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(57) Abstract: In one example implementation according to aspects of the present disclosure, a system is disclosed having a modular
input/output aggregation zone to directly communicatively couple together a plurality of servers within an enclosure shared by the
modular input/output aggregation zone and the plurality of servers. The example modular input/output aggregation zone includes a
first switch chip having link ports configurable as uplink ports and crosslink ports, the uplink ports being communicatively couple -
able to a network device and the crosslink ports being communicatively coupleable to a crosslink port of a second switch chip.
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MODULAR INPUT/QUTPUT AGGREGATION ZOKE

BACKGROUND
[G001]  The amount and size of electronic data consumers and companias
generate and use continues o grow in size and complexity, as does the size and
complexity of related applications. In response, data centers housing the growing
and complex data and related applications have begun to implement a variety of
networking and server configurations to provide access fo the data and

applications.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] The following detailed descriplion refarences the drawings, in which:
086631 FIG. 1 Hllustrates a block diagram of a sysiem ulilizing a modular
input/output aggregation zone having a switch chip according 1o examples of the
present disclosure;
[0004] FiG. 2 illustrates a block diagram of a system ulilizing two modular
input/output aggregation zones each having a switch chip according fo examples
of the present disclosure;
[0005] FIG. 3 illusirates a block diagram of a modular input/output aggregation
zong having a first switch ¢hip and a second switch chip according to examples of
the present disclosure; and
[00888] FiG. 4 llusirates a block diagram of a modular inputfoutput aggregation
zone having a first switch chip, a second swiich chip, and a third swilch chip

according to examples of the present disclosure.

DETAILED DESCRIPTION
(08071 Data cenlers store growing amounis of data and host increasingly
complex applications. The data and applications may be distributed across
numerous servers networked together in a tradifional hierarchical network
topology. Server application archilecture, particularly those employing heavy use
of virtualization technology and data spread across mulliple scale-out servers, may

not be well-served by traditional hierarchical network switching fopologies.
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Problems associated with a traditional hierarchical network approach may include
cost, latency, and management complexity.

[0008] Costis typically measured in terms of cost per connecled server. Thus
sach layer of networking adds to the tolal solution cost, affecting the cost per
connected server. This situation is parlicularly aggravated by high-density, low-
cost servers, as many individual servers connect 1o a top-of-rack (TOR) swilch,
which then must connect to the next level network. These connections typically
utiize a network interface controller for each port of each server for purposes of
redundancy.

{6009 Switches with many poris {e.g., 24 porls, 48 ports, or more) are
disproportionaily expensive, on a cost-per-port basis, relative {o swilches with
fewer ports (e.g., less than 24 poris). The cost disparity is al least in part due to the
increased conneclivily and bandwidih belween the switch chips in the switch
chassis. As more porls are added, more internal connections are ulilized, switch
chip sizes are increased, silicon area is Increased, and cost thus is increased.
Furthermore, as chip-to-chip distances expand due io the number of swilch chips
utifized, signal loading degrades the swilch bit rate and aggregate bandwidih.
{00181 The cost is further aggravated by the number of cables to conngct the
servers 1o the swilches. In a typical redundant connection topology, an enclosure
containing ten servers, with an “A” link and a "B" link for each server will implement
twenty cables. A rack containing four such enclosures will have eighty cables. The
top-of-rack {TOR) switch {or switches) then handle eighly downlinks as well as an
appropriate number of uplinks. Though swilch over-subscription is often employed
in order to mitigate costs, itis an insufficient remedy.

[0011] Latency remains another issue. For exampls, for & server o
communicate with a peer server in a syslem complex, the ceniral processing unit
communicales with the NIC, which then communicates via a cable fo the TOR
switch. The TOR switch forwards the information to the next level {L2) switch, then
to the next level {L3) swiich, then down o the next level (L2) which for purposes of
this example will forward the information 1o the next TOR switch, then down the
cable to the appropriate NIC then onward 1o the appropriate ceniral processing

unit. Each of these transactions will accumulate a switching delay. For this
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example, servers in the same row would experience a 5-hop path with switch
fatency at each hop.

{00121 The latency problem is exacerbated in architectures with a high degree
of east-west traffic—that is traffic between peer servers in the same enclosure.
Since each packel traverses cabies up 1o the TOR and back down, the aggregate
swiich bandwidth shouid be high 1o enabie the servers to effectively communicaie.
(08131  Interms of management, the more complex a switch is, the more difficult
it is to manage. When mulliple complex swilches are implemented to fadiiitate
communications between servers, the management problem is compounded.,
[0014] Various implementations are described below by referring to several
sxamples of a modular inputfoutput aggregation zone having a swilch ¢hip. For
example, a system is disclosed having a modular inputoulput aggregation zons o
directly communicatively couple together a plurality of servers within an enclosure
shared by the modular inpul/output aggregation zone and the plurality of servers.
The example modular inpulfoutput aggregation zone includes a first switch chip
having link ports configurable as uplink ports and crosshink ports, the uplink ports
being communicatively coupleable 0 a network device and the crosslink ports
being communicatively coupieabls o a crosslink port of a second swiich chip.
Additional examples are described below.

08151 In some implementations, cost can be significantly decreased by
reducing the number of TOR switches and cables used o connect a plurality of
servers. For example, efficient communications for workicads with significant
amounts of east-wesl traffic is provided by communicating at a lower level in the
switching hierarchy, reducing latency while also reducing the port count for
expensive L2 and L3 switches. Also, a path with fewer hops provides
improvements in latency. Moreover, management of the network topology is
simplified. These and ¢ther advantages will be apparent from the description that
follows.

[86818] FiG. 1 illustrates a block diagram of a system utilizing a modular
input/output (/O) aggregation zone 100 having a switch chip 110 according to
axamples of the present disclosurs. it shouid be understood that FIG. 1 includes

particular components, modules, stc. according o varicus examples. However, in
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different embodimenis, more, Tewer, and/or other components, modules,
arrangements of components/modules, elc. may be used according to the
teachings described herein. In addition, various components, modules, etc.
described herein may be implemented as one or more software modules, hardware
modules, special-purpose  hardware (e.g., application specific hardware,
application specific integrated circuits (ASICs), embedded controllers, hardwired
circuitry, ete.), or some combination of these.

{88171 The example system shown ulilizes the modular I/O aggregation zone
100 to directly communicatively couple together a pluralily of servers 104a- within
an enclosure such as shared enclosure 106 that is shared by the modular O
aggregation zone 100 and the plurality of servers 104a-1. That is, the modular /0
aggregation zong 100 and the plurality of servers 104a-T are contained within the
shared senclosure 106. The shared enclosure 106 may be made of a suitable
material and of a suitable size {o contain both the modular VO aggregation zong
100 and the plurality of servers 104a-1.

[0018]  The modular VO aggregation zone 100 may conlain a swilch chip, such
as switch chip 110, in one example. Howsver, in another example, such as that
shown in FIG. 1, the modular /O aggregation zong 100 also includes a sscond
switch chip 120. The modular VO aggregation zone 100 is also configured 1o be
directly communicatively coupled fo the plurality of servers 104a-1f. The swilch
chips described herein may include various switch c¢hips from  different
manufacturers including, for example, Inlel's® Red Rock Canyon switch chip.
[0019] The plurality of servers 104a-f may include servers of a similar or
identical configuration, or the servers may be of a variely of types and
configurations. It should be appreciated that the servers 104a-f may be blade
servers, modular servers, or servers of a similar type, and may include hardware
components such as processing resolrces, memory resources, siOrage resources,
and other appropriate compongnts. For example, the plurality of servers 104a-f
may include a processing resource that represents generally any suitable type or
form of processing unit or units capable of processing data or interpreting and
executing instructions. The insiructions may be stored on a non-transitory tangible

computer-readable storage medium, such as a memory resource, or on a separate
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device {not shown), or on any other type of volatile or non-volatile memory that
stores instructions. Alternatively or additionally, the plurality of servers 104a-f may
include dedicated hardwars, such as ong or more integrated circuits, Application
Specific Integrated Circuits {ABICs), Application Specific Special Processors
(ASSPs), Field Programmable Gate Arrays (FPGAs), or any combination of the
foregoing examples of dedicated hardware. In some implementations, muitiple
processors may be used, as appropriate, along with multiple memories andfor
types of memory.

[0028] The plurality of servers 104a-f are directly communicatively coupled {0
the modular VO aggregation zone 100, and more specifically are directly
communicatively coupled fo the swilch c¢hips 110 and 120 of the modular /O
aggregation zone 100. The direct coupling may include a Peripheral Componeant
Interconnect Express {PCle) or similar conngction between the servers 104a-f and
the modular VO aggregation zone 100. These connections are depicted by the
dotted lines in FIG 1. Onoce directly communicatively coupled to the modular /O
aggregation zone 100, the servers may transmil and receive dala among one
another and with other network connected devices via the direct communicatively
coupled connection o the switch chips 110 and 120.

[0021] The swiich chips 110 and 120 may each include link ports, which are
configurable as uplink ports and crosslink poris. in the example shown, switch chip
110 includes an uplink port 112 and two crosslink ports 114a,b. Similarly, switch
chip 120 includes an uplink port 122 and two crossiink ports 124a,b. In other
examples, the switch chips may include additional ports in a variety of
configurations. it should be undersiood that the link ports may be configured (and
re-configured) as either uplink ports or crosslink ports, either automatically by the
nature of the conneclions created o the uplink porls or manually by an
administrator when the chips are installed or when the modular VO aggregation
zong 100 is set up. Because the link ports are configurable, the bandwidth for the
connections between the servers, the swilch chips, and the network devices may
be variable such that some connections may support only minimal bandwidth while

othar connections support much greater bandwidth, Each swiich chip may be
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configured individually, thus increasing the flexibility and bandwidth possibilities for
each modular I/Q aggregation zone,

{00221 The crossilink ports {e.g., crosslink ports 114ab and 124ab) are
communicatively coupleable 1o one another {or to additional switch chips) using
any suitable network conneclion, including Ethernel, oplical, or other electrical
connection. In the example shown in FIG. 1, the crosslink port 1143 of switch chip
110 is communicatively coupled o the crosslink port 124a of switch ¢hip 120, and
the crosslink port 114b of switch c¢hip 110 is communicatively coupled o the
crosslink port 124b of switch chip 120. These conngclions are depicied by the
dashed lings in FIG 1. Additional, either or both of the uplink ports 112 and 122
may be configured as crosslink ports, and any or all of the crosslink ports 114ab
and 124a,b may be configurad as uplink poris, as appropriate. Additional poris may
also be implemented.

(08231 Data or network traffic transmitted from one of the plurality of servers o
another of the pluralily of servers is transmilted through at least one crosslink port
of at least one of the first swilch chip and the second switch chip 1o the other of the
plurality of servers. For example, data transmitted from the server 104a io the
server 1044 is transmitted through crosslink port 114b of switch chip 110 and the
crosslink port 124b of switch chip 120 {o the server 104d. In ancther example, the
data could be transmitted through crosslink port 114a of switch chip 110 and the
crosslink port 124a of switch chip 120 to the server 104d. By fransmitting the data
between the swilch chips within the modular VO aggregation zone 100, the dala
need not be transmitied up o the network device 140 and back down [0 the server,
thus reducing the latengy, cosl, and management concerns discussed above.
{00241 In this configuration, swiich chips 110 and 120 are said {0 have
redundant connections. That is, the swilch chips 110 and 120 are connecied fo
each other along two separate paths, such thal if one path faills, the switch chips
110 and 120 may communicate via the second path. In other examples, such as
Hlustrated in FIG. 4, additional switch chips may be implemented in the modular /O
aggregation zone 100, enabling the modular /O aggregation zone 100 to provide

a mesh network, ring network, star networl, fully connected network, linear
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network, tree network, bus network, dragonfly network, and any other suitable
network topology or combinations of network fopologies.

{00251 The uplink ports {e.g., uplink ports 112 and 122} are communicatively
coupleable to a network device, such as network device 140 using any suitable
network connection, including Ethemel, optical, or other electrical connection. in
the example shown in FiG. 1, the uplink port 112 of swiich c¢hip 110 is
communicatively coupled to the network device 140. In other examples, the uplink
port 122 of switch chip 120 may also be communicatively coupled 1o the network
device 140 or another network device as depicied by the dashed line between the
crosstink port 112 of switch chip 110 and the network device 140.

[8028] The nelwork device 140 may be any suilable network device, including
at least a switch, a hub, and a rouler. The network device 140 may be part of a
larger network, the network representing generally hardware components and
computers interconnected by communications channels that allow sharing of
resources and information. The nelwork may include one or more of a cable,
wireless, fiber optic, or remole connection via a tslecommunication link, an infrared
fink, a radio frequency link, or any other conneclors or systems that provide
slectronic communication. The network may include, at least in part, an intranet,
the Internet, or a combination of both. The nelwork may also include intermediate
proxies, routers, swilches, load balancers, and the like, including the network
device 140 and the modular /O aggregation zone 100 via the swilch chips 110 and
120. The paths followed by the network between swilch chip 110 and network
device 140 as depicted in FIG. 1 represent the logical communication paths
hetween these devices, not necessarily the physical paths between the devices.
{80271 In other examples, as discussed below, the modular O aggregation
zone 100 may be communicatively coupled {o ancther modular VO aggregation
Zong 1o expand or scale the number of servers serviced by the functionality that
the modular VO aggregation zone 100 provides. For exampie, the additional
moduiar inpuloutput aggregation zone directly communicatively coupie together
additional pluralities of servers within shared enclosures, and each of the plurality
of additional modular input/output aggregation include at least one swilch c¢hip

having link ports configurable as uplink ports and crosslink ports. The additional
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modular VO aggregation zones may be arranged in a variely of network topologies.
For instance, the modular VO aggregation zones may be arranged in @ mesh
network, ring network, star network, fully connecled network, linear network, tree
network, bus network, dragonfly network, and any other suilable network topology
or combinations of network topologies.

[0028] FIG. 2 Hllustraies a block diagram of a system utilizing two modular
input/output aggregation zones each having a switch chip according to examples
of the present disclosure. i should be understood that FiG. 2 includes particular
componenis, modules, etc. according o various examples. Howsver, in different
embodiments, more, fewer, and/or other components, modules, arrangements of
componenis/modules, elc. may be used according 0 the teachings described
herein. In addition, various components, modules, elc. described herein may be
implemented as one or more soffware modules, hardware modules, special-
purpose  hardware {e.q., application specific hardware, application specific
integrated circuits {ASICs), embedded controliers, hardwired circuitry, etc.), or
some combination of these.

[0029] Like FIG. 1, FIG. 2 illusirates a modular /O aggregation zoneg 200 o
directly communicatively couple together a plurality of servers 204a-c¢ within an
enclosure such as shared enclosure 206 that is shared by the modular /O
aggregation zone 200 and the plurality of servers 204a-¢. The modular /O
aggregation zone 200 may contain a switch chip, such as switch chip 210. The
modular YO aggregation zone 200 is alse configured to be directly communicatively
coupled o the plurality of servers 20da—c.

[0030] Additionally, Fia. 2 illustrates a second modular O aggregation zone
201 to directly communicatively couple together a second plurality of servers 205d-
f within a second enclosure such as shared enclosure 207 that is shared by the
second modular VO aggregation zone 201 and the second plurality of servers
205d-f. The second modular /0O aggregation zone 201 may contain a second
switch chip, such as switch chip 211, The second modular VO aggregation zone
201 is also configured {0 be directly communicatively coupled to the plurality of

servers 205d-1.
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[0031] The switch chips 210 and 211 sach include link ports configurable as
uplink poris and crosslink ports. For example, switch ¢hip 210 includes uplink port
212 and crosslink ports 2143,b while switch chip 211 includes uplink port 213 and
crosslink poris 215a,b. In the example llustraled, the crosslink port 214b of swilch
chip 210 is communicatively coupled to the crosslink port 215a of the second switch
chip 211, Thus, data may be transmitted between the first plurality of servers 204a—
¢ and the second plurality of servers 204d-1 via the first switch chip 210 and the
second switch chip 211 without having to transmit the data up to a higher level
network device (not shown),

{00321 In examples, additional crosslink ports of switch chips 210 and 211 may
be communicatively coupled o additional switch chips {not shown} within the
respective modular VO aggregation zones 200 and 201, For example, either of the
ilustrated modular VO aggregation zones 200 and 201 may include additional
switch chips, which may be communicatively coupled via optical or electrical links
such as Ethernet links.

[0033] Moreover, additional crosslink ports of switch chips 210 and 211 may be
communicatively coupled 1o the switch chips of additional modular YO aggregation
zones {not shown). For exampls, a third modular input/output aggregation zone
may communicatively couple together a third plurality of servers. The third modular
input/output aggregation zone may include a third switch chip having link ports
configurable as uplink ports and crosslink poris. Then, the first, second, and third
moduiar inpul/output aggregation zones may be communicatively coupled in any
number or combinations of appropriate nelwork topologies such as mesh network,
ring network, star network, Tully connected network, linear network, tree network,
bus network, dragonfly network, and any other suitable network topology. In this
way, muitiple modular /O aggregation zones can be linked together in a variety of
network topologies to enable servers such as servers 204a-¢, servers 20541, and
additional servers to transmit and receive network traffic and data without having
to transmit the network traffic and data up 1o a higher level network device (not
shown).

[0034] The crosslink port 214a of switch chip 210 may be communicatively

coupled to the crosslink port 215b of switch chip 211 to create two discrete network
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paths between the modular /O aggregation zone 200 and the second modular VO
aggregation zone 201.

f00353] In another example, the uplink port 212 of the switch chip 210 and/or the
uplink port 213 of the second switch ¢chip 211 may be communicatively coupled o
a network device, such as a swiich, hub, router, or other appropriate network
device, using optical or electrical networking conneclions. Additional, gither or both
of the uplink ports 212 and 213 may be configured as crosslink ports, and any or
all of the crosslink poris 214a,b and 2153,b may be configured as uplink ports, as
appropriate. Additional ports may also be implemented.

[0038] Because the iink porls are configurable, the bandwidth for the
connections between the servers, the switch chips, and the network devices may
be variable such that some conneclions may support only minimal bandwidth while
other connections support much greater bandwidth. Each switch chip may be
configured individually, thus increasing the flexibility and bandwidth possibilities for
each modular VO aggregation zone.

[0637] FiG. 3 illustrates a block diagram of a modular inpulfcutput aggregation
zone 300 having a first switch ¢hip 310 and a second switch chip 320 according o
axamples of the present disclosure. it shouid be understood that FIG. 3 includes
particular components, modules, etc. according to various examples. However, in
differeni embodiments, more, fewer, and/or other components, maodules,
arrangements of components/modules, etc. may be used according to the
teachings described herein. In addition, various components, modules, elc.
described herein may be implemenied as one or more software modules, hardware
modules, special-purpose  hardware {e.g., application specific hardwarg,
application spsecific integrated circuits (ASICs), embedded controllers, hardwired
circuitry, etc.), or some combination of these.

[00638] The wmodular inpu¥oulpuil aggregation zone 300 shown directly
communicatively couples together a plurality of servers 304a-f within an enclosures
such as shared enclosure 306 that is shared by the modular VO aggregation zone
300 and the plurality of servers 304a-f. That is, the modular VO aggregation zone
300 and the plurality of servers 304a-f are contained within the shared enclosure

306. The shared endlosure 306 may be made of a suilable material and of a
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suifable size to contain both the modular VO aggregation zone 300 and the plurality
of servers 304a-f.

{00391 The plurality of servers 304a-f may include servers of a similar or
identical configuration, or the servers may be of a variely of types and
configurations. It should be appreciated that the servers 304a—-f may be blade
servers, modular servers, or servers of a similar type, and may include hardware
components such as processing resources, menory resources, siorage resources,
and other appropriate componenis. For example, the plurality of servers 304a-f
may include a processing resource that represents generally any suitable fype or
form of processing unit or units capable of processing data or interpreting and
executing instructions. The instructions may be stored on a non-transitory tangible
compuier-readable storage medium, such as a memory resource, or on a separate
deviceg {not shown), or on any other type of volatile or non-volatile memory that
stores instructions. Allernatively or additionally, the plurality of servers 304a-f may
include dedicated hardware, such as one or more integrated circuils, Application
Specific Integrated Circuils {ASICs), Application Specific Special Processors
(ASSPs), Field Programmable Gate Arrays (FPGAS), or any combination of the
foregoing examples of dedicated hardware. In some implementations, muitiple
processors may be used, as appropriate, along with multiple memories andfor
types of mamory.

(00401 The plurality of servers 304a-f are directly communicatively coupled to
the modular VO aggregation zone 300, and more specifically are directly
communicatively coupled 1o the switch chips 310 and 320 of the modular VO
aggregation zone 300 via a Peripheral Component Interconnect Express (PCle)
connection 306 (shown as dotted lines in FIG. 3). Once directly communicatively
coupled o the modular VO aggregation zone 300, the servers may transmit and
receive data among one another and with other networlk connecled devices via the
PCle connection 16 the switch ¢hips 310 and 320.

[0841] The modular VO aggregation zone 300 may contain a first swilch chip
310 and a second switch chip 320. The swilch chips 310 and 320 may each include
fink ports, which are configurable as uplink ports and crosslink ports. in the example

shown, switch chip 310 includes an uplink port 312 and two crosshink ports 3143,b.
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Similarly, switch chip 320 includes an uplink port 322 and two crosslink ports
324a,b. In other examples, the switch chips may include additional ports in a variety
of configurations. It should be undersicod that the link ports may be configured
{and re-configured) as either uplink ports or crosslink ports, sither automaticaliy by
the nature of the connections created o the uplink ports or manually by an
administrator when the chips are installed or when the modular VO aggregation
zong 300 is set up. Because the link ports are configurable, the bandwidth for the
connections belween the servers, the swilch chips, and the network devices may
be variable such some conneclions may support only minimal bandwidth while
other connections support much greater bandwidth. Each swiich chip may be
configured individually, thus increasing the flexibility and bandwidth possibilities for
each modular VO aggregation zone.

[0042] The crosslink ports {e.g., crosslink ports 314ab and 324a.b) ars
communicatively coupleable to one ancther (or 1o additional switch chips) using
any suitable network connection, including Ethernet, oplical, or other electrical
connection. In the example shown in FIG. 3, the crosslink port 314a of swilch chip
310 is communicatively coupled to the crosslink port 324a of swiich chip 320, and
the crosslink port 314b of switch ¢hip 310 is communicatively coupled o the
crosslink port 324b of switch chip 320. These connections are depicted by the
dashed lines in FIG 3. Additional, either or both of the uplink ports 312 and 322
may be configured as crossiink ports, and any or all of the crosslink ports 314a.b
and 324a,b may be configured as uplink porls, as appropriate. in an example, at
teast one of the uplink ports 312 and 322 of switch chips 310 and 320 respectively
may be communicatively coupled to a network device (nof shown) such as a switch,
router, hub, or other suitable networking device. The conneclion between the uplink
porls and the networking device may be an optical network conneclion in one
example or may be an electrical connection in another example. it is also possible
that multiple conngclions between the switch chips and the nelwork device are
implemented using a combination of different network connection iypes. For
example, the uplink port 312 of the switch chip 310 may be connected (o a network
device via an electrical connection while the uplink port 322 of the swiich chip 320

may be connected to the same network device via an oplical connection. Of course,
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in examples, the connections beblween the nelwork device and the uplink ports may
be of the same type in any suitable number. Additional ports may also be
implemented.

[0043] Dala or network fraffic transmitted from one of the plurality of servers {o
ancther of the plurality of servers is transmitied through at least one crosslink port
of at least one of the first switch chip and the second swilch c¢hip {0 the other of the
plurality of servers. For example, data transmitted from the server 304a o the
server 3044 is transmitled through crosslink port 314b of swilch chip 310 and the
crosslink port 324b of switch chip 320 to the server 304d. In another example, the
data could be fransmitted through crosslink port 314a of switch chip 310 and the
crosslink port 324a of switch chip 320 o the server 3044d. By fransmitling the dala
between the switch chips within the modular VO aggregation zone 300, the data
need not be transmitted up to a network device (not shown) and back down o the
server, thus reducing the latency, cost, and management concemns discussed
above.

[0044] in this configuration, swiich chips 310 and 320 are said o have
redundant connections. That is, the switch chips 310 and 320 are connscied {0
each other along two separate paths, such that if one path fails, the switch chips
310 and 320 may communicate via the second path. In other examples, such as
Hlustrated in FIG. 4, additional swilch chips may be implemented in the modular /O
aggregation zong 300, enabling the modular /O aggregation zone 300 to provide
a mash network, star network, or other appropriate network topology among the
switch chips.

[0045] FiG. 4 illustrates a block diagram of a modular inpul/output aggregation
zone 400 having a first swilch chip 410, a second switch chip 420, and a third
switch c¢hip 430 according to examples of the present disclosure. It should be
understood that FIG. 4 includes particular components, modules, efc. according o
varicus examples, However, in different embodiments, more, fewer, andfor other
componenis, modules, arrangements of componentis/modules, etec. may be used
according o the teachings described herein. in addition, various components,
modules, sic. described herein may be implemented as one or more soflware

modules, hardware modules, special-purpose hardware {e.g., application specific
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hardware, application specific integraled circuits (ASICs), embeddead controllers,
hardwired circuitry, ete.), or some combination of these.

{00481 The modular inpuVoutput aggregation zong 400 shown directly
communicatively couples together a plurality of servers 404a-i within an enclosure
such as shared enclosure 406 that is shared by the modular /O aggregation zone
400 and the plurality of servers 404a—i. That is, the modular /O aggregation zone
4030 and the plurality of servers 404a-i are contained within the shared enclosure
408. The shared enclosure 406 may be made of a suilable material and of a
suitable size to contain both the modular VO aggregation zone 400 and the plurality
of servers 404a-i.

(00471 The pluralily of servers 404a-1 may include servers of a similar or
identical configuration, or the servers may be of a variety of types and
configurations. It should be appreciated that the servers 404a—f may be blade
servers, modular servers, or servers of a similar type, and may include hardwars
components such as processing resources, menory resources, siorage resources,
and cother appropriate componsnts. For example, the plurality of servers 404a-
may include a processing resource that represents generally any suitable fype or
form of processing unit or units capable of processing data or interpreting and
executing instructions. The instructions may be stored on a non-transitory tangible
compuier-readable siorage medium, such as a memory resource, or on a separate
device {not shown), or on any cther type of volatile or non-volatile memory that
stores instructions. Alternatively or additionally, the plurality of servers 404a-i may
include dedicated hardwars, such as one or more integrated circuils, Application
Specific Integrated Circuits {ASICs), Application Specific Special Procsssors
(ASSPs), Field Programmable Gate Arrays (FPGAs), or any combination of the
foregoing examples of dedicated hardware. In some implementations, muiliple
processors may be used, as appropriate, along with multiple memories andfor
types of memory.

[0048] The plurality of servers 404a- are directly communicatively coupled {o
the modular VO aggregation zone 400, and more specifically are directly
communicatively coupled 1o the switch chips 410, 420, and 430 of the modular VO

aggregation zone 400 via a direct connection such as a Peripheral Component
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Interconneact Express (PCle) connection or other suitable connection {shown as
dotted lines in FIG. 4). Once directly communicatively coupled to the modular /O
aggregation zone 400, the servers may transmil and receive data among one
another and with other network connected devices via the direct connection {o the
switch chips 410, 420, and 430.

[0048] The modular VO aggregation zone 400 may contain a first swiich chip
410, a second swiltch chip 420, and a third switch chip 430. The swilch chips 410,
420, and 430 may sach include link ports, which are configurable as uplink ports
and crosslink ports. It should be understood that the link ports may be configured
{and re-configured) as sither uplink ports or crosslink ports, sither automatically by
the nature of the connections created o the uplink ports or manually by an
administrator when the chips are installed or when the modular VO aggregation
zone 400 is set up. Because the link poris are configurable, the bandwidth for the
connections between the servers, the switch chips, and the network devices may
be variable such some conneclions may support only minimal bandwidth while
other connections support much greater bandwidih. Each swilch chip may be
configured individually, thus increasing the flexibility and bandwidth possibilities for
each modular YO aggregation zone.

[0050]7 The crosslink ports are communicatively coupleable 1o one ancther (or
to additional switch chips) using any suitable network connection, including
Ethernet, oplical, or other electrical connection. In the example shown in FIG. 4, &
crossiink port of switch chip 410 is communicatively coupled to a crossiink port
switch chip 420 and 1o a crosslink port of swiich chip 430. Similarly, a crosshink port
of switch chip 420 is communicatively coupled to a crosslink port of switch ¢hip
430. In this configuration, gach switch c¢hip is communicatively coupled to each of
the other two switch chips, forming a redundant network topology such that if any
one connection fails, the switch chips may still communicate via the remaining
conngctions. The configuration shown Is only one possible network topology, and
other network topologies may include a mesh network, ring network, star network,
fully connected network, linear network, free network, bus network, dragonfly
network, and any other suitable network topology or combinations of network

topologies.
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[0051] it should be emphasized that the above-described examples are merely
possible examples of implementations and set forth for a clear understanding of
the present disclosure. Many variations and modifications may be made 1o the
above-described examples without departing substantially from the spirit and
principles of the present disclosure. Further, the scope of the present disclosure
is intended to cover any and all appropriate combinations and sub-combinations of
all slements, Tealurss, and aspects discussed above. Al such appropriate
modifications and variations are intended {o be included within the scope of the
present disclosure, and all possible claims to individual aspects or combinations of

slements or steps are intended o be supported by the present disclosure.
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CLAIMS
WHAT IS CLAIMED 15!

1. A system comprising:

a modular input/ouiput aggregation zone {¢ directly communicatively couple
together a piurality of servers within an enclosure shared by the modular
input/output aggregation zone and the pluralily of servers, the modular input/output
aggregation zone comprising a first switch c¢hip having link ports configurable as
uplink ports and crosslink ports, the uplink ports being communicatively coupleable
o a network device and the crosslink poris being communicatively coupleable o a

crosshink port of a second switch chip.

2. The systermn of claim 1, wherein two crosslink ports of the first switch

chip are communicatively couplad to two crosshink poris of the second switch chip.

3. The system of claim 2, wherein the two crosslink poris of the first and
second switch chips are communicatively coupled via at least one of the group

consisting of an optical cable and an elecirical cable.

4. The system of ciaim 1, wherein the plurality of servers are direclly
communicatively coupled logsther using Peripheral Component Interconnsct

Express connections in the modular input/output aggregation zone.

5. The system of claim 1, wherein the modular input/output aggregation
Zong is communicatively coupleabile 1o a plurality of additional modular input/output
aggregation zones, the plurality of additional modular input/output aggregation
zone o directly communicatively couple together additional piuralities of servers
within shared enclosures, wherein each of the plurality of additional modular
input/output aggregation zones comprises a swiich chip having link ports

configurable as uplink ports and crosslink ports.
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8. The systerm of claim 5, wherein the modular input/output aggaregation
zone and the plurality of additional modular inpulfoutput aggregation zones are

arranged in a mesh network topology.

7. The system of claim 1,

wherein an uplink port of the second switch chip is communicatively coupled
to the networking device, and

wharein a second uplink port of the first swilch ¢hip and a second uplink port
of the second switch ¢hip are communicatively coupled fo the nelworking device

via at least one of the group consisting of an optical cable and an electrical cable.

8. The system of claim 1, wherein data transmilted from one of the
plurality of sarvers 1o another of the plurality of servers is transmitied through at
lsast one crosslink port of at least one of the first switch chip and the second switch

¢chip to the other of the plurality of servers.

9. The system of claim 8, wherein the data transmifted from one of the
plurality of servers 10 ancther of the plurality of servers is not transmitted o the

network device,

10. A system comprising:

a first modular inpuVouiput aggregation zone to directly communicatively
couple together a first plurality of servers within a first enclosure shared by the first
modular inputioutput aggregation zone and the first plurality of servers, the first
modular inpul/output aggregation zone comprising a first switch chip having link
porls configurable as uplink ports and crosslink ports; and

a second modular inputoutput  aggregation zone {0 directly
communicatively couple togsther a sscond plurality of servers within a second
enclosure shared by the second modular input/outpul aggregation zone and the
second plurality of servers, the second modular inputfoutput aggregation zone
comprising a second switch chip having link ports configurable as uplink ports and

crosslink ports,
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whersin at least one of the crosslink ports of the first switch chip of the first
modular input/output aggregation zoneg is communicatively coupled fo at least one
of the crosslink ports of the second switch ¢hip of the second modular input/output
aggregation zone, and

wherein a lotal bandwidth of the crosslink ports and the uplink ports of the
first and second switch chips is greater than a total bandwidth of the direct
communicative coupling together of first and second plurality of servers o the

respective first and second modular input/output aggregation zones.

11.  The system of claim 10, wherein at least one of the uplink ports of
the first swilch c¢hip and at least one of the uplink ports of the second switch chip

are communicatively coupleable to a network device,

12.  The system of claim 10, further comprising:

a third modular input/output aggregation zone to directly communicatively
couple together a third plurality of servers, the third modular input/output
aggregation zone comprising a third switch chip having link ports configurable as
uplink ports and crosslink ports,

wherein the first, second, and third modular inpul/output aggregation zones
are communicatively coupled in a networking topology selected from the group
consisting of a mesh network, a ring network, a star network, a fully connected

network, a linear network, a tree network, a bus network, and a dragonfly network.

13. A modular input/output aggregation zone comprising:

a first switch chip having first link ports configurable as first uplink ports and
first crosslink ports; and

a second switch chip having second link poris configurable as second uplink
ports and second crosslink ports,

wherein at least one of the first crosslink ports of the first swilch chip is
communicatively coupleable to at least one of the second crosslink ports of the

sacond switch chip, and
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whersin  the modular  inpuloulpul  aggregation zone s directly
communicatively coupled to a plurality of servers within an enclosure shared by the
plurality of servers and the modular input/output aggregation zone via Peripheral

Connedt Interconnect Express connections.

14.  The modular inputfoulput aggregation zong of claim 13, wherein at
lsast one of the first uplink port and at least one of the second uplink port is

communicatively coupleabile {0 a network device by an oplical network connection.

18.  The modular inputoutput aggregation zone of claim 13, wherein the
at ieast one of the first crossiink ports of the first switch chip is communicatively
coupleable to the atl least one of the second crosslink ports of the second switch

chip via an electrical network connsclion.
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