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TRANSPOSE BOX BASED NETWORK SCALING

BACKGROUND

[0001] As an increasing number of applications and services are being made available over
networks such as the Internet, an increasing number of content, application, and/or service
providers are turning to networked and shared-resource technologies, such as cloud
computing. Further, there is an increasing amount of data being stored remotely, such that
data centers are increasingly expanding the amount of storage capacity and related resources.
A user or customer typically will rent, lease, or otherwise pay for access to resources through
the cloud or across a network, and thus does not have to purchase and maintain the hardware

and/or software to provide access to these resources.

[0002] In many instances, a customer will require more than one resource, such as a
computing device, server, or other computing or processing device, to perform portions of an
operation. As the number of customers increases, and the average number of resources per
customer increases, there is a corresponding need to increase the available number of
resources. In a data center context, this can mean adding many additional racks of servers.
In order to accommodate the additional resources, the portion of the data center network that
connects those resources to the external network needs to scale accordingly. Such a network
can require thousands of connections upon deployment, and the number can increase
exponentially upon scaling to a larger deployment. In addition to the significant cost of
purchase and installation, the large number of connections increases the likely number of

connections that are made incorrectly, and thus can affect the performance of the network.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] Various embodiments in accordance with the present disclosure will be described

with reference to the drawings, in which:

[0004] FIG. 1 illustrates an example environment in which various embodiments can be

implemented;

[0005] FIG. 2 illustrates an example of a highly connected network design that can be used

in accordance with various embodiments;

[0006] FIG. 3 illustrates an example of a Clos network-style group of switches that can be

utilized in accordance with various embodiments;
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[0007] FIG. 4 illustrates an example of a group of switches utilizing a transpose box to

make connections between tiers that can be used in accordance with at least one embodiment;

[0008] FIG. S illustrates the interior connections of an example transpose box that can be

used in accordance with at least one embodiment;

[0009] FIG. 6 illustrates example keying approaches that can be used in accordance with

various embodiments;

[0010] FIG. 7 illustrates an example process for utilizing a transpose box to make

connections between tiers that can be used in accordance with at least one embodiment;

[0011] FIGS. 8(a)-8(d) illustrate approaches for scaling the number of network devices

using a transpose box that can be used in accordance with various embodiments;

[0012] FIGS. 9(a)-9(c) illustrate approaches for deploying at least a portion of a network
using one or more transpose boxes that can be used in accordance with various embodiments;

and

[0013] FIG. 10 illustrates an example process for scaling the number of network devices

using a transpose box that can be used in accordance with various embodiments.

DETAILED DESCRIPTION
[0014] Systems and methods in accordance with various embodiments of the present
disclosure may overcome one or more of the aforementioned and other deficiencies
experienced in conventional approaches to deploying, connecting, maintaining, designing,
and/or upgrading a network of electronic components. In computing networks such as data
centers, for example, there are many levels (e.g., layers or tiers) of components and many
connections between those levels. These can comprise, for example, a hierarchy of network
switches connecting various host devices or other resources to an external network. The
connections themselves can be made by any appropriate connection mechanism, such as fiber

optic cable, network cable, copper wire, etc.

[0015] For each connection, a technician or other such person typically must connect the
cable (or other connection mechanism) to one device, run the cable over a distance to another
device, and connect that cable to the other appropriate device. Oftentimes these distances can
be great, such that it can be easy to confuse the cables and end up making incorrect
connections. Further, as networks such as data centers can have thousands of components,

there is a likelihood that one or more cables will be installed incorrectly.
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[0016] Further still, various network topologies require significantly more cabling than
other topologies. For a high-radix network, for example, each device in a given tier may be
fully connected to the devices in an adjacent tier, and there can be orders of magnitude more
devices used in a high-radix network than for other types of networks. The result is that there
are orders of magnitude more ports and connections, such that the number of cables needed
can be significantly more than for other topologies, such as an oversubscribed hierarchical

aggregation router pair network.

[0017] In various embodiments, a network transpose box or similar component can be used
to facilitate the deployment, maintenance, and design of such a network. A network box can
include at least two logical sides, including one logical side for each tier or other set of
components between which the transpose box sits. Each logical side can include an
appropriate number of connectors, each able to accept a connection to a device of the

appropriate tier.

[0018] The network transpose box also can include cabling, wiring, or other transmission
media necessary to connect the connectors on each logical side of the transpose box. Instead
of simple pass-through connections or one-to-many connections as in conventional
connection mechanisms, a transpose box can be designed in such a way that the transpose
box itself implements a selected meshing or network topology. For example, in a Clos
network where each switch of a first tier is connected to each switch of a second tier, the full
meshing of connections can be handled inside the transpose box. In this way, for at least
some transpose boxes, each switch only needs to run one connection (e.g., a multi-fiber
cable) to the transpose box, instead of a number of connections necessary to connect to each
device of the other tier. In other embodiments, a switch might have more than one
connection to the transpose box (as may based at least in part upon factors such as cost, the
selected network topology, the cabling technology, and the selected connection approach),
but the number of overall cables is still significantly reduced from conventional cabling
approaches. For example, the number of cables from a switch might be reduced from 24 or
48 cables to 4 cables or even a single cable, and those cables all go to a single location (e.g.,
the transpose box or set of transpose boxes) instead of to many different locations in a mesh
or other topology. As should be apparent, reducing the number of connections that must be
made by a technician to deploy such a network can significantly reduce the likelihood of a
cabling error. Further, the reduction in cabling reduces the cost of the deployment, as well as

the complexity and cost of scaling the network.
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[0019] In some embodiments, the likelihood of a cabling error can further be reduced by
keying, color coding, or otherwise uniquely identifying at least some of the connections to the
transpose box. For example, cach logical side of the transpose box can have connectors with
a unique color or shape, to prevent a technician from connecting a cable to the wrong logical
side (i.e., when all the connectors are on the same side of the transpose box). In transpose
boxes that are fully meshed, it may not matter which connector the technician connects to, as
long as the technician connects to the proper logical side. In other embodiments, various
connectors might have specific keying when specific cables are to be connected to specific
connectors. In some embodiments, the keying approach is tied to the network topology, and
the number of unique types of keys can increase up to the number of possible types of
connections for that topology, or the number of connectors on the transpose box. In some
cases, cach cable for a given type of connection may be uniquely keyed at each end such that
the technician theoretically cannot improperly connect the devices (barring some problem

with the cables themselves).

[0020] As discussed, the network topology can dictate the type of transpose box
implemented in such a network. In some embodiments, the topology can be adjusted by
replacing the transpose box. For example, a Clos network might have each device of two
tiers connected once to a Clos-meshing transpose box. If the network is to move to another
topology, such as a dragonfly or butterfly topology, the technician can swap in an appropriate
transpose box with the desired meshing, and reconnect each of the devices to the new
transpose box. For complex topologies, the technician might connect multiple transpose

boxes, each performing a portion of the meshing necessary for the selected topology.

[0021] A network might also implement multiple transpose boxes for redundancy, such that
if one transpose box fails the network can still function. Further, the redundancy allows one
transpose box to be upgraded or otherwise modified or replaced without significantly
affecting the availability of the network. For example, a network architect might want to
increase the capacity of the network, and in some embodiments can replace an existing
transpose box with a box having more connectors, in order to scale the network. Redundancy

allows the box to be replaced without taking down the network.

[0022] In other embodiments, a network can use less than all available connectors on a
transpose box upon initial deployment, such that at time of scaling the additional devices can
connect to the available connectors. In other embodiments, additional transpose boxes can be

added to the network, and connected to the existing transpose boxes in order to provide the
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desired meshing and/or connectivity. Various other approaches can be used in accordance

with the various examples and embodiments described below.

[0023] FIG. 1 illustrates an example of an environment 100 for implementing aspects in
accordance with various embodiments. As will be appreciated, although a Web-based
environment is used for purposes of explanation, different environments may be used, as
appropriate, to implement various embodiments. The environment can include at least one
electronic client device 102, which can include any appropriate device operable to send and
receive requests, messages, or information over an appropriate network 104 and convey
information back to a user of the device. Examples of such client devices include personal
computers, cell phones, handheld messaging devices, laptop computers, set-top boxes,
personal data assistants, electronic book readers, and the like. The network can include any
appropriate network, including an intranet, the Internet, a cellular network, a local arca
network, or any other such network or combination thereof. Components used for such a
system can depend at least in part upon the type of network and/or environment selected.
Protocols and components for communicating via such a network are well known and will
not be discussed herein in detail. Communication over the network can be enabled by wired
or wireless connections, and combinations thercof. In this example, the network includes the
Internet, as the environment includes a Web server 106 for receiving requests and serving
content in response thereto, although for other networks an alternative device serving a

similar purpose could be used as would be apparent to one of ordinary skill in the art.

[0024] The illustrative environment includes at least one application server 108 and a data
store 110. It should be understood that there can be several application servers, layers, or
other elements, processes, or components, which may be chained or otherwise configured,
which can interact to perform tasks such as obtaining data from an appropriate data store. As
used herein the term "data store" refers to any device or combination of devices capable of
storing, accessing, and retrieving data, which may include any combination and number of
data servers, databases, data storage devices, and data storage media, in any standard,
distributed, or clustered environment. The application server can include any appropriate
hardware and software for integrating with the data store as needed to execute aspects of one
or more applications for the client device, handling a majority of the data access and business
logic for an application. The application server provides access control services in
cooperation with the data store, and is able to generate content such as text, graphics, audio,
and/or video to be transferred to the user, which may be served to the user by the Web server

in the form of HTML, XML, or another appropriate structured language in this example. The
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handling of all requests and responses, as well as the delivery of content between the client
device 102 and the application server 108, can be handled by the Web server. It should be
understood that the Web and application servers are not required and are merely example
components, as structured code discussed herein can be executed on any appropriate device

or computing device as discussed elsewhere herein.

[0025] The data store 110 can include several separate data tables, databases, or other data
storage mechanisms and media for storing data relating to a particular aspect. For example,
the data store illustrated includes mechanisms for storing production data 112 and user
information 116, which can be used to serve content for the production side. The data store
also is shown to include a mechanism for storing log data 114, which can be used for
purposes such as reporting and analysis. It should be understood that there can be many other
aspects that may need to be stored in the data store, such as for page image information and
access right information, which can be stored in any of the above listed mechanisms as
appropriate or in additional mechanisms in the data store 110. The data store 110 is operable,
through logic associated therewith, to receive instructions from the application server 108 or
development server 120, and obtain, update, or otherwise process data in response thereto. In
one example, a user might submit a search request for a certain type of item. In this case, the
data store might access the user information to verify the identity of the user, and can access
the catalog detail information to obtain information about items of that type. The information
then can be returned to the user, such as in a results listing on a Web page that the user is able
to view via a browser on the user device 102. Information for a particular item of interest can

be viewed in a dedicated page or window of the browser.

[0026] Each server typically will include an operating system that provides executable
program instructions for the general administration and operation of that server, and typically
will include a computer-readable medium storing instructions that, when executed by a
processor of the server, allow the server to perform its intended functions. Suitable
implementations for the operating system and general functionality of the servers are known
or commercially available, and are readily implemented by persons having ordinary skill in

the art, particularly in light of the disclosure herein.

[0027] The environment in one embodiment is a distributed computing environment
utilizing several computer systems and components that are interconnected via
communication links, using one or more computer networks or direct connections. However,
it will be appreciated by those of ordinary skill in the art that such a system could operate

equally well in a system having fewer or a greater number of components than are illustrated
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in FIG. 1. Thus, the depiction of the system 100 in FIG. 1 should be taken as being

illustrative in nature, and not limiting to the scope of the disclosure.

[0028] An environment such as that illustrated in FIG. 1 can be useful for an clectronic
marketplace or compute cloud, for example, wherein multiple hosts might be used to perform
tasks such as serving content, executing large-scale computations, or performing any of a
number of other such tasks. Some of these hosts may be configured to offer the same
functionality, while other servers might be configured to perform at least some different
functions. The hosts can be grouped together into clusters or other functional groups for the
performance of specific tasks, such as may be provided as part of a data center, cloud
computing offering, or processing service. The electronic environment in such cases might
include additional components and/or other arrangements, such as those illustrated in the

configuration 200 of FIG. 2, discussed in detail below.

[0029] For example, FIG. 2 illustrates an example configuration 200 that represents a
network design that can be used to route requests to specific host machines or other such
devices, in order to provide users or applications with access to a variety of distributed
resources. This example shows a typical design that can be used for a data center, wherein a
source such as an end user device 202 or application 204 is able to send requests across a
network 206, such as the Internet, to be received by one or more components of the data
center. Properties of various components of the network, such as provisioned instances, etc.,
can be managed using at least one management system, component, or service 220. In this
example, the requests are received over the network to one of a plurality of core switches
208, but it should be understood that there can be any of a number of other components
between the network and the core switches as known in the art. As traditional differentiators
have substantially disappeared, the terms “switch” and “router” can be used interchangeably.
For purposes of clarity and explanation this document standardizes on the term “switch,” but
it should be understood this term as used also encompasses routers and other devices or
components used for such purposes. Further, the switches can include any appropriate
switch, such as a multilayer switch that operates at different levels in an OSI (Open System

Interconnection) reference model.

[0030] As illustrated, cach core switch 208 is able to communicate with each of a plurality
of aggregation switches 210, 212, which in at least some embodiments are utilized in pairs.
Utilizing aggregation switches in pairs provides a redundant capability in case one or the
switches experiences a failure or is otherwise unavailable, such that the other device can

route traffic for the connected devices. As can be seen, each core switch in this example is
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connected to each aggregation switch, such that the tiers in this example are fully connected.
Each pair of aggregation switches 210, 212 is linked to a plurality of physical racks 214, each
of which typically contains a top of rack (TOR) or “access” switch 216 and a plurality of
physical host machines 218, such as data servers and other processing devices. As shown,
cach aggregation switch can be connected to a number of different racks, each with a number
of host machines. For the respective portion of the network, the aggregation pairs are also

fully connected to the TOR switches.

[0031] As an additional benefit, the use of aggregation switch pairs enables the capability
of a link to be exceeded during peak periods, for example, wherein both aggregation switches
can concurrently handle and route traffic. Each pair of aggregation switches can service a
dedicated number of racks, such as 120 racks, based on factors such as capacity, number of
ports, etc. There can be any appropriate number of aggregation switches in a data center,
such as six aggregation pairs. The traffic from the aggregation pairs can be aggregated by the
core switches, which can pass the traffic “up and out” of the data center, such as back across
the network 206. In some embodiments, the core switches are provided in pairs as well, for

purposes including redundancy.

[0032] In some embodiments, such as high radix interconnection networks utilized for
high-performance computing (HPC) or other such purposes, each physical rack can contain
multiple switches. Instead of a single physical TOR switch connecting twenty-one hosts in a
rack, for example, ecach of three switches in the rack can act as a local TOR switch for a
“logical” rack (a sub-rack of a physical rack or logical grouping of devices (hosts and/or
switches) from multiple racks), with each local TOR switch connecting seven of the host
machines. The logical racks can be implemented using physical or wireless switches in
different embodiments. In some embodiments each of these switches within a high
performance computing rack manages up to twelve servers, but the number can vary
depending on factors such as the number of ports on each switch. For example, if a switch
contains twenty-four ports, half of those ports typically will be host-facing and the other half
will face the external network. A design in accordance with one embodiment could utilize
seven racks with three switches in each, with each switch communicating (redundantly) with
twelve servers, which would generally be equivalent to twenty-one separate racks each with a
single TOR switch communicating with twelve servers, for example. In subsequent figures
and description, it should be understood that physical or logical racks can be used within the

scope of the various embodiments.
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[0033] As discussed, the core switches in FIG. 2 are fully connected to the aggregation

switches, and the aggregation switches are configured in pairs that are fully connected to a set
of TOR switches. FIG. 3 illustrates an enhanced view of two such fully connected tiers of
switches. The design presented illustrates a two-tier folded Clos network. As seen in the
configuration 300 of FIG. 3, there are effectively two layers of switches: an upper tier or
layer of spine switches and a lower tier or layer of edge switches. At least some of the edge
switches (e.g., half of the edge switches in a traditional Clos), however, can be utilized as
egress switches which pass data on to the network. The egress switches which logically sit at
the “top” of the group of switches and pass data “up and out” of the group, such as to
aggregation routers or other devices at a higher level tier. Each of the spine switches can be
thought of as having a port out the logical “back” side to one of the egress switches, but the
egress switches are simply selected from the forty-eight edge servers illustrated in a folded
representation of FIG. 3. The egress switches simply have the only connections out of the
group of switches, while the remaining edge switches have connections to underlying
devices. All traffic into and out of the group of switches thus is routed through one of the
three egress switches, although different numbers of switches can be used in different

embodiments.

[0034] Even though the network may appear similar to the traditional core switch-based
design of FIG. 2, the spine switches in this design function as core switches, but do not have
any outbound connectivity. The layers of the group of switches have fully meshed
connectivity, however, provided by the spine switches. The group of switches without the
egress switches could function as a standalone network without any external connectivity.
Thus, some of the edge switches can be utilized as egress switches as illustrated. Otherwise,
the fact that some of the edge switches are illustrated on the top layer and some on the bottom
layer is meaningless from a network connectivity perspective with respect to the spine
switches and the other edge switches, and there is very symmetric behavior. The data within
the group of switches can be pushed through a number of equidistant, fault-tolerant paths,
providing the re-arrangably non-blocking behavior. With the paths being symmetric and
equidistant, all the switches can follow the same routing protocol and spread the traffic
evenly without a lot of overhead or additional logic. Further, the group of switches can be
replicated multiple times within a data center, for example, wherein a Clos-style network

effectively manages traffic across all of the groups in the data center.

[0035] Because the switches in the tiers of FIG. 3 are fully connected, such that each

device on one tier is connected via at least one connection to cach device in another tier, the
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number of cables needed to deploy such a design can be very large. For example, a single
tier alone that contains 24 switches each with 48 ports would require 1,152 cables just to fully
connect to the other tier. In a data center with many tiers and/or many more devices per tier,
the number of cables quickly goes up to thousands or tens of thousands of cables. In addition
to the expense of providing, installing, and maintaining these cables, there is a relatively high
likelihood that at least some of the cables will be installed incorrectly. In the example above,
1,152 cables would require 2,304 individual connections. Even with a 99.9% accuracy of
installation, this would still result in a couple of connections being installed improperly.
Since many data centers run cables through walls, ceilings, floors, or other relatively hidden
locations, the accuracy also can depend upon factors such as the labeling of the cables. Each
additional step, however, introduces some additional likelihood for error in cabling. For
example, if there is a 99.9% accuracy in labeling the cables and a 99.9% accuracy in
installing the cables, then there are now likely on the order of four cables that are installed

incorrectly.

[0036] Further, networks such as those used in data centers often will need to scale over
time to provide additional capacity. Using a design such as a high radix interconnection
network design can require the number of switches to increase significantly each time the
network is scaled, which not only can significantly increase the cost of the network but can
also require an extensive amount of new cabling and re-cabling of existing devices. For
example, horizontally scaling the deployment of FIG. 2 by adding another pair of core
switches that have to be fully connected to twice the number of aggregation switches, which
then must each be fully connected to a group of TOR switches as discussed in the example
topology, can require a significant amount of work to connect the additional devices. This
then further increases the likelihood of cabling errors, as each cable may need to be installed

more than one time.

[0037] In some conventional networks, connection mechanisms exist that can simplify the
cabling process. In one example, incoming fibers can be provided using a fiber bundle,
which would require only a single connection for the bundle instead of a separate connection
for each cable contained within that bundle. A connection mechanism can accept the fiber
bundle on one side, and can connect cach fiber within the bundle to a corresponding cable on
the other side of the connection mechanism. These connection mechanisms are generally
restricted to direct or straight pass-through connections, such that a first incoming fiber
(“fiber #1”) in the fiber bundle is connected to outgoing connector #1, incoming fiber #2 in

the fiber bundle is connected to outgoing connector #2, and so on. Other mechanisms exist
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that accept a number of cables on one side (e.g., the incoming side) and connect each cable to
a single corresponding connector on the other side (e.g., the outgoing side) of the connection
mechanism. Such connection mechanisms have no real value in a fully connected network,
however, where cach switch in one tier is connected to each switch of another tier, which
requires many more cables than are needed for single direct connections. There are no
connection mechanisms used in conventional networks that provide the fully-connected

design needed for high-radix designs and other network topologies as discussed herein.

[0038] FIG. 4 illustrates an example configuration 400 that can be used in accordance with
various embodiments, wherein connections between tiers in a network (e.g., between tiers)
can be made using a transpose box 402 or similar network component. In this example, there
are 24 spine switches in the upper tier and 48 switches in the lower tier, as in the example of
FIG. 3. In the example of FIG. 3, however, each of the twenty-four upper tier switches 404
must be connected to each of the forty-cight lower tier switches 406, for a total of 1,152
cables or 2,304 individual connections that must be made, as discussed above. In the
example of FIG. 4, however, each of the twenty-four upper tier switches 404 need only be
connected to the appropriate connector on the transpose box 402, resulting in twenty-four
cables or forty-cight connections for the upper tier switches 404. The lower tier switches 406
also are each connected only to the appropriate port on the transpose box 402, resulting in
forty-eight cables or ninety-six connections for the lower tier switches 406. Thus, by using
the transpose box, the number of connections that need to be made to fully connect the tiers
of switches is significantly reduced. In some cases, other types of cables (e.g., octopus
cables, multi-ended cables, cables with multiple cores, etc.) or combinations of cables (e.g.,
bundles of similar or different cables) can be used as well, while still obtaining a significant
reduction in the amount of cabling and/or number of connections. In one specific example,
an uplink cable to a transpose box might have 12 individual port connectors on one end (with
two fibers each), and a 24 core trunk cable and a single 24-way connector at the transpose

end. Many other variations are possible as well within the scope of the various embodiments.

[0039] The transpose box itself can be relatively small. In one example, a transpose box is
about the size of a conventional switch, such as may have dimensions of about 19” wide and
about 47-5” deep, as may be able to fit within a conventional network rack. Because fibers
are small and flexible, and because the transpose boxes would in many cases be assembled on
an assembly line or in a manufacturing facility, many fibers can be configured within a

relatively small space. Further, since the transpose box is a self-contained component, there
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would be substantially no need for an outer protection layer on the fibers within a transpose

box, such that even less room is needed for the full-connection design.

[0040] FIG. S illustrates a simplified example configuration 500 wherein six upper tier
switches 502 are fully connected to each of six lower tier switches 504 using a transpose box
506. While there are an equal number of switches in each tier in this example for purposes of
simplicity of explanation, it should be understood that there often will be unequal numbers of
switches in different tiers, such as twice as many “lower tier” switches in folded Clos-based
designs. The transpose box comprises some type of support structure, such as a frame, board,
box, rack, enclosure, or other such structure or mechanism for supporting the a plurality of
network connectors, each of which is able to receive a network cable for transmitting
electronic, optical, or other such signals. As illustrated, the network connections can be
arranged on different sides of the support structure, or can be at least partially on the same
side or face but separated into different logical groups as discussed elsewhere herein. In
some embodiments, the transpose box also can include circuitry and/or components for

amplifying or transforming signals as discussed elsewhere herein.

[0041] Each of the upper and lower switches in this example can have at least six ports
used to make connections to the transpose box 506, in order to make at least one connection
for each of the switches in the other tier. It should be understood that the number of ports
and/or switches can be different in other embodiments, as conventional switches can utilize
as many as twenty-four or forty-eight ports for such connection purposes. Because the
transpose box 506 includes cables 516 or other connection mechanisms that provide
connections to each of the switches in the other tier, there can be a single connector 510 for
cach of the upper tier switches 502 and a single connector 512 for each cable 514 connecting
the transpose box 506 to one of the lower tier switches 504. In order to simplify cabling, the
single cable between each switch and the transpose box can be a fiber bundle (as illustrated
by the six individual fibers 518 shown to go into a cable 508) that includes at least one fiber
for each connection to be made, such as at least one fiber for each switch in a given tier. In
some embodiments, the fiber bundle will include a number of fibers equal to the number of
ports on the switches in each tier (or at least a portion of the switches in a tier if different
switches are used) such that if additional switches are added there is no need to replace the
existing cables. In this example, if there are twenty-four ports on each switch and six
switches in each tier, then a cable with twenty-four fibers would allow four individual
connections to be made to each switch in the other tier (assuming a corresponding number of

redundant connections within the transpose box itself).
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[0042] As illustrated, each upper tier connector 510 is connected by at least one fiber (or
other connection mechanism such as a wire or cable) to each lower tier connector 512, such
that the connectors are fully connected. It should be understood that directional terms such as
“upper” and “lower” are used for purposes of simplicity of explanation, and should not be
interpreted as limiting the scope or implying any necessary orientation unless otherwise
specified or suggested herein. Due to the fully-connected nature of the transpose box, each
upper tier switch 502 will have a data transmission path to each lower tier switch 504, and
vice versa, using only a single cable 508 between the upper tier switch 502 and the transpose
box 506, along with a single cable 514 between the transpose box 506 and the target switch
504.

[0043] In a simple approach, a single cable passes from each connector on the transpose
box to a network component to be connected, such as a switch, server, or physical server
rack. The interweaving of the transpose box provides for a meshing (e.g., a full spread fan
out or other topology) between any of the layers or tiers of the network, with only one cable
(or two connections) per network device. In the event that a transpose box fails, the transpose
box can simply be replaced with a different transpose box with at least the number of
connections needed to be redone corresponding to, at most, the number of connectors on the

transpose box, without any need for running new cable, rewiring, etc.

[0044] In some embodiments, there can be a different number of connectors on each logical
“side” of the transpose box (e.g., “incoming” and “outgoing” sides, or a logical side facing a
first tier and a logical side facing a second tier, logical north and south sides, etc.). It should
be understood that these logical sides could actually correspond to any appropriate physical
arrangement on the transpose box. An example transpose box could have » connections on
one logical side and m connections on the other logical side, where each of the » incoming
connections on one side is connected (singly or in blocks) to each of the m outgoing
connections. In other examples, each logical outbound connection could be spread across
multiple physical connectors, which could be less than the total number of available physical
connectors. Various other topologies can be implemented as well. The transposing of the
connections can be thought of similar to matrix multiplication, as there can be a matrix of
outgoing connections represented as columns and incoming connections represented as rows.
In cases where fiber pairs are used for receive and transmit for each pair of connections (e.g.,
for optical transmission), each row and/or column could be further divided into pairs. The

rollover or twisting of pairs of connections is handled within the transpose box, according to
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the selected matrix, as the rows are effectively converted into columns at the other side, and

vice versa.

[0045] As discussed, such an approach is advantageous at least for the reason that reducing
the number of cables reduces the cost of materials and the cost of deployment (i.e., making
the physical connections). An example data center might have 80,000 cables between tiers,
and the amount of necessary cabling is such that it typically is measured in tons of material.
As discussed above, reducing the amount of cabling can cut the cabling costs by as much as
90% or more, in addition to the savings obtained by using relatively small commodity
switches instead of large network switches. On a per-port basis, such a deployment can run

around twenty percent or less of the cost of a traditional large-scale network.

[0046] Another advantage is that a large reduction in the number of physical connections
that must be made results in a corresponding reduction in the likely number of errors when
making those connections. When deploying a conventional network, there is a significant
operational cost and risk associated with the cabling, both in terms of properly installing the
cabling and in maintaining the cabling (e.g., replacing cables when they fail). By utilizing
one or more transpose boxes for interconnection, there is no need to connect a switch to every
other switch in another tier, for example, but a single connection can be made to the
appropriate transpose box from each switch (neglecting for the moment connections “up” to
the network or connections to the host devices or other such components). The internal
connections of the transpose box provide the full fan-out such that the connected switches
will be fully connected between adjacent tiers. And because the transpose box performs the
shuffling internally between the ports, cables such as multi-way optical cables can be used
which include multiple optical fibers for providing transmit and receive data paths, instead of
a large number of single pairs of fiber strands to provide the transmit and receive paths. For
an optical cable with twenty-four internal fibers, for example, the twenty-four connections are
virtually guaranteed to be correct (barring problems with the cable, for example) as long as

the cable is attached to the correct connector on the transpose box.

[0047] In order to further reduce the probability of a cabling error for certain types of
cabling, approaches in accordance with various embodiments can utilize one or more keying
approaches to assist in connecting the cables to the appropriate connector. For example a
first keying approach 600 illustrates that cach end of a cable can be a different color, such as
by having a colored connector, a colored band near at least one end of the cable, etc. In one
example, the end of each cable that is supposed to be connected to a switch could be a first

color, and the end of the cable that is supposed to be connected to the transpose box could be
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a second color. Because the transpose box provides full connectivity, it does not matter in at
least some embodiments which connector of a logical side of the transpose box the cable is
connected to, and such a cabling approach could be used to ensure that each appropriate cable

is connected to a switch at one end and a transpose box at the other.

[0048] In other embodiments, there might be cables with connectors of different colors to
indicate whether the cable is going to a lower tier switch or an upper tier switch. For
example, in FIG. 5 each of the lower tier switches 504 should be connected to one of the
lower tier connectors 512 and not one of the upper tier connectors 510. In one example, each
lower tier connector 512 is a color such as blue, and cach cable from a lower tier switch S04
has a connector with a corresponding color, here blue, such that the person connecting the
cable to the transpose box knows to connect the cable to the lower connector side of the
transpose box. The upper tier connectors 510 can be a different color, such as red, so the

person making the connections will be dissuaded from making an improper connection.

[0049] In some embodiments, the cables can have different keying approaches 620 instead
of (or in addition to) different colors, such as a first keying approach 622 having a notch in a
first location and a second keying approach 624 having a notch in a second location. By
using different types of notches or other physical keys, cables cannot physically be connected
to the wrong connector. Using the example above, each cable from a lower tier switch 504
might use the first keying approach 622, which ensures that the cable can only be connected
to one of the lower tier connectors 512 if the upper tier connectors 510 use the second keying
approach 624. It should be understood that in some embodiments all the connectors of the
transpose box might be on the same side of the component, such that coloring or other

distinguishing connector approaches can be further desirable.

[0050] In some cases, the deployment might require (or at least intend) that each switch be
connected to a specific connector on the deployment box. In such an instance, there can
potentially be a unique keying used for each switch within a selected group of switches. For
example, a number of different types of keying 640 are shown in FIG. 6, including
approaches with extension portions within the connector 642, approaches with notches or cut-
outs 644, approaches with extension portions outside the connector 646, and/or approaches
utilizing irregularly shaped connectors 648, such that each cable can only be connected to a
particular switch and a particular connector on the deployment box. It should be understood
that approaches can be reused for other groups of switches and/or other portions of the

network where mis-cabling due to repetition of keying is at least highly improbable.
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[0051] It also should be understood that while each connector shown in FIG. 6 might
appear to have a single cable or fiber at the center, there can be many different configurations
and types of connector. For example, a pair of fibers might result in side-by-side fiber
endpoints, while a bundle of fibers might have several adjacent fibers within the same fiber
bundle, or as portions of a single optical fiber. In other cases, each fiber might have a
separate endpoint at the connector. MPO connectors, for example, can be used that are of
different density, asymmetrical, or otherwise distinctive. There can be more fiber pairs, or
more fiber cores, handled in one type of connector than another. The connectors can handle
normal Tx/Rx fiber pairs, or any of a number of multi-path or multi-way fibers or cables. A

variety of other options also can be used as should be apparent.

[0052] It also should be understood that while many examples provided herein relate to
optical fibers and fiber-optic communications, approaches in accordance with various
embodiments also can be used for other types of electronic signaling and/or data transfer as
appropriate. For example, a transpose box can be used with electrical wiring, such as an
active or passive transpose box for I0GBASE-T cable. In addition to providing the desired
meshing, an active transpose box could also amplify or regenerate the signals in order to
enable the signals to propagate over longer distances. Transpose boxes can also be used with
twisted pair cables and a wide variety of communication or transportation media, such as

10GBASE-KR or 10GBASE-KX4, edge connectors, and custom cabling.

[0053] Further, other types of transpose boxes may be used that do not provide full
meshing or full connectivity along a pure Clos-based design. For example, a transpose box
might provide a specific number of straight pass-through connections (particularly for
amplifying electrical signals). In other examples, the transpose box could be wired to help
implement a different network topology, such as a dragonfly or butterfly network topology
wherein a portion of the connections on one logical side of the box loop back to other
connectors on the same logical side. In some examples, a cable out might have double
capacity and accept information from two incoming cables. In some embodiments, the
network topology can be selected and/or updated through selection of the transpose box to be

implemented to perform the meshing.

[0054] Depending upon the type of cabling or other such factors, the type of connector(s)
used also can help to ensure proper orientation of the cable at the connector. For example,
10GBASE-T uses a single type of key for all connectors in order to ensure that the cable is
installed with the proper orientation (such that each individual wire/fiber within the cable is

connected to the appropriate location in the case of multiple wires/fibers being used). Such
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orientation-based keying can be used in combination with color-based keying, for example, to
ensure that the cable is being connected at an appropriate location with the correct
orientation. Various other keying approaches can be combined as well as discussed
elsewhere herein. While two types of keying might be sufficient for a full fan-out from a
north face to a south face of the box, the keying strategy can become more complicated as the
complexity of the network topology increases. For example, a dragonfly network topology
might utilize a local mesh and a global mesh, each with a distinct set of keying mechanisms.
Thus, the keying approach in at least some embodiments is selected based on the topology
implemented, and there can be a number of key classes up to, and including, a unique key for

cach connector of the topology.

[0055] In some embodiments, a transpose box can enable different types of cables and/or
connections on each logical side of the box. For example, the transpose box could contain
circuitry and/or components to regenerate the signal received on one side for transmission
using a different type of signal on the other side. In one example, optical fibers could be
attached at a north side of the transpose box, with copper wire being attached at a south side
of the transpose box, and the transpose box could perform the appropriate media conversion.
In a specific example, 1GBASE-T connections can be used between data servers and a
transpose box, with fiber channels being output from the transpose box in order to provide for
long distance communications (e.g., communications over the Internet or from a server room
of a data center to the centralized network switches). Since fiber optics are currently much
more expensive than copper wires, such an approach can provide the advantage that copper
wire can be used to the extent possible, and then optical fibers used when necessary (with no
meshing of those optical fibers being necessary, as the meshing is done by the transpose box,
thus reducing the number of fibers needed). In some embodiments, a transpose box could
even convert between physical and wireless connections, with each physical connection being

meshed with an appropriate wireless signal or channel.

[0056] Another advantage to using transpose boxes as discussed herein is that the expertise
and complexity of the network topologies is being centralized into the creation of the boxes.
By implementing such functionality, a data center technician does not need to understand the
complexities of the various topologies, and instead only has to select and install the
appropriate transpose box (which implements the appropriate topology). Further, the
transpose boxes can quickly and easily be tested during the manufacturing process (such as
by ensuring that a proper signal is transmitted between appropriate connectors), such that

there are no surprises or complex troubleshooting processes required for this portion of the
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network installation. If there is a network problem, a new box can be swapped in relatively
quickly (e.g., on the order of eight minutes or less) to determine whether the box is the
problem, as opposed to a lengthy process of testing all the individual cables and connections
of the mesh. Such an approach also allows spare cabling to be run to the transpose box
(instead of to the final destination) if all the ports are not to be used immediately. If one side
(e.g., the north side) is fully wired to the existing infrastructure, scaling the network to add
additional components at the south side then can be accomplished by connecting the new

components directly to the transpose box.

[0057] FIG. 7 illustrates an example of a process 700 for deploying at least a portion of a
network using at least one transpose box in accordance with at least one embodiment. In this
example, a network designer, or other appropriate person first selects a type of network
topology to be utilized for a specific network portion 702, such as a Clos-based portion as
discussed above. Based on the selected topology, a corresponding transpose box is selected
704, as the meshing inside the transpose box implements that topology. The appropriate
cabling for the transpose box (and number of network devices to be connected) is selected
706. As discussed, a transpose box can include different types of keying, and the number and
types of cabling selected can depend upon factors such as the number and type of connectors
on the transpose box. If the transpose box has different types of cabling on each logical side
(e.g., optical fibers vs. copper wiring), then appropriate fibers, wires, or cables are selected
and/or created and transceivers, media converters, or other necessary electronics can be
inserted into the signaling path. Each first tier device (e.g., switch) is connected to an
appropriate port on the first logical side of the transpose box 708, as may be dictated by the
keying of the cabling and/or connector. Each second tier device (e.g., switch or network
host) is connected to an appropriate port on the second logical side of the transpose box 710,
as may be dictated by the keying of the cabling and/or connector. It should be understood
that for this and other processes discussed herein, alternative, additional, or similar steps can
be performed in similar or alternative orders, or in parallel, within the scope of the various
embodiments unless otherwise stated. Once the devices of the selected tiers are connected to
the transpose box, any remaining network components can be deployed 712 such that the

network can be utilized for its intended purpose.

[0058] As mentioned, over time there often will be a need to scale or increase the size of
the network deployment. In conventional systems, this often involves a significant re-cabling
of the network. For example, if a group of switches has twenty-four first tier switches fully

connected to twenty-four second tier switches, and twenty-four more switches are added to
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one of those tiers, then around 288 cables need to be moved and/or added just for that group
alone. If, however, a transpose box capable of handling forty-eight switches on one logical
side was used with a single cable connecting each device to the box, then only twenty-four
new cables would need to be added as each additional device would simply need to be
connected to the correct connection on the transpose box. Again, this is on the order of a
90% improvement over existing approaches. Further, a transpose box allows for incremental

scaling that would be difficult using conventional approaches.

[0059] For example, FIG. 8(a) illustrates an example deployment 800 wherein there are
three upper tier switches 802 fully connected via the transpose box 806 to cach of three lower
tier switches 804. In this example, a transpose box is initially (or subsequently) deployed that
is able to handle more switches than are connected during the initial deployment. As can be

seen, each of the devices is still fully connected to each device of the other tier.

[0060] If, for example, the network architect would like to scale to include an additional
switch in each tier, the architect can direct the technician to add a switch to cach tier, and
connect each switch to the appropriate connector on the transpose box. As can be seen, the
new upper tier switch 822 is connected to a corresponding connector on the upper side of the
transpose box, and the new lower switch 824 is connected to a corresponding connector on
the lower side of the transpose box. Because the transpose box in this example fully meshes
the connectors on ecach side, each new switch is fully connected to all switches on the other
side even though only a single additional cable was needed for each switch. In a
conventional system (assuming adding a single switch to each tier is even an option), this
would require at least one cable from each new switch to each switch of the other tier, for at
least seven different cables (ignoring any issues with oversubscription, balancing, or other

issues with other portions of the network).

[0061] Asillustrated in the example configuration 840 of FIG. 8(c), the use of a properly
meshed transpose box also can allow for asymmetric scaling of the network (where
appropriate). In this example, the network can be scaled such that three additional lower tier
switches 842 are added, such as to implement a three-stage, folded Clos network with a set of
three spine switches connected between a set of lower tier switches (e.g., edge and egress)
that is twice as large as the number of spine switches. In this example, each additional lower
tier switch can be added using a single cable, while still being fully connected to the spine

switches (upper tier).
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[0062] In an even more asymmetric scaling example 860, FIG. 8(d) illustrates a
configuration where switches 862 have been added to the lower tier, but the number of new
switches is only a fraction of the number of upper tier switches 802. As can be seen, if the
network allows it, switches can be added one or more at a time, to cither side or both of the
transpose box. Each additional switch only requires one cable to connect to the transpose

box, with the connectivity being handled by the inner meshing of the transpose box 806.

[0063] In some instances, aspects such as cost or size limitations can prevent larger
transpose boxes from being implemented initially, where at least a portion of the capacity of a
transpose box will not be used right away. In some embodiments, the network architect can
direct a technician to replace specific transpose boxes with larger boxes as needed. The
network can then be scaled using any of the approaches discussed above. In other
embodiments where there cost may prevent boxes from being swapped out unless there is a
use for the old box, or for another such reason, it can be possible to introduce additional
transpose boxes when scaling the network. Such an approach may not be optimal in all
situations, as it can lead to network congestion and other such issues, but can be cheaper to

implement and maintain in at least some situations.

[0064] For example, consider the example configuration 900 of FIG. 9(a). In this example,
a single transpose box 906 is used to connect upper tier switches 902 and lower tier switches
904. Although in some embodiments all the connectors on the transport box are used, in this
example there is one connector left available on each logical side of the transpose box. In the
network is to be scaled such that two additional switches are to be added to each tier, then
another transpose box 922 can be added as illustrated in the example 920 of FIG. 9(b). In this
example, a second transpose box 922 is added to handle the additional switches. Because the
transpose boxes are separate, however, there is no full connectivity between the switches
connected to the first transpose box 906 and the switches connected to the second transpose
box 922. In this example, an available connector on each of the upper and lower tiers of each
transpose box can be used to provide at least one path 924 between the transpose boxes. The
path can be implemented using at least one cable, fiber, bundle, additional transpose box,
and/or any other appropriate communication or connection device. By linking the boxes in
such a way, there is a path between each of the upper tier switches and each of the lower tier
switches. As illustrated by the thicker lines in the figure, upper tier switch 2’ can connect
with lower tier switch ‘3’ using the between-box connection path 924. Further, since the
connectors used for the connection path were available, the boxes can be connected using a

single cable or pair of cables in some embodiments. As discussed, the connection path 924
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can be a point of congestion in certain systems, such that the approach might not be practical
for certain implementations. An additional advantage of such an approach, however, is that
there is no need to take down any functional part of the network while connecting the
additional components. If a smaller network box is swapped out, for example, then the
connectivity of that box will be unavailable for a period of the installation. If the original
transpose box and connectivity is untouched, however, then there is no such reduction in
performance. The transpose boxes in such a situation thus also function as a safety zone
when adding capacity. In some cases, the system could be designed with a certain size in
mind, but only a portion implemented initially, such as every fourth transpose box at initial
deployment. As the network scales, the additional transpose boxes (and other components)
can be added as needed. Such an approach also can be used to connect two separate fabrics,
as opposed to performing a traditional scaling operation. In such an approach, there would be
no need to change any switches in either fabric, as long as the existing switches can be

reconfigured as necessary.

[0065] In some embodiments, the additional transpose boxes might be deployed and used
for redundancy and/or to prevent a single point of network failure for at least a portion of the
network traffic. For example, FIG. 9(c¢) illustrates an example wherein there are three upper
tier switches 902 and three lower tier switches 904 each fully connected by a first transpose
box 942. The switches also are connected using a second transpose box 942. Such a
deployment provides for redundancy, and enables the network to remain functioning in the
event of a problem or removal of one of the transpose boxes. In some embodiments, the
redundancy can be built in as part of the design. In other embodiments, the second transpose
box 942 can be used for redundancy when possible, and can be used for additional switches
when scaling is desired, such as is described with respect to FIG. 9(b). In one embodiment, a
group of switches with around twenty-four upper tier switches and around forty-cight lower
tier switches might be connected by four transpose boxes (assuming a necessary number of
ports, etc.) for purposes of redundancy, even though the group might not be able to further

scale according to the current network design.

[0066] FIG. 10 illustrates an example process 1000 for scaling a network using transpose
boxes that can be used in accordance with various embodiments. In this example, the initial
stage of the network design is deployed, including at least one portion with at least one
transpose box 1002. Once deployed, the network can operate as intended 1004. At some
point, a determination is made to scale up or increase some capacity of the network portion

1006. This determination can be made automatically in some embodiments, such as in
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response to the detection of capacity threshold being reached or being projected to be
reached, and/or can be made manually, such as where a network administrator indicates that
capacity is to be increased. Many other such determinations can be made and/or passed along

as should be apparent.

[0067] In at least some embodiments, a determination is first made as to whether there is an
appropriate number of available connections, of the necessary type, to handle the increase
1008. If so, the additional devices (e.g., switches or hosts) or network portions can be
connected to the available connectors on the transpose box 1010, and the expanded network
can operate as intended. If there are not a sufficient number of available connectors, a
determination can be made in at least some embodiments whether an upgraded box is
available and/or allowed to be installed in the network portion 1012. If an upgraded box is
available and allowable, the transpose box can be replaced with the larger box (at least in
terms of connections and not necessarily size) 1014, and the additional devices can be
connected as desired. If a larger box cannot be utilized, at least one additional transpose box
can be added to the network portion 1016 and the transpose boxes can be connected 1018 as
necessary per the selected network topology. As discussed above, the new or additional
boxes can be selected at least in part based upon the network topology in addition to the
number and/or type of necessary connections. It should be understood that a similar process
can be used when the network topology is changed, where additional or alternative transpose
boxes are selected to implement the new topology. Further, in some embodiments there can
be multiple levels of transpose boxes between network components in order to implement

complex topologies.

[0068] As discussed above, the various embodiments can be implemented in a wide variety
of operating environments, which in some cases can include one or more user computers,
computing devices, or processing devices which can be used to operate any of a number of
applications. User or client devices can include any of a number of general purpose personal
computers, such as desktop or laptop computers running a standard operating system, as well
as cellular, wireless, and handheld devices running mobile software and capable of
supporting a number of networking and messaging protocols. Such a system also can include
a number of workstations running any of a variety of commercially-available operating
systems and other known applications for purposes such as development and database
management. These devices also can include other electronic devices, such as dummy
terminals, thin-clients, gaming systems, and other devices capable of communicating via a

network.
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[0069] Various aspects also can be implemented as part of at least one service or Web
service, such as may be part of a service-oriented architecture. Services such as Web services
can communicate using any appropriate type of messaging, such as by using messages in
extensible markup language (XML) format and exchanged using an appropriate protocol such
as SOAP (derived from the "Simple Object Access Protocol”). Processes provided or
executed by such services can be written in any appropriate language, such as the Web
Services Description Language (WSDL). Using a language such as WSDL allows for
functionality such as the automated generation of client-side code in various SOAP

frameworks.

[0070] Most embodiments utilize at least one network that would be familiar to those
skilled in the art for supporting communications using any of a variety of commercially-
available protocols, such as TCP/IP, OSI, FTP, UPnP, NFS, and CIFS. The network can be,
for example, a local area network, a wide-area network, a virtual private network, the
Internet, an intranet, an extranet, a public switched telephone network, an infrared network, a

wireless network, and any combination thereof.

[0071] In embodiments utilizing a Web server, the Web server can run any of a variety of
server or mid-tier applications, including HTTP servers, FTP servers, CGI servers, data
servers, Java servers, and business application servers. The server(s) also may be capable of
executing programs or scripts in response requests from user devices, such as by executing
one or more Web applications that may be implemented as one or more scripts or programs
written in any programming language, such as Java®, C, C# or C++, or any scripting
language, such as Perl, Python, or TCL, as well as combinations thereof. The server(s) may
also include database servers, including without limitation those commercially available from

Oracle®, Microsoft®, Sybase®, and IBM®,

[0072] The environment can include a variety of data stores and other memory and storage
media as discussed above. These can reside in a variety of locations, such as on a storage
medium local to (and/or resident in) one or more of the computers or remote from any or all
of the computers across the network. In a particular set of embodiments, the information may
reside in a storage-area network (“SAN”) familiar to those skilled in the art. Similarly, any
necessary files for performing the functions attributed to the computers, servers, or other
network devices may be stored locally and/or remotely, as appropriate. Where a system
includes computerized devices, each such device can include hardware elements that may be
electrically coupled via a bus, the elements including, for example, at least one central

processing unit (CPU), at least one input device (e.g., a mouse, keyboard, controller, touch
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screen, or keypad), and at least one output device (e.g., a display device, printer, or speaker).
Such a system may also include one or more storage devices, such as disk drives, optical
storage devices, and solid-state storage devices such as random access memory (“RAM”) or
read-only memory (“ROM?”), as well as removable media devices, memory cards, flash cards,

etc.

[0073] Such devices also can include a computer-readable storage media reader, a
communications device (e.g., a modem, a network card (wireless or wired), an infrared
communication device, etc.), and working memory as described above. The computer-
readable storage media reader can be connected with, or configured to receive, a computer-
readable storage medium, representing remote, local, fixed, and/or removable storage devices
as well as storage media for temporarily and/or more permanently containing, storing,
transmitting, and retrieving computer-readable information. The system and various devices
also typically will include a number of software applications, modules, services, or other
elements located within at least one working memory device, including an operating system
and application programs, such as a client application or Web browser. It should be
appreciated that alternate embodiments may have numerous variations from that described
above. For example, customized hardware might also be used and/or particular elements
might be implemented in hardware, software (including portable software, such as applets),
or both. Further, connection to other computing devices such as network input/output

devices may be employed.

[0074] Storage media and computer readable media for containing code, or portions of
code, can include any appropriate media known or used in the art, including storage media
and communication media, such as but not limited to volatile and non-volatile, removable
and non-removable media implemented in any method or technology for storage and/or
transmission of information such as computer readable instructions, data structures, program
modules, or other data, including RAM, ROM, EEPROM, flash memory or other memory
technology, CD-ROM, digital versatile disk (DVD) or other optical storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices, solid state
drives (SSD) which use solid state flash memory like Single-Level Cell (SLC) and Multi-
Level Cell (MLC),or any other medium which can be used to store the desired information
and which can be accessed by the a system device. Based on the disclosure and teachings
provided herein, a person of ordinary skill in the art will appreciate other ways and/or

methods to implement the various embodiments.
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[0075] The specification and drawings are, accordingly, to be regarded in an illustrative
rather than a restrictive sense. It will, however, be evident that various modifications and
changes may be made thereunto without departing from the broader spirit and scope of the

invention as set forth in the claims.

Clause 1. A method of providing scalability in a data transmission
network, comprising:

providing at least a first tier and a second tier of network devices, each
network device capable of receiving and transmitting data; and

connecting the network devices of the first tier to a first group of network
connectors of a network transpose box and the network devices of the second tier to a second
group of network connectors of the network transpose box, at least a portion of the first group
of network connectors each being connected to two or more of the second group of network
connectors using a meshing of communication media, at least a portion of the second group
of network connectors each being connected to two or more of the first group of network
connectors using the meshing, the meshing of communication media implementing a selected
network topology for connecting the network devices of the first and second tiers, each of the
first tier of network devices connected to one of the first group of network connectors using a
single network cable and each of the second tier of network devices connected to one of the
second group of network connectors using a single network cable,

wherein a number of the network devices of the first tier is less than a number
of the network connections of the first group and a number of the network devices of the
second tier is less than a number of the network connections of the second group, and

wherein additional network devices are able to be added to the data
transmission network using an available connection of the first or second group of network
connectors of the network transpose box without having to move any of already-connected
network cables.

Clause 2. The method of clause 1, wherein additional network devices are
able to be added one device at a time.

Clause 3. The method of clause 1, wherein additional network devices are
able to be added in groups depending upon requirements of the data transmission network or
the network topology.

Clause 4. The method of clause 1, wherein the network topology is one of
a Clos network topology, butterfly network topology, dragonfly network topology, or a

combination or variant thereof.

25



10

15

20

25

30

35

WO 2012/040205 PCT/US2011/052356

Clause 5. The method of clause 1, wherein at least one of the first and
second groups of network connectors is keyed to restrict the type of network cable that can be
connected to the additional network devices.

Clause 6. The method of clause 1, wherein the connection media include
at least one of electrical wires capable of transmitting electrical signals and optical fibers
capable of transmitting optical signals.

Clause 7. The method of clause 1, wherein there are a different number of
network connectors in the first group of network connectors than the second group of
network connectors.

Clause 8. A method of increasing the size of a data transmission network,
comprising:

determining an additional number of network devices to add to a data
transmission network, the data transmission network including at least a first tier and a
second tier of network devices each capable of receiving and transmitting data, the network
devices of the first tier being connected to a first group of network connectors of a network
transpose box and the network devices of the second tier being connected to a second group
of network connectors of the network transpose box, at least a portion of the first group of
network connectors each being connected to two or more of the second group of network
connectors using a meshing of communication media, at least a portion of the second group
of network connectors each being connected to two or more of the first group of network
connectors using the meshing, the meshing of communication media implementing a selected
network topology for connecting the network devices of the first and second tiers, each of the
first tier of network devices connected to one of the first group of network connectors using a
single network cable and each of the second tier of network devices connected to one of the
second group of network connectors using a single network cable,

determining an additional number of network connectors for each of the first
and second group of network connectors needed to support the additional number of network
devices using the network topology; and

replacing the network transpose box with a different transpose box having at
least the additional number of network connectors for each of the first and second group of
network connectors,

wherein each of the additional network devices is able to be added to the
network using a single cable connection to the network transpose box, and

wherein each previously connected device can be connected to any other

previous network device and any additional network device according to the network
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topology using a single cable connection from the previously-connected device to the
network transpose box.

Clause 9. The method of clause &, wherein the different network
transpose box implements a different network topology.

Clause 10.  The method of clause 8, wherein the selected network topology
is one of a Clos network topology, butterfly network topology, dragonfly network topology,
or a combination or variant thereof.

Clause 11. The method of clause 8, wherein the different network
transpose box includes at least one differently keyed network connector than the replaced
network transpose box.

Clause 12. A method of increasing the size of a data transmission network,
comprising:

determining an additional number of network devices to add to a data
transmission network, the data transmission network including at least a first tier and a
second tier of network devices each capable of receiving and transmitting data, the network
devices of the first tier being connected to a first group of network connectors of a first
network transpose box and the network devices of the second tier being connected to a
second group of network connectors of the first network transpose box, at least a portion of
the first group of network connectors each being connected to two or more of the second
group of network connectors using a meshing of communication media, at least a portion of
the second group of network connectors each being connected to two or more of the first
group of network connectors using the meshing, the meshing of communication media
implementing a selected network topology for connecting the network devices of the first and
second tiers, each of the first tier of network devices connected to one of the first group of
network connectors using a single network cable and each of the second tier of network
devices connected to one of the second group of network connectors using a single network
cable,

determining an additional number of network connectors for each of the first
and second group of network connectors needed to support the additional number of network
devices using the network topology;

adding at least a second network transpose box having at least the additional
number of network connectors for each of the first and second group of network connectors;
and

connecting the first network transpose box and the at least second network

transpose box in order to connect the devices according to the selected network topology,
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wherein each of the additional network devices is able to be added to the
network using a single cable connection to the at least second network transpose box, and
wherein each previously connected device can be connected to any other
previous network device and any additional network device according to the network
topology using a single cable connection from the previously-connected device to the first
network transpose box.

Clause 13.  The method of clause 12, further comprising:

adding at least a third network transpose box that, when connected to the first
and second network transpose boxes, implements a different network topology.

Clause 14. The method of clause 12, wherein the selected network
topology is one of a Clos network topology, butterfly network topology, dragonfly network
topology, or a combination or variant thereof.

Clause 15. The method of clause 12, wherein the at least second network
transpose box includes at least one differently keyed network connector than the first network
transpose box.

Clause 16. A method of providing scalability in a data transmission
network, comprising:

providing at least a first tier and a second tier of network devices, each
network device capable of receiving and transmitting data; and

connecting the network devices of the first tier to a first group of network
connectors of a first network transpose box and a first group of network connectors of a
second network transpose box;

connecting the network devices of the second tier to a second group of
network connectors of the first network transpose box and a second group of network
connectors of the second network transpose box, at least a portion of the first group of
network connectors in each of the first and second network transpose boxes each being
connected to two or more of the second group of network connectors within the same
network transpose box using a meshing of communication media, at least a portion of the
second group of network connectors in each of the first and second network transpose boxes
cach being connected to two or more of the first group of network connectors in the same
network transpose box using the meshing, the meshing of communication media
implementing a selected network topology in each network transpose box for connecting the
network devices of the first and second tiers,

wherein each of the first tier of network devices is connected to one of the first

group of network connectors of the first network transpose box using a single network cable
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and one of the first group of network connectors of the second network transpose box using a
single network cable,

wherein each of the second tier of network devices is connected to one of the
second group of network connectors of the first network transpose box using a single network
cable and one of the second group of network connectors of the second network transpose
box using a single network cable, the connections to the first and second transpose boxes
providing a redundant connection for each of the network devices, and

wherein an additional network device is able to be added to the data
transmission network by moving one of the redundant connections to the second network
transpose box to connect to the additional network device without having to move any of the
other already-connected network cables.

Clause 17. The method of clause 16, wherein data transmission is able to
occur during one of the first and second network transpose boxes when the connections are
redundant and the other of the first and second transpose boxes is unavailable.

Clause 18. The method of clause 16, wherein the selected network
topology is one of a Clos network topology, butterfly network topology, dragonfly network
topology, or a combination or variant thereof.

Clause 19. The method of clause 16, wherein the second network
transpose box includes at least one differently keyed network connector than the first network
transpose box.

Clause 20. A method of changing the topology of a data transmission
network, comprising:

determining a current network topology of a data transmission network, the
data transmission network including at least a first tier and a second tier of network devices
cach capable of receiving and transmitting data, the network devices of the first tier being
connected to a first group of network connectors of a network transpose box and the network
devices of the second tier being connected to a second group of network connectors of the
network transpose box, at least a portion of the first group of network connectors each being
connected to two or more of the second group of network connectors using a meshing of
communication media, at least a portion of the second group of network connectors each
being connected to two or more of the first group of network connectors using the meshing,
the meshing of communication media implementing the current network topology for
connecting the network devices of the first and second tiers, each of the first tier of network

devices connected to one of the first group of network connectors using a single network
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cable and each of the second tier of network devices connected to one of the second group of
network connectors using a single network cable,

determining a new network topology for the data transmission network; and

replacing the network transpose box with a different transpose box having a
meshing for implementing the new network topology,

wherein the new topology is able to be implemented in the network using a
single cable connected between each network device and the new network transpose box,
cach previously connected device being connected to any other previous network device
according to the new network topology by the meshing of the network transpose box.

Clause 21. The method of clause 20, wherein the new network transpose
box includes a number of additional ports.

Clause 22.  The method of clause 21, further comprising:

connecting at least one additional network device to the new network
transpose box as needed for the new network topology.

Clause 23.  The method of clause 21, wherein the new network topology is
one of a Clos network topology, butterfly network topology, dragonfly network topology, or
a combination or variant thereof.

Clause 24. The method of clause 20, wherein the new transpose box
includes at least one differently keyed network connector than the replaced network transpose

box.
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WHAT IS CLAIMED I8S:

1. A method of increasing the size of a data transmission network,
comprising:

determining an additional number of network devices to add to a data
transmission network, the data transmission network including at least a first tier and a
second tier of network devices each capable of receiving and transmitting data, the network
devices of the first tier being connected to a first group of network connectors of a network
transpose box and the network devices of the second tier being connected to a second group
of network connectors of the network transpose box, at least a portion of the first group of
network connectors each being connected to two or more of the second group of network
connectors using a meshing of communication media, at least a portion of the second group
of network connectors each being connected to two or more of the first group of network
connectors using the meshing, the meshing of communication media implementing a selected
network topology for connecting the network devices of the first and second tiers, each of the
first tier of network devices connected to one of the first group of network connectors using a
single network cable and each of the second tier of network devices connected to one of the
second group of network connectors using a single network cable,

determining an additional number of network connectors for each of the first
and second group of network connectors needed to support the additional number of network
devices using the network topology; and

replacing the network transpose box with a different transpose box having at
least the additional number of network connectors for each of the first and second group of
network connectors,

wherein each of the additional network devices is able to be added to the
network using a single cable connection to the network transpose box, and

wherein each previously connected device can be connected to any other
previous network device and any additional network device according to the network
topology using a single cable connection from the previously-connected device to the

network transpose box.

2. The method of claim 1, wherein the different network transpose box

implements a different network topology.
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3. The method of claim 1, wherein the selected network topology is one
of a Clos network topology, butterfly network topology, dragonfly network topology, or a

combination or variant thereof.

4. The method of claim 1, wherein the different network transpose box
includes at least one differently keyed network connector than the replaced network transpose

box.

5. A method of increasing the size of a data transmission network,
comprising:

determining an additional number of network devices to add to a data
transmission network, the data transmission network including at least a first tier and a
second tier of network devices each capable of receiving and transmitting data, the network
devices of the first tier being connected to a first group of network connectors of a first
network transpose box and the network devices of the second tier being connected to a
second group of network connectors of the first network transpose box, at least a portion of
the first group of network connectors each being connected to two or more of the second
group of network connectors using a meshing of communication media, at least a portion of
the second group of network connectors each being connected to two or more of the first
group of network connectors using the meshing, the meshing of communication media
implementing a selected network topology for connecting the network devices of the first and
second tiers, each of the first tier of network devices connected to one of the first group of
network connectors using a single network cable and each of the second tier of network
devices connected to one of the second group of network connectors using a single network
cable,

determining an additional number of network connectors for each of the first
and second group of network connectors needed to support the additional number of network
devices using the network topology;

adding at least a second network transpose box having at least the additional
number of network connectors for each of the first and second group of network connectors;
and

connecting the first network transpose box and the at least second network
transpose box in order to connect the devices according to the selected network topology,

wherein each of the additional network devices is able to be added to the

network using a single cable connection to the at least second network transpose box, and
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wherein each previously connected device can be connected to any other
previous network device and any additional network device according to the network
topology using a single cable connection from the previously-connected device to the first

network transpose box.

6. The method of claim 5, further comprising:
adding at least a third network transpose box that, when connected to the first

and second network transpose boxes, implements a different network topology.

7. The method of claim 5, wherein the selected network topology is one
of a Clos network topology, butterfly network topology, dragonfly network topology, or a

combination or variant thereof.

8. The method of claim 5, wherein the at least second network transpose
box includes at least one differently keyed network connector than the first network transpose

box.

9. A method of providing scalability in a data transmission network,
comprising:

providing at least a first tier and a second tier of network devices, each
network device capable of receiving and transmitting data; and

connecting the network devices of the first tier to a first group of network
connectors of a first network transpose box and a first group of network connectors of a
second network transpose box;

connecting the network devices of the second tier to a second group of
network connectors of the first network transpose box and a second group of network
connectors of the second network transpose box, at least a portion of the first group of
network connectors in each of the first and second network transpose boxes each being
connected to two or more of the second group of network connectors within the same
network transpose box using a meshing of communication media, at least a portion of the
second group of network connectors in each of the first and second network transpose boxes
cach being connected to two or more of the first group of network connectors in the same
network transpose box using the meshing, the meshing of communication media
implementing a selected network topology in each network transpose box for connecting the

network devices of the first and second tiers,
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wherein each of the first tier of network devices is connected to one of the first
group of network connectors of the first network transpose box using a single network cable
and one of the first group of network connectors of the second network transpose box using a
single network cable,

wherein each of the second tier of network devices is connected to one of the
second group of network connectors of the first network transpose box using a single network
cable and one of the second group of network connectors of the second network transpose
box using a single network cable, the connections to the first and second transpose boxes
providing a redundant connection for each of the network devices, and

wherein an additional network device is able to be added to the data
transmission network by moving one of the redundant connections to the second network
transpose box to connect to the additional network device without having to move any of the

other already-connected network cables.

10. The method of claim 9, wherein data transmission is able to occur
during one of the first and second network transpose boxes when the connections are

redundant and the other of the first and second transpose boxes is unavailable.

11.  The method of claim 9, wherein the selected network topology is one
of a Clos network topology, butterfly network topology, dragonfly network topology, or a

combination or variant thereof.

12. The method of claim 9, wherein the second network transpose box
includes at least one differently keyed network connector than the first network transpose

box.
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