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Architecture of ESSPER

Elastic and Scalable System
for High-Performance Re-
configurable Computing

Goal
. . . . Syst twork
v Technical investigation for ystem neawor
functional extension of ‘ | °°""|’““"9 “et"T°'k (UL |
Fugaku.
g Login node Fugaku  Fugaku  Fugaku _ o o Fugaku
% node node node node
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E Bridging network E
i | | | | :
: Manage FPGA FPGA . FPGA '
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' Extension system Inter-FPGA network
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¢ Search and allocate

resources of multiple
FPGAs

* FPGA network
management / control

AFU Shell class (#H1ZR4E)
,_— * Object of AFU shell
* Abstraction of HW

R-OPAE ((ZEIF{E RS1N)
« Software bridge using

Infiniband Verbs

OPAE

| _—> User Application
= oo 4
HEMRZHTF
. ——1> HW Codes SW Codes
* Applications
. i i ¢
Libraries for HW and SW —1 1 HwLibs SW tools FPGAs' Resource Manager
* Tools / system software
* Parallelization techniques HW Compilers AEU Shell Class 4—
with multi FPGAs \ Intel HLS
I~
SPGEH, DMA Library Remote OPAE (R-OPAE)
Chisel,
HDL OPAE <
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T User HW  [DMA|crsbar|Fc|wc| FmE [ ccip | EmIF [ Hssi | Peie
Read DMA | | Write DMA .
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4x4 Crossbar
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usr ok FE#
250+ MHz | 4
DC FIFO

CycleCounter

DC FIFO

Stream
@ =

[WidthConv] [WidthConv]

Core

* Low-level driver

SLIl#1 SLIll #2 FIM
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HLS: High-level synthesis, Chisel: Scala-based language for RTL, SPGen : Stream processor generator
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FPGA compiler
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Existing Machine
100m - 100G IB x 16
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ERIC(E 2 MAC / FPGA

| Ethernet switch

MAC MAC MAC

FPGA FPGA FPGA

’—> FPGA w][~][E FPGA <—‘

FPGA FPGA FPGA
BHiEHE (1D b—35XK) [E3E#8 (100G Ethernet)
Flm) A—){—~Aw R\ =) BIREND A TOFREM,
(B, EEELE)  S570F8 BN IENES
R) BIREIDHTITHIFY, Rei) Ethernet frame®A—/{—Aw R
HRIOEEHNNE (FEHE, EEDEH)) |
(BFTHEAMADIMIE IR FK) JO—HEHIDRTE,
EEER 1 W F (ISl
QCR)EEE 23 May 25, 2022
— N
Ethernet L ({81 [OIHR3ZHAH & 2R
e Inter-FPGA connection should also be flexible.
v VCSN: Virtualized circuit switching network
Ethernet switch
F;AGCA F;AGCA F:,AGCA Virtually-constructed Ring Topology J
mac ac mac Flt;w Flt;w Fl‘o'w Flt:w Flzw Fl‘o'w
FPGA FPGA FPGA ctri 1| |ctrl 2 Ctrl 2 Ctrl 4 Ctrl 1 Ctrl 4
Tv 1l il 1! ! il
User logic 1 J [ User logic 2 [ User logic N ]
100G Ethernet switches FPGA node 1 FPGA node 2 FPGA node N

Pros) Flexibility, cutting-edge technology
Cons) Overhead of ethernet frames, higher and variable latency, difficulty in flow-control and use
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DDR4 Memories (19.2 GB/s x 4) PCle gen3 x16 (15.75 GB/s)

e Indirect network : 100G Ethernet

v" Implementation completed, under verification
(2, 4, and 8 virtual ports per Eth MAC)

v Higher throughput than Direct network

v Developing system software to manage VCSN
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virtual ports Sy — . T .
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I I |$ I ¢ ? I Avalon-MM
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QSFp2s (12.5 GB/SN\
y
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v Intel FPGA PAC ® RS-/ : OPAE (O—A)JL)

v repnsO-—hIb

;_‘} Y/IIXODCJ: ole R-OPAE daemon
EBEFPGAE*IJ*EJ DMA Library
v ZEEXFPGABE%A DMAAPI _ R-OPAE C API OPAE C API / DMA API

OPAE library

B (CFIAER]
(= ERDOZEM)

R1235CPUT —F{°

RSN SEFI AR
(= BIRIE - H65R1E)

R-OPAE library

Enumeration  Access  Management

Intel FPGA drivers
FME driver PORT/AFU driver

FPGA PCle driver

Intel FPGA ~ [SCDMAS

FPGA-gateway server (x86)

Host server
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v R-OPAE & HE TEIRS#E(Resource disaggregation)% &7

FPGA resource manager ]
(1) Request FPGA resources /1

(5) Release FPGA resources

node of existing
machine

(3) Upload data to FPGA
DDR-memory

——

node of existing
machine
node of existing
machine

(2) Program circuit to FPGAs, FPGA
set up network _ ‘
server

Reconfigurable
network

FPGA W

(4) Start task execution FPGA host

server

FPGA host

server
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on-going project
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