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(54) OAM MECHANISMS FOR EVPN ACTIVE-ACTIVE SERVICES

(57) A method and network device to execute an Eth-
ernet Virtual Private Network (EVPN) protocol to config-
ure the network device to participate as one of a plurality
of customer edge (CE) routers that provide an active-ac-
tive configuration for an Ethernet segment coupling the
CE routers to a plurality of provider edge (PE) routers,
wherein the processor is configured to determine wheth-
er a packet that is to be forwarded is an operations, ad-
ministration, and management (OAM) packet; in re-
sponse to determining that the packet comprises an OAM
packet, replicate the OAM packet for one or more inter-
face links of an Ethernet segment associated with the
CE router; configure forwarding instructions to the one
or more interface links of the Ethernet segment associ-
ated with the CE router; and forward the OAM packet
and the replicated OAM packets to the PE routers.
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Description

TECHNICAL FIELD

[0001] The techniques of this disclosure relate to pack-
et-based computer networks and, more particularly, to
forwarding packets within computer networks.

BACKGROUND

[0002] A computer network is a collection of intercon-
nected computing devices that can exchange data and
share resources. In a packet-based network, computing
devices include layer two devices that operate within the
second layer (L2) of the Open Systems Interconnection
(OSI) reference model (i.e., the data link layer) and layer
three devices that operate within the third layer (L3) of
the OSI reference model (i.e., the network layer). These
computing devices communicate data by dividing the da-
ta into small blocks called packets. Certain devices within
the network, such as routers, maintain routing informa-
tion that describes routes through the network. In this
way, the packets may be individually routed across the
network from a source device to a destination device.
The destination device extracts the data from the packets
and assembles the data into its original form.
[0003] Network devices within computer networks of-
ten include a routing engine that provides control plane
functionality for the network device. The routing engine
provides control plane functions storing network topology
in the form of routing tables, executing routing protocols
to communicate with peer routing devices and maintain
and update the routing tables, and providing a manage-
ment interface to allow user access and configuration of
the network device. The routing engine maintains routing
information that describes a topology of a network, and
derives a forwarding information structure (e.g., a for-
warding information base (FIB)) in accordance with the
routing information. In general, the routing information
represents the overall topology of the network and de-
fines routes to destinations / prefixes within the network.
[0004] Forwarding information is generated based on
selection of certain routes within the network and maps
packet key information (e.g., destination information and
other select information from a packet header) to one or
more specific next hops and ultimately to one or more
specific output interfaces of interface cards of the network
device. Typically, the routing engine installs forwarding
structures into each of the PFEs to control forwarding of
traffic within the data plane. This allows the FIB in each
of PFEs to be updated without degrading packet forward-
ing performance of routing node. In some instances, the
routing engine may drive separate FIBs which are copied
to respective PFEs.

SUMMARY

[0005] The invention is defined in the appended claims.

[0006] In general, techniques are described by which
a data-forwarding network device, such as a switch or a
router, allows for an internal routing engine to forward
Operations, Administration and Maintenance (OAM)
packets on all links associated with the network device
of an Ethernet segment. More particularly, these tech-
niques may be performed by a multi-homed customer
edge (CE) network device, i.e., a CE network device cou-
pled to a plurality of provider edge (PE) network devices.
The techniques allow for the routing engine of the CE
device to replicate OAM packet frames and forward the
OAM packets to all network devices on member links of
an aggregated Ethernet.
[0007] The techniques described herein enable net-
work devices to detect failures in an EVPN Active-Active
topology within the service/logical-interface level for each
link associated with the network device of an Ethernet
segment.
[0008] For example, a method may include determin-
ing, by a multi-homed CE router coupled by an interme-
diate network to a plurality of PE routers that provide an
active-active configuration for an EVPN, whether a pack-
et that is to be forwarded is an OAM packet. The method
further includes, in response to determining that the pack-
et comprises an OAM packet, replicating, by the CE rout-
er, the OAM packet for one or more interface links of an
Ethernet segment associated with the CE router. The
method also includes configuring forwarding instructions
to the one or more interface links of the Ethernet segment
associated with the CE router. In addition, the method
includes forwarding the OAM packet and the replicated
OAM packets to the PE routers.
[0009] In another example, a method may include de-
tecting, by at least one of a plurality of provider edge PE
routers that provide an active-active configuration for an
EVPN to a CE router, a fault based on an OAM packet
forwarded from a CE router along one or more interface
links associated with the CE router, wherein one of the
plurality of PE routers is a designated forwarder router.
The method further includes determining whether the
fault is associated with the designated forwarder router.
The method also includes, in response to determining
that the fault is associated with the designated forwarder
router, initiating a designated forwarder election.
[0010] An example network device includes a proces-
sor configured to execute an EVPN protocol to configure
the network device to participate as one of a plurality of
CE routers that provide an active-active configuration for
an Ethernet segment coupling the CE routers to a plurality
of PE routers, wherein the processor is configured to:
determine whether a packet that is to be forwarded is an
operations, administration, and management OAM pack-
et; in response to determining that the packet comprises
an OAM packet, replicate the OAM packet for one or
more interface links of an Ethernet segment associated
with the CE router; configure forwarding instructions to
the one or more interface links of the Ethernet segment
associated with the CE router; and forward the OAM
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packet and the replicated OAM packets to the PE routers.
[0011] In another example, a method includes deter-
mining, by a multi-homed CE router coupled by an inter-
mediate network to a plurality of PE routers that provide
a multi-chassis link aggregation group (MC-LAG) config-
uration for an EVPN, whether a packet that is to be for-
warded is an OAM packet. The method further includes,
in response to determining that the packet comprises an
OAM packet, replicating, by the CE router, the OAM pack-
et for one or more interface links of an Ethernet segment
associated with the CE router. The method also includes
configuring forwarding instructions to the one or more
interface links of the Ethernet segment associated with
the CE router. In addition, the method includes forward-
ing the OAM packet and the replicated OAM packets to
the PE routers.
[0012] In another example, a computer-readable stor-
age medium having stored thereon instructions that,
when executed, cause a processor to determine whether
a packet that is to be forwarded is an operations, admin-
istration, and management (OAM) packet. The instruc-
tions further cause the processor to, in response to de-
termining that the packet comprises an OAM packet, rep-
licate the OAM packet for one or more interface links of
an Ethernet segment associated with the CE router. The
instructions also cause the processor to configure for-
warding instructions to the one or more interface links of
the Ethernet segment associated with the CE router. In
addition, the instructions further cause the processor to
forward the OAM packet and the replicated OAM packets
to the PE routers.
[0013] The details of one or more examples are set
forth in the accompanying drawings and the description
below. Other features and advantages will be apparent
from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0014]

FIG. 1 is a block diagram illustrating an example net-
work system in which a customer edge router sprays
OAM traffic in accordance with the principles of the
techniques of this disclosure.
FIG. 2 is a block diagram illustrating an example rout-
ing node that creates forwarding structures to be in-
stalled in a forwarding plane in accordance with the
principles of the techniques of this disclosure.
FIGS. 3A-3B are block diagrams illustrating a routing
engine and a packet forwarding engine of the routing
node of FIG. 2 in further detail.
FIGS. 4A-4B are block diagrams illustrating forward-
ing information bases (FIBs) maintained by packet
forwarding engines in the form of radix trees.
FIG. 5 is a flowchart illustrating an example OAM
packet forwarding operation and example operation
of the routing node.
FIG. 6 is a block diagram illustrating an example

chassis of a routing node implementing multicast
replication for OAM packet forwarding.
FIG. 7 is a block diagram illustrating an example net-
work system in which a customer edge router sprays
OAM traffic in accordance with service instances
within a maintenance association and domain in ac-
cordance with the principles of the techniques of this
disclosure.
FIG. 8 is a block diagram illustrating an example net-
work system that implements OAM packet forward-
ing for a multi-chassis link aggregation control pro-
tocol in accordance with one or more techniques of
the present disclosure.

DETAILED DESCRIPTION

[0015] FIG. 1 is a block diagram illustrating an example
network system 2 in which a customer edge router sprays
Operations, Administration, and Maintenance (OAM)
traffic in accordance with the principles of the techniques
of this disclosure.
[0016] In the example of FIG. 1, provider edge (PE)
routers 12A-12B ("PE routers 12") of a service provider
network 10 administered by a network service provider
provide connectivity for customer networks 19A-19B
("customer networks 19"). In particular, PE routers 12
are coupled to customer edge (CE) routers 18A-18B ("CE
routers 18") of customer networks 19 via links 16A, 16A’,
16B, and 16B’ ("access links 16"), respectively. Access
links 16 may be Ethernet, asynchronous transfer mode
(ATM), or any other suitable network connections.
[0017] As shown in the example of FIG. 1, service pro-
vider network 10 includes PE routers 12A-12B that are
positioned at the edge of service provider network 10.
PE routers 12 interface with networks, such as customer
networks 19, to route, switch, or otherwise forward net-
work traffic directed to and/or originating from the net-
work. Customer networks 19 include CE routers 18A-
18B positioned at an edge of customer networks 19A-
19B, respectively. CE routers 18 interface with a network,
such as service provider network 10, to route, switch or
otherwise forward network traffic directed to and/or orig-
inating from the network. PE routers 12 and CE routers
18 are illustrated as routers in the example of FIG. 1.
However, techniques of the disclosure may be imple-
mented using any type of network device, including a
switch, a hub, a bridge device (e.g., an Ethernet bridge),
or any other suitable network devices that participate in
a layer two (L2) virtual private network service, such as
an Ethernet Virtual Private Network (EVPN).
[0018] Customer networks 19 may be networks for ge-
ographically separated sites of an enterprise. Each of
customer networks 19 may include additional customer
equipment 4A-4B ("customer equipment 4"), such as,
one or more non-edge switches, routers, hubs, gate-
ways, servers, computer terminals, laptops, databases,
wireless mobile devices such as cellular phones or per-
sonal digital assistants, wireless access points, bridges,
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cable modems, or other network devices. Service pro-
vider network 10 may be coupled to one or more networks
administered by other service providers, and may thus
form part of a large-scale public network infrastructure,
e.g., the Internet. Consequently, customer networks 19
may be viewed as edge networks of the Internet. The
service provider may provide customer equipment 4 with-
in customer networks 19 with access to the Internet via
service provider network 10, which allows customer
equipment 4 within one of customer networks 19 to com-
municate with customer equipment 4 within the Internet
or the other one of customer networks 19. Service pro-
vider network 10 may include a variety of other network
devices (not shown), such as routers, switches, servers,
and the like and may be connected to other networks.
The configuration of the network environment illustrated
in FIG. 1 is merely illustrative. For example, service pro-
vider network 10 may include any number of provider
edge routers coupled to one or more customer networks.
Nonetheless, for ease of description, only customer net-
works 19A-19B are illustrated in FIG. 1.
[0019] Service provider network 10 represents a pub-
licly accessible computer network that is owned and op-
erated by a service provider, which is usually a large tel-
ecommunications entity or corporation. Service provider
network 10 is usually a large layer three (L3) computer
network, where reference to a layer followed by a number
refers to a corresponding layer in the Open systems In-
terconnection (OSI) model. Service provider network 10
is a L3 network in the sense that it natively supports L3
operations as described in the OSI model. Common L3
operations include those performed in accordance with
L3 protocols, such as the Internet protocol (IP). L3 is also
known as a "network layer" in the OSI model and the
term L3 may be used interchangeably with the phrase
"network layer" throughout this disclosure.
[0020] Although not illustrated, service provider net-
work 10 may be coupled to one or more networks admin-
istered by other providers, and may thus form part of a
large-scale public network infrastructure, e.g., the Inter-
net. Consequently, customer networks 19 may be viewed
as edge networks of the Internet. Service provider net-
work 10 may provide computing devices within customer
networks 19 with access to the Internet, and may allow
the computing devices within the computer networks to
communicate with each other.
[0021] Service provider network 10 typically provides
a number of residential and business services, including
residential and business class data services (which are
often referred to as "Internet services" in that these data
services permit access to the collection of publically ac-
cessible networks referred to as the Internet), residential
and business class telephone and/or voice services, and
residential and business class television services. One
such business class data service offered by service pro-
vider network 10 includes L2 EVPN service. For example,
an EVPN is a service that provides a form of L2 connec-
tivity across an intermediate L3 network, such as service

provider network 10, to interconnect two or more L2 cus-
tomer networks, such as L2 customer networks 19A and
19B, that are usually located in two different geographic
areas. Often, EVPN is transparent to the customer net-
works 19 in that these customer networks 19 are not ob-
servant of the intervening intermediate service provider
network and instead act and operate as if these two cus-
tomer networks were directly connected and formed a
single L2 network. In a way, EVPN enables a form of a
transparent LAN connection between two geographically
distant customer sites that each operates a L2 network
and, for this reason, EVPN may also be referred to as a
"transparent LAN service."
[0022] In EVPN, administrators may configure PE rout-
ers 12 to use label switched paths (LSP) to enable a
logical form of L2 connectivity. LSPs are logical network
connections that emulate a connection not natively of-
fered by service provider network 10 for consumption
outside the boundaries of that service provider network
10. LSPs may emulate a L2 connection within service
provider network 10 enabling service provider network
10 to offer emulated L2 connectivity externally for con-
sumption by L2 customer networks 19 as EVPN.
[0023] In the example of FIG. 1, each of the PE routers
12 is in an active-active multi-homed connection with one
or more CE routers 18. In an active-active multi-homed
connection, all of the links 16 forming the multi-homed
connection are considered active in that each of these
links may deliver data traffic between PE routers 12 and
CE routers 18 at any given time. In EVPN, a CE router
is multi-homed when it is coupled to two physically dif-
ferent PE routers on the same EVPN instance (EVI) when
the PE routers form part of the same physical Ethernet
segment. As one example, CE router 18A is coupled to
PE routers 12A and 12B via links 16A and 16A’, respec-
tively, where PE routers 12A and 12B are capable of
providing access to EVPN for L2 customer network 19A.
CE router 18A is multi-homed to PE routers 12A and 12B
via separate and, to a certain extent, redundant links 16A
and 16A’ where both of PE routers 12A and 12B are
capable of providing access to EVPN for L2 customer
network 19A. Multi-homed networks are often employed
by network operators to improve access to EVPN pro-
vided by service provider network 10 should a failure in
one of links 16A, 16A’, 16B, or 16B’ occur. In active-active
mode, each of PE routers 12A and 12B may also be
configured as part of the same Ethernet segment (ES)
and therefore have the same Ethernet segment identifier
(ESI).
[0024] While CE router 18A is shown as coupling to
PE router 12A via a single link 16A, CE router 18A may
couple to PE router 12A via link 16A that may represent
two or more links, which may be aggregated to form a
link aggregation group (LAG) and therefore represent a
virtual link. Likewise, any or all of links 16A’, 16B, and
16B’ may also couple to PE routers 12A and 12B, re-
spectively, via two or more links, which may also be ag-
gregated to form a LAG. The techniques should not be
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limited to the example shown in FIG. 1, but may be im-
plemented with respect to any form of connectivity that
involves multiple connections between two or more phys-
ical network devices, such as PE routers 12, or virtual
network devices.
[0025] A LAG generally enables multiple network con-
nections to be combined or aggregated to increase
throughput and provide redundancy. Typically, a LAG
enables a L2 network device to represent two or more
physical connections (which are often discussed in terms
of the ports to which these connections connect) as a
single logical or virtual connection (which again is often
referred to as a virtual port). The network device may
then implement LAG, as defined for example in IEEE
802.1AX standard, in their network stack to perform
switching with respect to the virtual port, including L2
learning, and other functions while the underlying LAG
implementation handles of the actual packets via the
physical ports. More information regarding LAG may be
found in the above noted IEEE 802.1AX standard, enti-
tled "IEEE Standard for Local and Metropolitan Area Net-
works - Link Aggregation," dated November 3, 2008,
which is hereby incorporated by reference as if fully set
forth in its entirety.
[0026] In some instances, one of the PE routers 12
may be designated as a designated forwarder (DF). The
designation of one router as the DF enables the DF router
to forward multicast packets received on that network
upstream to one or more network devices. Use of DF
election ensures that only one copy of every packet will
be sent to the one or more network devices. In some
instances, the DF router forwards broadcast, unknown
unicast, and multicast (BUM) traffic.
[0027] In operation, PE routers 12 and CE routers 18
may, to facilitate fault detection and maintenance of the
connections between PE routers 12 and CE routers 18,
implement operations, administration, and management
(OAM) techniques, such as Connectivity Fault Manage-
ment (CFM) as described in the Institute of Electrical and
Electronics Engineers (IEEE) 802.1ag and International
Telecommunications Union Telecommunications Stand-
ardization Sector Y.1731, entitled "OAM functions and
mechanisms for Ethernet based networks," dated May
2006, standards herein incorporated by reference as if
set forth in their entirety. CFM may generally enable dis-
covery and verification of a path, through network devices
and networks, taken by data units, e.g., frames or pack-
ets, addressed to and from specified network users, e.g.,
customer network 19. Typically, CFM is directed to fault
management within layer 2 networks, such as Ethernet
networks otherwise referred to as Local Area Networks
(LANs), and layer 2 services.
[0028] CFM generally provides a set of protocols by
which to perform fault management. One protocol of the
CFM set of protocols may involve a periodic transmission
of messages (e.g., Continuity Check Message (CCM))
to determine, verify or otherwise check continuity be-
tween two endpoints and may be referred to as a conti-

nuity check protocol (CCP). More information regarding
CFM in general and the CFM set of protocols, including
the continuity check protocol, can be found in an Institute
of Electrical and Electronics Engineers (IEEE) draft
standard, titled "Virtual Bridged Local Area Networks -
Amendment 5: Connectivity Fault Management," by the
LAN MAN Standards Committee, dated December 17,
2007, herein incorporated by reference in its entirety. In
accordance with the techniques described in this disclo-
sure, each of the CE routers 18 may communicate OAM
packets, such as to determine the status of connections
to the PE routers 12, and may replicate the OAM packets
so as to transmit the replicated OAM packets across all
links for each of Ethernet segments 14. As there may be
many aggregated links of the logical interfaces on the
same physical interface but part of different routing-in-
stances, the transmission of replicated OAM packets to
all links of each Ethernet segment ensures monitoring at
the service/logical-interface level for all links associated
with CE routers 18.
[0029] For example, links 16A and 16A’ from CE router
18A may establish an Ethernet segment 14A to PE rout-
ers 12A and 12B, and may each be an aggregated bundle
of links (forming respective LAGs). Likewise, links 16B
and 16B’ from CE router 18A may establish an Ethernet
segment 14B to PE routers 12A and 12B. PE router 12A
may associate two Ethernet segments (ES), such as ES
14A and ES 14B, with the same logical interface of PE
router 12A. If each link is aggregated and is part of dif-
ferent routing instances, monitoring from the PE port level
is inadequate for OAM techniques due to the transmis-
sion and reception of packets from only one of the ag-
gregated physical links of the CE routers 18. More spe-
cifically, for example, multiple services may pass through
the user network interface (UNI) to one of the CE router
ports via multiple service/logical interfaces, which in turn
may be transmitted to the same physical PE router port
through the network to network interface (NNI). In ac-
cordance with the techniques described herein, each of
the CE routers 18 may be configured to determine the
existence of OAM packets for forwarding, replicate the
OAM packets, and modify the forwarding plane to forward
the replicated OAM packets to all links for each Ethernet
segment so as to monitor active connections or detect
the existence of failures at the service/logical interface
level for each link.
[0030] In one instance, fault detection at the serv-
ice/logical-interface level for each link may further enable
election of a new designated forwarder (DF) router for
forwarding broadcast, unknown unicast, and multicast
(BUM) traffic upon a detection of a failure at a link. For
example, PE router 12A may be designated as the DF
to forward BUM traffic to the CE routers 18. However,
due to a failure at link 16A, PE router 12A is unable to
forward the BUM traffic to CE router 18A. CE router 18A
may spray a replicated Continuity Check Message
(CCM) (e.g., where the router detects whether a trans-
mitted message is received within a threshold time inter-
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val) to detect the failure along links 16A and 16B. Spray-
ing OAM packets on links 16A and 16A’ ensures that all
routers within an Ethernet segment, such as PE routers
12A and 12B, are notified of the existence of a failure on
link 16A, therefore enabling the PE routers 12 to notify a
Routing Protocol Process (RPD) of the failure, which may
trigger a new DF election process. Notification of an Eth-
ernet segment failure to the EVPN may include withdraw-
ing a designated Ethernet segment (ES) route, an ad-
ministrative distance (AD) router per Ethernet segment
identifier (ESI), and an AD router per Ethernet segment
identifier per EVPN instance (EVI). Notification of a failure
recovery (e.g., when session returns and Ethernet seg-
ment is up) to the EVPN may include advertising an ES
route, an AD route per ESI, and an AD router per ESI per
EVI. Notification of a core isolation failure to the EVPN
may include sending an interface status command in
CCM to bring the CE router logical interface down and
to trigger a mac-flush, and send a remote defect indica-
tion (RDI) to bring down the CE router logical interface
and trigger a mac-flush. Notification of a failure recovery
(e.g., PE router joins back in the network) to the EVPN
may include sending an interface status command in
CCM to bring the CE router logical interface up and to
trigger a mac-flush, and clear the RDI to bring up the CE
router logical interface.
[0031] The techniques described herein can be ap-
plied in each of the CE routers 18 for a number of different
situations in which forwarding structures are configured
for particular packet forwarding operations by hardware
or software modules, or combination thereof (e.g., proc-
esses, daemons, or other modules) running on a higher-
level control plane of the network device, such as CE
routers 18. Configuration of each of the CE routers 18
may be initiated with a command line interface (CLI) com-
mand, e.g., set interfaces ae22 aggregated-ether-op-
tions send-to-all-members, to spray OAM packet frames
across all links of an aggregated Ethernet port. For ex-
ample, the CLI commands "set" may be a command en-
tered for each of the CE routers 18; "interfaces" may be
a keyword referring to a group of interfaces defined in
the configuration file; "ae 22" may be a particular interface
defined in the configuration file; "aggregated-ether-op-
tions" is a keyword referring to a set of options available
for any Ethernet segment; and "send-to-all-members" is
a keyword that enables the option to spray the OAM pack-
et to all member links.
[0032] Entering the above CLI command will initiate a
configuration of forwarding operations for one or more of
the CE routers 18. For example, the forwarding structures
are pushed down to (i.e., installed within) a forwarding
plane of each of the CE routers 18 for forwarding packets
including packet frames under operations, administra-
tion, and management (OAM) protocol. Several such ex-
ample forwarding operations are described below to il-
lustrate the techniques of the disclosure. Specifically, one
example described below is the configuration of next
hops in the context of next hop chaining while forwarding

packets. Yet another example described below is the
configuration of multicast next hops for multicasting.
However, the techniques of the disclosure are not limited
to these particular examples. The techniques of the dis-
closure are applicable to any situation in which forward-
ing structures are pushed down from the control plane
to and installed within forwarding hardware of the for-
warding plane of each of the CE routers 18, regardless
of whether the forwarding structures are forwarding next
hops, interfaces, or other forwarding structures. For ex-
ample, the techniques may also apply to automatically
sensing some condition at the time packets are received,
and based on the sensed condition, forming the interfac-
es on which to output replicated OAM packets. The tech-
niques may therefore be applicable to any CE router that
sprays OAM packets.
[0033] As one example, a forwarding structure control
module executing within a kernel of the control plane of
each of CE routers 18 may be configured with data spec-
ifying the different types of forwarding hardware compo-
nents installed (e.g., chipset type) within the forwarding
plane of each of the CE routers 18. Based on this infor-
mation, the forwarding structure control module provides
different information to the forwarding components de-
pending on the chipset type and the chipsets native sup-
port for different forwarding operations. Examples of pro-
viding different information to forwarding components
based on first, second, or third generation chipsets are
described in U.S. Patent 7,990,993, entitled "PLAT-
FORM-INDEPENDENT CONTROL PLANE AND LOW-
ER-LEVEL DERIVATION OF FORWARDING STRUC-
TURES," the contents of which is incorporated herein by
reference.
[0034] In this case, any of CE routers 18 having for-
warding hardware based on "first-generation chipsets"
(e.g., chipsets that do not support flooding next hop iden-
tifiers) are configured with a lower-level component re-
ferred to herein as a forwarding structure control module.
The forwarding structure control module operates at a
lower-level of the control plane for each of CE routers 18
and configures the "OAM flooding next hops" from the
flooding next hop identifiers on behalf of the high-level,
control plane software. For example, the lower-level for-
warding structure control module of CE router 18A de-
rives the particular next hops by first performing flood list
expansion to logically expand the flooding next hop iden-
tifiers maintained by the high-level control plane software
into the complete list of next hops within the L2 network.
For example, with respect to forwarding OAM packet
frames from CE router 18A, the forwarding structure con-
trol module may expand a flooding next hop identifier
FNH1 to the set of actual next hops {NH1 and NH2} rep-
resenting neighboring devices PE 12A and PE 12B. In
other words, forwarding structure control module may
expand a flooding next hop identifier to next hops repre-
senting devices within the same Ethernet segment of the
CE router.
[0035] Continuing the example from above, if the sys-
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tem determines that OAM packets are to be forwarded,
the lower-level forwarding structure control module mod-
ifies the forwarding information produced by the upper-
level, control plane software to replace the flooding next
hop identifier FNH1 within the forwarding information with
a set of specific next hops {NH1 and NH2}. Alternatively,
the forwarding structure control module may modify the
forwarding information to replace the flooding next hop
identifier FNH1 within the forwarding information with a
different identifier, i.e., a OAM packet flooding next hop
identifier, that indexes data specifying the set of specific
next hops {NH1 and NH2}.
[0036] As described in further detail below, a one-to-
one relationship may exist between the interfaces and
the next hops, even in the case that the L2 router includes
a plurality of packet forwarding engines, and the lower-
level components responsible for OAM packet flooding
next hops map the interfaces to next hops according to
an index. Based on this information, the lower-level for-
warding structure control module may configure OAM
packet flooding next hops to which to forward OAM pack-
et frames for each interface associated with a given pack-
et forwarding component of the device. For example, the
lower-level forwarding structure control module may de-
termine which next hop corresponds to each interface
based on this one-to-one relationship. The forwarding
structure control module then configures the complete
list of OAM packet flooding next hops for each interface.
[0037] For example, if interfaces I1 and I2 of CE router
18A correspond to next hops PE 12A and PE 12B, re-
spectively, the end result of the configured OAM packet
flooding next hops may be the following routes: 

[0038] where FNH1- FNH2 are flooding next hop iden-
tifiers used in forwarding information in association with
interfaces based on an index, and where each configured
set {...} contains the list of specific next hops to which to
flood OAM packet on that interface.
[0039] The lower-level forwarding structure control
module of each of the CE routers 18 selectively updates
the forwarding information to map each of the interfaces
to the respective configured OAM packet flooding next
hops, and the updated forwarding information is then in-
stalled within the appropriate hardware components of
the packet forwarding engine(s) of the CE router.
[0040] FIG. 2 is a block diagram illustrating an example
routing node 20 that creates forwarding structures to be
installed in a forwarding plane in accordance with the
principles described herein. Routing node 20 may com-
prise a router such as one of CE routers 18 of FIG. 1. In
this example, routing node 20 includes a control unit 22
that includes a routing engine 26 that provides control
plane functionality for the device. Routing node 20 also

includes a plurality of packet forwarding engines 30A-
30N ("PFEs 30") and a switch fabric 28 that collectively
provide a data plane for forwarding network traffic. PFEs
30 receive and send data packets via interface cards
31A-31N ("IFCs 31") and IFCs 32A-32N ("IFCs 32"). In
other examples, each of PFEs 30 may comprise more or
fewer IFCs. Although not shown, PFEs 30 may each com-
prise a central processing unit (CPU) and a memory.
Switch fabric 28 provides a high-speed interconnect for
forwarding OAM packet frames to the correct one of PFEs
30 for transmission over a network.
[0041] Routing engine 26 provides control plane func-
tions storing network topology in the form of routing ta-
bles, executing routing protocols to communicate with
peer routing devices, and maintaining and update the
routing tables. Routing engine 26 also provides a man-
agement interface to allow user access and configuration
of routing node 20.
[0042] Routing engine 26 is connected to each of PFEs
30 by a dedicated internal communication link 34. For
example, dedicated link 34 may comprise a 200 Mbps
Ethernet connection. Routing engine 26 maintains rout-
ing information that describes a topology of a network,
and derives a forwarding information base (FIB) in ac-
cordance with the routing information. In general, the
routing information represents the overall topology of the
network and defines routes to destinations / prefixes with-
in the network. In contrast, the forwarding information is
generated based on selection of certain routes within the
network and maps packet key information (e.g., destina-
tion information and other select information from a pack-
et header) to one or more specific next hops and ulti-
mately to one or more specific output interfaces of IFCs
31, 32. Routing engine 26 may install forwarding infor-
mation from the FIB into each of PFEs 30 to control for-
warding of traffic within the data plane. This allows the
FIB in each of PFEs 30 to be updated without degrading
packet forwarding performance of routing node 20.
[0043] Based on the stored FIBs, PFEs 30 flood copies
of each OAM packet frame to a plurality of next hops
associated with the same layer two (L2) network as the
interface on which a CE router 18 is connected.
[0044] Routing node 20 may have one or more packet
forwarding engines 30 or other hardware components
that are not configured for OAM packet flooding. In this
case, the packet forwarding engine does not recognize
flooding next hop identifiers and must be configured by
control unit 22 with forwarding information that maps an
ingress port to a specific plurality of next hops in the serv-
ice provider network 10 to which to flood the OAM packet.
For example, PFE 30A may comprise a first generation
chipset that requires that the FIB installed by control unit
22 to specify a plurality of next hops to which to flood
copies of OAM packets, because it is not capable of con-
figuring the plurality of next hops to which to flood the
copies of the OAM packets from a single flooding next
hop identifier.
[0045] Nevertheless, the high-level control plane soft-

11 12 



EP 3 188 409 A1

8

5

10

15

20

25

30

35

40

45

50

55

ware executing within routing engine 26 utilizes the log-
ical construct of a flooding next hop identifier when gen-
erating the FIB. A forwarding structure control module
operative below the high-level control plane software per-
forms flood list expansion as well as generation and in-
stallation of forwarding information in the necessary for-
mat to specify all individual next hops to which to flood
OAM packet frames.
[0046] A one-to-one relationship may exist between
the interfaces of IFCs 31, 32 and the elemental unicast
next hops within the L2 network, and the forwarding struc-
ture control module responsible for configuration of the
OAM packet flooding next hops maps the interfaces to
next hops according to an index. The lower-level forward-
ing structure control module determines which next hop
corresponds to each interface based on this one-to-one
relationship. The forwarding structure control module
then configures the complete list of OAM packet flooding
next hops for each ingress interface by adding the next
hop that corresponds to each ingress interface from a
set of all next hops associated with the domain. The low-
er-level forwarding structure control module of routing
engine 26 selectively updates the forwarding information
to map each of the interfaces to the respective configured
OAM packet flooding next hops, and the updated for-
warding information is then installed within the appropri-
ate packet forwarding engine 30.
[0047] In another example, each PFEs 30 of the L2-
enabled device, such as each of the CE routers 18, is
configured with a ’slave’ forwarding structure control
module to internally configure OAM packet flooding next
hops based on next hop information provided by the
’master’ forwarding structure control module executing
with control unit 22. In this example, the ’slave’ forwarding
structure control module of the forwarding components
may follow a similar method for configuring the OAM
packet flooding next hops using the one-to-one corre-
spondence between the interfaces and next hops to add
the next hop that corresponds to each ingress interface
from a set of all next hops within the domain.
[0048] In other examples, PFEs 30 may have second-
or third-generation chipsets that may not require that the
forwarding information specify the plurality of next hops
to which to flood copies of the OAM packet. Rather, the
second- or third-generation chipsets may be capable of
determining the plurality of next hops to which to flood
the copies of the OAM packet "on-the-fly" from a single
flooding next hop that represents all of the next hops
within the L2 network. For example, the second- or third-
generation chipsets may identify the ingress interface of
a packet, on-the-fly prior to flooding the OAM packet, and
add the next hop associated with each interface from the
set of next hops associated with the domain.
[0049] Thus, different PFE chipsets within CE router
18A may apply different techniques for OAM packet
flooding. The forwarding structure control module exe-
cuting within routing engine 26 may be configured with
data specifying the type of chipset for each of PFEs 30.

As a result, the forwarding structure control module may
provide forwarding information in different formats to the
PFEs 30 depending on the chipset type. This allows each
of PFEs 30 to obtain OAM packet flooding next hops
according to its own functionality for use in OAM packet
forwarding. In this manner, high-level software protocols
(not shown) running above the operating system within
control unit 22 may be unaware of the different flooding
techniques being used at the packet forwarding level.
This allows high-level control plane software executing
on within the L2-enabled routing node 20 (such as L2/L3
routing protocols) to utilize flooding next hop identifiers
to more easily maintain network topology information and
forwarding information. With the same abstraction being
seamlessly presented to the high-level control plane soft-
ware in this manner, it may be easier to program the high-
level control plane software with respect to this consistent
abstraction. These techniques may allow for better scal-
ing when interfaces fail, join, or leave the EVPN domain.
[0050] Control unit 22 may be implemented solely in
software, hardware, firmware or as a combination. For
example, control unit 22 may include one or more proc-
essors that execute software instructions. In that case,
the various software modules of control unit 22 may com-
prise executable instructions stored on a computer-read-
able storage medium, such as computer memory or hard
disk.
[0051] FIGS. 3A-3B are block diagrams illustrating
routing engine 26 and packet forwarding engine 30A of
routing node 10 of FIG. 2 in further detail. Routing engine
26 includes high-level, control plane routing protocols
40A-40N ("routing protocols 40"). In the example of FIGS.
3A and 3B, routing protocols 40 include EVPN 40A, OAM
40B and BGP 40N. Routing engine 26 may include other
routing protocols not shown in FIGS. 3A and 3B. Routing
protocols 40 interact with kernel 42 to update routing in-
formation base (RIB) 44 based on routing protocol mes-
sages received by routing node 20. In response, kernel
42 generates forwarding information in the form of FIBs
46A-46N based on the network topology represented in
RIB 44. Kernel 42 then programs PFEs 30 to install cop-
ies of the FIBs as FIBs 48A-48N within their respective
data plane 50, i.e., packet forwarding components having
specialized forwarding chipsets.
[0052] As described above, PFE 30A may comprise a
first-generation chipset that requires that installed for-
warding information specify the particular plurality of next
hops to which to flood copies of OAM packets. In this
case, routing engine 26 programs PFE 30A to store FIB
48A. FIB 48A includes forwarding information describing
interfaces and corresponding next hops to which OAM
packets should be forwarded on the interfaces.
[0053] When invoked, forwarding structure control
module 52 processes the forwarding information within
FIBs 46 to replace the flooding next hop identifiers as
necessary. For example, for each flooding next hop, the
forwarding structure control module 52 may first deter-
mine the next hop that corresponds to the respective in-
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put interface using an index assignment based on the
one-to-one relationship between elemental unicast next
hops (as opposed to flooding next hops) and interfaces.
For example, the one-to-one relationship may be as fol-
lows: 

where N1 and N2 may represent the next hops to PE
routers 12A and 12B, respectively.
Thus, there is a duality between interfaces and next hops
in that what is modeled as an interface on packet ingress
is modeled as a next hop on packet egress. In other
words, each interface Ii denotes an ingress port for which
Ni is the corresponding egress port.
[0054] Forwarding structure control module 52 may
then insert the complete list of next hops for which to
flood OAM packet for each ingress interface. Alternative-
ly, forwarding structure control module 52 may produce
additional forwarding information storing the derived list
of OAM packet flooding next hops and replace the flood-
ing next hop label with a new label NF1- NF2 mapped to
the respective list OAM packet flooding next hops: 

Forwarding structure control module 52 then updates
FIBs 46 as necessary based on the capabilities of the
underlying PFEs 30, i.e., their ability to support flooding
next hop identifiers. Kernel 42 then installs FIBs 48 to
PFEs 30. In this manner, routing protocols 40 need not
maintain the routing information of RIB 44 to expressly
generate and store all of the routes to which to flood OAM
packet frames.
[0055] In other examples, the packet forwarding func-
tionality may be distributed among interface cards (IFCs)
31 and 32 (FIG. 2). In this case, routing engine 26 may
similarly perform the OAM packet flooding next hop de-
termination, and provide the flooding next hops to packet
forwarding components in each of IFCs 31, 32.
[0056] In some examples, routing node 20 may addi-
tionally include second- or third-generation packet for-
warding engine technology. For example, one or more
of PFEs 30 may comprise PFE chipsets capable of iden-
tifying the interface, from which a packet ingressed, on-
the-fly prior to flooding the OAM packet, and adding the
next hop of each interface from the set of next hops as-
sociated with the domain. Thus, different PFEs 30 of rout-
ing node 20 may apply different techniques for OAM
packet flooding.
[0057] Forwarding structure control module 52 of rout-
ing engine 26 may provide FIBs 48A-48N that are tailored

to the requirements of respective PFEs 30A-30N. For
example, where PFE 30A is a first-generation chipset
and PFE 30N is a third-generation chipset, routing engine
26 may generate FIB 48A differently than FIB 48N ac-
cording to the specific OAM packet next hop functionality
of the FIBs 48. The techniques of this disclosure may
allow routing node 20 to present a unified, seamless ab-
straction of OAM packet flooding such that routing pro-
tocols 40 are unaware of the different flooding techniques
being used at the packet forwarding level. This may be
easier to program to, and may allow for better scaling
when interfaces fail, join, or leave the EVPN domain.
[0058] An alternative example in which PFE 30A inter-
nally determines the OAM packet flooding next hops will
now be described with respect to FIG. 3B. Forwarding
structure derivation module 54 of PFE 30A may operate
as a ’slave’ forwarding structure control module based
on information provided by the ’master’ forwarding struc-
ture control module 52 of routing engine 26. Forwarding
structure OAM configuration module 56 of PFE 30A may
obtain routes and next hops from forwarding structure
control module 52 of routing engine 26, e.g., via FIB 46A.
For example, forwarding structure OAM configuration
module 56 may obtain the following routes and next hop
information from FIB 46A: 

where I1-I2 are interfaces of PFE 30A having indices 1-2,
and where FNH is a flooding next hop that represents
the set of N1-N2 individual distinct next hops, and where
{SH} is a next hop action identifier that specifies the re-
quirement that the next-hops should conform to spraying
the OAM packet. Alternatively, the information obtained
from FIB 46A may be expressed as follows:

depending on the details of the implementation.
[0059] In one example, forwarding structure OAM con-
figuration module 56 of PFE 30A is able to derive the set
of OAM packet flooding next hops for each of interfaces
I1-I2 based on ingress interface information received
from forwarding structure control module 52 of routing
engine 26.
[0060] Forwarding structure OAM configuration mod-
ule 56 then derives an OAM packet flooding next hop for
each interface by adding the next hop that corresponds
to all ingress interfaces from the set of next hops of NF.
Forwarding structure OAM configuration module 56 may
update FIB 48A as necessary to store the configured

TABLE 1

Routes NHs NH Action Identifier

{I1, I2 } {FNH} {SH}
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OAM packet next hop for each interface. Each of PFEs
30 that comprises a first-generation chipset may include
a corresponding ’slave’ forwarding structure OAM con-
figuration module 56 that receives information from ’mas-
ter’ forwarding structure control module 52 and operates
accordingly to internally derive OAM packet flooding next
hops for the respective ones of PFEs 30. In addition,
forwarding structure control module 52 may generate
FIBs 48 differently depending on the type of chipset in-
cluded within PFE 30.
[0061] Forwarding structure OAM configuration mod-
ule 56 may obtain indices for the new OAM packet flood-
ing next hops. The indices of the new OAM packet flood-
ing next hops are consistent across all of PFEs 30. This
may be achieved in a variety of ways. Each of the PFEs
30 can follow the process described above to generate
the same forwarding lists, but the PFEs 30 need to agree
on the next hop indices NFn assigned to the lists. As one
example, forwarding structure OAM configuration mod-
ule 56 within one of PFEs 30 may do an upcall to for-
warding structure control module 52 within kernel 42 of
routing engine 26 to request that an index be assigned
for one or more configured OAM packet flooding next
hop lists (e.g., {N1, N2}). When forwarding structure con-
trol module 52 receives such a request for a OAM packet
flooding next hop list for the first time, forwarding structure
control module 52 allocates an index and forms a cache
of the corresponding mapping of list to index. When any
other PFE 30 asks for an index for OAM packet flooding
next hop list for which an entry is already present in the
cache (i.e., another PFE 30 has already asked for an
index for that list), forwarding structure control module
52 refers to the cache and returns the index for that OAM
packet flooding next hop list according to the mapping.
In this manner, when forwarding structure control module
52 has seen the same OAM packet flooding next hop
before, forwarding structure control module 52 assigns
the same index as was assigned before. If forwarding
structure control module 52 has not seen the OAM packet
flooding next hop before, forwarding structure control
module 52 assigns a new index. This ensures that all of
PFEs 30 have the same value for the next hop indices
for OAM packet flooding.
[0062] After the OAM packet flooding next hops are
determined and assigned indices, RE interface module
54 may provide the new OAM packet flooding next hops
to forwarding structure control module 52 of routing en-
gine 26. Forwarding structure control module 52 updates
the routes within RIB 44 and generates new FIBs 46. The
updated routes map each of the interfaces to the respec-
tive determined OAM packet flooding next hop, which
associates all of the interfaces with the same flooding
next hop. Forwarding structure control module 52 installs
FIBs 48 to PFEs 30 in accordance with FIBs 46.
[0063] As another example, the determination of OAM
packet flooding next hop described above may be per-
formed by forwarding structure control module 52 in ker-
nel 42 of routing engine 26. Since routing engine 26 is a

central node with respect to each of PFEs 30, forwarding
structure control module 52 of routing engine 26 may
keep track of which indices are provided for each flooding
next hop.
[0064] FIGS. 4A-4B are block diagrams illustrating ex-
ample forwarding information bases (FIBs) 60A and 60B
maintained by PFEs 30 in the form of radix trees. FIB
60A of FIG. 4A is a representation of a FIB that may be
generated and installed within a PFE having a first-gen-
eration chipset (e.g., PFE 30A), and FIB 60B is a repre-
sentation of a FIB that may generated and installed within
in a second- or third-generation chipset (e.g., PFE 30N).
FIBs 60A-60B includes forwarding information for each
interface of PFEs 30A and 30N by identifying next hop(s)
to which an OAM packet should be forwarded on the
interface. For example, nodes of the radix tree of FIB 60A
have been generated to include data specifying OAM
packet flooding next hop identifiers NF1-NF4: 

where NF1-NF2 correspond to OAM packet flooding next
hop forwarding lists as described above (e.g., {N1, N2}).
[0065] In addition, FIB. 60A has been generated to in-
clude data external to the radix tree that stores the spe-
cific next hops to which to flood OAM packets. That is,
the pointer for the node associated for the first interface
I1 includes the OAM packet flooding next hop identifier
NF1, which points to a data set specifying next hops {NH1
and NH2}. In this manner, the forwarding information of
FIB 60A includes all information for OAM packet flooding
without placing any burden on the PFE for on-the-fly de-
termination.
[0066] In contrast, FIB 60B utilizes flooding next hop
identifiers. In this case, the nodes of the radix tree cor-
responding to all interfaces I1-I2 include a single flooding
next hop identifier FNH to logically represent that OAM
packet frames for those interfaces are to be flooded on
the corresponding L2 network: 

[0067] Thus, FIB 60B may utilize fewer identifiers and
occupy less memory resources. Moreover, the routing
protocols and other higher-level software of the routing
engine need not be configured to handle the complexities
of generating the routing and forwarding information in
compliance with the OAM protocol. When forwarding traf-
fic, the PFE using second-generation chipsets processes
FIB 60B on-the-fly to (i.e., at the time of forwarding traffic)
to derive the specific next hops to which to flood the OAM
traffic.
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[0068] FIG. 5 is a flowchart illustrating an example
OAM packet forwarding operation and example opera-
tion of PFE 30A and routing engine 26 of routing node
20. For purposes of example, FIG. 5 will be described
with respect to the example in which the determination
of OAM packet hops is performed at the control plane of
routing engine 26. In this example, after configuration of
the command line interface for one of the CE routers 18,
such as CE router 18A, the configured CE router may
initiate the OAM packet forwarding process by determin-
ing that the forwarding packet is an OAM packet (70).
For example, Connectivity Fault Management (CFM)
frames in accordance with the OAM protocol may include
packet frames based on a particular EtherType value
(0x8902) or dMAC address standardized by Institute of
Electrical and Electronics Engineers (IEEE) 802.1ag and
International Telecommunication Union - Telecommuni-
cation Standardization Sector (ITU-T) Y.1731 standards,
herein incorporated by reference in their entirety. Each
of the CE routers 18 may first determine a forwarding
packet’s EtherType value or dMAC address. If the Ether-
Type value or dMAC address matches the standard as
defined in IEEE 802.1ag or ITU-T Y.1731, an OAM packet
is determined and the OAM packet forwarding process
is initiated.
[0069] In response to determining an OAM packet for
forwarding, the OAM packet frame is replicated in prep-
aration for forwarding the replicated OAM packet to all
links associated with the CE router (71). For example,
upon recognizing the forwarding packet is in accordance
with the OAM protocol, routing node 20 may replicate the
OAM packet for forwarding.
[0070] After route resolution and prior to installation of
forwarding information within the underlying PFEs, ker-
nel 42 seamlessly invokes forwarding structure control
module 52 to process and modify FIB 46A based on the
capabilities of PFE 30A (72). As discussed, a one-to-one
relationship exists between the interfaces and the ele-
mental unicast next hops. Based on this information, for-
warding structure control module 52 of routing engine 26
processes the forwarding information to identify any use
of flooding next hop identifiers, performs flood list expan-
sion to logically expand the flooding next hop identifiers
maintained by the high-level control plane software into
the complete list of next hops within the L2 network, and
determines the particular OAM packet flooding next hops
to add a next hop associated with the input interface (73).
For example, forwarding structure control module 52 de-
termines a next hop that corresponds to each interface
based on the one-to-one relationship. Forwarding struc-
ture control module 52 then determines an OAM packet
flooding next hop for each interface by adding the next
hop that corresponds to each ingress interface from the
set of next hops of the flooding next hop identifier asso-
ciated with the domain.
[0071] Forwarding structure control module 52 may
then modify the forwarding information to replace the
flooding next hop identifier with the full, determined list

of OAM packet next hops (74). Alternatively, forwarding
structure control module 52 may modify the forwarding
information to replace each flooding next hop identifier
with a corresponding OAM packet flooding next hop iden-
tifier that indexes a list of the particular OAM packet next
hops stored external to the radix tree. Forwarding struc-
ture control module 52 then communicates FIBs 48 to
RE interface module 54 for installation within the respec-
tive data plane 50 of PFEs 30 (75).
[0072] As another example, the techniques described
herein may also apply to derivation of multicast next hops.
Referring to FIG. 1, in some examples, system 2 may be
used to distribute multicast communications of OAM
packets. For example, service provider network 10 may
provide multicast services to allow CE router 18A to mul-
ticast OAM packets to PE routers 12. Referring to FIG.
3, routing protocols 40 may also include multicast proto-
cols, such as Protocol Independent Multicast (PIM), In-
ternet Group Management Protocol (IGMP), or other pro-
tocol for use in multicast communication.
[0073] PFEs 30A-30N and switch fabric 28 of routing
node 20 may have different capabilities and limitations
with regard to multicast communication, depending on
the underlying forwarding hardware architecture. For ex-
ample, some routing nodes 20 may not have a switch
fabric 28, while other routing nodes 20 may have a switch
fabric 28 as shown in FIG. 2. In accordance with the prin-
ciples of the disclosure, in some aspects, forwarding
structure control module 52 is aware of the underlying
architecture of routing node 20 in this regard, and pro-
vides multicast distribution trees to each of PFEs 30 that
are tailored to the requirements of the forwarding plane
architecture of routing node 20. In another aspect, PFEs
30 are themselves aware of requirements of the forward-
ing plane architecture, and make requests (e.g., upcalls)
to forwarding structure control module 52 to obtain one
or more appropriate multicast distribution trees.
[0074] FIG. 6 is a block diagram illustrating an example
chassis 129 implementing multicast replication for OAM
packet forwarding. In the example shown in FIG. 6, an
OAM packet is to be forwarded from PFE 130A, and cop-
ies of the OAM packet are output from interfaces B-F of
PFEs 130B-130C of the routing node. The principles of
this disclosure may apply, for example, in the situation
in which a routing node having a switch fabric performs
multicast replication.
[0075] In some implementations of routing nodes hav-
ing other types of forwarding plane architectures, the
routing node may not have a switch fabric, or the switch
fabric may be an "active" fabric that performs the multi-
cast replication in the switch fabric, or multicast replica-
tion may be performed through a mechanism that sends
the packet for replication to two other PFEs determined
dynamically. Instead, routing engine 26 may create ge-
neric forwarding information and store this generic for-
warding information to FIB 46A. For example, the generic
forwarding information may be expressed as follows:
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[0076] This abstract, generic forwarding information
states that packets destined for particular routes {I1, ... ,
IN} should be replicated and sent out to next hops {I1, ... ,
IN}. The NH action identifier identifies that the action of
next hop "replicate" should be applied, i.e., multicast rep-
lication should be performed. Based on the generic for-
warding information of FIB 46A provided by the upper-
level software, kernel 42 invokes forwarding structure
control module 52 to create a multicast replication tree
that takes into account the limitations of the underlying
forwarding plane architecture.
[0077] Alternatively, forwarding structure OAM config-
uration module 56 of one of PFEs 30 initiates creation of
the multicast distribution tree based on the generic for-
warding information provided by the higher-level soft-
ware process (e.g., a multicast protocol or a routing pro-
tocol). In this case, forwarding structure OAM configura-
tion module 56 may make upcalls to forwarding structure
control module 52 to obtain information such as indices,
and forwarding structure control module 52 keeps track
of the information doled out to PFEs 30.
[0078] In this way, the techniques of the disclosure al-
low routing engine 26 to maintain an abstract view of the
forwarding information that it creates for FIB 46A without
requiring any knowledge of the limitations of the under-
lying forwarding plane architecture. Thus, routing proto-
cols 40 may create and store generic forwarding infor-
mation even when such forwarding information is not in
a form that is optimal for use by one or more of PFEs 30.
Routing engine 26 therefore need not be concerned with
the underlying intricacies of forwarding plane architec-
ture, but rather is platform-independent for purposes of
OAM packet forwarding.
[0079] Moreover, the techniques described herein are
not limited to derivation of next hops, but may also apply
to derivation of interfaces or other forwarding structures.
For example, the techniques may also apply to automat-
ically sensing some condition on the fly, and based on
the sensed condition, forming the interfaces on which to
forward OAM packets.
[0080] FIG. 7 is a block diagram illustrating another
example network system 200 in which a customer edge
router sprays OAM traffic in accordance with service in-
stances within a maintenance association and domain in
accordance with the principles of the techniques of this
disclosure. In accordance with techniques described in
this disclosure, one or more users or administrators of
service provider network 210 may also establish various
abstractions useful for managing maintenance opera-
tions for particular associations and domains. In other
words, OAM packet forwarding may be configured to

TABLE 9

Routes NHs NH Action Identifier

{I1,..., IN} {I1,..., IN} {Replicate}

spray OAM packets in accordance to maintenance end
points (MEPs) designated within the same maintenance
associations MA and maintenance domains MD.
[0081] For example, the administrators may establish
a Maintenance Domain (MD) specifying that PE routers
212 of a given Ethernet segment, such as Ethernet seg-
ments 214A and 214B, support CFM maintenance oper-
ations and are configured with the same MD identifier
that uniquely identifies a particular MD, such as the MD
identifier configured on CE routers 218. In other words,
the MD specifies the network or part of the particular do-
main for which faults in connectivity may be managed
and/or observed.
[0082] The administrators may further sub-divide the
MD into one or more Maintenance Associations (MA). A
MA may represent a logical grouping that generally com-
prises a set of those CE routers 218 included within the
MD and established to verify the integrity of a single serv-
ice instance. A service instance may, for example, rep-
resent a portion, e.g., network devices, of a provider net-
work that a given customer can access to query a status
of services delivered for that customer. In the example
of FIG. 7, CE router 218B and PE routers 212A and 212B
may form MA 223. To establish a MA, the administrators
may configure a respective one of Maintenance associ-
ation End Points (MEP) 217A-217D ("MEPs 217") within
each of CE routers 218 and PE routers 212. In this case,
MEP 217B, MEP 217C, and MEP 217D may be config-
ured as MA 223. Each of MEPs 217B, 217C, and 217D
may represent an actively managed CFM entity that gen-
erates and receives CFM Payload Data Units (PDUs)
and tracks any responses. In other words, each of MEPs
217B, 217C, and 217D represents an endpoint of the
same MA, such as MA 223.
[0083] The administrators may, when establishing the
MA, define an MA identifier (MAID) and an MD level. The
identifier may comprise an identifier that uniquely identi-
fies the MA within the MD. The MA identifier may com-
prise two parts, the MD name assigned to the MD in which
the MA resides and a MA name. The MD level may com-
prise an integer. The administrators may then, when con-
figuring MEPs 217, associate MEPs 217 to MA 223 by
configuring MEPs 217 with the same MA identifier that
identifies MA 223 and the same MD level. In this respect,
the MA identifier comprises the set of MEPs 217, each
configured within the same MAID and MD level, estab-
lished to verify the integrity of a single service instance.
[0084] In any event, once configured in this manner,
MEPs 217 may each detect both connectivity failures and
unintended connectivity between service instances. For
example, MEP 217B at CE router 218B may periodically
transmit a Connectivity Check Message (CCM) announc-
ing the identity and configured MD level. MEP 217B may
multicast this message to each of MEPs 217C and 217D
included within the same MD level. Each of MEPs 217C
and 217D may track the CCMs received from MEP 217B,
to determine connectivity faults and unintentional con-
nectivity. For example, MEP 217C may detect a connec-
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tivity fault by determining, based on received CCMs from
CE router 218B, a list of connected MEPs and comparing
this list to a list of those MEPs within the same MD level.
If the list of connected MEPs includes less MEPs than
those expected or configured within each of MEPs 217,
then the MEPs 217 may determine that CE router 218B
lacks a desired connectivity. This use of lists is one ex-
ample way of implementing connectivity checks, and the
techniques of this disclosure should not be limited in this
respect.
[0085] As another example, MEPs 217 at PE routers
212 may detect a connectivity fault based on a loss of
received CCMs. In some instances, MEP 217B at CE
router 218B may maintain a threshold by which to deter-
mine whether a connectivity fault occurs. The threshold
may be configurable by an administrator. In any case,
MEPs 217C and 217D may monitor receipt of CCMs from
MEP 217B. MEPs 217C and 217D may determine a
length or interval of time between receipt of successive
CCMs from MEP 217B and compares this interval to the
threshold, if only one threshold is maintained, or the cor-
responding one of a plurality of thresholds, in instances
where the MEP maintains a threshold for each MEP. If
the interval exceeds the threshold, the MEPs 217 may
determine that MEP 217B lacks a desired connectivity.
If the interval does not exceed the threshold, the MEPs
217C and 217D determine that MEP 217B is connected.
[0086] In some instances, each of MEPs 217 may im-
plement the plurality of thresholds as a timer that is con-
tinually reset upon receipt of a CCM sprayed from MEP
217B at CE router 218B. In these instances, each of
MEPs 217C and 217D may reset the timer to the thresh-
old value upon receipt of a CCM sprayed from a corre-
sponding one of MEPs 217. The threshold value may be
configurable by an administrator. If the timer reaches ze-
ro, the MEP may determine that a corresponding one of
MEPs 217 lacks the desired connectivity. While a number
of examples are described herein by which to determine
a connectivity fault, the techniques of this disclosure
should not be limited to any one of the above examples.
Instead, the techniques described herein may be imple-
mented by a network device to detect a fault based on a
sprayed CCM. MEPs 217 may execute the continuity
check protocol to automatically, e.g., without any admin-
istrator or other user oversight after the initial configura-
tion, exchange these CCM messages according to a con-
figured or, in some instances, set period. MEPs 217 may,
in other words, implement the continuity check protocol
to perform fault detection.
[0087] FIG. 8 is a block diagram illustrating another
example network system 300 that implements OAM
packet forwarding for a multi-chassis link aggregation
control protocol in accordance with one or more tech-
niques of the present disclosure. The multi-homed setup
in FIG. 8 may further configure the CE routers 318 and
PE routers 312 to aggregate links 316A, 316A’, 316B,
and 316B’ to form multi-chassis link aggregation group
(MC-LAG) 315A and 315B. MC-LAG is an extension of

LAG that enables inter-chassis (which may be consid-
ered "inter-device" for practical purposes) coordination
of link aggregation (LA). In other words, MC-LAG enables
two chassis or devices to communicate with one another
to support LAGs that span chassis.
[0088] For instance, LAG modules 325A, 325B, and/or
325C may utilize LACP to attach interfaces of PE routers
312A, 312B, and CE routers 318A, and 318B to an ag-
gregator associated with MC-LAG 315A and 315B and
modify the default configuration of the interfaces in ac-
cordance therewith. MCLAG 315A and 315B may enable
CE routers 318 and PE routers 312 to more efficiently
utilize links 316 by treating links 316 as a single logical
link. In forming LAGs 315A and 315B, CE routers 318
may configure the virtual port that aggregates underlying
physical ports of CE routers 318 that are coupled to links
316. CE routers 318 may then transparently send traffic
via the active one of links 316 via the virtual port and
perform L2 learning with respect to the virtual port rather
than the underlying physical ports (where the term "trans-
parently" refers to the aspect of LAG in which the access
device itself is unaware of the underlying physical ports
and views LAGs 315A or 315B as a single port in terms
of L2 switching, L2 learning and other L2 operations).
[0089] For instance, CE router 318A may send data to
service provider network 310 using MC-LAG 315A and
the transmission may be distributed between links 316A
and 316B, thereby increasing throughput between serv-
ice provider network 310 and CE router 318A. However,
as an aggregated link, failure detection of each link re-
quires spraying an OAM packet on each of the aggregat-
ed links. In accordance with the techniques of this dis-
closure, OAM packets may also be forwarded on each
individual link within an aggregated set of links of an MC-
LAG configuration.
[0090] The techniques described in this disclosure
may be implemented in hardware or any combination of
hardware and software (including firmware). Any fea-
tures described as units, modules, or components may
be implemented together in an integrated logic device or
separately as discrete but interoperable logic devices. If
implemented in hardware, the techniques may be real-
ized in a processor, a circuit, a collection of logic ele-
ments, or any other apparatus that performs the tech-
niques described herein. If implemented in software, the
techniques may be realized at least in part by a non-
transitory computer-readable storage medium or com-
puter-readable storage device encoded with, having
stored thereon, or otherwise comprising instructions that,
when executed, cause one or more processors, such as
programmable processor(s), to perform one or more of
the methods described above. The non-transitory com-
puter-readable medium may form part of a computer pro-
gram product, which may include packaging materials.
The non-transitory computer-readable medium may
comprise random access memory (RAM) such as syn-
chronous dynamic random access memory (SDRAM),
read-only memory (ROM), nonvolatile random access
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memory (NVRAM), electrically erasable programmable
read-only memory (EEPROM), FLASH memory, mag-
netic or optical data storage media, and the like. The
techniques additionally, or alternatively, may be realized
at least in part by a computer readable communication
medium that carries or communicates code in the form
of instructions or data structures and that can be ac-
cessed, read, and/or executed by a computer. For ex-
ample, instructions may be obtained and/or read from a
transitory computer readable medium, such as a carrier
wave, a signal or any other suitable transitory medium.
[0091] The code may be executed by one or more proc-
essors, such as one or more digital signal processors
(DSPs), general purpose microprocessors, application
specific integrated circuits (ASICs), field programmable
logic arrays (FPGAs), or other equivalent integrated or
discrete logic circuitry. Accordingly, the term "processor,"
as used herein, may refer to any of the foregoing struc-
tures or any other structure suitable for implementation
of the techniques described herein. Likewise, the term
"control unit," as used herein, may refer to any of the
foregoing structures or any other structure suitable for
implementation of the techniques described herein. In
addition, in some aspects, the functionality described
herein may be provided within dedicated software and
hardware units configured to perform the techniques of
this disclosure. Depiction of different features as units is
intended to highlight different functional aspects of the
devices illustrated and does not necessarily imply that
such units must be realized by separate hardware or soft-
ware components. Rather, functionality associated with
one or more units may be integrated within common or
separate hardware or software components.
[0092] In addition to or as an alternative to the above,
the following examples are described. The features de-
scribed in any of the following examples may be utilized
with any of the other examples described herein.
[0093] Example 1. A method comprising: determining,
by a multi-homed customer edge (CE) router coupled by
an intermediate network to a plurality of provider edge
(PE) routers that provide an active-active configuration
for an Ethernet Virtual Private Network (EVPN), whether
a packet that is to be forwarded is an operations, admin-
istration, and management (OAM) packet; in response
to determining that the packet comprises an OAM packet,
replicating, by the CE router, the OAM packet for one or
more interface links of an Ethernet segment associated
with the CE router; configuring forwarding instructions to
the one or more interface links of the Ethernet segment
associated with the CE router; and forwarding the OAM
packet and the replicated OAM packets to the PE routers.
[0094] Example 2. The method of example 1, wherein
configuring forwarding instructions comprises: creating
a set of forwarding structures for use in forwarding the
replicated OAM packets; providing the set of forwarding
structures to a forwarding structure control module of the
CE router; creating, by the forwarding structure control
module, a set of interface forwarding structures for in-

stallation in the forwarding plane based on the set of for-
warding structures, wherein creating the set of interface
forwarding structures comprises creating the set of for-
warding structures in accordance with one or more inter-
face links of an Ethernet segment associated with the
CE router; and installing the set of forwarding structures
within the forwarding plane.
[0095] Example 3. The method of example 1 or 2,
wherein determining whether the packet comprises an
OAM packet comprises determining whether the OAM
packet comprises a connectivity check message (CCM)
in accordance with a continuity check protocol (CCP).
[0096] Example 4. The method of any one of examples
1 to 3, further comprising: configuring the CE router to
be a member of a maintenance association, wherein the
maintenance association comprises a logical grouping
of the CE router and one or more maintenance end
points.
[0097] Example 5. The method of example 4, wherein
configuring forwarding instructions to the one or more
interface links of an Ethernet segment associated with
the CE router comprises configuring the forwarding in-
structions in accordance with the interface links associ-
ated with the maintenance association of the CE router.
[0098] Example 6. The method of any one of examples
1 to 5, wherein configuring forwarding instructions to the
one or more interface links of an Ethernet segment as-
sociated with the CE router comprises configuring the
CE router to be a member of a maintenance domain.
[0099] Example 7. The method of example 6, wherein
configuring forwarding instructions to the one or more
interface links of an Ethernet segment associated with
the CE router comprises configuring the forwarding in-
structions in accordance with the interface links associ-
ated with the maintenance domain of the CE router.
[0100] Example 8. The method of any one of examples
1 to 7, wherein configuring forwarding instructions to the
one or more interface links of an Ethernet segment as-
sociated with the CE router comprises a multicast repli-
cation instruction for forwarding the replicated OAM.
[0101] Example 9. A method comprising: detecting, by
at least one of a plurality of provider edge (PE) routers
that provide an active-active configuration for an Ethernet
Virtual Private Network (EVPN) to a customer edge (CE)
router, a fault based on an operations, administration,
and management (OAM) packet forwarded from a CE
router along one or more interface links associated with
the CE router, wherein one of the plurality of PE routers
is a designated forwarder router; determining whether
the fault is associated with the designated forwarder rout-
er; and in response to determining that the fault is asso-
ciated with the designated forwarder router, initiating a
designated forwarder election.
[0102] Example 10. A network device comprising: a
processor configured to execute an Ethernet Virtual Pri-
vate Network (EVPN) protocol to configure the network
device to participate as one of a plurality of customer
edge (CE) routers that provide an active-active configu-
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ration for an Ethernet segment coupling the CE routers
to a plurality of provider edge (PE) routers, wherein the
processor is configured to: determine whether a packet
that is to be forwarded is an operations, administration,
and management (OAM) packet; in response to deter-
mining that the packet comprises an OAM packet, repli-
cate the OAM packet for one or more interface links of
an Ethernet segment associated with the CE router; con-
figure forwarding instructions to the one or more interface
links of the Ethernet segment associated with the CE
router; and forward the OAM packet and the replicated
OAM packets to the PE routers.
[0103] Example 11. The network of example 10,
wherein the processor configured to configure forwarding
instructions comprises configuration to: create a set of
forwarding structures for use in forwarding the replicated
OAM packets; provide the set of forwarding structures to
a forwarding structure control module of the CE router;
create a set of interface forwarding structures for instal-
lation in the forwarding plane based on the set of forward-
ing structures, wherein creating the set of interface for-
warding structures comprises creating the set of forward-
ing structures in accordance with one or more interface
links of an Ethernet segment associated with the CE rout-
er; and install the set of forwarding structures within the
forwarding plane.
[0104] Example 12. The network device of example 10
or 11, wherein the OAM packet comprises a connectivity
check message (CCM) in accordance with a continuity
check protocol (CCP).
[0105] Example 13. The network device of any one of
examples 10 to 12, wherein the interface links are asso-
ciated with a maintenance association of the CE router.
[0106] Example 14. The network device of example
13, wherein the forwarding instructions to the one or more
interface links of an Ethernet segment associated with
the CE router comprises instructions associated with the
maintenance association of the CE router.
[0107] Example 15. The network device of any one of
examples 10 to 14, wherein the interface links are asso-
ciated with a maintenance domain of the CE router.
[0108] Example 16. The network device of example
15, wherein the forwarding instructions to the one or more
interface links of an Ethernet segment associated with
the CE router comprises instructions associated with the
maintenance domain of the CE router.
[0109] Example 17. The network device of any one of
examples 10 to 16, wherein the forwarding instructions
to the one or more interface links of an Ethernet segment
associated with the CE router comprises a multicast rep-
lication instruction for forwarding the replicated OAM.
[0110] Example 18. A computer-readable storage me-
dium having stored thereon instructions that, when exe-
cuted, cause a processor to: determine whether a packet
that is to be forwarded is an operations, administration,
and management (OAM) packet; in response to deter-
mining that the packet comprises an OAM packet, repli-
cate the OAM packet for one or more interface links of

an Ethernet segment associated with the CE router; con-
figure forwarding instructions to the one or more interface
links of the Ethernet segment associated with the CE
router; and forward the OAM packet and the replicated
OAM packets to the PE routers.
[0111] Example 19. The computer-readable storage
medium of example 18, wherein the instructions further
comprise instructions that, when executed, cause a proc-
essor to: create a set of forwarding structures for use in
forwarding the replicated OAM packets; provide the set
of forwarding structures to a forwarding structure control
module of the CE router; create a set of interface for-
warding structures for installation in the forwarding plane
based on the set of forwarding structures, wherein cre-
ating the set of interface forwarding structures comprises
creating the set of forwarding structures in accordance
with one or more interface links of an Ethernet segment
associated with the CE router; and install the set of for-
warding structures within the forwarding plane.
[0112] Example 20. The computer-readable storage
medium of example 18 or 19, wherein the OAM packet
comprises a connectivity check message (CCM) in ac-
cordance with a continuity check protocol (CCP).
[0113] Example 21. The computer-readable storage
medium of any one of examples 18 to 20, wherein the
interface links are associated with a maintenance asso-
ciation of the CE router.
[0114] Example 22. The computer-readable storage
medium of example 21, wherein the forwarding instruc-
tions to the one or more interface links of an Ethernet
segment associated with the CE router comprises in-
structions associated with the maintenance association
of the CE router.
[0115] Example 23. The computer-readable storage
medium of any one of examples 18 to 22, wherein the
interface links are associated with a maintenance domain
of the CE router.
[0116] Example 24. The computer-readable storage
medium of example 23, wherein the forwarding instruc-
tions to the one or more interface links of an Ethernet
segment associated with the CE router comprises in-
structions associated with the maintenance domain of
the CE router.
[0117] Example 25. The computer-readable storage
medium of any one of examples 18 to 24, wherein the
forwarding instructions to the one or more interface links
of an Ethernet segment associated with the CE router
comprises a multicast replication instruction for forward-
ing the replicated OAM.
[0118] Example 26. A method comprising: determin-
ing, by a multi-homed customer edge (CE) router coupled
by an intermediate network to a plurality of provider edge
(PE) routers that provide a multi-chassis link aggregation
group (MC-LAG) configuration for an Ethernet Virtual Pri-
vate Network (EVPN), whether a packet that is to be for-
warded is an operations, administration, and manage-
ment (OAM) packet; in response to determining that the
packet comprises an OAM packet, replicating, by the CE
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router, the OAM packet for one or more interface links of
an Ethernet segment associated with the CE router; con-
figuring forwarding instructions to the one or more inter-
face links of the Ethernet segment associated with the
CE router; and forwarding the OAM packet and the rep-
licated OAM packets to the PE routers.
[0119] Moreover, any of the specific features set forth
in any of the examples described above may be com-
bined into beneficial examples of the described tech-
niques. That is, any of the specific features are generally
applicable to all examples of the disclosure. Various ex-
amples have been described. These and other examples
are within the scope of the following claims.
[0120] Thus, from one perspective, there has now
been described a method and network device to execute
an Ethernet Virtual Private Network (EVPN) protocol to
configure the network device to participate as one of a
plurality of customer edge (CE) routers that provide an
active-active configuration for an Ethernet segment cou-
pling the CE routers to a plurality of provider edge (PE)
routers, wherein the processor is configured to determine
whether a packet that is to be forwarded is an operations,
administration, and management (OAM) packet; in re-
sponse to determining that the packet comprises an OAM
packet, replicate the OAM packet for one or more inter-
face links of an Ethernet segment associated with the
CE router; configure forwarding instructions to the one
or more interface links of the Ethernet segment associ-
ated with the CE router; and forward the OAM packet
and the replicated OAM packets to the PE routers.

Claims

1. A method comprising:

determining, by a multi-homed customer edge
(CE) router coupled by an intermediate network
to a plurality of provider edge (PE) routers that
provide an active-active configuration for an Eth-
ernet Virtual Private Network (EVPN), whether
a packet that is to be forwarded is an operations,
administration, and management (OAM) pack-
et;
in response to determining that the packet com-
prises an OAM packet, replicating, by the CE
router, the OAM packet for one or more interface
links of an Ethernet segment associated with the
CE router;
configuring forwarding instructions to the one or
more interface links of the Ethernet segment as-
sociated with the CE router; and
forwarding the OAM packet and the replicated
OAM packets to the PE routers.

2. The method of claim 1, wherein configuring forward-
ing instructions comprises:

creating a set of forwarding structures for use in
forwarding the replicated OAM packets;
providing the set of forwarding structures to a
forwarding structure control module of the CE
router;
creating, by the forwarding structure control
module, a set of interface forwarding structures
for installation in the forwarding plane based on
the set of forwarding structures, wherein creat-
ing the set of interface forwarding structures
comprises creating the set of forwarding struc-
tures in accordance with one or more interface
links of an Ethernet segment associated with the
CE router; and
installing the set of forwarding structures within
the forwarding plane.

3. The method of any of claims 1-2, wherein determin-
ing whether the packet comprises an OAM packet
comprises determining whether the OAM packet
comprises a connectivity check message (CCM) in
accordance with a continuity check protocol (CCP).

4. The method of any of claims 1-3, further comprising:

configuring the CE router to be a member of a
maintenance association, wherein the mainte-
nance association comprises a logical grouping
of the CE router and one or more maintenance
end points.

5. The method of claim 4, wherein configuring forward-
ing instructions to the one or more interface links of
an Ethernet segment associated with the CE router
comprises configuring the forwarding instructions in
accordance with the interface links associated with
the maintenance association of the CE router.

6. The method of any of claims 1-5, wherein configuring
forwarding instructions to the one or more interface
links of an Ethernet segment associated with the CE
router comprises configuring the CE router to be a
member of a maintenance domain.

7. The method of claim 6, wherein configuring forward-
ing instructions to the one or more interface links of
an Ethernet segment associated with the CE router
comprises configuring the forwarding instructions in
accordance with the interface links associated with
the maintenance domain of the CE router.

8. The method of any of claims 1-7, wherein configuring
forwarding instructions to the one or more interface
links of an Ethernet segment associated with the CE
router comprises a multicast replication instruction
for forwarding the replicated OAM.

9. A method comprising:
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detecting, by at least one of a plurality of provider
edge (PE) routers that provide an active-active
configuration for an Ethernet Virtual Private Net-
work (EVPN) to a customer edge (CE) router, a
fault based on an operations, administration,
and management (OAM) packet forwarded from
a CE router along one or more interface links
associated with the CE router, wherein one of
the plurality of PE routers is a designated for-
warder router;
determining whether the fault is associated with
the designated forwarder router; and
in response to determining that the fault is as-
sociated with the designated forwarder router,
initiating a designated forwarder election.

10. A network device comprising:

a processor configured to execute an Ethernet
Virtual Private Network (EVPN) protocol to con-
figure the network device to participate as one
of a plurality of customer edge (CE) routers that
provide an active-active configuration for an Eth-
ernet segment coupling the CE routers to a plu-
rality of provider edge (PE) routers, wherein the
processor is configured to:

determine whether a packet that is to be for-
warded is an operations, administration,
and management (OAM) packet;
in response to determining that the packet
comprises an OAM packet, replicate the
OAM packet for one or more interface links
of an Ethernet segment associated with the
CE router;
configure forwarding instructions to the one
or more interface links of the Ethernet seg-
ment associated with the CE router; and
forward the OAM packet and the replicated
OAM packets to the PE routers.

11. The network of claim 10, wherein the processor con-
figured to configure forwarding instructions compris-
es configuration to:

create a set of forwarding structures for use in
forwarding the replicated OAM packets;
provide the set of forwarding structures to a for-
warding structure control module of the CE rout-
er;
create a set of interface forwarding structures
for installation in the forwarding plane based on
the set of forwarding structures, wherein creat-
ing the set of interface forwarding structures
comprises creating the set of forwarding struc-
tures in accordance with one or more interface
links of an Ethernet segment associated with the
CE router; and

install the set of forwarding structures within the
forwarding plane.

12. The network device of any of claims 10-11, wherein
the OAM packet comprises a connectivity check
message (CCM) in accordance with a continuity
check protocol (CCP).

13. The network device of any of claims 10-12, wherein
the interface links are associated with a maintenance
association of the CE router.

14. The network device with means for performing the
method recited by any of claims 1-9.

15. A computer-readable storage medium encoded with
instructions for causing one or more programmable
processors to perform the method recited by any of
claims 1-9.
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