for triggering one of the one or more upstream devices to
respond with a packet including the addressing information in a downstream direction to one of
one or more downstream devices from one of the one or more upstream devices; and

responding to specific messages including requests for functions that the one or more
upstream devices are unable to perform using the acquired addressing information about one of

the one or more upstream devices.

12. The method of claim 11, wherein the pre-programming the second device with test
packets that includes addressing information in the upstream direction for the one or more
upstream devices comprises:

providing via configuration or other means, addressing information about labels or IDs

needed to address each of the one or more upstream devices from the second device.

13. The method of claim 11, wherein the acquiring of the addressing information in the
downstream direction includes:
transmitting, by the seconddevice, a first packet with a first frame to an upstream device

using a pre-programmed test packet,
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receiving, by one of the one or more upstreams device, the first packet with the first
frame,

transmitting, by one of the one or more upstream devices, a second packet with a second
frame, to one of the one or more downstream devices,

receiving, by the second device, the second packet with the second frame,

inspecting, by the second device, the second packet with the second frame,

storing, by the second device, labels, IDs and/or other useful information for one of the
one or more upstream device in the downstream direction,

discarding the second packet from the second device.

14. The method of claim 11, wherein responding to specific messages using the acquired
addressing information about the one or more upstream devices comprises:

transmitting, by one of the one or more downstream devices, a Service Operations
Administration and Maintenance (SOAM) packet to the second device acting on behalf of one of
the one or more upstream devices;

receiving, by the second device, the SOAM packet including a SOAM function to be
performed by the second device;

inspecting, by the second device, the SOAM packet;

performing, by the second device, the SOAM function requested in the packet;

transmitting, by the second device, to one of the one or more downstream devices, a

SOAM response packet using the addressing information about one of the one or more

upstream devices previously gathered by the second device during inspection; and

receiving, by one of the one or more downstream devices, a valid SOAM response in the packet.

15.  The method of claim 14, wherein the SOAM function includes monitoring network
traffic and diagnosing issues, performing remote in-service layer 1-4 loopback, performance

testing and monitoring actual customer and network statistics via a management interface.

16.  The method of claim 11, wherein one of the one or more downstream devices is a testing
unit, a router or a remote node that is local or external to a subnet where the second device is

located.
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17. The method of claim 11, wherein one of the one or more upstream devices is a router or a

remote node that is local or external to a subnet where the second device is located.

18. The method of claim 11, wherein the second device incorporates a field programmable
gate array (FPGA).
19. The method of claim 11, wherein the second device incorporates an application specific

integrated circuit (ASIC).

20. The method of claim 11, wherein the second device is in a tunnel of interest.

21. A system of discovering addressing information of one or more upstream devices to
respond to specific messages by a second device on behalf of the one or more upstream devices
in a network, the system comprising:

at least one downstream device coupled to a first processor;

at least one upstream device coupled to a second processor; and

a second device coupled to a third processor, the second device located between the at
least one downstream device and the at least one upstream device,

wherein the second device is configured to acquire addressing information in an upstream
direction from the at least one downstream device and in a downstream direction from the at
least one upstream device in order for the second device to respond on behalf of the at least one
upstream device to the specific messages including requests for functions that the one or more

upstream devices are unable to perform.

22.  The system of claim 21, wherein acquiring of the addressing information in the upstream
direction includes:

transmitting, by the at least one downstream device, a packet with a frame to the at least
one upstream device;

receiving, by the second device, the packet with the frame;

inspecting, by the second device, the packet with the frame;
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storing, by the second device, labels, IDs and/or other useful information for the at least
one upstream device in the upstream direction;

transmitting, by the second device, the packet with the frame to the at least one upstream
device; and

receiving, by the at least one upstream device, the packet with the frame.

23. The system of claim 21, wherein the acquiring of the addressing information in the
downstream direction includes:

transmitting, by the at least one upstream device, a packet with a frame, to the at least one
downstream device;

receiving, by the second device, the packet with the frame;

inspecting, by the second device, the packet with the frame;

storing, by the second device, labels, IDs and/or other relevant information for the at least
one upstream device in the downstream direction;

transmitting, by the second device, the packet with the frame, to the at least one
downstream device; and

receiving, by the at least one downstream device, the packet with the frame.

24, The system of claim 21, wherein responding to specific messages using the acquired
addressing information about upstream devices includes:

transmitting, by the at least one downstream device, a Service Operations Administration
and Maintenance (SOAM) packet to the second device acting on behalf of the at least one
upstream device;

receiving, by the second device, the SOAM packet including a SOAM function to be
performed by the second device;

inspecting, by the second device, the SOAM packet;

performing, by the second device, the SOAM function requested in the packet,

transmitting, by the second device, to the at least one downstream device, a SOAM
response packet using the addressing information about the at least one upstream device
previously gathered by the second device during inspection; and

receiving, by the at least one downstream device, a valid SOAM response in the packet.
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25.  The system of claim 24, wherein the SOAM function includes monitoring network traffic
and diagnosing issues, performing remote in-service layer 1-4 loopback, performance testing or

monitoring actual customer and network statistics via a management interface.
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ABSTRACT

A method of discovering addressing information of one or more upstream devices to
respond to specific messages by a second device on behalf of the one or more upstream devices
in a network includes acquiring the addressing information in an upstream direction from one or
more downstream devices to the one or more upstream devices. The method further includes
acquiring the addressing information in a downstream direction from the one or more upstream
devices to the one or more downstream devices. The method further includes responding to
specific messages using the acquired addressing information about the one or more upstream

devices.
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