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A Case Study of Cluster Computing Environment
using High Speed Serial Communication of FPGA
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Abstract: Cluster computing is used for big data processing in data centers. Cluster computing is a system
that connects multiple computers via a network and can obtain high performance that can not be obtained
by a single computer. However, large data exchange occurs in big data processing, communication becomes
a bottleneck, which is a factor that causes a decrease in the throughput of the entire cluster. Therefore,
in this research, communication speed is improved by installing the FPGA in the server and constructing a
network using high speed serial communication. For communication between servers, design a communica-
tion module that communicates with the memory of the Host PC and the FPGA, and performs high-speed
serial communication between the FPGAs. In this paper, we evaluate the communication speed between two
servers and show the possibility of reducing 54% of the sorting time compared with 10 Gbps Ethernet.
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1 AMES
serverl
Model HP Z800
CPU Intel Xeon(R) X5680@3.33-3.6GHz
Memory 48GB
NIC Broadcom Corporation NetXtreme
1Gbps BCM5764M Gigabit Ethernet PCle
NIC Intel Corporation Ethernet
10Gbps Controller 10-Gigabit X540-AT2
server2
Model Super Micro model 747-14
CPU Intel Xeon(R) X5690@3.47-3.73GHz
Memory 96GB
NIC 1Gbps | Intel82574L Gigabit Ethernet Controller
NIC Intel Corporation Ethernet
10Gbps Controller 10-Gigabit X540-AT?2
Network Switch
1Gbps Cisco Catalyst 2960G-24TC-L
10Gbps Netgear XS708
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Mem Mem
FPGA KCU060-2FFVA1156E S Server2
Board Format Half-Length, low profile x16 PCle form factor A
Host I/F PCI Express Gen3 x8 @ HeE FPGA FPGA el @
ECC-SODIMM | Two 8GB DDR3 ECC-SODIMM Communication Serial Communication
Link
for memory speeds up to 1600MT/s module GTH GTH module
FLASH 1GBit of BPI x 16 configuration flash d
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Two SATA3 capable
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125MHz
250MHz M AXI4 s FIFO M AXl4 | Aurora 64bit X 4 lane
OMA stream stream —
PCle Encine |—256bit ZEE ) T f;> —
Gen3 X8 g
PCl Express GTH
<:> Wrapper S AXIA M FFO s AXi4 64bit X 4 lane
DMA stream stream <: S ——
< A i RX
K Engine K _256bit K _256bit le—vr
7 Communication Module D #H
£ 4 Host PC Ok 1.024ms
CPU Intel Core i7-7800X 1.59ms.(1) (2).2.048ms (3) + 200ns
Motherboard | ASUS TUF X299 MARK 2 0.79ms 1.024ms Auroral :
Memory 128GB DMA _> _> P4 ) GTH
Engine [ —
OS Ubuntu 16.04 LTS FIFO
Host I/F PCI Express Gen3 x8 FIFO Aurora2
DMA <_ <_ ™ <: GTH
Engine — — ——
% 5 ADM-PCIE-KU3 Dfthk 0.79ms 1.024ms
o 1 - . .
FPGA Xilinx #-:# KCU060-2FFVA1156E P EARCUBES
DMA Clock 250 MHz
GTH | Line Rate 8Gbps x 4 lanes, total 32Gbps 8 FHfinzdn Ty IH
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fBETDRBEND 5.
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K6 T—XNADLATFUY
Data Pathl | Data Path2 | Data Path3 | ALL
159ms | 2.048ms | 1.024ms | 4.662 ms
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5 30
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1Gbps 10Gbps proposal

M CPU Time(sec) M Other(sec)

9 RETEDFETHRMAMD
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FPGA D E#E Y ) 7TIIViEE 2 HWBEY AT L& i
U7z, BEV AT LTIEFPGA EIZ Host PC DA E
J-FPGA BDi@EEH LU FPGA BIDE#H S ) 7 IVl %
175 Communication module Z#&# U7z, ARWTIX2 A
OV —NHEOBEEZFL, TOMEEEFTAMU 2. TOkE
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