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(57) A device may receive, via a first message, first
route information for directing network traffic for a net-
work. The first route information may identify a media
access control (MAC) route corresponding to a MAC ad-
dress associated with a host device connecting to a sub-
net of the network. The first route information may fail to
include Internet protocol (IP)/MAC binding information
associated with the host device. The device may transmit
a request for IP/MAC binding information associated with

the host device. The device may receive a response, to
the request for IP/MAC binding information, identifying
the IP/MAC binding information. The device may adver-
tise, via a second message, second route information for
directing network traffic for the network based on receiv-
ing the response identifying the IP/MAC binding informa-
tion. The second route information may identify the
IP/MAC binding information associated with the host de-
vice.
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Description

BACKGROUND

[0001] A network device may receive network traffic
(e.g., a set of packets) for routing via a network. For ex-
ample, the network device may receive the network traffic
from a host network device (e.g., via one or more other
network devices) for routing to a subnet of the network.
The network traffic may be associated with a media ac-
cess control (MAC) address associated with a MAC
route. The network device may utilize an address reso-
lution protocol (ARP) message to identify an Internet pro-
tocol (IP) / MAC binding for routing the network traffic
and/or response network traffic (e.g., one or more other
packets) in the network. For example, the network device
may identify an IP address corresponding to the MAC
route associated with the network traffic. The network
device may direct the network traffic toward the subnet
of the network based on determining the IP/MAC binding.

SUMMARY

[0002] The invention is defined in the appended claims.
[0003] According to some possible implementations,
a device may include one or more processors. The one
or more processors may receive, via a first message, first
route information for directing network traffic for a net-
work. The first route information may identify a media
access control (MAC) route corresponding to a MAC ad-
dress associated with a host device connecting to a sub-
net of the network. The first route information may fail to
include Internet protocol (IP)/MAC binding information
associated with the host device. The one or more proc-
essors may transmit a request for IP/MAC binding infor-
mation associated with the host device. The one or more
processors may receive a response, to the request for
IP/MAC binding information, identifying the IP/MAC bind-
ing information. The one or more processors may adver-
tise, via a second message, second route information for
directing network traffic for the network based on receiv-
ing the response identifying the IP/MAC binding informa-
tion. The second route information may identify the
IP/MAC binding information associated with the host de-
vice.
[0004] According to some possible implementations,
a non-transitory computer-readable medium may store
one or more instructions that, when executed by one or
more processors, may cause the one or more processors
to receive a first message identifying a media access
control (MAC) route associated with directing network
traffic for a host device. The message may not include
Internet protocol (IP)/MAC binding information associat-
ed with identifying an IP address corresponding to the
MAC route. The one or more instructions, when executed
by the one or more processors, may cause the one or
more processors to determine the IP/MAC binding infor-
mation based on the MAC route included in the first mes-

sage. The one or more instructions, when executed by
the one or more processors, may cause the one or more
processors to transmit a second message identifying the
IP/MAC binding information based on determining the
IP/MAC binding information to one or more network de-
vices. The one or more network devices may be caused
to forbear transmission of one or more messages asso-
ciated with determining the IP/MAC binding information
based on receiving the second message.
[0005] According to some possible implementations,
a method may include receiving, by a device, a message,
including information identifying a media access control
(MAC) address associated with a first network device,
from a second network device. The first network device
may be connected to the second network device. The
message may not include information identifying an In-
ternet protocol (IP) address corresponding to the MAC
address. The method may include determining, by the
device, the IP address corresponding to the MAC ad-
dress based on receiving the message including the in-
formation identifying the MAC address. The method may
include advertising, by the device, the IP address corre-
sponding to the MAC address to cause another device,
which receives the advertising, to utilize the IP address
for routing traffic associated with the first network device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

Figs. 1A and 1B are diagrams of an overview of an
example implementation described herein;
Fig. 2 is a diagram of an example environment in
which systems and/or methods, described herein,
may be implemented;
Fig. 3 is a diagram of example components of one
or more devices of Fig. 2; and
Fig. 4 is a flow chart of an example process for ad-
vertising IP/MAC binding information for routing of
network traffic in a network.

DETAILED DESCRIPTION

[0007] The following detailed description of example
implementations refers to the accompanying drawings.
The same reference numbers in different drawings may
identify the same or similar elements.
[0008] A network device (e.g., a provider edge network
device, such as a gateway network device or the like)
may be connected to a network, which includes a set of
other network devices. The gateway network device may
receive route information from another network device
(e.g., a provider edge network device, such as a Top of
Rack (ToR) switch network device or the like). For ex-
ample, the ToR switch network device may determine a
media access control (MAC) address and a correspond-
ing MAC route (e.g., reachability information, such as
network layer reachability information (NLRI)), and may
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advertise the route information to the gateway network
device via a layer 2 (L2) route message to cause the
gateway network device to route the network traffic from
a first segment of a virtual extensible local area network
(VXLAN) to a second segment of the VXLAN. The route
information may include information identifying the MAC
route. Layer 2 may refer to a layer of the Open Systems
Interconnection (OSI) model. The MAC route information
may be associated with layer 3 (L3) Internet protocol (IP)
address information for the VXLAN. However, the ToR
switch network device may lack sufficient computing re-
sources to determine and include IP/MAC binding infor-
mation in the route information. The IP/MAC binding in-
formation, sometimes referred to as MAC-to-IP binding
information, may include information that identifies par-
ticular IP address information corresponding to particular
MAC route information.
[0009] The network device may utilize an address res-
olution protocol (ARP) message to determine the IP/MAC
binding for a received MAC route when network traffic is
received at the network. For example, when network traf-
fic is received at the network, the ToR switch network
device may advertise a particular MAC route for the net-
work traffic to the gateway network device, and the gate-
way network device may transmit an ARP message. The
gateway network device may receive a response to the
ARP message associated with identifying an IP/MAC
binding for the MAC route.
[0010] However, when the network includes multiple
gateway network devices (e.g., redundant gateway net-
work devices), each gateway network device may be re-
quired to transmit an ARP message and receive an ARP
response to identify a common IP/MAC binding as a re-
sult of the ToR switch network device failing to advertise
the IP/MAC binding. Moreover, when the gateway net-
work device is disabled for the network and subsequently
enabled for the network, the gateway network device may
be routed network traffic associated with a host network
device and may, again transmit ARP messages to re-
solve IP/MAC bindings, although other redundant gate-
way network devices may have already resolved the
IP/MAC bindings and may be available to route the net-
work traffic.
[0011] Implementations, described herein, may utilize
a proxy IP/MAC advertisement from a gateway network
device to other network devices (e.g., other provider edge
network devices, such as ToR switch network devices,
other gateway network devices, or the like) of a network
to permit routing of network traffic for the network. In this
way, a quantity of network traffic associated with trans-
mitting ARP messages and receiving responses to ARP
messages may be reduced relative to utilizing the ARP
messages to determine IP/MAC binding for each provider
edge network device, thereby improving network per-
formance. Moreover, when a network device is removed
from or added to the network, a period of time required
by the network device to resolve IP/MAC bindings may
be reduced relative to utilizing the ARP messages or the

network traffic may be directed to a network device that
has already received information identifying the IP/MAC
binding, thereby reducing a likelihood that network traffic
is lost and improving network performance.
[0012] Figs. 1A and 1B are diagrams of an overview
of an example implementation 100 described herein. As
shown in Fig. 1A, example implementation 100 may in-
clude a single-homed host network device 105-1, a ToR
switch network device 110-1, a ToR switch network de-
vice 110-2, an L3 network 115, an L3 gateway network
device 120-1, and an L3 gateway network device 120-2.
ToR switch network device 110-1 and/or ToR switch net-
work device 110-2 may include ToR switches (e.g., Eth-
ernet virtual private network (EVPN) - VXLAN provider
edge devices) for L3 network 115. L3 network 115 may
include an EVPN-VXLAN. For example, L3 network 115
may bridge L2 and L3 functionalities for a cloud-based
computing and routing network. L3 gateway network de-
vice 120-1 and L3 gateway network device 120-2 may
include gateways (e.g., EVPN-VXLAN provider edge de-
vices) providing a redundant L3 gateway functionality.
L3 gateway network device 120-1 and L3 gateway net-
work device 120-2 may include configuration information
identifying ToR switch network device 110-1 and ToR
switch network device 110-2 as L2 only EVPN network
devices. Single-homed host network device 105-1 may
connect to ToR switch network device 110-1, and may
be associated with an IP address (IPA) and a MAC route
(M1).
[0013] As further shown in Fig. 1A, and by reference
number 125, ToR switch network device 110-1 may ad-
vertise an EVPN type 2 route for MAC route M1. An EVPN
type 2 route may refer to a particular type of EVPN mes-
sage information that permits, but does not require, both
an IP address and a MAC address (e.g., an IP/MAC bind-
ing) to be advertised as reachability information for rout-
ing network traffic. For example, based on lacking
processing resources to determine IP/MAC binding for
single-homed host network device 105-1 (and each other
network device connected to ToR switch network device
110-1), ToR switch network device 110-1 advertises the
EVPN type 2 route with MAC address information and
without resolving and including IP/MAC binding informa-
tion.
[0014] As further shown in Fig. 1A, and by reference
number 130, L3 gateway network device 120-1 may re-
ceive the advertised information identifying the EVPN
type 2 route for MAC route M1, and may resolve an
IP/MAC binding for the MAC route M1. For example, the
L3 gateway network device 120-1 may determine that
the MAC address corresponding to MAC route M1 binds
to the IP address IPA. In this case, L3 gateway network
device 120-1 may resolve the IP/MAC binding based on
transmitting an ARP message. For example, L3 gateway
network device 210-1 may transmit an ARP request mes-
sage and may receive an ARP response message in-
cluding the IP/MAC binding information. In another ex-
ample, L3 gateway network device 120-2 may receive
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the advertised information identifying the EVPN type 2
route for MAC address M1, and may resolve the IP/MAC
binding for the MAC route M1.
[0015] As further shown in Fig. 1A, and by reference
number 135, L3 gateway network device 120-1 may ad-
vertise an EVPN type 2 route including IP/MAC binding
information based on resolving the IP/MAC binding. L3
gateway network device 120-1 may provide the EVPN
type 2 route including IP/MAC binding information to oth-
er network devices associated with L3 network 115, such
as a set of provider edge devices associated with L3 net-
work 115 (e.g., L3 gateway network device 120-2 or the
like). In this case, the other network devices associated
with L3 network 115 may be caused to utilize information
of the EVPN type 2 route including IP/MAC binding in-
formation rather than transmitting a set of ARP messages
and receiving a set of ARP responses when the other
network devices associated with L3 network 115 receive
network traffic associated with MAC route M1. For ex-
ample, L3 gateway network device 120-2 may, when re-
ceiving network traffic associated with single-homed host
network device 105-1, utilize stored information of the
EVPN type 2 route including IP/MAC binding information
to route the network traffic from a first VXLAN segment
to a second VXLAN segment, to ToR switch network de-
vice 110-1 for routing to single-homed host network de-
vice 105, or the like. In this way, L3 gateway network
device 120-1 provides reachability information for routing
of network traffic for L3 network 115, thereby reducing a
quantity of ARP messages transmitted and received by
other network devices of L3 network 115.
[0016] As shown in Fig. 1B, in a similar configuration
of L3 network 115, ToR switch network device 110-1 and
ToR switch network device 110-2 may connect to multi-
homed host network device 105-2. Assume that multi-
homed host network device 105-2 is associated with an
IP address (IPB), a MAC route (M2), and an Ethernet
segment identifier (ESI) value ESIB. As shown by refer-
ence number 140, ToR switch network device 110-1
and/or ToR switch network device 110-2 may advertise
an EVPN type 2 route for MAC route M2 and ESI value
ESIB and may fail to include information identifying an
IP/MAC binding for MAC route M2. As shown by refer-
ence number 145, L3 gateway network device 120-2 may
receive the advertised information identifying the EVPN
type 2 route for MAC route M2, and may resolve an
IP/MAC binding for MAC route M2 based on transmitting
an ARP message. For example, L3 gateway network de-
vice 210-2 may transmit an ARP request message and
may receive an ARP response message including the
IP/MAC binding information. In another example, L3
gateway network device 120-2 may receive the informa-
tion identifying the EVPN type 2 route for MAC route M2,
and may resolve the IP/MAC binding for the MAC route
M2.
[0017] As further shown in Fig. 1B, and by reference
number 150, L3 gateway network device 120-2 may ad-
vertise a first EVPN type 2 route including IP/MAC binding

information, ESI value ESIB and a border gateway pro-
tocol (BGP) nexthop attribute configured to identify ToR
switch network device 110-1. L3 gateway network device
120-2 may advertise a second EVPN type 2 route includ-
ing IP/MAC binding information with ESI value ESIB and
with a BGP nexthop attribute configured to identify ToR
switch network device 110-2. L3 gateway network device
120-2 may advertise the first EVPN type 2 route and/or
the second EVPN type 2 route to other network devices
associated with L3 network 115, such as a set of provider
edge devices associated with L3 network 115 (e.g., L3
gateway network device 120-1 or the like). In this case,
the other network devices associated with L3 network
115 may be caused to utilize the first EVPN type 2 route
or the second EVPN type 2 route rather than transmitting
a set of ARP messages when the other network devices
receive network traffic associated with multi-homed host
network device 105-2.
[0018] In this way, L3 gateway network device 120-1
and/or L3 gateway network device 120-2 may reduce a
quantity of ARP messages transmitted via L3 network
115 relative to each network device being required to
transmit an ARP message to resolve an IP/MAC binding,
thereby improving network performance and reducing a
likelihood of packet loss for L3 network 115.
[0019] As indicated above, Figs. 1A and 1B are pro-
vided merely as an example. Other examples are possi-
ble and may differ from what was described with regard
to Figs. 1A and 1B.
[0020] Fig. 2 is a diagram of an example environment
200 in which systems and/or methods, described herein,
may be implemented. As shown in Fig. 2, environment
200 may include one or more network devices 210-1
through 210-P (P ≥ 1) (hereinafter referred to collectively
as "network devices 210," and individually as "network
device 210") and one or more networks. Devices of en-
vironment 200 may interconnect via wired connections,
wireless connections, or a combination of wired and wire-
less connections.
[0021] Network device 210 may include one or more
devices (e.g., one or more traffic transfer devices) capa-
ble of processing and/or transferring traffic between end-
point devices. For example, network device 210 may in-
clude a firewall, a router, a gateway, a switch device, a
hub, a bridge, a reverse proxy, a server (e.g., a proxy
server), a ToR switch, a load balancer, a user device, or
a similar device. In some implementations, network de-
vice 210 may include a traffic transfer device associated
with providing and/or receiving information via BGP. For
example, network device 210 may include a provider
edge device (e.g., a PE), a customer edge device, a route
reflector device, a peer device, an autonomous system
boundary router, or the like. In some implementations,
network device 210 may include a host device associated
with providing network traffic to and/or receiving network
traffic from a network that includes a set of network de-
vices 210. For example network device 210 may include
a server, a data storage device, a bare-metal device, or
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the like. In some implementations, network device 210
may include a traffic transfer device associated with iden-
tifying an IP/MAC binding via one or more ARP messag-
es.
[0022] In some implementations, network device 210
may be configured in association with a particular layer
of the set of layers associated with the OSI model. For
example, network device 210 may include an EVPN-VX-
LAN provider edge device (e.g., a ToR switch) configured
as an L2 only EVPN device. Similarly, network device
210 may include an EVPN-VXLAN provider edge device
(e.g., a gateway device) configured as an L3 gateway
device. In some implementations, network device 210
may be associated with a network configuration. For ex-
ample, network device 210 may be associated with a
particular MAC address, a particular IP address, a par-
ticular ESI value, or the like. In some implementations,
network device 210 may correspond to single-homed
host network device 105-1 of Fig. 1A; ToR switch network
device 110-1, ToR switch network device 110-2, L3 gate-
way network device 120-1, or L3 gateway network device
120-2 of Figs. 1A and 1B; or multi-homed host network
device 105-2 of Fig. 1B.
[0023] Network device 210 may be associated with one
or more networks, in some implementations. Similarly, a
network, of the one or more networks, may include one
or more network devices 210. In some implementations,
the one or more networks may include a cellular network
(e.g., a long-term evolution (LTE) network, a 3G network,
a code division multiple access (CDMA) network, etc.),
a public land mobile network (PLMN), a local area net-
work (LAN), a wide area network (WAN), a metropolitan
area network (MAN), a telephone network (e.g., the Pub-
lic Switched Telephone Network (PSTN)), a private net-
work, a cloud-based computing network, an ad hoc net-
work, an intranet, the Internet, a fiber optic-based net-
work, a cloud computing network, an EVPN-VXLAN net-
work (e.g., an L2 network, an L3 network, a combination
of L2 and L3 networks, etc.), another type of EVPN net-
work (e.g., an EVPN - multiprotocol label switching
(MPLS) network or the like), a subnet network (e.g., a
subnet), and/or a combination of these or other types of
networks.
[0024] The number and arrangement of devices shown
in Fig. 2 are provided as an example. In practice, there
may be additional devices, fewer devices, different de-
vices, or differently arranged devices than those shown
in Fig. 2. Furthermore, two or more devices shown in Fig.
2 may be implemented within a single device, or a single
device shown in Fig. 2 may be implemented as multiple,
distributed devices. Additionally, or alternatively, a set of
devices (e.g., one or more devices) of environment 200
may perform one or more functions described as being
performed by another set of devices of environment 200.
[0025] As shown in Fig. 3, device 300 may include a
set of input components 305-1, ... 305-B (B ≥ 1) (referred
to individually as input component 305 and collectively
as input components 305), a switching component 310,

a set of output components 315, ... 315-C (C ≥ 1) (re-
ferred to individually as output component 315 and col-
lectively as output components 315), and a controller
320. Components of device 300 may interconnect via
wired connections, wireless connections, or a combina-
tion of wired and wireless connections.
[0026] Input component 305 may be a point of attach-
ment for a physical link connected to device 300, and
may be a point of entry for incoming traffic (e.g., packets)
received by device 300. Input component 305 may proc-
ess incoming traffic, such as by performing data link layer
encapsulation or decapsulation. In some implementa-
tions, input component 305 may send and/or receive
packets. In some implementations, input component 305
may include an input line card that includes one or more
packet processing components (e.g., in the form of inte-
grated circuits), such as one or more interface cards
(IFCs), packet forwarding components, line card control-
ler components, input ports, processors, memories,
and/or input queues.
[0027] Switching component 310 may interconnect in-
put components 305 and output components 315. In
some implementations, switching component 310 may
be implemented via one or more crossbars, via one or
more busses, and/or using shared memory. The shared
memory may act as a temporary buffer to store packets
from input components 305 before the packets are even-
tually scheduled for delivery to output components 315.
In some implementations, switching component 310 may
enable input components 305, output components 315,
and/or controller 320 to communicate.
[0028] Output component 315 may be a point of at-
tachment for a physical link connected to device 300, and
may be a point of exit for outgoing traffic (e.g., packets)
transmitted by device 300. Output component 315 may
store packets and/or may schedule packets for transmis-
sion on output physical links. Output component 315 may
support data link layer encapsulation or decapsulation,
and/or a variety of higher-level protocols. In some imple-
mentations, output component 315 may send packets
and/or receive packets. In some implementations, output
component 315 may include an output line card that in-
cludes one or more packet processing components (e.g.,
in the form of integrated circuits), such as one or more
IFCs, packet forwarding components, line card controller
components, output ports, processors, memories, and/or
output queues. In some implementations, input compo-
nent 305 and output component 315 may be implement-
ed by the same set of components (i.e., an input/output
component may be a combination of input component
305 and output component 315).
[0029] Controller 320 includes a processor in the form
of, for example, a central processing unit (CPU), a mi-
croprocessor, a field-programmable gate array (FPGA),
an application-specific integrated circuit (ASIC), and/or
another type of processor that can interpret and/or exe-
cute instructions. Controller 320 is implemented in hard-
ware, firmware, or a combination of hardware and soft-
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ware. In some implementations, controller 320 may in-
clude one or more processors that can be programmed
to perform a function.
[0030] In some implementations, controller 320 may
include a random access memory (RAM), a read only
memory (ROM), and/or another type of dynamic or static
storage device (e.g., a flash memory, a magnetic mem-
ory, an optical memory, etc.) that stores information
and/or instructions for use by controller 320.
[0031] In some implementations, controller 320 may
communicate with other devices, networks, and/or sys-
tems connected to device 300 to exchange information
regarding network topology. Controller 320 may create
routing tables based on the network topology information,
may create forwarding tables based on the routing tables,
and may forward the forwarding tables to input compo-
nents 305 and/or output components 315. Input compo-
nents 305 and/or output components 315 may use the
forwarding tables to perform route lookups for incoming
and/or outgoing packets.
[0032] Controller 320 may perform one or more proc-
esses described herein. Controller 320 may perform
these processes in response to executing software in-
structions stored by a non-transitory computer-readable
medium. A computer-readable medium is defined herein
as a non-transitory memory device. A memory device
includes memory space within a single physical storage
device or memory space spread across multiple physical
storage devices. In other examples, the instructions are
obtained and/or read from a transitory computer readable
medium, such as a carrier wave, a signal or any other
suitable transitory medium. For example, the techniques
described herein may be implemented using a computer
readable medium that carries or communicates code in
the form of instructions or data structures and that can
be accessed, read, and/or executed by a computer.
[0033] Software instructions may be read into a mem-
ory and/or a storage component associated with control-
ler 320 from another computer-readable medium or from
another device via a communication interface. When ex-
ecuted, software instructions stored in a memory and/or
a storage component associated with controller 320 may
cause controller 320 to perform one or more processes
described herein. Additionally, or alternatively, hardwired
circuitry may be used in place of or in combination with
software instructions to perform one or more processes
described herein. Thus, implementations described
herein are not limited to any specific combination of hard-
ware circuitry and software.
[0034] The number and arrangement of components
shown in Fig. 3 are provided as an example. In practice,
device 300 may include additional components, fewer
components, different components, or differently ar-
ranged components than those shown in Fig. 3. Addi-
tionally, or alternatively, a set of components (e.g., one
or more components) of device 300 may perform one or
more functions described as being performed by another
set of components of device 300.

[0035] Fig. 4 is a flow chart of an example process 400
for advertising IP/MAC binding information for routing of
network traffic in a network. In some implementations,
one or more process blocks of Fig. 4 may be performed
by network device 210. In some implementations, one or
more process blocks of Fig. 4 may be performed by an-
other device or a group of devices separate from or in-
cluding network device 210.
[0036] As shown in Fig. 4, process 400 may include
receiving information identifying a MAC route (block 410).
For example, network device 210 (e.g., L3 gateway net-
work device 210) may receive information identifying the
MAC route for network traffic associated with another
network device (e.g., host network device 210). In some
implementations, L3 gateway network device 210 may
receive the information identifying the MAC route to
cause L3 gateway network device 210 to route network
traffic for host network device 210. For example, a user
may desire to utilize host network device 210 to connect
to a subnet of an EVPN-VXLAN network, and may trans-
mit network traffic to a network device 210 (e.g., ToR
switch network device 210) to cause the network traffic
to be routed to the subnet. In this case, ToR switch net-
work device 210 may determine a MAC address and a
corresponding MAC route, and may advertise the MAC
route to L3 gateway network device 210 to cause the
network traffic to be routed and may fail to include IP/MAC
binding information (e.g., as a result of a lack of resourc-
es, such as a lack of processing resources, a lack of
memory resources, or the like, a lack of the information
to determine the IP/MAC binding information, etc.).
[0037] In some implementations, L3 gateway network
device 210 may receive the information identifying the
MAC route via EVPN type 2 route information. For ex-
ample, L3 gateway network device 210 may receive the
EVPN type 2 route information, and may access a data
structure of L3 gateway network device 210 to determine
whether IP/MAC binding information is stored for the
MAC route. In this case, L3 gateway network device 210
may determine that the data structure (e.g., a route table,
a forwarding table, or the like), associated with L3 gate-
way network device 210, does not include information
identifying the IP/MAC binding for the MAC route.
[0038] As further shown in Fig. 4, process 400 may
include determining an IP/MAC binding based on the
MAC route (block 420). For example, network device 210
(e.g., L3 gateway network device 210) may determine
the IP/MAC binding for the MAC route. In some imple-
mentations, L3 gateway network device 210 may deter-
mine the IP/MAC binding based on transmitting a request
message. For example, L3 gateway network device 210
may transmit an ARP request message to a network de-
vice 210 (e.g., an ARP cache network device 210) to
cause an ARP response message to be transmitted with
the IP/MAC binding. In some implementations, L3 gate-
way network device 210 may transmit a message to an-
other network device 210 to determine the IP/MAC bind-
ing. For example, L3 gateway network device 210 may
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transmit a broadcast message to network devices 210
to request that a particular network device 210, which
stores information identifying the IP/MAC binding (e.g.,
host network device 210), transmit a response message
including the IP/MAC binding. In some implementations,
L3 gateway network device 210 may receive a response
message (e.g., an ARP response message) including
information identifying the IP/MAC binding. For example,
L3 gateway network device 210 may cause the ARP
cache network device 210 to transmit information iden-
tifying an IP address that corresponds to the MAC route.
In this case, L3 gateway network device 210 may store
reachability information (e.g., network layer reachability
information (NLRI)) identifying the IP address.
[0039] As further shown in Fig. 4, process 400 may
include advertising the IP/MAC binding (block 430). For
example, network device 210 (e.g., L3 gateway network
device 210) may advertise the IP/MAC binding (e.g., the
IP address corresponding to the MAC route). In some
implementations, L3 gateway network device 210 may
advertise a route associated with the IP/MAC binding.
For example, L3 gateway network device 210 may gen-
erate and transmit an EVPN type 2 route including the
IP/MAC binding information, BGP nexthop information
(e.g., that identifies a next device to which network traffic
is to be transmitted to cause the network traffic to be
routed to host network device 210), ESI information (e.g.,
that identifies an Ethernet segment that multiple provider
edge network devices 210, such as multiple ToR switch
network devices 210 or the like, utilize to direct network
traffic to a multi-homed host network device 210), or the
like.
[0040] In some implementations, L3 gateway network
device 210 may advertise the IP/MAC binding to one or
more other network devices 210. For example, L3 gate-
way network device 210 may transmit the EVPN type 2
route to one or more provider edge network devices 210
(e.g., one or more ToR switch network devices 210, one
or more L3 gateway network devices 210, or the like). In
some implementations, L3 gateway network device 210
may cause network traffic to be routed based on trans-
mitting the EVPN type 2 route information identifying the
IP/MAC binding. For example, L3 gateway network de-
vice 210 may cause L3 gateway network device 210 to
route network traffic from a first VXLAN segment to a
second VXLAN segment (e.g., to another network device
210). Additionally, or alternatively, L3 gateway network
device 210 may cause another L3 gateway network de-
vice 210 to route network traffic from a first VXLAN seg-
ment of a network to a second VXLAN segment of the
network without the other L3 gateway network device
210 being required to transmit an ARP request and re-
ceive an ARP response. For example, L3 gateway net-
work device 210 may cause a particular provider edge
network device 210 to select a nexthop included in the
EVPN type 2 route (e.g., ToR switch network device 210)
for routing network traffic, rather than selecting the other
L3 gateway network device 210, thereby causing the par-

ticular provider edge network device 210 to direct net-
work traffic to host network device 210.
[0041] In some implementations, L3 gateway network
device 210 may transmit multiple EVPN type 2 route mes-
sages advertising the IP/MAC binding. For example,
when host network device 210 is a multi-homed host net-
work device 210 (e.g., is connected to multiple ToR
switch network devices 210), L3 gateway network device
210 may advertise an EVPN type 2 route for each of the
multiple ToR switch network devices 210 (e.g., each
EVPN type 2 route advertising one of the multiple ToR
switch network devices 210 as a nexthop for routing net-
work traffic to multi-homed host network device 210).
[0042] In some implementations, L3 gateway network
device 210 may withdraw an IP/MAC binding. For exam-
ple, when L3 gateway network device 210 receives in-
formation from ToR switch network device 210 withdraw-
ing the MAC route, L3 gateway network device 210 may
withdraw IP/MAC binding, thereby causing other network
devices 210 to avoid attempting to direct network traffic
via a withdrawn route.
[0043] In some implementations, L3 gateway network
device 210 may be removed from a network that includes
multiple redundant L3 gateway network devices 210. For
example, L3 gateway network device 210 may be disa-
bled. In this case, based on advertising IP/MAC binding
information to the other, redundant L3 gateway network
devices 210, a likelihood of network traffic loss is reduced
relative to the other L3 gateway network devices 210
being required to resolve IP/MAC bindings using ARP
messages based on not having received advertised
IP/MAC bindings from L3 gateway network device 210.
Additionally, or alternatively, when L3 gateway network
device 210 is subsequently enabled for the network, net-
work traffic remains routed via the redundant L3 gateway
network devices 210 that have received the IP/MAC bind-
ings, rather than via L3 gateway network device 210,
thereby reducing a likelihood that network traffic is lost
when transmitted to L3 gateway network device 210
which, upon being enabled for the network, may lack
IP/MAC binding information.
[0044] In some implementations, ToR switch network
device 210 may be caused to remap a set of network
tunnel end points to a set of L3 gateway network devices
210. For example, based on receiving information iden-
tifying a set of MAC routes, ToR switch network device
210 may remap a set of tunnel end points to one or more
nearest L3 gateway network devices 210 prior to estab-
lishing the set of MAC routes. In this case, ToR switch
network device 210 may obtain a default gateway adver-
tisement from the one or more nearest L3 gateway net-
work devices 210 and utilize an associated metric (e.g.,
an underlay perference metric) to determine the one or
more nearest L3 gateway network devices 210. In this
way, ToR switch network device 210 permits distributed
routing.
[0045] Although Fig. 4 shows example blocks of proc-
ess 400, in some implementations, process 400 may in-
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clude additional blocks, fewer blocks, different blocks, or
differently arranged blocks than those depicted in Fig. 4.
Additionally, or alternatively, two or more of the blocks
of process 400 may be performed in parallel.
[0046] In this way, L3 gateway network device 210 ad-
vertises IP/MAC binding information for a network device
210 connected to a ToR switch network device 210 with-
out requiring the ToR switch network device 210 to trans-
mit the IP/MAC binding information. Moreover, based on
advertising the IP/MAC binding information to other L3
gateway network devices 210, L3 gateway network de-
vice 210 may cause the other L3 gateway network de-
vices 210 to be capable of routing network traffic without
the other L3 gateway network devices 210 being required
to transmit ARP messages. Based on obviating the need
for the other L3 gateway network devices 210 to transmit
ARP messages, L3 gateway network device 210 may
reduce an amount of network traffic of a network relative
to IP/MAC binding information not being advertised.
[0047] The foregoing disclosure provides illustration
and description, but is not intended to be exhaustive or
to limit the implementations to the precise form disclosed.
Modifications and variations are possible in light of the
above disclosure or may be acquired from practice of the
implementations.
[0048] As used herein, the term component is intended
to be broadly construed as hardware, firmware, and/or a
combination of hardware and software.
[0049] It will be apparent that systems and/or methods,
described herein, may be implemented in different forms
of hardware, firmware, or a combination of hardware and
software. The actual specialized control hardware or soft-
ware code used to implement these systems and/or
methods is not limiting of the implementations. Thus, the
operation and behavior of the systems and/or methods
were described herein without reference to specific soft-
ware code-it being understood that software and hard-
ware can be designed to implement the systems and/or
methods based on the description herein.
[0050] Even though particular combinations of fea-
tures are recited in the claims and/or disclosed in the
specification, these combinations are not intended to limit
the disclosure of possible implementations. In fact, many
of these features may be combined in ways not specifi-
cally recited in the claims and/or disclosed in the speci-
fication. Although each dependent claim listed below may
directly depend on only one claim, the disclosure of pos-
sible implementations includes each dependent claim in
combination with every other claim in the claim set.
[0051] No element, act, or instruction used herein
should be construed as critical or essential unless explic-
itly described as such. Also, as used herein, the articles
"a" and "an" are intended to include one or more items,
and may be used interchangeably with "one or more."
Furthermore, as used herein, the term "set" is intended
to include one or more items (e.g., related items, unre-
lated items, a combination of related and unrelated items,
etc.), and may be used interchangeably with "one or

more." Where only one item is intended, the term "one"
or similar language is used. Also, as used herein, the
terms "has," "have," "having," or the like are intended to
be open-ended terms. Further, the phrase "based on" is
intended to mean "based, at least in part, on" unless ex-
plicitly stated otherwise.
[0052] Example aspects of the present disclosure are
presented in the following numbered clauses:

Clause 1. A device, comprising:

one or more processors to:

receive, via a first message, first route in-
formation for directing network traffic for a
network, the first route information identify-
ing a media access control (MAC) route cor-
responding to a MAC address associated
with a host device connecting to a subnet
of the network,
the first route information failing to include
Internet protocol (IP)/MAC binding informa-
tion associated with the host device;
transmit a request for IP/MAC binding infor-
mation associated with the host device;

receive a response, to the request for
IP/MAC binding information, identifying
the IP/MAC binding information; and
advertise, via a second message, sec-
ond route information for directing net-
work traffic for the network based on
receiving the response identifying the
IP/MAC binding information,

the second route information identifying the
IP/MAC binding information associated with
the host device.

Clause 2. The device of clause 1, where the one or
more processors are further to:

receive, via a third message, third route infor-
mation associated with withdrawing the MAC
route; and
transmit, via a fourth message, fourth route in-
formation associated with withdrawing the
IP/MAC binding information.

Clause 3. The device of clause 1 or 2, where the one
or more processors, when receiving the first mes-
sage, are to:

receive the first message from a switch device;
determine that the switch device is configured
as a layer 2 (L2) only Ethernet virtual private
network (EVPN) device; and
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where the one or more processors, when advertising
the second route information, are to:

advertise the second route information based
on determining that the switch device is config-
ured as a layer 2 only EVPN device.

Clause 4. The device of clause 3, where the switch
device is a Top of Rack switch device.

Clause 5. The device of any preceding clause, where
the one or more processors when advertising the
second route information, are to:

advertise the second route information to a net-
work device to cause the network device to route
other network traffic associated with the MAC
route without the network transmitting a request
for the IP/MAC binding information.

Clause 6. The device of any preceding clause, where
the one or more processors, when transmitting the
request for the IP/MAC binding information, are to:

transmit the request for the IP/MAC binding in-
formation via an address resolution protocol
(ARP) request message; and

where the one or more processors, when receiving
the response to the request, are to:

receive the response to the request via an ARP
response message.

Clause 7. The device of any preceding clause, where
the one or more processors are further to:

cause the network traffic to be routed to the sub-
net of the network based on receiving the re-
sponse identifying the IP/MAC binding informa-
tion.

Clause 8. The device of any preceding clause, where
the network traffic is first network traffic; and where
one or more processors are further to:

cause second network traffic to be routed from
the subnet of the network toward the host device
after causing the first network traffic to be routed
to the subnet.

Clause 9. A transitory or non-transitory computer-
readable medium storing instructions, the instruc-
tions comprising:

one or more instructions that, when executed by
one or more processors of a device, cause the
one or more processors to:

receive a first message identifying a media
access control (MAC) route associated with
directing network traffic for a host device,
the message not including Internet protocol
(IP)/MAC binding information associated
with identifying an IP address correspond-
ing to the MAC route;
determine the IP/MAC binding information
based on the MAC route included in the first
message; and transmit a second message
identifying the IP/MAC binding information
based on determining the IP/MAC binding
information to one or more network devices,
the one or more network devices being
caused to forbear transmission of one or
more messages associated with determin-
ing the IP/MAC binding information based
on receiving the second message.

Clause 10. The transitory or non-transitory compu-
ter-readable medium of clause 9, where the device
is a layer 3 (L3) gateway device of a network.

Clause 11. The transitory or non-transitory compu-
ter-readable medium of clause 9 or 10, where the
one or more instructions, when executed by the one
or more processors, further cause the one or more
processors to:

receive, a third message identifying the MAC
route,

the first message being associated with a
first provider edge device,
the third message being associated with a
second provider edge device,
the first provider edge device being different
from the second provider edge device; and

transmit a fourth message identifying the
IP/MAC binding information,

the fourth message including border gate-
way protocol (BGP) nexthop information as-
sociated with the second provider edge de-
vice,
the second message including BGP nex-
thop information associated with the first
provider edge device.

Clause 12. The transitory or non-transitory compu-
ter-readable medium of any one of clauses 9 to 11,
where the one or more instructions, that cause the
one or more processors to determine the IP/MAC
binding information, cause the one or more proces-
sors to:

broadcast one or more messages associated
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with requesting information identifying the
IP/MAC binding information; and
receive a response message identifying the
IP/MAC binding information based on broad-
casting the one or more messages.

Clause 13. The transitory or non-transitory compu-
ter-readable medium of any one of clauses 9 to 12,
where the first message and the second message
are Ethernet virtual private network (EVPN) type 2
messages.

Clause 14. The transitory or non-transitory compu-
ter-readable medium of any one of clauses 9 to 13,
where the one or more instructions, when executed
by the one or more processors, further cause the
one or more processors to:

cause the network traffic to be directed for the
host device based on determining the IP/MAC
binding information.

Clause 15. The transitory or non-transitory compu-
ter-readable medium of any one of clauses 9 to 14,
where the one or more instructions, when executed
by the one or more processors, cause the one or
more processors to:

transmit a message to the one or more network
devices to cause the IP/MAC binding informa-
tion to be withdrawn,
the one or more network devices being caused
to forbear usage of the IP/MAC binding informa-
tion based on receiving the message.

Clause 16. A method, comprising:

receiving, by a device, a message, including in-
formation identifying a media access control
(MAC) address associated with a first network
device, from a second network device,

the first network device being connected to
the second network device,
the message not including information iden-
tifying an Internet protocol (IP) address cor-
responding to the MAC address;

determining, by the device, the IP address cor-
responding to the MAC address based on re-
ceiving the message including the information
identifying the MAC address; and
advertising, by the device, the IP address cor-
responding to the MAC address to cause anoth-
er device, which receives the advertising, to uti-
lize the IP address for routing traffic associated
with the first network device.

Clause 17. The method of clause 16, where adver-
tising the IP address comprises:

advertising the IP address to cause network traf-
fic to be routed between the first network device
and a subnet of a network via the second net-
work device.

Clause 18. The method of clause 17, where the net-
work is an Ethernet virtual private network (EVPN)
network.

Clause 19. The method of clause 18, where the mes-
sage is an EVPN type 2 message.

Clause 20. The method of any one of clauses 16 to
19, further comprising:

receiving, from a particular device, information
identifying another IP address corresponding to
another MAC address,
the other IP address being determined by the
particular device based on the other device re-
ceiving another message including the other
MAC address and not including the other IP ad-
dress;
storing the information identifying the other IP
address; and
causing other network traffic to be routed based
on the information identifying the other IP ad-
dress.

[0053] Thus, from one perspective, there has now
been described a device that can receive, via a first mes-
sage, first route information for directing network traffic
for a network. The first route information can identify a
media access control (MAC) route corresponding to a
MAC address associated with a host device connecting
to a subnet of the network. The first route information can
fail to include Internet protocol (IP)/MAC binding infor-
mation associated with the host device. The device can
transmit a request for IP/MAC binding information asso-
ciated with the host device. The device can receive a
response, to the request for IP/MAC binding information,
identifying the IP/MAC binding information. The device
can advertise, via a second message, second route in-
formation for directing network traffic for the network
based on receiving the response identifying the IP/MAC
binding information. The second route information can
identify the IP/MAC binding information associated with
the host device.

Claims

1. A device, comprising:

one or more processors to:
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receive, via a first message, first route in-
formation for directing network traffic for a
network,

the first route information identifying a
media access control "MAC" route cor-
responding to a MAC address associ-
ated with a host device connecting to a
subnet of the network,
the first route information failing to in-
clude Internet protocol "IP"/MAC bind-
ing information associated with the host
device;

transmit a request for IP/MAC binding infor-
mation associated with the host device;
receive a response, to the request for
IP/MAC binding information, identifying the
IP/MAC binding information; and
advertise, via a second message, second
route information for directing network traf-
fic for the network based on receiving the
response identifying the IP/MAC binding in-
formation,

the second route information identify-
ing the IP/MAC binding information as-
sociated with the host device.

2. The device of claim 1, where the one or more proc-
essors are further to:

receive, via a third message, third route infor-
mation associated with withdrawing the MAC
route; and
transmit, via a fourth message, fourth route in-
formation associated with withdrawing the
IP/MAC binding information.

3. The device of any of claims 1-2, where the one or
more processors, when receiving the first message,
are to:

receive the first message from a switch device;
determine that the switch device is configured
as a layer 2 "L2" only Ethernet virtual private
network "EVPN" device; and

where the one or more processors, when advertising
the second route information, are to:

advertise the second route information based
on determining that the switch device is config-
ured as a layer 2 only EVPN device.

4. The device of claim 3, where the switch device is a
Top of Rack switch device.

5. The device of any of claims 1-4, where the one or
more processors when advertising the second route
information, are to:

advertise the second route information to a net-
work device to cause the network device to route
other network traffic associated with the MAC
route without the network transmitting a request
for the IP/MAC binding information.

6. The device of any of claims 1-5, where the one or
more processors, when transmitting the request for
the IP/MAC binding information, are to:

transmit the request for the IP/MAC binding in-
formation via an address resolution protocol
"ARP" request message; and
where the one or more processors, when receiv-
ing the response to the request, are to:

receive the response to the request via an
ARP response message.

7. The device of any of claims 1-6, where the one or
more processors are further to:

cause the network traffic to be routed to the sub-
net of the network based on receiving the re-
sponse identifying the IP/MAC binding informa-
tion.

8. The device of any of claims 1-7, where the network
traffic is first network traffic; and
where one or more processors are further to:

cause second network traffic to be routed from
the subnet of the network toward the host device
after causing the first network traffic to be routed
to the subnet.

9. A method, comprising:

receiving, by a device, a message, including in-
formation identifying a media access control
(MAC) address associated with a first network
device, from a second network device,

the first network device being connected to
the second network device,
the message not including information iden-
tifying an Internet protocol (IP) address cor-
responding to the MAC address;

determining, by the device, the IP address cor-
responding to the MAC address based on re-
ceiving the message including the information
identifying the MAC address; and
advertising, by the device, the IP address cor-
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responding to the MAC address to cause anoth-
er device, which receives the advertising, to uti-
lize the IP address for routing traffic associated
with the first network device.

10. The method of claim 9, where advertising the IP ad-
dress comprises:

advertising the IP address to cause network traf-
fic to be routed between the first network device
and a subnet of a network via the second net-
work device.

11. The method of claim 10, where the network is an
Ethernet virtual private network "EVPN" network.

12. The method of claim 11, where the message is an
EVPN type 2 message.

13. The method of any of claims 9-12, further compris-
ing:

receiving, from a particular device, information
identifying another IP address corresponding to
another MAC address,

the other IP address being determined by
the particular device based on the other de-
vice receiving another message including
the other MAC address and not including
the other IP address;

storing the information identifying the other IP
address; and
causing other network traffic to be routed based
on the information identifying the other IP ad-
dress

14. A computer program product comprising machine
executable instructions residing on non-transitory
computer readable media, which, when loaded and
executed by a processor, cause the processor to per-
form operations according to the method of any one
of claims 9-13.

15. A system for Internet protocol "IP" / media access
control "MAC" binding information advertisement,
the system configured to perform operations accord-
ing to any one of claims 9-13.
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