wo 20187213232 A1 I 0000 RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
22 November 2018 (22.11.2018)

(10) International Publication Number

WO 2018/213232 Al

WIPO I PCT

(5D

2D

22)

(25)
(26)
(30$)

an

a2

74

62y

International Patent Classification:
GO6F 15/16 (2006.01) GO6F 13/16 (2006.01)

International Application Number:
PCT/US2018/032652

International Filing Date:
15 May 2018 (15.05.2018)

Filing Language: English
Publication Language: English
Priority Data:

62/506,374 15 May 2017 (15.05.2017) UsS

Applicant: MOLEX, LLC [US/US]; 2222 Wellington
Court, Lisle, IL 60532 (US).

Inventors: PANELLA, Augusto; ¢/o Molex, LLC, 2222
Wellington Court, Lisle, IL 60532 (US). CANTLE, Allan;
c/o Molex, LLC, 2222 Wellington Court, Lisle, IL 60532
(US). MATYKA, Ray; c¢/o Molex, LLC, 2222 Wellington
Court, Lisle, IL 60532 (US). COMISH, JR., John, W.; ¢c/o
Molex, LLC, 2222 Wellington Court, Lisle, IL 60532 (US).

Agent: MOON, Clarence R.; Molex, LLC, 2222 Welling-
ton Court, Lisle, Illinois 60532 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,

(84)

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: RECONFIGURABLE SERVER AND SERVER RACK WITH SAME

(57) Abstract: A reconfigurable server includes improved bandwidth connec-

T T Temmmny, foeemwny 7w ) 1 139
G 3
) & e
e e 2 54/
3

tion to adjacent servers and allows for improved access to near-memory stor-
age and for an improved ability to provision resources for an adjacent server.
The server includes processor array and a near-memory accelerator module that
includes near-memory and the near-memory accelerator module helps provide
sufficient bandwidth between the processor array and near-memory. A hardware
plane module can be used to provide additional bandwidth and interconnectivity
between adjacent servers and/or adjacent switches.
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Reconfigurable Server and Server Rack with Same

RELATED APPLICATIONS

{0001}  This application claims priotity to United States Provisional Application No.

62/506,374, filed May 15, 2017.

TECHNICAL FIELD

{0062]  This disclosure relates to the field of data centers, more specifically to features that

can be used in a server to improve performance.

DESCRIPTION OF RELATED ART

{0083]  Server racks are common place in data centers. In order for the data center to
function effectively, some type of consistent architecture is desirable. One typical configuration
is known as the leaf-spine topology. In such a configuration a switch communicates to all the
servers in the same rack with passive cables and the rack is considered a leatl The switch
communicates with a data center “spine” via optical cables (because the distances and signaling
frequencies are too great to effectively use copper medium to transmit the signals) and the spine
allows communication between various racks/TOR switches. The spinge also communicates to
the core, which allows communication outside the data center. An embodiment of such a

construction is depicted in Fig. 1.

{0004}  Figs. 2-2D dlustrate feature of a server 1 with a known configuration that is part of
the OPENCAPI standard and the depicted server 1 can be positioned in the rack and connected
to the switch. More specifically, the server 1 includes a link 7 with 16 channels of PCle
communication connected to a network interface card (NIC) application-specific integrated
circuit (ASIC) {collectively B} and this can provide a connection between the server and the
swiich {as depicted in Fig. 1). As is typical of server designs, the motherboard (MB) (which is
labeled A) has main memory that is fast and quick to access for the processor and near-memory
that is slower to access. While much of the work can be done in the main memory, certain tasks
require access the near-memory. To access the near-memory the MB has a serial advance
technology attachment {(SATA) controller that connects the processors (which are depicted as

POWER 9} and the SATA controller connects the processor(s) to a near-memory card {which
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can comprise an array of solid state drives (S8D)) (shown as D} via an expander board (shown
as C). Because of the SATA connection the bandwidth is relatively limited to each $S5D and
therefore the server does not provide the performance possible for tasks where more bandwidth
to the near-memory would be beneficial. As a result, certain individuals would appreciate

further improvements to how servers are configured.

SUMMARY

{6005] A server in a rack system can be configured to include improved connectivity
between the CPU and the near-memory module, as well as more direct connections between
the near-memory module and a switch in the rack system. A programable logic device (PLD)
can be provided that allows for increased bandwidth and essentially make it possible to
substantially remove bottlenecks that would otherwise make the server operate less efficiently.

The PLD can be provided by a field programmable gate array (FPGA).

{06086]  In an embodiment a processor module includes a processor array that is connected
directly to a plurality of near-memory accelerator modules. The near-memory accelerator
modules each includes a PLD and a PCle switch that helps ensure much higher bandwidth
between a processor array on the processor module and a near-memory module provided on

the near-memory accelerator module.

{00867]  The processor module includes a number of PCle channels and in an embodiment, a
PCle expander module can be provided to provide an alternative path between the PLD and the
processor array. A plurality of PCle channels can be connected to the PCle expander module
and a PCle switch can connect a portion of the plurality of PCle channels to each of the PLDs

in the near-memory accelerator modules.

{0008]  In another embodiment, a processor module with a processor array is connected to a
hardware plane module that has a first PLD. The hardware plane module includes a plurality
of connectors that are connected to the first PLD and these connectors are configured to be
connected to external devices. The first PLD is also connects to a second PLD in a near-
memory accelerator module. The near-memory accelerator module includes a near-memory
module that includes an array of solid state drives (SSDs) and because the first PLD and second
PLD are directly connected, provides high bandwidth between the processor array and the near-

memory module.
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{00069]  The processor module inchudes a number of PCle channels and in an embodiment, a
PCle expander moodule can be provided to provide an alternative path between the second PLD
and the processor array. A plurality of PCle channels can be connected to the PCle expander
module and a PCle switch in the PCle expander module can connect a portion of the plurality

of PCle channels to each of the second PLDs in the near-memory accelerator modules.

BRIEF DESCRIPTION OF THE DRAWINGS

{6010}  The present application is tllustrated by way of example and not limited in the

accompanying figures in which like reference numerals indicate similar elements and in which:
{0011} Fig. 1 1s a schematic representation of a known datacenter configuration.
{6012}  Fig. 2 is a schematic representation of a known server configuration.

{0013] Fig. 2A is a schematic representation of a processor module of the server

configuration depicted in Fig 2.

{0014} Fig 2B is a schematic representation of a network interface card (NIC) of the server

configuration depicted in Fig. 2.

{6015} Fig. 2C is a schematic representation of an expander board of the server

configuration depicted in Fig. 2.

i0016] Fig. 2D is a schematic representation of a near-memory module of the server

configuration depicted in Fig. 2.

{0017} Fig. 3 is a schematic representation of an improved server architecture with a

hardware plane.
{6018}  Fig. 4 is a schematic representation of an improved server configuration.

{0019}  Fig. 4A is a schematic representation of a near-memory accelerator module of the

improved server configuration of Fig. 4.

{0020] Fig 4B is a schematic representation of a processor module of the improved server

configuration of Fig. 4.
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{0021}  Fig 4C 1s a schematic representation of a PCle expander module of the improved

server configuration of Fig. 4.
{0022}  Fig 5 1s a schematic representation of another improved server configuration.

{0023} Fig 5A is a schematic representation of the hardware plane module of the improved

server configuration of Fig. 5.

{0024] Fig 5B is a schematic representation of a processor module of the improved server

configuration of Fig. 5.

{0025]  Fig 5C1s a schematic representation a PCle expander module of the improved server

configuration of Fig. 5.

{0026]  Fig. 5D is a schematic representation of a near-memory accelerator module of the

improved server configuration of Fig. 5.

DETAILED DESCRIPTION

{6027}  The detailed description that follows describes exemplary embodiments and the
features disclosed are not intended to be limited to the expressly disclosed combination(s).
Therefore, unless otherwise noted, features disclosed herein may be combined together to form

additional combinations that were not otherwise shown for purposes of brevity.

{0028]  As can be appreciated from the Figs., one of the benefits of the disclosed system is
a reduction in components and translations between protocols compared to the prior art. The
design illustrated in Fig. 2, for example, has PCle channels that are converted to a SAS/SATA
protocol and then uses an expander board to connect to the array of solid state drives (SSDs).
processor and a PLD and then uses Peripheral Component Interconnect Express (PCle)
channels between the PLD and the near-memory module. PCle channels are well known high
performance channels with minimal latency. OpenCAPL channels are defined by the

OpenCAPI standard and allow for high-speed pathways for transmitting data. This reduces the
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number of series connections. Specifically, unlike the design depicted in Fig. 2-2D that has a
connection between the motherboard and the expander card and the expander card and the near
storage, the depicted designs allow for either a direct connection between the near storage card
and the processor array or a direction connection between the processor array and a hardware
plane module that can integrate information from different sources. In general the depicted
designs the insertion loss and should allow for lower power transmitters, saving costs and

power usage.

{0029} Fig 3 illustrate a schematic representation of a server 15 with an alternative
configuration that provides increased performance and accessibility to storage compared to
known servers. It should be noted that the data rates depicted in Fig. 3 are referring to the sum
of the bandwidth to transmit and the bandwidth to receive. For purposes of consistency, the use
of the term bandwidth herein will refer to the bandwidth in a single direction {e.g., the transnut
bandwidth) with the understanding that the same bandwidth will extend in the opposite

direction.

{0030}  As can be appreciated from Fig. 3, main memory 20 is connected to a processor
array 25 that can include a processor array. It should be noted that while POWERS processers
are listed, any suitable processor could work. The processor array 25 is connected to a network
interface card (NIC) so as to allow the server 15 to communicate with the switch (and thus 1s
compatible with the existing configuration depicted in Fig. 1. A programmable hardware plane
35 (which includes a field programmable gate array (FPGA) connects the processor array 25
to a storage accelerator 40, which as depicted also includes a FPGA. The storage accelerator
40 is in turn connected to a near-memory module 45 that includes memory suitable for longer
terim storage. It should be noted that while the near-memory module 45 is depicted as being
populated with solid state drives (S5D) or dense memory modules (DMM). DMM 1s a hybrid
memory module that includes an FPGA that accesses in parallel LPBDR3 memory and vartous
versions of DMM are available with one of the benefits of DMM being the ability to
“transceiverize” the DRAM into a transceiver attached interface, which will reduce the
limitations of conventional paraliel DRAM. As the primary issue is performance, any other
suitable type of memory that provides the desirable performance could also be used, including
RRAM or other new forms of memory. Thus the type of and physical construction of the
memory 18 not intended to be hmiting and any type of memory as well as combinations of

memaory types, may be placed within the near-memory module 45. It is useful for the near-
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memory module 45 have sufticient bandwidth to allow the 96 GB/s of bandwidth to be fully
utilized to help keep the processor array 25 saturated but such a configured near-memory

module 45 is not required.

{00311  Ascanbeappreciated, one significant benefit of this design is that it allows for much
higher bandwidth between the processor array 25 and the near-memory module 45 as well as
bandwidth between the near-memory module 45 and an external device (which could be
serviced by hlink 32). Specifically, the bandwidth between the processor array 25 and the
hardware plane module 35 can be 100 gigabytes/second (GB/s), the bandwidth between the
hardware plane module 35 and external sources (via link 32} can be 100 GB/s and the
bandwidth between the hardware plane module 35 and the near-memory module 45 can be 96
(GB/s. It should also be noted that the programmable hardware plane 35 is optional and instead
the processor array 25 can be directly connected to the storage acceleration module 40. One
benefit of using the programmable hardware plane 35, however, is the ability to support high
bandwidth between the programmable hardware plane 35 and at least one of the near-memory
module 45 (via the storage acceleration module), the processor module 25 and an external

source (which is connected via the link 32},

{0032}  As can be appreciated, various links are provided between modules to allow for
information to be shared therebetween. Traditionally these links would be part of a circuit
board. To improve performance, the various links between modules can be provided by a
cablelized connection that aliows for minimal loss (e.g., relatively low levels of insertion loss
compared to what is found when using a circuit board) and desirable signal integrity over larger
distances. For ease of manufacture and assernbly (as well as increased flexibility and improved
upgradeability), it is often useful for each module to be mounted on a separate substrate, such

as a circutt board, but such a construction is not required.

{0033] It should be noted that communication between the various blocks (both internal and
external to a module), unless otherwise noted, are intended to be bi-directional. Thus a PCle
4x connection would have 4 sub channels transmitted and 4 sub channels receiving. As a result,
the physical structure used to provide such a connection would have & differential pairs with 4
differential pairs providing the transmitting and 4 differential pairs providing the receiving. As
a result, a connector would have at least 8 pairs of differential signal pins. Additional signal
pins for ground return and timing and such would be expected to be added as desired. It should

also be noted that the number of PCle lanes depicted 1n each of the Figs. is intended to provide
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the desired bandwidth based on expected PCle performance per PCle channel. The number of
P(Cle channels needed to provide the performance illustrated in Fig. 3 would depend on whether
the PCle channels were operating at 16 Gbps (for Gen 4) or 8 Gbps (for Gen 3). If the
performance of each PCle channel changes then the number of PCle channels may be varied
accordingly to still provide the desired bandwidth (with the understanding that either faster or

additional SSDs may be required to utilize the full bandwidth).

{0034]  Figs. 4-4C illustrate an embodiment of a server with complimentary module cards.
A processor module 139 as shown in Fig. 4B (which includes a motherboard MB that supports
a processor array 140 which can be one or more processors). As can be appreciated, Power 9
processors are shown and are suitable for many applications but some other processors could
also be used, depending on the intended application and the capability of the processor. The
processor array 140 13 connected to channels 146 (as depicted, each set of channels including
8 lanes that can each support 25 Gbps of transmit) and each set of channels 146 is connected
via a link 105 to a near-memory accelerator modules 120 {depicted in Fig 4A) so that each of
the near-memory accelerator modules 120 has a 200 Gbps bandwidth connection with the
processor array 140 and the total bandwidth between the processor array 140 and the near-
memory accelerator modules 120 is 100 GB/s. Naturally, this could be doubled by doubling
the data rate of each lane (for example, by switching from 25 Gbps to 50 Gbps lanes). Further
performance improvements could be obtained by doubling the data rate again but naturally the
performance per lane is constrained by the capability of the processor array and the
performance of the near-memory module and thus further increases in bandwidth may not

provide additional performance.

{0035}  The processor array 140 is connected to main memory 142 (which is typically in the
form of conventional RAM) and 15 also connected to PCle links 148 and a board controlier 150
that can include one or more RI45 connectors. A SATA controller 152 can also be connected
to the processor array 140. For additional functionality, the processor module 139 can also
include PCle channels 144 and some of these channels 144 can be connected vialink 115 to a

PCle expander module 159

{0036]  As can be appreciated, the depicted PCle expander module 159 includes a PCle
switch 160 that is connected to a 1x16 channel 166 between the PCle switch and the processor
module 139 and a four 4 PCle channel connections 164 that are connected to a connector 162

that ts in turn connected by link 110 to the near-memory accelerator module 120
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{06371  In order to provide a high bandwidth connection to near-memory (which is expected
to be somewhat slower and have higher latency than the main memory 142 but with relatively
higher amounts of storage space}, the depicted near-memory accelerator modules 120 includes
a programmable logic device (PLD} 122 that is connected to the link 105 via a connector bank
123. The PLD 122 can be an FPGA and can include one or more DIMM memory modules 124
and a system on chip (SoC) DDR4 to provide memory for the PLD 122 to function and to
record the desired functionality of the PLID» 122, The PLD 122 is connected via a plurality of
PCle channels (in an embodiment, 32 PCle channels) to a switch 130 that is in turn connected
to plurality of solid state drives (S5Ds) 132 {(which can be in a desired RAID configuration)
via a plurality of PCle channels. In an embodiment, 8 S8D drives are connected via 8 sets of 4
PCle channels but some other number of drives and channels can be used to provide the desired
bandwidth, depending on the performance of each S8D. Beneficially, the bandwidth between
the switch 130 and each SSD (which can be in the form of an non-volatile memory express or
NVMe drive or any other suitable drive} is such that the PLD 122 can substantially use all the
bandwidth between cach PLD 122 and the processor array 140. As can be appreciated, the PLD
122 can have sufficient bandwidth to also allow the 200 Gbps connection between the PLD
122 and the connector 128 to also be saturated. In an embodiment where there are four near-
memory accelerator modules 120 connected to the processor array 140, the four 200 Ghps
connections provide a total of 100 GB/s bandwidth between the processor array 140 and the

near-memory accelerator modules 120,

{0038] The PLD 122 15 also connected via connector 134 to hink 110, which 1s connected to
the connector 162 in the PCle expander module 159. The use of the link 115 and the link 110
to provide communication between the processor module 139 and the near-memory accelerator
modules 120 allows for additional bandwidth and further ensures the processor array 140 does
not have to wait a significant time in order to have access to information stored in the near-

memory accelerator modules 120,

{00391 To further improve connectivity to the information stored tn the near-memory
accelerator modules 120, the near-memory accelerator modules 120 can also include a high
data rate capable connection 128 to a location that can be outside of the server. This allows for
a direct connection from the stored in the near-memory accelerator modules 120 to the switch
or server that provides a connection and ready access to the information stored therein, as

desired. It should be noted that the connectors itlustrated in the various block diagrams can be
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a variety of different connector configurations (including one or more separate connectors) so
iong as they provide the necessary functionality and performance As depicted, the
performance is 200 Gbps of collective bandwidth but some other amount of bandwidth could

be provided.

{0040}  Figs. 5-5D illustrate schematically represent another embodiment that 1s similar to
the schematic depiction provided in Fig. 3. As can be appreciated, the features depicted in Figs
SB, 5C and 5D are similar to the features depicted in Figs. 4-4C. More specifically, a processor
module 219 depicted in Fig. 5B 1s similar to the processor module 139 depicted in Fig. 4B, a
near-memory accelerator module 269 depicted in Fig. 5D is similar to the near-memory
accelerator module 120 depicted in Fig. 4A, and a PCle expander module 260 depicted in Fig.
is similar to the PCle expander module 159 depicted in Fig 4C. The primarily difference

between Figs. 4-4C and Figs. 5-5D 13 the inclusion of the hardware plane module 239,

{0041}  The embodiment iHustrated in Figs. S-5D provides 100 GB/s bandwidth between a
processot array 220 and a hardware plane module 239. Similar bandwidth is provided between
the hardware plane module 239 and the near-memory accelerator modules 269. As noted above,
this bandwidth can be doubled by increase the data rate of each lane by 2. Natrally, such a
change would also tend to increase the cost of the total system as channels that provide 50 Ghps
instead of 25 Gbps are more challenging to design and generally require higher performing

COmMpoOnents.

i0042]  As depicted, the processor module 219 includes the processor array 220 that is
connected to main rmemory 222. The processor array 220 has PCle channels 223, 224 that are
respectively connected to links 209, 211, The processor array 220 1s also connected to a SATA
controller as well as channels 226 (which can be OpenCAPI chanuels) that are used to connect
to a hardware plane module 239 via link 207. The processor module 219 can also include USB
connectivity with USB interface roodule 230 and has a board management controiler 227 that

can be connected via RI45 connectors to exiernal devices.

{0043] The PCle expander module 260 includes a PCle switch 262 that includes a 1x106
PCle channel 266 that is connected to link 211 (the connection could be via an edge card
connector that the PCle expander plugs into} and a 4x4 PCle channel 268 that is connected to

connectors 264, which are in turn connected to link 213,



WO 2018/213232 PCT/US2018/032652

{0044]  The near-memory accelerator module 269 includes a PLD 270 that is connected to
one or more DIMM modules 272 and an SoC DDR4 module 273 To connect to link 213, the
PLD 270 is connected to a connector 282 and the connector 282 can support a PCle 4x
connection. The PLD is connected to a PCle switch 274 that 1s in turn connected to the near-
memory module 276 (which can be an array of SSDs). The PLI» 270 is connected to connector
280 via lane 281, As depicted, there are 32 PCle channels between the PCle switch 274 and
the PLID 270 and there are also 32 PCle channels between the PCle switch 274 and the near-
memory module 276, If Gen 3 PCle lanes are used then the collective bandwidth per near-
memory accelerator module 269 is 256 Gbps or 32 GB/s. This 13 shightly greater than the
bandwidth between the PLD 270 and a PLD 240 provided in hardware plane module 239 but
in practice it has been found to be useful to have the link between the PLD 270 and the near-
memory module 276 over provisioned so that throughput performance is maintained. The PLD
270 1s communication with link 205 via connector 280 through connection 281 that as depicted
is set up to provide 25 Gbps data rate for each differential pair (for a total of 200 Gbps or 25
(GB/s of bandwidth}. The depicted PLD is also configured to communicate through connection
279 to two connector 278 (which as noted, could be, without limitation, a QSFP or NearStack
style connector). Naturally, if a connector with higher bandwidth (e g, with more differential
pairs} was used then a single connector could replace the two connectors 278 or the total

bandwidth could be increased.

{0045]  Of note, the near-memory accelerator modules depicted in Fig. 4A and 5D both
include includes ports for either internal or external communications. This allows the storage
array to also function as communication between other switches or other servers in the rack It
should be noted that the type of interface for the connector, while stated as quad small form
factor pluggable (QSFP) or NEWSTACK (NS}, could be varied and could be replaced with
any connector interface that meets bandwidth requirements. In addition, rather than provide
100 Gbps connectors, the bandwidth could be doubled by using 50 Gbps lanes (which could
be provided by switching from 25 Gbps using NRV encoding to 50 Gbps using PAM 4
encoding on each lane) or by doubling the number of lanes and using a double guad smali form
factor pluggable (DQSFP) connector. Naturally this same change in the bandwidth for each

fane can be applied to the OpenCAPI lanes as well, as noted above,

{0046] While the use of the near-memory accelerator module without the hardware plane

helps provide some additional connectivity to an external device, the use of the hardware plane

10
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module 239 allows for substantially increased interconnectivity between processors in a server
and processors and storage in other servers and also provides for increased connectivity to one
or more switches. Such a construction allows for improved scalability as it become easier 1o
connect the server to adjacent servers and the hardware plane module provides for a large
amount of bandwidth (encugh to support full access to each of the near-memory accelerator
modules). Naturally, the number of connections between the various modules can be changed
if desired. In addition, the number of connections between the hardware plane module and
external components can also be changed. It may be desirable, however, to keep the bandwidth
between the processor module and the near-memory accelerator module equal to the bandwidth
between the near-memory accelerator module and an external point. The optional hardware

plane module helps provide this functionality.

{00471  As depicted, the hardware plane module 239 includes a PLD 240 that has roemory
242, which can be populated with convention RAM memory and also includes an OpenCAPI
D-DIMM 246 (where D-DIMM could be a differential DIMM as 1s being finalized by the Joint
Electron Device Engineering Council or JEDEC). The PLID 240 1s connected to link 205 (which
connects to the near-memory accelerator module), hink 207 (which connects to the processor
array via the OpenCAPI channels) and link 209 (which connects to the processor array 220 via
PCle channels). Connector 244 provides the physical connection to link 205 while connector
252 provides the phystcal connection to link 207 and connector 250 provides the physical
connection to link 209. In each case, the connectors 244, 250 and 252 can be configured to
accept one or more cable connectors to make the connection and thus could be one or a number
of connectors. As can be appreciated, the PLD 240 redistributes the bandwidth from the

processor array 220 to the plurality of near-memory accelerator modules 269,

{0048]  The PLD 240 1s also connected to a connector array 248 that can include a nomber
of connectors that are suitable for communicating with external devices. While eight 100 Gbps
connectors are shown, some other number could be provided. The connector array 248 can
include, for example, eight (JSFP connectors that are each configured for 100 Gbps
performance. As can be appreciated, having eight 100 Gbps communication links to external
devices provides 100 GB/s of bandwidth to external devices and allows for much more
interconnectivity between adjacent servers and/or switches and substantially matches the
bandwidth between the PLD 240 and the processor 220 or between the PLD 240 and the near-

memaory module 276.

11
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{00491 In addition, the optional hardware plane module also allows the server to be
reconfigured without significant software overhead For example, the hardware plane module
239 can be connected to hardware plane modules in adjacent servers and this would allow a
first server to provision available resources to a second server. In an embodiment, the first
server would cease to perform activities on its own and it would suddenly look like it had zero
resources and instead the processor array could be under the control of the second server. The
second server would suddenly have double the resources and could more guickly complete a
task that was suited to parallel processing. The improved server configuration thus allows for
rapid handling of variable loads. The depicted server therefore allows for the creation of a
secondary network that connects servers together for more rapid sharing of rescurces and
potentially more efficient completion of tasks. This hardware configuration change can happen

without rebooting the entire system.

{0056] Returning to the standard configuration depicted in Fig. 1, the use of the hardware
plane module 239 allows for interconnectivity between servers that are connected to the same
switch as well as servers that are connected to two different switches. As can be appreciated,
such connectivity allows the server system as a whole to be more flexible and capable to
supporting varying workloads and is naturally well suited to working with a swiich that has

significant flexibility.

{0051}  Asnoted above, cables can be used to connect to various modules. One embodiment
could be a single card that has the hardware plane module (if included) and the plurality of
near-memory accelerator modules positioned on the single card. In an alternative embodiment,
a hardware plane module could be a first card and could be connected to the OpenCAPI
channels via one or more cable assemblies. The plurality of near-memory accelerator modules
could be provided on a plurality of second cards and the second cards could each be connected
to the first card via one or more cable assemblies. As can be appreciated, therefore, the system
can provide a high degree of flexibility. One further potential benefit is the ability of the PLD
in the first and second cards to be reprogrammed. If, for example, the first card is intended to
be used for OpenC API channels it would be programmed to work with the OpenCAPI protocol.
The same first card could potentially also be plugged into a second system that operates with
PCle Gen 3 or 4 or S and as long as the PLD was reprogramimed it could function appropriately.

Naturally the cable connection ruight need to be modified to accommodate a different

12
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connector configuration but the card itself would, once programmed appropriately, still

function.

{0052] The disclosure provided herein describes features in terms of preferred and
exemplary embodiments thereof. Numerous other embodiments, modifications and variations
within the scope and spirit of the appended claims will occur to persons of ordinary skill in the

art from a review of this disclosure.
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We claim:

1. A reconfigurable server, comprising:

a processor module with a processor array, the processor array connected to main
memory and baving a plurality of PCle channels and a plurality of OpenCAPI channels;

a near-memory accelerator module connected to one of the OpenCAPI channels, the
near-memory accelerator module baving a programable logic device (PLD) that is an field
programable gate array (FPGA), wherein the is PLD connected to one of the OpenCAPI
channels and the PLD is connected to a PCle switch with a predetermined number of PCle
lanes, the PCle switch connected to a near-memory module with substantially the
predetermined number of PCle lanes, wherein the bandwidth between the PLD and the near-
memory module is substantially equal to the bandwidth between the PLD and the processor

array.

2. The reconfigurable server of claim 1, wherein the bandwidth between the

processor array and the PLD 1s about 25 Gigabytes per second (GB/s).

3. The reconfigurable server of claim 2, wherein the bandwidth between the PLD

and the near-memory module is about 32 GB/s.

4. The reconfigurable server of claim 1, wherein there are a plurality of the near-
& b)
memory accelerator modules, each one of the plurality of near-memory accelerator modules

connected to one of the OpenCAPI channels.

5. The recontigurable server of claim 4, wherein the connection between the

processor array and the near-merory modules provides 100 GB/s of bandwidth.

6. The reconfigurable server of claim 4, wherein the counection between the

processor array and the near-memory modules provides 200 GB/s of bandwidth.

7. The reconfigurable server of claim 4, further comprising a PCle expander
module connected to a portion of the plurality of PCle channels extending from the processor
array, the PCle expander module including a second PCle switch that connects the portion of
the plurality of PCle channels from the processor array to PCle channels extending between

the second PCle switch and the PLDs in the plurality of near-memory accelerator modules.

14
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8. The reconfigurable server of claim 1, wherein the near-memory accelerator
module further comprises a connector connected to the PLD, the connector configured to be

connected to another server and supporting 100 Gbps data rate.

9. The reconfigurable server of claim 8, wherein the connector ts a quad small

form factor pluggable (QSFP) style connector.

10. A reconfigurable server, comprising:

a processor module with a processor array, the processor array connected to main
memory and having a plurality of PCle channels and a plurality of OpenCAPI channels;

a hardware plane module with a first programable logic device (PLD) that 1s a field
programable gate array (FPGA), the first PLD connected to the plurality of OpenCAPI
channels, and

a plurality of near-memory accelerator modules connected to the first PLD, each of
the near-memory accelerator modules having a second PLD, wheretn the second PLD is
connected the first PLD and the each of the second PLDs is connected to a PCle switch with
a predetermined number of PCle lanes, the each of the PCle switches being connected to a
near-memory module with substantially the predetermined number of PCle lanes, wherein the
bandwidth between the second PLD and the corresponding near-memory module is

substantially equal to the bandwidth between the second PLD and the first PLD.

11.  The reconfigurable server of claim 10, wherein the connection between the

first PLD and the plurality of second PLDs provides 100 GB/s of bandwidth.

12, The reconfigurable server of claim 10, wherein the hardware plane module
includes a connector array connected to the first PLD, the connector array including a

plurality of connectors configured to be connected to external devices.

13. The reconfigurable server of claim 12, wherein the plurality of connectors

provides a bandwidth of 100 GB/s to the external devices.

14, The reconfigurable server of claim 12, wherein each of the near-memory

accelerator modules includes a connector configured to be connected to an external device.

15. The reconfigurable server of claim 12, further comprising a PCle expander

module connected to a portion of the plurality of PCle channels extending from the processor

15
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array, the PCle expander module including a second PCle switch that connects the portion of
the plurality of PCle channels from the processor array to PCle channels extending between
the second PCle switch and the second PLDs in the plurality of near-memory accelerator

modules.

16. A server rack, comprising:

a switch; and

a plurality of servers connected to the switch, at least one of the servers being a
reconfigurable server that includes:

a processor module with a processor array, the processor array connected to
main memory and having a plurality of PCle channels and a plurality of OpenCAPI
channels;

a hardware plane module with a first programable logic device (PLD) thatis a
field programable gate array (FPGA), the first PLD connected to the plurality of
OpenCAPT channels, wherein the hardware plane module includes a connector array
connected to the first PLD, the connector array including a plurality of connectors
configured to be connected to external devices, and

a plurality of near-memory accelerator modules connected to the first PLD,
each of the near-memory accelerator modules having a second PLD, wherein the
second PLD is connected the first PLD and the each of the second PLDs is connected
to a PCle switch with a predetermined number of PCle lanes, the each of the PCle
switches being connected to a near-memory module with substantially the
predetermined number of PCle lanes, wherein the bandwidth between the second PLD
and the corresponding near-memory module is substantially equal to the bandwidth
between the second PLD and the first PLD;
wherein at least one of other plurality of servers is connected to the hardware plane

module via one of the plurality of connectors.

17. The server rack of claim 16, wherein each of the servers is configured like the

at least one server.

18. The server rack of claim 16, wherein the at least one server further includes a
PCle expander module connected to a portion of the plurality of PCle channels extending
from the processor array, the PCle expander module inchuding a second PCle switch that

connects the portion of the plurality of PCle channels from the processor array to PCle

16
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channels extending between the second PCle switch and the second PLDs in the plurality of

near-memory accelerator modules.

19 The server rack of claim 16, wherein the plurality of connectors collectively

provide 100 GB/s of bandwidth.
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