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METHOD AND APPARATUS FOR INTERFACING WITH A CIRCUIT
SWITCHED NETWORK

RELATED APPLICATION

[1] This application claims priority to U.S. Provisional Patent Application No.
62/530,780 filed on July 10, 2017 and entitled “CIRCUIT SWITCHED NETWORK
INTERFACE DEVICE,” the disclosure of which is incorporated herein by reference in its

entirety.

STATEMENT AS TO FEDERALLY SPONSORED RESEARCH
[2] The subject matter of this disclosure was developed with government support
under Grant No. Sub CNS-1553490 awarded by the National Science Foundation (NSF).

The government has certain rights in the subject matter of this disclosure.

TECHNICAL FIELD
[3] The subject matter disclosed herein relates generally to computing networks and

more specifically to interfacing with a circuit switched network.

BACKGROUND

[4] The connections between computing nodes in a packet switched network may be
static. As such, computing nodes within a packet switched network may be interconnected
by persistent data carrier signals. By contrast, the data carrier signals interconnecting
computing nodes within a circuit switched network may fluctuate as the connections between
the computing nodes in the circuit switched network undergo periodic reconfiguration. For
example, computing nodes within a circuit switched network may be interconnected via one
or more switches including, for example, crossbar switches and/or the like. Each switch may

include a matrix of individual switching elements. Accordingly, the circuit switched network
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may be reconfigured by toggling the switching elements to form dedicated connections
between at least some of the input ports and output ports of the individual switches.
SUMMARY

[5] Systems, methods, and articles of manufacture, including computer program
products, are provided for interfacing with a circuit switched network. In one aspect, there is
provided an apparatus. The apparatus may include at least one data processor and at least one
memory. The at least one memory may store instructions that, when executed by the at least
one data processor cause the apparatus to at least detect that a data carrier signal from a
circuit switched network is offline. In response to detecting that the data carrier signal from
the circuit switched network is offline, the apparatus may be further caused to at least send, to
a network element coupled with the circuit switched network via the apparatus, one or more
control packets indicating that the data carrier signal from the circuit switched network is
offline; maintain, between the apparatus and the network element, an active data carrier
signal by at least sending, to the network element, one or more protocol idle frames.

[6] In some variations, one or more features disclosed herein including the
following features can optionally be included in any feasible combination. A first packet sent
from the network element to the circuit switched network may be buffered at the apparatus.
The apparatus may be further caused to at least detect that the data carrier signal from the
circuit switched network is online. In response to the detecting that the data carrier signal
from the circuit switched network is online, the apparatus may be further caused to at least:
send, to the network element, one or more control packets indicating that the data carrier
signal from the circuit switched network is online; send, to the circuit switched network, the
first packet buffered at the apparatus while the data carrier signal from the circuit switched
network is offline; and forward, to the circuit switched network, a second packet sent from

the network element to the circuit switched network.
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[7] Insome variations, the apparatus may be further caused to at least: receive, from
the network element, the first packet; and classify, based at least on a header of the first
packet, the first packet as a data packet, the first packet being buffered at the apparatus based
at least on the first packet being classified as the data packet.

[8] Insome variations, the apparatus may be further caused to at least: receive, from
the circuit switched network, a second data packet; classify, based at least on a header of the
second data packet, the second data packet as a control packet; and determine, based at least
on the second data packet, that the data carrier signal from the circuit switched network is
offline.

[9] In some variations, the apparatus may include one or more physical link layer
(PHY) chips for coupling the apparatus with the circuit switched network and/or the network
element. The apparatus may be integrated into the network element.

[10] In some variations, the apparatus may be configured to serve as an interface
between the circuit switched network and a packet switched network containing the network
element. The one or more control packets may be sent to the network element to at least
prevent the network element from responding to the data carrier signal being offline as a
failure of a data link between the network element and the circuit switched network. The
data carrier signal from the circuit switched network may be offline while the circuit switched
network is undergoing reconfiguration. The data carrier signal from the circuit switched
network may be restored once the circuit switched network completes reconfiguration.

[11] Systems, methods, and articles of manufacture, including computer program
products, are provided for routing traffic within a circuit switched network. In one aspect,
there is provided a system. The system may include at least one data processor and at least
one memory. The at least one memory may store instructions that cause operations when

executed by the at least one data processor. The operations may include: receiving, at a first
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computing node, an offer packet indicating a first quantity of traffic that requires routing
through the first computing node to reach a second computing node, the offer packet received
from a third computing node interconnected to the first computing node by a first
interconnection pattern at a selector switch; responding to the offer packet by least sending,
to the third computing node, an acceptance packet indicating that the first computing node is
able to accept a third quantity of traffic from the third computing node, the third quantity of
traffic being determined based at least on a link capacity associated with the first computing
node sending a second quantity of traffic to the third computing node; storing, at the first
computing node, the third quantity of traffic received from the third computing node in
response to the acceptance packet; and in response to the second computing node being
interconnected to the first computing node by a second interconnection pattern at the selector
switch, sending, to the second computing node, at least a portion of the third quantity of
traffic.

[12] In some variations, one or more features disclosed herein including the
following features can optionally be included in any feasible combination. The second
quantity of traffic may be sent to the third computing node while the third computing node is
interconnected to the first computing node by the first interconnection pattern at the selector
switch. The second quantity of traffic may include non-local traffic that is being routed
through the first computing node to reach the second computing node.

[13] In some variations, the second quantity of traffic may further include local
traffic between the first computing node and the second computing node based at least on the
link capacity between the first computing node and the second computing node being able to
accommodate the local-traffic in addition to the non-local traffic.

[14] In some variations, the selector switch may be configured to switch to the first

interconnection pattern during a first timeslot and switch to the second interconnection
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pattern during a second timeslot. The selector switch may be configured to fully interconnect
a plurality of computing nodes by switching between a subset of some but not all possible
interconnection patterns between the plurality of computing nodes.

[15] In some variations, another offer indicating a fourth quantity of traffic that
requires routing through the first computing node may be received from the second
computing node and/or a fourth computing node interconnected to the first computing node
by the second interconnection pattern at the selector switch. Another acceptance packet may
be generated based at least on a link capacity associated with the first computing node
sending at least the portion of the third quantity of traffic to the second computing node.

[16] Implementations of the current subject matter may include methods consistent
with the descriptions provided herein as well as articles that comprise a tangibly embodied
machine-readable medium operable to cause one or more machines (e.g., computers, etc.) to
result in operations implementing one or more of the described features. Similarly, computer
systems are also described that may include one or more processors and one or more
memories coupled to the one or more processors. A memory, which can include a non-
transitory computer-readable or machine-readable storage medium, may include, encode,
store, or the like one or more programs that cause one or more processors to perform one or
more of the operations described herein. Computer implemented methods consistent with
one or more implementations of the current subject matter can be implemented by one or
more data processors residing in a single computing system or multiple computing systems.
Such multiple computing systems can be connected and can exchange data and/or commands
or other instructions or the like via one or more connections, including, for example, to a
connection over a network (e.g. the Internet, a wireless wide area network, a local area
network, a wide area network, a wired network, or the like), via a direct connection between

one or more of the multiple computing systems, etc.
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[17] The details of one or more variations of the subject matter described herein are
set forth in the accompanying drawings and the description below. Other features and
advantages of the subject matter described herein will be apparent from the description and
drawings, and from the claims. While certain features of the currently disclosed subject
matter are described for illustrative purposes in relation to a network switch, it should be
readily understood that such features are not intended to be limiting. The claims that follow

this disclosure are intended to define the scope of the protected subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[18] The accompanying drawings, which are incorporated in and constitute a part of
this specification, show certain aspects of the subject matter disclosed herein and, together
with the description, help explain some of the principles associated with the subject matter
disclosed herein. In the drawings,

[19] FIG. 1A depicts a block diagram illustrating an example of a network interface
device, in accordance with some example embodiments;

[20] FIG. 1B depicts a block diagram illustrating another example of a network
interface device, in accordance with some example embodiments;

[21] FIG. 2A depicts a block diagram illustrating an example deployment of one or
more network interface devices, in accordance with some example embodiments;

[22] FIG. 2B depicts a block diagram illustrating another example deployment of one
or more network interface devices, in accordance with some example embodiments;

[23] FIG. 2C depicts a block diagram illustrating another example deployment of one
or more network interface devices, in accordance with some example embodiments;

[24] FIG. 3 depicts a flowchart illustrating a process for interfacing with a circuit

switched network, in accordance with some example embodiments;
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[25] FIG. 4A depicts an example of a selector switch, in accordance with some
example embodiments;

[26] FIG. 4B depicts a matrix illustrating the connectivity of a selector switch over
time, in accordance with some example embodiments;

[27] FIG. 5 depicts a selector switch interconnecting a plurality of computing nodes,
in accordance with some example embodiments;

[28] FIG. 6 depicts traffic scheduling using a selector switch, in accordance with
some example embodiments;

[29] FIG. 7 depicts a flowchart illustrating a process for traffic routing, in accordance
with some example embodiments; and

[30] FIG. 8 depicts a block diagram illustrating a computing system, in accordance
with some example embodiments.

[31] When practical, similar reference numbers denote similar structures, features, or

elements.

DETAILED DESCRIPTION

[32] The data carrier signal between at least some of the computing nodes within a
circuit switched network may be offline while the circuit switched network undergoes
reconfiguration. A conventional network element may interpret an offline data carrier signal
as a datalink failure and may therefore react to the routine reconfiguration of a circuit
switched network by changing the state of the communication software at the network
element. These changes may be slow to reverse when the reconfiguration of the circuit
switched network is complete and the data carrier signal is restored. The resulting delay
during which no traffic is sent over the circuit switched network may effectively limit the

frequency at which the circuit switched network may be reconfigured. As such, in some
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example embodiments, one or more network interface device may be deployed to serve as an
interface to a circuit switched network. The one or more network interface devices may
isolate fluctuations in a data carrier signal from the network elements coupled with the circuit
switched network. In doing so, the one or more network interface devices may mitigate the
overhead associated with unnecessary changes to the communication software at the network
elements and increase the reconfiguration frequency of the circuit switched network.

[33] In some example embodiments, a network interface device may be coupled with
and/or integrated into a network element including, for example, a packet switch, a terminal,
and/or the like. The network interface device may be configured to serve as an interface
between the network element and a circuit switched network by at least monitoring the status
of a data carrier signal on a datalink coupled with the network element. Furthermore, the
network interface device may be configured to send, to the network element, an indication of
changes in the status of the corresponding data carrier signal, thereby enabling the network
element to determine when to inject traffic into the circuit switched network. For example,
the network element may inject traffic into the circuit switched network when the circuit
switched network is not undergoing reconfiguration and the data carrier signal is online.

[34] In some example embodiments, computing nodes within a circuit switched
network may be interconnected using one or more selector switches. A conventional switch
may be configured to switch between every possible interconnection pattern between the
input ports and the output ports of the switch. By contrast, a selector switch may be
configured to switch between a subset of interconnection patterns that includes some, but not
all, of the possible interconnection patterns between the input ports and the output ports of the
selector switch. Full connectivity between the input ports and the output ports of the selector

switch may be realized over time by cycling through the subset of interconnection patterns.
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[35] In some example embodiments, some pairs of input ports and output ports in the
selector switch may be directly connected via a single interconnection pattern, thereby
enabling traffic to flow directly between the computing nodes coupled via those pairs of input
ports and output ports. Alternatively and/or additionally, some pairs of input ports and output
ports in the selector switch may be indirectly connected by cycling through a sequence of
interconnection patterns. Traffic between computing nodes connected via the indirectly
connected pairs of input ports and output ports may traverse one or more intermediary
computing nodes. As such, according to some example embodiments, the flow of traffic
between the computing nodes coupled via the selector switch may be scheduled using an
offer-acceptance protocol that operates based on a respective quantity and/or priority of direct
traffic and indirect traffic at each of the computing nodes that are interconnected via the
selector switch.

[36] In some example embodiments, one or more network interface devices may be
deployed to serve as an interface to a circuit switched network by at least being coupled with
and/or integrated into any network element including, for example, a packet switch, a
terminal, and/or the like. Furthermore, the one or more network interface devices may serve
as an interface to any circuit switched network including, for example, a circuit switched
network implemented using one or more selector switches. For instance, to provide an
interface between a circuit switched network and a packet switched network, one or more
network interface devices may be coupled with and/or integrated into a packet switch.
Alternatively and/or additionally, one or more network interface devices may be coupled with
and/or integrated into a terminal in order to serve as an interface between the terminal and a
circuit switched network.

[37] FIG. 1A depicts a block diagram illustrating an example of a network interface

device 100, in accordance with some example embodiments. Referring to FIG. 1A, the
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network interface device 100 may serve as an interface between a circuit switched network
150 and a network element 160. It should be appreciated that the network element 160 may
be any network element including, for example, a packet switch, a terminal, and/or the like.
Furthermore, in order to serve as an interface between the network element 160 and the
circuit switched network 150, the network interface device 110 may be coupled with and/or
integrated into the network element 160.

[38] In some example embodiments, the network interface device 100 may include
one or more physical layer (PHY) chips including, for example, a first physical layer chip
140A, a second physical layer chip 140B, a third physical layer chip 140C, a fourth physical
layer chip 140D, and/or the like. It should be appreciated that the network interface device
100 may be a link layer device. As such, the first physical layer chip 140A, the second
physical layer chip 140B, the third physical layer chip 140C, and/or the fourth physical layer
chip 140D may serve to connect the network interface device 100 to one or more datalinks
including, for example, electrically conductive wires, optical waveguides, fiber optic cables,
and/or the like. For example, as shown in FIG. 1A, the first physical layer chip 140A may
connect the network interface device 100 to an output datalink to the circuit switched network
150 while the third physical layer chip 140C may connect the network interface device 100 to
an input datalink from the circuit switched network 150. Alternatively and/or additionally,
the second physical layer chip 140B may connect the network interface device 100 to an
input datalink from the network element 160 and the fourth physical layer chip 140D may
connect the network interface device 100 to an output datalink to the network element 160.
The first physical layer chip 140A, the second physical layer chip 140B, the third physical
layer chip 140C, and/or the fourth physical layer chip 140D may each be configured to

convert, into a digital data stream, raw communication signals on a corresponding datalink.

10
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[39] Referring again to FIG. 1A, the network interface device 100 may include at
least one packet router including, for example, a first packet router 120A, a second packet
router 120B, and/or the like. As shown in FIG. 1A, the first packet router 120A may be
communicatively coupled with the circuit switched network 150 via the first physical layer
chip 140A and with the network element 160 via the second physical layer chip 140B. The
first packet router 120A may be configured to classify and/or route packets from originating
the network element 160. Alternatively and/or additionally, the second packet router 120B
may be communicatively coupled with the circuit switched network 150 via the third physical
layer chip 140C and with the network element 160 via the fourth physical layer chip 140D.
The second packet router 120B may be configured to classify and/or route packets originating
from the circuit switched network 150.

[40] In some example embodiments, the network interface device 100 may serve as
an interface between the circuit switched network 150 and the network element 160 by at
least monitoring a status of a data carrier signal on a datalink between the circuit switched
network 150 and the network element 160. For example, the network interface device 100
may include at least one microprocessor including, for example, a processor 110 and/or the
like. The processor 110 may monitor a status of a data carrier signal between the circuit
switched network 150 and the network element 160, for example, by at least monitoring a
status of a data carrier signal on the third physical layer chip 140C. As noted, the third
physical layer chip 140C may be coupled with an input datalink from the circuit switched
network 150. The status of the data carrier signal on the third physical layer chip 140C,
which may correspond to the status of the data carrier signal from the circuit switched
network 150, may determine a state of the network interface device 100. Furthermore,
according to some example embodiments, the network interface device 100 may

communicate, to the network element 160, the status of the data carrier signal by at least

11
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sending, to the network element 160, one or more control packets. The control packets may
be sent to the network element 160 via a data path connection that includes the second packet
router 120B and the fourth physical layer chip 140D. Alternatively and/or additionally, the
control packets may be sent via a separate control channel between the network interface
device 100 and the network element 160.

[41] For example, the processor 110 may determine, based at least on the status of
the data carrier signal on the third physical layer chip 140C, that the circuit switched network
150 may be undergoing reconfiguration and the data carrier signal between the circuit
switched network 150 and the network element 160 may be offline. As noted, in some
example embodiments, the network interface device 100 may isolate the network element
160 from this fluctuation in the data carrier signal from the circuit switched network 150.
Accordingly, the processor 110 may maintain an active data carrier signal to the network
element 160, for example, by at least sending one or more protocol idle frames to the network
element 160. Furthermore, the processor 110 may send, to the network element 160, one or
more control packets notifying the network element 160 that the carrier signal from the
circuit switched network 150 is offline. As noted, the control packets may be sent to the
network element 160 via the data path connection that includes the second packet router
120B and the fourth physical layer chip 140D. Alternatively and/or additionally, the control
packets may be sent via the separate control channel between the network interface device
100 and the network element 160.

[42] According to some example embodiments, while the data carrier signal from the
circuit switched network 150 is offline, the processor 110 may buffer, at the network
interface device 100, any incoming traffic from the network element 160. For example,
while the data carrier signal from the circuit switched network 150 is offline, the processor

110 may configure the first packet router 120A to route, to a first memory 130A coupled with

12
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the first packet router 120A, one or more packets received from the network element 160 via
the second physical layer chip 140B.

[43] As noted, while the data carrier signal from the circuit switched network 150 is
offline during the reconfiguration of the circuit switched network 150, the network interface
device 100 may send one or more protocol idle frames to the network element 160, for
example, by at least configuring the second packet router 120B to send protocol idle frames
to the fourth physical layer chip 140D coupled with the output datalink to the network
element 160. It should be appreciated that the protocol idle frames may be generated by the
second packet router 120B and/or the by processor 110. Alternatively and/or additionally,
the second packet router 120B may read the protocol idle frames from a second memory
130B coupled with the second packet router 120B. By sending the protocol idle frames to the
network element 160 during the reconfiguration of the circuit switched network 150, the
network interface device 100 may maintain an active data carrier signal with the network
element 160 regardless of an actual status of the data carrier signal between the network
element 160 and the circuit switched network 150. In doing so, the network interface device
100 may isolate the network element 160 from fluctuations in the data carrier signal between
the network element 160 and the circuit switched network 150, and prevent costly changes to
the state of the communication software at the network element 160 due to the absence of an
active data carrier signal from the circuit switched network 150.

[44] In some example embodiments, the processor 110 may determine, based at least
on the status of the data carrier signal on the third physical layer chip 140C, that the
corresponding data carrier signal between the circuit switched network 150 and the network
element 160 may be online. This may occur, for example, when the circuit switched network
150 is not undergoing any reconfiguration. Upon detecting a transition in the status of the

data carrier signal transitions from offline to online, the processor 100 may send, to the
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network element 160, one or more control packets notifying the network element 160 that the
data carrier signal from the circuit switched network 150 is online. The control packets may
be sent to the network element 160 via the data path connection that includes the second
packet router 120B and the fourth physical layer chip 140D. Alternatively and/or
additionally, the control packets may be sent via the separate control channel between the
network interface device 100 and the network element 160.

[45] Altematively and/or additionally, while the data carrier signal between the
circuit switched network 150 and the network element 160 is online, the processor 110 may
configure the first packet router 120A and/or the second packet router 120B to allow traffic to
pass directly between the circuit switched network 150 and the network element 160.
Alternatively and/or additionally, when the data carrier signal between the circuit switched
network 150 and the network element 160 is online, the processor 110 may further configure
the first packet router 120A to inject, into the circuit switched network 150, any traffic (e.g.,
packets and/or the like) that has been buffered in the first memory 130A while the data carrier
signal between the circuit switched network 150 and the network element 160 had been
offline.

[46] In some example embodiments, the first packet router 120A and/or the second
packet router 120B may each be configured to classify the packets exchanged between the
circuit switched network 150 and the network element 160. The first packet router 120A
and/or the second packet router 120B may classify, based at least on a header of a packet, the
packet as a control packet, a data packet, and/or the like. According to some example
embodiments, the first packet router 120A may be configured to classify packets that are
being sent from the network element 160 to the circuit switched network 150 while the
second packet router 120B may be configured to classify packets that are being sent from the

circuit switched network 150 to the network element 160. The first packet router 120A

14
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and/or the second packet router 120B may further be configured to route control packets to
the processor 110, which may determine, based at least on one or more control packets, a
state of the network interface device 100. Altematively and/or additionally, the processor
110 may configure, based on the control packets, the first packet router 120A and/or the
second packet router 120B to route data packets directly between the circuit switched
network 150 and the network element 160, and/or to buffer at least some of the data packets
in the first memory 130A and/or the second memory 130B.

[47] For example, the second packet router 120B may route, to the processor 110,
one or more control packets received from the circuit switched network 150 to at least enable
the processor 110 to determine a status of the data carrier signal between the circuit switched
network 150 and the network element 160. When the control packets from the circuit
switched network 150 indicate the data carrier signal between the circuit switched network
150 and the network element 160 is online, the processor 110 may configure the first packet
router 120A to route data packets from the network element 160 directly to the circuit
switched network 150. The processor 110 may further configure the first packet router 120A
to route data packets buffered in the first memory 130A to the circuit switched network 150,
for example, by routing the data packets to the first physical layer chip 140A coupled with
the output datalink to the circuit switched network. Alternatively and/or additionally, when
the control packets received from the circuit switched network 150 indicate the data carrier
signal between the circuit switched network 150 and the network element 160 is offline, the
processor 110 may configure the first packet router 120A to buffer the data packets received
from the network element 160, for example, by routing the data packets for storage at the first
memory 130A.

[48] FIG. 1B depicts a block diagram illustrating another example of the network

interface device 100, in accordance with some example embodiments. As shown in FIG. 1B,
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the network interface device 100 may not necessarily include the first packet router 120A
and/or the second packet router 120B. Instead, the processor 110 may perform the packet
routing functionalities of the first packet router 120A and/or the second packet router 120B.
Eliminating the first packet router 120A and/or the second packet router 120B may at least
simplify the architecture of the network interface device including, for example, the data path
between the network interface device 100 and the circuit switched network 150, the data path
between the network interface device 100 and the network element 160, and/or the like.
Moreover, the network interface device 100 may be implemented using fewer physical layer
chips. For example, the example of the network interface device 100 shown in FIG. 1B may
be implemented using two physical layer chips (e.g., the first physical layer chip 140A and
the second physical layer chip 140B) instead of the four physical layer chips required to
implement the example of the network interface device 100 shown in FIG. 1A. Alternatively
and/or additionally, should be appreciated that the data link layer functionality may also be
implemented, at least partially, with the processor 110, thereby obviating at least some of the
need for separate and/or discrete physical layer chips.

[49] In some example embodiments, one or more network interface devices, such as
the network interface device 100, may be deployed in any manner to serve as an interface
between a circuit switched network and one or more network elements. For example, FIG.
2A depicts a block diagram illustrating an example deployment of one or more network
interface devices, in accordance with some example embodiments. Referring to FIG. 2A,
multiple network interface devices including, for example, a first network interface device
210A and a second network interface device 210B, may be integrated onto a single board
220.

[50] Referring again to FIG. 2A, the first network interface device 210A may serve

as an interface between a first network element 250A and a circuit switched network 240.
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For example, the first network interface device 210A may send, to the first network element
250A, one or more protocol idle frames in order to isolate the first network element 250A
from fluctuations in a data carrier signal between the first network element 250A and the
circuit switched network 240, which may occur when the circuit switched network 240
undergoes reconfiguration. The first network interface device 210A may further buffer
traffic (e.g., data packets) from the first network element 250A such that traffic from the first
network element 250A are not injected into the circuit switched network 240 until the data
carrier signal between the first network element 250A and the circuit switched network 240 is
online,

[51] Altematively and/or additionally, the second network interface device 210B
may serve as an interface between a second network element 250B and the circuit switched
network 240. For example, the second network interface device 210A may also isolate the
second network element 250B from fluctuations in a data carrier signal between the second
network element 250B and the circuit switched network 240 by at least sending send, to the
second network element 250B, one or more protocol idle frames while the circuit switched
network 240 is undergoing reconfiguration and the data carrier signal between the second
network element 250B and the circuit switched network 240 is offline. Traffic (e.g., data
packets) from the second network element 250B may also be buffered at the second interface
device 210B while the data carrier signal between the second network interface device 210B
and the circuit switched network 240 is offline. Buffered traffic from the second network
element 250B may be injected into the circuit switched network 240 once the circuit switched
network 240 completes reconfiguration and the data carrier signal between the second
network element 250B and the circuit switched network 240 is restored.

[52] In some example embodiments, the first network interface device 210A and/or

the second network interface device 210B may be deployed by at least being coupled with
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and/or integrated into a network element including, for example, a packet switch, a terminal,
and/or the like. To further illustrate, FIG. 2B illustrates an example deployment of the first
network interface device 210A and the second network interface device 210B in which the
first network interface device 210A and the second network interface device 210B are
communicatively coupled with a packet switch 230 configured to route packets in a packet
switched network. Alternatively and/or additionally, FIG. 2C illustrates another example
deployment of the first network interface device 210A and the second network interface
device 210B in which the first network interface device 210A and the second network
interface device 210B are integrated into the packet switch 230. As shown in FIGS. 2B-C,
the packet switch 230 may include a switch chip 232 and a processor 234. Furthermore, the
packet switch 230 may be coupled with one or more network elements including, for
example, the first network element 250A and/or the second network element 250B.

[53] FIG. 3 depicts a flowchart illustrating a process 300 for interfacing with a circuit
switched network, in accordance with some example embodiments. Referring to FIGS. 1A-
B, 2A-C, and 3, the process 300 may be performed by a network interface device such as, for
example, the network interface device 100, the first network interface device 210A, the
second network interface device 210B, and/or the like.

[54] At 302, a network interface device may monitor a status of a data carrier signal
between a circuit switched network and a network element. Furthermore, at 303, the network
interface device may determine whether the data carrier signal between the circuit switched
network and the network element is offline. For example, in some example embodiments,
the network interface device 100 may determine, based at least on one or more control
packets received from the circuit switched network 150, a status of the data carrier signal
between the circuit switched network 150 and the network element 160. As noted, the data

carrier signal between the circuit switched network 150 and the network element 160 may
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fluctuate as the circuit switched network 150 undergo periodic reconfiguration. For instance,
the data carrier signal between the circuit switched network 150 and the network element 160
may be offline while the circuit switched network 150 is undergoing reconfiguration.
Alternatively and/or additionally, the data carrier signal between the circuit switched network
150 and the network element 160 may be restored once the circuit switched network 150
completes reconfiguration.

[55] At 303-Y, the network interface device may determine that the data carrier
signal between the circuit switched network and the network element is offline. As such, at
304, the network interface device may send, to the network element, one or more control
packets indicating that the data carrier signal between the circuit switched network and the
network element is offline. For example, the network interface device 100 may respond to
the data carrier signal from the circuit switched network 150 being offline by at least sending,
to the network element 160, one or more control packets notifying the network element 160
that the data carrier signal from the circuit switched network 150 is offline. As noted, the
network interface device 100 may send the control packets via a data path connection that
includes the second packet router 120B and the fourth physical layer chip 140D.
Alternatively and/or additionally, the control packets may be sent to the network element 160
via a separate control channel between the network interface device 100 and the network
element 160.

[56] Furthermore, at 306, the network interface device may further respond to the
data carrier signal between circuit switched network and the network element being offline
by maintaining an active carrier signal between the network interface device and the network
element. In some example embodiments, the network interface device 100 may isolate the
network element 160 from the fluctuation in the data carrier signal between the circuit

switched network 150 and the network element 160. For instance, the network interface
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device 100 may maintain an active data carrier signal to the network element 160 by at least
sending one or more protocol idle frames to the network element 160 while the data carrier
signal between the circuit switched network 150 and the network element 160 is offline.

[57] At 308, the network interface device may further respond to the data carrier
signal between circuit switched network and the network element being offline by buffering,
at the network interface device, traffic from the network element to the circuit switched
network. For example, the network interface device 100 may buffer any incoming traffic
from the network element 160 while the data carrier signal between the circuit switched
network 150 and the network element 160 is offline. Furthermore, the process 300 may
continue at operation 302 as the network interface device 100 continues to monitor the status
of the data carrier signal between the circuit switched network 150 and the network element
160.

[58] Altematively and/or additionally, at 303-N, the network interface device may
determine that the data carrier signal between the circuit switched network and the network
element is online. At 310, the network interface device may respond to the data carrier signal
between the circuit switched network and the network element being online by at least
sending, to the network element, one or more control packets indicating that the data carrier
signal is online. For instance, in some example embodiments, the network interface device
100 may detect that the data carrier signal from the circuit switched network 150 has come
back online, for example, once the circuit switched network 150 has completed
reconfiguration. Upon detecting the transition in the status of the data carrier signal
transitions from offline to online, the network interface device 100 may send, to the network
element 160, one or more control packets notifying the network element 160 that the data
carrier signal from the circuit switched network 150 is online. The control packets may be

sent to the network element 160 via the data path connection that includes the second packet
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router 120B and the fourth physical layer chip 140D. Alternatively and/or additionally, the
control packets may be sent via the separate control channel between the network interface
device 100 and the network element 160.

[59] At 312, the network interface device may respond to the data carrier signal
between circuit switched network and the network element being online by providing a direct
passage for traffic between the network element and the circuit switched network. For
example, the network interface device 100, based at least on one or more control packets
received from the circuit switched network 150, that the data carrier signal between the
circuit switched network 150 and the network element 160 may be online. While the data
carrier signal between the circuit switched network 150 and the network element 160 is
online, the network interface device 100 may allow traffic to pass directly between the circuit
switched network 150 and the network element 160.

[60] Furthermore, at 312, the network interface device may respond to the data
carrier signal between circuit switched network and the network element being online by
sending, to the circuit switched network, traffic that has been buffered at the network
interface device while the data carrier signal between the circuit switched network and the
network element is offline. For example, when the data carrier signal between the circuit
switched network 150 and the network element 160 is online, the network interface device
100 may further inject, into the circuit switched network 150, any traffic (e.g., packets and/or
the like) that has been buffered at the network interface device 100 while the data carrier
signal between the circuit switched network 150 and the network element 160 had been
offline. The process 300 may continue at operation 302 as the network interface device 100
continues to monitor the status of the data carrier signal between the circuit switched network

150 and the network element 160.
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[61] In some example embodiments, a circuit switched network such as, for example,
the circuit switched network 150 and/or the circuit switched network 240, may be
implemented using one or more selector switches. A conventional switch with an N quantity
of input ports and an N quantity of output ports may be configured to switch between all of
the N! quantity of possible interconnection patterns between the input ports and the output
ports of the switch. By contrast, a selector switch having an N quantity of input ports and an
N quantity of output ports may be configured to switch between a subset of interconnection
patterns that include some but not all of the N! quantity of possible interconnection patterns.
At any given instant in time, the selector switch may not be fully interconnected as the
selector switch provides only a subset of all of the possible interconnections. However, the
selector switch can effectively, over time and using a sequence of interconnection patterns,
provide a fully interconnected network topology. As such, a selector switch may be
implemented using fewer switching elements than a conventional switch. Alternatively
and/or additionally, a selector switch may be implemented using beam steering switching
elements that steer in fewer directions than the beam steering switching elements used to
implement a conventional switch.

[62] To further illustrate, FIG. 4A depicts a selector switch 400, in accordance with
some example embodiments. Referring to FIG. 4A, the selector switch 400 may be
configured to interconnect a plurality of input ports 420A with a plurality of output ports
420B by at least switching between a plurality of interconnection patterns including, for
example, a first interconnection pattern 410A at a first time 7,, then a second interconnection
pattern 410B at a second time 7,, and then a third interconnection pattern 410C at a third time
T3.

[63] The first interconnection pattern 410A, the second interconnection pattern 410B,

and the third interconnection pattern 410C may form a subset of some but not all of the
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possible interconnection patterns between the input ports 420A and the output ports 420B.
For example, an N! quantity of interconnection patterns may be possible between an N
quantity of input ports with an N quantity of output ports. However, the first interconnection
pattern 410A, the second interconnection pattern 410B, and the third interconnection pattern
410C may provide three interconnection patterns, which is fewer than the N! quantity of
possible interconnection patterns. In some example embodiments, k may be equal to log, N.
Alternatively and/or additionally, £ may be less than or equal to N.

[64] Referring again to FIG. 4A, the selector switch 400 may be configured to switch
between the first interconnection pattern 410A, the second interconnection pattern 410B, and
the third interconnection pattern 410C. For instance, as shown in FIG. 4A, the selector
switch 400 may switch to the first interconnection pattern 410A at a first time 74, the second
interconnection pattern 410B at a second time 7,, and the third interconnection pattern 410C
at a third time 5.

[65] To further illustrate, FIG. 4B depicts a matrix 425 illustrating the connectivity of
the selector switch 400 over time, in accordance with some example embodiments. The
value for each element in the matrix 425 may indicate the time at which a connection exists
between a corresponding pair of input port and output port. For instance, a first element
422 A may be associated with the value 7, indicating that input port 4 and output port 5 are
connected at the second time 7,. Meanwhile, a second element 422B may be associated with
the value 75 indicating that input port 3 and output port 7 are connected at the third time 3.

[66] As the matrix 425 indicates, at the first time 7,, the first interconnection pattern
210A may provide direct connections between input port 1 and output port 2, input port 2 and
output port 1, input port 3 and output port 4, input port 4 and output port 3, input port 5 and
output port 6, input port 6 and output port 5, input port 7 and output port 8, and output port 8

and input port 7. Meanwhile, at the second time 7,, the second interconnection pattern 410B
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may provide direction connections between input port 1 and output port 3, input port 2 and
output port 4, input port 3 and output port 1, input port 4 and output port 2, input port 5 and
output port 7, input port 6 and output port 8, input port 7 and output port 5, and input port 8
and output port 6. Alternatively and/or additionally, at the third time 75, the third
interconnection pattern 410C may provide direct connections between input port 1 and output
port 5, input port 2 and output port 6, input port 3 and output port 7, input port 4 and output
port 8, input port 5 and output port 1, input port 6 and output port 2, input port 7 and output
port 3, and input port 8 and output port 4.

[67] In some example embodiments, full connectivity between the input ports 420A
and the output ports 420B may be realized over time by cycling through the first
interconnection pattern 410A, the second interconnection pattern 410B, and/or the third
interconnection pattern 410C.  The first interconnection pattern 410A, the second
interconnection pattern 410B, and/or the third interconnection pattern 410C may provide
direct connections between at least some of the input ports 420A and the output ports 420B of
the selector switch 400.

[68] Altematively and/or additionally, the first interconnection pattern 410A, the
second interconnection pattern 410B, and/or the third interconnection pattern 410C may also
provide indirect connections between the input ports 420A and/or the output ports 420B of
the selector switch 400. As used herein, an indirect connection between an input port and an
output port may include at least one hop through one or more intermediary input ports and/or
output ports. It should be appreciated that an indirect connection between an input port and
an output port may include a maximum A quantity of hops. To further illustrate, as shown in
FIGS. 4A-B, the first interconnection pattern 410A, the second interconnection pattern 410B,

and the third interconnection pattern 410C may each provide an indirect connection between
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input port 1 to output port 8, which may include one or more hops through intermediary input
ports and/or output ports.

[69] For instance, the indirect connection between input port 1 and output port 8 may
include a plurality of intermediary ports including, for example, output port 2 and input port
4. To further illustrate, the first interconnection pattern 410A may include a first direct
connection 415A between input port 1 and output port 2. Thus, at the first time 74,
information may be transferred, via the first direct connection 415A, from input port 1 to
output port 2. This information may be stored at output port 2 until the second time 7.
Meanwhile, the second interconnection pattern 210B may provide a second direct connection
415B between output port 2 and input port 4. At the second time 7, the information stored at
output port 2 may be transferred, via the second direct connection 415B, from output port 2 to
input port 4. The information may again be stored at input port 4 until the third time 7.
Referring again to FIG. 4A, the third interconnection pattern 410C may provide a third direct
connection 415C between input port 4 and output port 8. Accordingly, the third time 73, the
information stored at input port 4 may be transferred, via the third direct connection 415C,
from input port 4 to output port 8. It should be appreciated that at least some of the input
ports 420A and/or the output ports 420B may include memory for storing information that is
being conveyed through an indirect connection between an input port and an output port.

[70] In some example embodiments, the selector switch 400 may be configured to
schedule traffic between the input ports 420A and the output ports 420B of the selector
switch 400 based on a respective quantity and/or priority of local traffic and non-local traffic
traversing the selector switch 400. As used herein, local traffic between a first port and a
second port may refer to traffic originating from the first port and destined for the second

port. By contrast, non-local traffic between the first port and the second port may refer to
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traffic that is being routed through the first port in order to reach the second port and/or a
third port.

[71] In some example embodiments, a selector switch may interconnect a plurality of
computing nodes in a circuit switched network. For example, FIG. 5 depicts a selector switch
500 that interconnects an Ny quantity of endpoints populating a circuit switched network by
at least interconnecting the corresponding Ny quantity of switches. As used herein, an
endpoint may refer to a physical and/or logical grouping of any number of computing nodes.
It should be appreciated that an endpoint that includes multiple computing nodes can be
referred to as a rack and the switch that is coupled with the rack may be referred to as a top-
of-rack switch.

[72] Asshown in FIG. 5, the selector switch 500 may switch between an N,,, quantity
of interconnection patterns or matchings. Each interconnection pattern may provide a direct
connection between one or more pairs of switches in the N, quantity of switches. Switching
through the N,,, quantity of interconnection patterns may provide full connectivity across
every pair of switches in the Ny quantity of switches.

[73] FIG. 6 depicts traffic scheduling using the selector switch 500, in accordance
with some example embodiments. In some example embodiments, each of the N, quantity of
endpoints may hold direct traffic whose destination is another endpoint in the N, quantity of
endpoints that may be directly reachable via one of the N,, quantity of interconnection
patterns. Alteratively and/or additionally, each of the N, quantity of endpoints may also
hold indirect traffic whose destination is another endpoint in the Ny quantity of endpoints that
may only be reachable by hops through one or more intermediary endpoints. As such, FIG. 6
shows that each of the N, quantity of endpoints in the circuit switched network may be
associated with a non-local queue (V) for holding indirect traffic and a local queue (Z.) for

holding direct traffic. In the scenario shown in FIG. 6, the quantity of direct traffic and/or
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indirect traffic may be normalized such that a single unit of traffic may be transferred
between two endpoints when the two endpoints are connected by an interconnection pattern.
As used herein, a timeslot may correspond to a period of time during which the selector
switch 500 is switched to one of the N, quantity of interconnection patterns. Accordingly,
for any one timeslot, a single unit of traffic may be transferred between each pair of the N
quantity of endpoints that are connected by one of the N,, quantity of interconnection
patterns.

[74] In some example embodiments, the selector switch 500 may be configured to
switch through the N, quantity of interconnection pattemns in a predictable manner, thereby
enabling each of the N, quantity of switches to determine which pairs of the Ny quantity of
endpoints will be directly connected during one or more future timeslots. Thus, for each
timeslot, each of the Ny quantity of switches may schedule to deliver non-local traffic and/or
local traffic that are queued at each of the corresponding Ny quantity of endpoints. Each of
the Ny quantity of switches that are connected during a timeslot may further exchange offer
packets and acceptance packets in order to determine the quantity of buffer space to allocate
at each of the corresponding N quantity of endpoints for queueing additional non-local
traffic. Additional non-local traffic may be forwarded to the appropriate endpoints based on
the allocation of buffer space.

[75] Referring again to FIG. 6, local traffic and/or non-local traffic queued at a first
endpoint R; and a second endpoint R, may be scheduled for delivery by the corresponding
switches. For instance, the switches may compute, based on a snapshot of non-local traffic
queue (V) and the local traffic queue (1) at each of the first endpoint R, and/or the second
endpoint R,, a quantity of traffic that are destined for the endpoints that will be connected to
the first endpoint R, and/or the second endpoint R, by the next interconnection pattern.

According to some example embodiments, the delivery of non-local traffic queued at the first
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endpoint R, and/or the second endpoint R, may be prioritized in order to prevent non-local
traffic from being held at an intermediate endpoint for an extended period of time.
Alternatively and/or additionally, the delivery of local traffic queued at the first endpoint R,
and/or the second endpoint R, may be prioritized. For instance, for a timeslot during which
the first endpoint R; may be connected to the second endpoint R,, a first switch ToR;
coupled with the first endpoint R; may schedule to deliver, to the second endpoint R,, the
non-local traffic queued at the first endpoint R; before the local traffic queued at the first
endpoint R, if the uplink capacity between the first endpoint R, and the second endpoint R,
cannot accommodate the entirety of the non-local traffic and the local traffic queued at the
first endpoint R;.

[76] To further illustrate, FIG. 6 shows that 0.75 units of local traffic originating at
the first endpoint R; and destined for the second endpoint R, may be queued at the first
endpoint R;. Furthermore, 0.25 units of non-local traffic, which is being routed through the
first endpoint R, to reach the second endpoint R,, may also be queued at the first endpoint
R;. Accordingly, the first switch ToR; associated with the first endpoint R; may schedule
the 0.25 units of non-local traffic as well as the 0.75 units of local traffic for delivery during a
next timeslot during which the first endpoint R; and the second endpoint R, are connected by
one of the N,,, quantity of interconnection patterns. For instance, the first switch ToR; may
allocate at least some of its uplink capacity during that upcoming timeslot to accommodate
the transfer of the 0.25 units of local traffic and the 0.75 units of non-local traffic from the
first endpoint R, to the second endpoint R,. By contrast, a second switch ToR, associated
with the second endpoint R, may not be required to make any allocations of its uplink
capacity because no non-local traffic and/or local traffic are queued at the second endpoint

R,.
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[77] In some example embodiments, in addition to allocating the uplink capacity for
delivering of the non-local traffic and/or the local traffic, each of the N, quantity of switches
may further form an offer packet containing an indication of a quantity of the remaining local
traffic and/or a quantity of the remaining uplink capacity at each of the Ny quantity of
switches and/or the corresponding endpoints. The smaller of the two quantities may
correspond to a quantity of indirect traffic that requires routing through another switch and/or
endpoint. At the start of a timeslot, switches that are connected by a corresponding
interconnection pattern may exchange offer packets. A switch may determine, based on the
offer packets received from one or more other switches, a quantity of non-local traffic that the
switch is able to accept from other endpoints. For example, the switch may determine the
quantity of local traffic and/or non-local traffic that cannot be delivered during the current
timeslot. The quantity of non-local traffic the switch may be able to accept per destination
may correspond to a difference between a quantity of traffic that may be sent during a single
timeslot and a total quantity of local traffic and/or non-local traffic that are still queued at the
corresponding endpoint. Because the acceptable quantity of indirect traffic may be limited to
a quantity of traffic that may be delivered during the next timeslot including any local traffic
and/or non-local traffic still queued at the endpoint, the maximum time required for
delivering traffic between the N quantity of endpoints may be bound to N,,, + 1 timeslots.

[78] In some example embodiments, as an optimization, a switch may begin sending
the non-local traffic and/or local traffic that are allocated for delivery during a particular
timeslot before the completion of the offer and acceptance protocol to determine the quantity
of additional non-local traffic that may be buffered at a corresponding endpoint.

[79] For instance, referring again to FIG. 6, the first switch ToR; may receive, from
the second switch ToR,, an offer packet indicating that the second endpoint R, has 1 unit of

traffic destined for a third endpoint R; and a fourth endpoint R,, and that the second endpoint
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R, has full uplink capacity to forward that traffic. The first switch ToR; may determine that
the first endpoint R, has already queued 0.25 units of local traffic for the third endpoint R; as
well as 0.5 units of non-local traffic for the third endpoint R3. To utilize the remaining uplink
capacity from the second endpoint R,, the first switch ToR; may determine to accept, from
the second endpoint R,, 0.25 units of the non-local traffic destined for the third endpoint R
and 0.75 units of the non-local traffic destined for the fourth endpoint R,. Accordingly, the
first top-of-endpoint-switch ToR, may form an acceptance packet indicating to the second
switch ToR, that the first endpoint R; may accept, from the second endpoint R,, 0.25 units of
the non-local traffic destined for the third endpoint R; and 0.75 units of the non-local traffic
destined for the fourth endpoint R,.

[80] In some example embodiments, the switch for a first endpoint may receive, from
a second endpoint and/or a switch associated with the second endpoint, an acceptance packet
indicating a quantity of indirect traffic the second endpoint may accept from the first
endpoint. For example, the acceptance packet from the second endpoint may indicate a
quantity of buffer space allocated at the second endpoint for non-local traffic from the first
endpoint. Upon sending the local traffic and/or the non-local traffic queued at the first
endpoint, the switch associated with the first endpoint may send, to the second endpoint, non-
local traffic. The switch at the first endpoint may determine, based on the acceptance a
package, a quantity of non-local traffic to send to the second endpoint. As such, the quantity
of non-local sent to the second endpoint may correspond to the quantity of buffer space
allocated at the second endpoint.

[81] For instance, as shown in FIG. 6, the second switch ToR; at the second endpoint
R, may receive, from the first switch ToR; at the first endpoint R;, the acceptance packet
indicating that the first endpoint R, may be able to accept, from the second endpoint R,, 0.25

units of the non-local traffic destined for the third endpoint R3 and 0.75 units of the non-local
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traffic destined for the fourth endpoint R,. In response to receiving the acceptance packet
from the first switch ToR,, the second switch ToR, may forward, to the first endpoint R,, a
corresponding quantity of non-local traffic. For instance, the second switch ToR, may send,
to the first endpoint R4, the 0.25 units of the non-local traffic destined for the third endpoint
R3 and the 0.75 units of the non-local traffic destined for the fourth endpoint R,. The first
endpoint R; may store, as non-local traffic in the non-local traffic queue (V) at the first
endpoint R;, the 0.25 units of the non-local traffic destined for the third endpoint R; and the
0.75 units of the non-local traffic destined for the fourth endpoint R,.

[82] In some example embodiments, the scheduling of traffic between the Np
quantity of endpoints may be performed for each timeslot by a different set of endpoints that
are interconnected by a corresponding interconnection pattern at the selector switch 500. For
example, a first interconnection pattemn from the N, quantity of interconnection patterns
may, during a first timeslot, interconnect a first set of endpoints from the Ny quantity of
endpoints while a second interconnection pattern may, during a second timeslot, interconnect
a second set of endpoints from the N, quantity of endpoints. Accordingly, the switches
coupled with the first set of endpoints may, during the first timeslot, schedule the flow of
traffic between the first set of endpoints including, by sending local traffic and/or non-local
traffic already queued at each corresponding endpoint at the start of the first timeslot and
engaging in the offer-acceptance protocol to transfer additional non-local traffic. Likewise,
the switches coupled with the second set of endpoints may, during the second timeslot,
schedule the flow of traffic between the second set of endpoints. As noted, the traffic
scheduling may include sending local traffic and/or non-local traffic already queued at each
corresponding endpoint at the start of the second timeslot and engaging in the offer-

acceptance protocol to transfer additional non-local traffic.
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[83] Table 1 below depicts pseudo programming code implementing the scheduling
of traffic between a plurality of computing nodes (e.g., the N quantity of endpoints)
interconnected by a selector switch.

[84] Table 1

Algorithm 1 BatordB Algorithum

function Paase HBagecued data, slod lengthd
affec & maximum passible direct data
capacity ~ slot length minus alloe
affer e reneainiog foost data
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send allocated direct data
remadn + stze of unalloonted divect data
relskee Fomain
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for all nonzero cobunns { in offersel do
iy e fatrshire of gty over affersd
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function Puass 3{Rugusued local datal
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[85] FIG. 7 depicts a flowchart illustrating a process 700 for traffic routing, in
accordance with some example embodiments. Referring to FIGS. 5-7, the process 700 may
be performed by a computing node that is interconnected to one or more other computing
nodes by a selector switch such as, for example, the selector switch 400, the selector switch

500, and/or the like. In some example embodiments, the process 800 may be performed at
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each of a plurality of computing nodes interconnected by a selector switch in order to route
traffic directly and/or indirectly between the computing nodes.

[86] At 702, a first computing node may send, to a second computing node
interconnected to the first computing node by a first interconnection pattern at a selector
switch, a first quantity of traffic queued at the first computing node. For example, as shown
in FIG. 6, 0.25 units of local traffic destined for the second endpoint R, as well as 0.75 units
of non-local traffic that requires routing through the second endpoint R, to reach its
destination may be queued at the first endpoint R;. Accordingly, the first switch ToR;
associated with the first endpoint R; may schedule the 0.25 units of non-local traffic as well
as the 0.75 units of local traffic for delivery during a next timeslot during which the first
endpoint R; and the second endpoint R, are connected by one of the N, quantity of
interconnection patterns. In some example embodiments, in order to prevent non-local traffic
from being queued at an intermediate endpoint for an extended period of time, the first switch
ToR; may prioritize the delivery of non-local traffic queued at the first endpoint R, over the
delivery of local traffic queued at the first endpoint R; when the available uplink capacity is
unable to accommodate the entirety of the non-local traffic and local traffic. In the example
shown in FIG. 6, the first switch ToR; may be able to allocate sufficient uplink capacity
between the first endpoint R; and the second endpoint R, to send, to the second endpoint R,
the 0.25 units of non-local traffic as well as the 0.75 units of local traffic.

[87] At 704, the first computing node may receive, from the second computing node,
an offer packet indicating a second quantity of traffic that requires routing through the first
computing node to reach a third computing node. For example, the first switch ToR; may
receive, from the second switch ToR,, an offer packet indicating that the second endpoint R,
has 1 unit of traffic destined for a third endpoint R; and a fourth endpoint R,, and that the

second endpoint R, has full uplink capacity to forward that traffic.
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[88] At 706, the first computing node may respond to the offer packet by at least
determining, based at least on a link capacity associated with sending the first quantity of
traffic to the second computing node, a third quantity of traffic the first computing node is
able to accept from the second computing node. For instance, in some example
embodiments, the first switch ToR; may determine that the first endpoint R; has already
queued 0.25 units of local traffic for the third endpoint Rz as well as 0.5 units of non-local
traffic for the third endpoint R;. In order to utilize the remaining uplink capacity between the
first endpoint R; and the second endpoint R,, the first switch ToR; may determine to accept,
from the second endpoint R,, 0.25 units of the non-local traffic destined for the third endpoint
R; and 0.75 units of the non-local traffic destined for the fourth endpoint R,.

[89] At 708, the first computing node may send, to the second computing node, an
acceptance packet indicating that the first computing node is able to accept the third quantity
of traffic from the second computing node. For example, the first top-of-endpoint-switch
ToR, may send, to the second switch ToR,, an acceptance packet indicating to the second
switch ToR, that the first endpoint R; may accept, from the second endpoint R,, 0.25 units of
the non-local traffic destined for the third endpoint R; and 0.75 units of the non-local traffic
destined for the fourth endpoint R,.

[90] At 710, the first computing node may receive, in response to the acceptance
packet, the third quantity of traffic from the second computing node. For example, the
second switch ToR; respond to the acceptance packet from the first switch ToR; by at least
forwarding, to the first endpoint R, the 0.25 units of the non-local traffic destined for the
third endpoint R; and the 0.75 units of the non-local traffic destined for the fourth endpoint
R,.

[91] At 712, the first computing node may store, at the first computing node, the third

quantity traffic. For instance, the first endpoint R; may store, as non-local traffic in the non-
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local traffic queue () at the first endpoint R,, the 0.25 units of the non-local traffic destined
for the third endpoint R; and the 0.75 units of the non-local traffic destined for the fourth
endpoint R,.

[92] At 714, the first computing node may respond to the third computing node being
interconnected to the first computing node by a second interconnection pattern at the selector
switch by at least sending, to the third computing node, at least a portion of the third quantity
of traffic. In some example embodiments, the first endpoint R; may be interconnected with
the third endpoint R; and/or the fourth endpoint R, when the selector switch 500 switches to
a next interconnection pattern in the N,,, quantity of interconnection patterns. Accordingly,
when the first endpoint R, is interconnected with the third endpoint R; and/or the fourth
endpoint R,, the first switch ToR; may schedule to send, to the third endpoint R; and/or the
fourth endpoint R,, the non-local traffic queued at the first endpoint R; including the 0.25
units of the non-local traffic destined for the third endpoint R; and the 0.75 units of the non-
local traffic destined for the fourth endpoint R,.

[93] FIG. 8 depicts a block diagram illustrating a computing system 800 consistent
with implementations of the current subject matter. Referring to FIGS. 1A-B and 2A-C, the
computing system 800 may be configured to implement a network interface device (e.g., the
network interface device 100, the first network interface device 210A, the second network
interface device 210B, and/or the like) and/or any components therein. Alternatively and/or
additionally, referring to FIGS. 4A-B, and 5-6, the computing system 800 may also be
configured to implement a selector switch (e.g., the selector switch 400, the selector switch
500, and/or the like) and/or any components therein. The computing system 800 may also be
configured to implement any element within a network including, for example, a switch

and/or the like.
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[94] As shown in FIG. 8, the computing system 800 may include a processor 810, a
memory 820, a storage device 830, and input/output device 840. The processor 810, the
memory 820, the storage device 830, and the input/output device 840 can be interconnected
via a system bus 850. The processor 810 is capable of processing instructions for execution
within the computing system 800. Such executed instructions can implement one or more
components of, for example, the computing system 800. In some implementations of the
current subject matter, the processor 810 can be a single-threaded processor. Alternately, the
processor 810 can be a multi-threaded processor. The processor 810 is capable of processing
instructions stored in the memory 820 and/or on the storage device 830 to display graphical
information for a user interface provided via the input/output device 840.

[95] The memory 820 is a computer readable medium such as volatile or non-volatile
that stores information within the computing system 800. The memory 820 can store data
structures representing configuration object databases, for example. The storage device 830
is capable of providing persistent storage for the computing system 800. The storage device
830 can be a floppy disk device, a hard disk device, an optical disk device, or a tape device,
or other suitable persistent storage means. The input/output device 840 provides input/output
operations for the computing system 800. In some implementations of the current subject
matter, the input/output device 840 includes a keyboard and/or pointing device. In various
implementations, the input/output device 840 includes a display unit for displaying graphical
user interfaces.

[96] According to some implementations of the current subject matter, the
input/output device 840 can provide input/output operations for a network device. For
example, the input/output device 840 can include Ethernet ports or other networking ports to
communicate with one or more wired and/or wireless networks (e.g., a local area network

(LAN), a wide area network (WAN), the Internet).
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[97] In some implementations of the current subject matter, the computing system
800 can be used to execute various interactive computer software applications that can be
used for organization, analysis and/or storage of data in various (e.g., tabular) format (e.g.,
Microsoft Excel®, and/or any other type of software). Alternatively, the computing system
800 can be used to execute any type of software applications. These applications can be used
to perform various functionalities, e.g., planning functionalities (e.g., generating, managing,
editing of spreadsheet documents, word processing documents, and/or any other objects,
etc.), computing functionalities, communications functionalities, etc. The applications can
include various add-in functionalities or can be standalone computing products and/or
functionalities. Upon activation within the applications, the functionalities can be used to
generate the user interface provided via the input/output device 840. The user interface can
be generated and presented to a user by the computing system 800 (e.g., on a computer screen
monitor, etc.).

[98] One or more aspects or features of the subject matter described herein can be
realized in digital electronic circuitry, integrated circuitry, specially designed application
specific integrated circuits (ASICs), field programmable gate arrays (FPGAs) computer
hardware, firmware, software, and/or combinations thereof. These various aspects or features
can include implementation in one or more computer programs that are executable and/or
interpretable on a programmable system including at least one programmable processor,
which can be special or general purpose, coupled to receive data and instructions from, and to
transmit data and instructions to, a storage system, at least one input device, and at least one
output device. The programmable system or computing system may include clients and
servers. A client and server are generally remote from each other and typically interact

through a communication network. The relationship of client and server arises by virtue of
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computer programs running on the respective computers and having a client-server
relationship to each other.

[99] These computer programs, which can also be referred to as programs, software,
software applications, applications, components, or code, include machine instructions for a
programmable processor, and can be implemented in a high-level procedural and/or object-
oriented programming language, and/or in assembly/machine language. As used herein, the
term “machine-readable medium™ refers to any computer program product, apparatus and/or
device, such as for example magnetic discs, optical disks, memory, and Programmable Logic
Devices (PLDs), used to provide machine instructions and/or data to a programmable
processor, including a machine-readable medium that receives machine instructions as a
machine-readable signal. The term “machine-readable signal™ refers to any signal used to
provide machine instructions and/or data to a programmable processor. The machine-
readable medium can store such machine instructions non-transitorily, such as for example as
would a non-transient solid-state memory or a magnetic hard drive or any equivalent storage
medium. The machine-readable medium can altemnatively, or additionally, store such
machine instructions in a transient manner, such as for example, as would a processor cache
or other random access memory associated with one or more physical processor cores.

[100] To provide for interaction with a user, one or more aspects or features of the
subject matter described herein can be implemented on a computer having a display device,
such as for example a cathode ray tube (CRT) or a liquid crystal display (LCD) or a light
emitting diode (LED) monitor for displaying information to the user and a keyboard and a
pointing device, such as for example a mouse or a trackball, by which the user may provide
input to the computer. Other kinds of devices can be used to provide for interaction with a
user as well. For example, feedback provided to the user can be any form of sensory

feedback, such as for example visual feedback, auditory feedback, or tactile feedback; and
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input from the user may be received in any form, including, but not limited to, acoustic,
speech, or tactile input. Other possible input devices include, but are not limited to, touch
screens or other touch-sensitive devices such as single or multi-point resistive or capacitive
track pads, voice recognition hardware and software, optical scanners, optical pointers, digital
image capture devices and associated interpretation software, and the like.

[101] The subject matter described herein can be embodied in systems, apparatus,
methods, and/or articles depending on the desired configuration. The implementations set
forth in the foregoing description do not represent all implementations consistent with the
subject matter described herein. Instead, they are merely some examples consistent with
aspects related to the described subject matter. Although a few variations have been
described in detail above, other modifications or additions are possible. In particular, further
features and/or variations can be provided in addition to those set forth herein. For example,
the implementations described above can be directed to various combinations and
subcombinations of the disclosed features and/or combinations and subcombinations of
several further features disclosed above. In addition, the logic flows depicted in the
accompanying figures and/or described herein do not necessarily require the particular order
shown, or sequential order, to achieve desirable results. Other implementations may be

within the scope of the following claims.
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WHAT IS CLAIMED IS

1. An apparatus, comprising:
at least one data processor; and
at least one memory storing instructions, which when executed by the at least one data
processor, cause the apparatus to at least:
detect that a data carrier signal from a circuit switched network is offline; and
in response to detecting that the data carrier signal from the circuit switched network
is offline:
send, to a network element coupled with the circuit switched network via the
apparatus, one or more control packets indicating that the data carrier signal from the
circuit switched network is offline; and
maintain, between the apparatus and the network element, an active data
carrier signal by at least sending, to the network element, one or more protocol idle

frames.

2. The apparatus of claim 1, wherein the apparatus is further caused to at least:
buffer, at the apparatus, a first packet sent from the network element to the circuit

switched network.

3. The apparatus of claim 2, wherein the apparatus is further caused to at least:
detect that the data carrier signal from the circuit switched network is online; and
in response to detecting that the data carrier signal from the circuit switched network
is online:
send, to the network element, one or more control packets indicating that the

data carrier signal from the circuit switched network is online;
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send, to the circuit switched network, the first packet buffered at the apparatus
while the data carrier signal from the circuit switched network is offline; and
forward, to the circuit switched network, a second packet sent from the

network element to the circuit switched network.

4. The apparatus of any of claims 2-3, wherein the apparatus is further caused to
at least:

receive, from the network element, the first packet; and

classify, based at least on a header of the first packet, the first packet as a data packet,
the first packet being buffered at the apparatus based at least on the first packet being

classified as the data packet.

5. The apparatus of any of claims 2-4, wherein the apparatus is further caused to
at least:

receive, from the circuit switched network, a second data packet;

classify, based at least on a header of the second data packet, the second data packet
as a control packet; and

determine, based at least on the second data packet, that the data carrier signal from

the circuit switched network is offline.

6. The apparatus of any of claims 1-5, wherein the apparatus further comprises

one or more physical link layer (PHY) chips for coupling the apparatus with the circuit

switched network and/or the network element.
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7. The apparatus of any of claims 1-6, wherein the apparatus is integrated into

the network element.

8. The apparatus of any of claims 1-7, wherein the apparatus is configured to
serve as an interface between the circuit switched network and a packet switched network

containing the network element.

9. The apparatus of any of claims 1-8, wherein the one or more control packets
are sent to the network element to at least prevent the network element from responding to
the data carrier signal being offline as a failure of a data link between the network element

and the circuit switched network.

10.  The apparatus of any of claims 1-9, wherein the data carrier signal from the
circuit switched network is offline while the circuit switched network is undergoing
reconfiguration, and wherein the data carrier signal from the circuit switched network is

restored once the circuit switched network completes reconfiguration.

11. A computer-implemented method, comprising;
detecting, at a network interface device, that a data carrier signal from a circuit
switched network is offline; and
in response to detecting that the data carrier signal from the circuit switched network
is offline:
sending, to a network element coupled with the circuit switched network via
the network interface device, one or more control packets indicating that the data

carrier signal from the circuit switched network is offline; and
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maintaining, between the network interface device and the network element,
an active data carrier signal by at least sending, to the network element, one or more

protocol idle frames.

12. The method of claim 11, further comprising:
buffer, at the network interface device, a first packet sent from the network element to

the circuit switched network.

13. The method of claim 12, further comprising:
detecting that the data carrier signal from the circuit switched network is online; and
in response to detecting that the data carrier signal from the circuit switched network
is online:

sending, to the network element, one or more control packets indicating that
the data carrier signal from the circuit switched network is online;

sending, to the circuit switched network, the first packet buffered at the
network interface device while the data carrier signal from the circuit switched
network is offline; and

forwarding, to the circuit switched network, a second packet sent from the

network element to the circuit switched network.

14. The method of any of claims 12-13, further comprising:

receiving, from the network element, the first packet; and

classifying, based at least on a header of the first packet, the first packet as a data
packet, the first packet being buffered at the network interface device based at least on the

first packet being classified as the data packet.
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15. The method of any of claims 12-14, further comprising;

receiving, from the circuit switched network, a second data packet;

classifying, based at least on a header of the second data packet, the second data
packet as a control packet; and

determining, based at least on the second data packet, that the data carrier signal from

the circuit switched network is offline.

16.  The method of any of claims 11-15, wherein the network interface device is
configured to serve as an interface between the circuit switched network and a packet

switched network containing the network element.

17.  The method of any of claims 11-16, wherein the one or more control packets
are sent to the network element to at least prevent the network element from responding to
the data carrier signal being offline as a failure of a data link between the network element

and the circuit switched network.

18.  The method of any of claims 11-17, wherein the data carrier signal from the
circuit switched network is offline while the circuit switched network is undergoing
reconfiguration, and wherein the data carrier signal from the circuit switched network is

restored once the circuit switched network completes reconfiguration.

19. A non-transitory computer readable medium storing instructions, which when
executed by at least one data processor, result in operations comprising:

detecting, at a network interface device, that a data carrier signal from a circuit
switched network is offline; and

in response to detecting that the data carrier signal from the circuit switched network

1s offline:
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sending, to a network element coupled with the circuit switched network via
the network interface device, one or more control packets indicating that the data
carrier signal from the circuit switched network is offline; and

maintaining, between the network interface device and the network element,
an active data carrier signal by at least sending, to the network element, one or more

protocol idle frames.

20. An apparatus, comprising:
means for detecting, at the apparatus, that a data carrier signal from a circuit switched
network is offline; and
means for responding to the detecting of the data carrier signal from the circuit
switched network being offline by at least:
sending, to a network element coupled with the circuit switched network via
the apparatus, one or more control packets indicating that the data carrier signal from
the circuit switched network is offline; and
maintaining, between the apparatus and the network element, an active data
carrier signal by at least sending, to the network element, one or more protocol idle

frames.

21. The apparatus of claim 20, wherein the apparatus is configured to perform the

method of any of claims 11-18.

22, A system, comprising:
at least one data processor; and
at least one memory storing instructions, which when executed by the at least one data

processor, result in operations comprising;
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receiving, at a first computing node, an offer packet indicating a first quantity of
traffic that requires routing through the first computing node to reach a second computing
node, the offer packet received from a third computing node interconnected to the first
computing node by a first interconnection pattern at a selector switch;

responding to the offer packet by least sending, to the third computing node, an
acceptance packet indicating that the first computing node is able to accept a third quantity of
traffic from the third computing node, the third quantity of traffic being determined based at
least on a link capacity associated with the first computing node sending a second quantity of
traffic to the third computing node;

storing, at the first computing node, the third quantity of traffic received from the
third computing node in response to the acceptance packet; and

in response to the second computing node being interconnected to the first computing
node by a second interconnection pattern at the selector switch, sending, to the second

computing node, at least a portion of the third quantity of traffic.

23. The system of claim 22, further comprising:

sending, to the third computing node while the third computing node is interconnected
to the first computing node by the first interconnection pattern at the selector switch, the
second quantity of traffic, the second quantity of traffic including non-local traffic that is

being routed through the first computing node to reach the second computing node.

24, The system of claim 23, wherein the second quantity of traffic further includes
local traffic between the first computing node and the second computing node based at least
on the link capacity between the first computing node and the second computing node being

able to accommodate the local-traffic in addition to the non-local traffic.
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25.  The system of any of claims 22-24, wherein the selector switch is configured
to switch to the first interconnection pattern during a first timeslot and switch to the second

interconnection pattern during a second timeslot.

26.  The system of any of claims 22-25, wherein the selector switch is configured
to fully interconnect a plurality of computing nodes by switching between a subset of some

but not all possible interconnection patterns between the plurality of computing nodes.

27. The system of any of claims 22-26, further comprising:

receiving, from the second computing node and/or a fourth computing node
interconnected to the first computing node by the second interconnection pattern at the
selector switch, another offer indicating a fourth quantity of traffic that requires routing
through the first computing node; and

generating, based at least on a link capacity associated with the first computing node
sending at least the portion of the third quantity of traffic to the second computing node,

another acceptance packet.

28. A computer-implemented method, comprising;

receiving, at a first computing node, an offer packet indicating a first quantity of
traffic that requires routing through the first computing node to reach a second computing
node, the offer packet received from a third computing node interconnected to the first
computing node by a first interconnection pattern at a selector switch;

responding to the offer packet by least sending, to the third computing node, an
acceptance packet indicating that the first computing node is able to accept a third quantity of

traffic from the third computing node, the third quantity of traffic being determined based at
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least on a link capacity associated with the first computing node sending a second quantity of
traffic to the third computing node;

storing, at the first computing node, the third quantity of traffic received from the
third computing node in response to the acceptance packet; and

in response to the second computing node being interconnected to the first computing
node by a second interconnection pattern at the selector switch, sending, to the second

computing node, at least a portion of the third quantity of traffic.

29. The method of claim 28, further comprising:

sending, to the third computing node while the third computing node is interconnected
to the first computing node by the first interconnection pattern at a selector switch, the second
quantity of traffic, the second quantity of traffic including non-local traffic that is being

routed through the first computing node to reach the second computing node.

30. The method of claim 29, wherein the second quantity of traffic further
includes local traffic between the first computing node and the second computing node based
at least on the link capacity between the first computing node and the second computing node

being able to accommodate the local-traffic in addition to the non-local traffic.

31.  The method of any of claims 28-30, wherein the selector switch is configured
to switch to the first interconnection pattern during a first timeslot and switch to the second

interconnection pattern during a second timeslot.

32.  The method of any of claims 28-31, wherein the selector switch is configured
to fully interconnect a plurality of computing nodes by switching between a subset of some

but not all possible interconnection patterns between the plurality of computing nodes.
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33. The method of any of claims 28-32, further comprising:

receiving, from the second computing node and/or a fourth computing node
interconnected to the first computing node by the second interconnection pattern at the
selector switch, another offer indicating a fourth quantity of traffic that requires routing
through the first computing node; and

generating, based at least on a link capacity associated with the first computing node
sending at least the portion of the third quantity of traffic to the second computing node,

another acceptance packet.

34. A non-transitory computer readable medium storing instructions, which when
executed by at least one data processor, result in operations comprising:

receiving, at a first computing node, an offer packet indicating a first quantity of
traffic that requires routing through the first computing node to reach a second computing
node, the offer packet received from a third computing node interconnected to the first
computing node by a first interconnection pattern at a selector switch;

responding to the offer packet by least sending, to the third computing node, an
acceptance packet indicating that the first computing node is able to accept a third quantity of
traffic from the third computing node, the third quantity of traffic being determined based at
least on a link capacity associated with the first computing node sending a second quantity of
traffic to the third computing node;

storing, at the first computing node, the third quantity of traffic received from the

third computing node in response to the acceptance packet; and
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in response to the second computing node being interconnected to the first computing
node by a second interconnection pattern at the selector switch, sending, to the second

computing node, at least a portion of the third quantity of traffic.

35. An apparatus, comprising:

means for receiving, at a first computing node, an offer packet indicating a first
quantity of traffic that requires routing through the first computing node to reach a second
computing node, the offer packet received from a third computing node interconnected to the
first computing node by a first interconnection pattern at a selector switch;

means for responding to the offer packet by least sending, to the third computing
node, an acceptance packet indicating that the first computing node is able to accept a third
quantity of traffic from the third computing node, the third quantity of traffic being
determined based at least on a link capacity associated with the first computing node sending
a second quantity of traffic to the third computing node;

means for storing, at the first computing node, the third quantity of traffic received
from the third computing node in response to the acceptance packet; and

means for responding to the second computing node being interconnected to the first
computing node by a second interconnection pattern at the selector switch by at least sending,

to the second computing node, at least a portion of the third quantity of traffic.

36. The apparatus of claim 35, wherein the apparatus is configured to perform the

method of any of claims 28-33.
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SEND, BY FIRST COMPUTING NODE TO SECOND COMPUTING NODE
INTERCONNECTED TO FIRST COMPUTING NODE BY FIRST INTERCONNECTION
PATTERN AT SELECTOR SWITCH, FIRST QUANTITY OF TRAFFIC QUEUED AT FIRST
COMPUTING NODE

704

~
.

W
RECEIVE, FROM SECOND COMPUTING NODE, OFFER PACKET INDICATING SECOND
QUANTITY OF TRAFFIC THAT REQUIRES ROUTING THROUGH FIRST COMPUTING

NODE TO REACH THIRD COMPUTING NODE

706 -

.

RN ¥
RESPOND TO OFFER PACKET BY AT LEAST DETERMINING, BASED AT LEAST ON
LINK CAPACITY ASSOCIATED WITH SENDING FIRST QUANTITY OF TRAFFIC TO
SECOND COMPUTING NODE, THIRD QUANTITY OF TRAFFIC THE FIRST COMPUTING
NODE IS ABLE TO ACCEPT FROM SECOND COMPUTING NODE

708 -

~

. A

.

SEND, TO SECOND COMPUTING NODE, ACCEPTANCE PACKET INDICATING THAT
FIRST COMPUTING NODE IS ABLE TO ACCEPT THIRD QUANTITY OF TRAFFIC FROM
SECOND COMPUTING NODE

710 -

~

s ¥

RECEIVE, IN RESPONSE TO ACCEPTANCE PACKET, THIRD QUANTITY OF TRAFFIC
FROM SECOND COMPUTING NODE

712 .

~

~ ¥

STORE, AT FIRST COMPUTING NODE, THIRD QUANTITY OF TRAFFIC

e ki

RESPOND TO THIRD COMPUTING NODE BEING INTERCONNECTED TO FIRST
COMPUTING NODE BY SECOND INTERCONNECTION PATTERN AT SELECTOR
SWITCH BY AT LEAST SENDING, TO THIRD COMPUTING NODE, AT LEAST PORTION
OF THIRD QUANTITY OF TRAFFIC
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1. I:' Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:
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claims.
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This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fee must be paid.

Group I: Claims 1-4, 11-14, 13-20 are directed toward an apparatus, method and medium for maintaining an active data carrier signal.
Group II: Claims 22-25, 28-31, 34-35 are directed toward a system, method and medium for processing an offer packet for routing.

The inventions listed as Groups I-Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group | include at least detecting that a data carrier signal from a circuit switched network is offline; and
in response to detecting that the data carrier signal from the circuit switched network is offline: send, to a network element coupled with
the circuit switched network via the apparatus, one or more control packets indicating that the data carrier signal from the circuit
switched network is offline; and maintain, between the apparatus and the network element, an active data carrier signal by at least
sending, to the network element, one or more protocol idle frames which are not present in Group |l.

The special technical features of Group Il include at least receiving, at a first computing node, an offer packet indicating a first quantity of
traffic that requires routing through the first computing node to reach a second computing node, the offer packst received from a third
computing node interconnected to the first computing node by a first interconnection pattern at a selector switch; responding to the offer
packet by least sending, to the third computing node, an acceptance packet indicating that the first computing node is able to accept a
third quantity of traffic from the third computing node, the third quantity of traffic being determined based at least on a link capacity
associated with the first computing node sending a second quantity of traffic to the third computing node; storing, at the first computing
node, the third quantity of traffic received from the third computing node in response to the acceptance packet; and in response to the
second computing node being interconnected to the first computing node by a second interconnection pattern at the selector switch,
sending, to the second computing node, at least a portion of the third quantity of traffic, which are not present in Group |.

Since none of the special technical features of the Groups I-Il inventions are found in more than one of the inventions, unity is lacking.
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