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Introduce Myself : Kentaro Sano

RIKEN Center for Computational Science

v Develop and operate Supercomputer Fugaku
v" Facilitate leading edge infrastructures for
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research based on supercomputers @ ||

v Conduct cutting-edge research on HPC R-CCS
Leader, Processor Research Team

v Exploration of future HPC architectures E

v" Advanced use of present HPC systems PROCT
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E:E Goal and Roadmap of the Team

PROCT
Establish HPC architectures suitable for Post-Moore Era
2020 2021 2022 2023 2024 2025 2026 2027
~Supercomputer—1 1]/ /4
Advancement of Supercomputers . o iT’ JIl
v Functional extension with FPGAs and system stacks This talk 8 g |

v System software and apps of task-flow computing
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Outline

e Introduction

e Motivation and Challenges of HPC with FPGAs

e ESSPER : Proof-of-Concept FPGA Cluster System
e SUMmMary

gweorld’s fastest supercompute r: Fugaku PoC FPGA Cluster System

CRDEEQ 4 DATE'22 WS W06 Data-driven applications for Mar 18, 2022

RIKE

=



Introduction
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Ranking of HPL performance

v" Linear algebra (LINPACK)

v" Distributed-memory parallel
computers

Supercomputer Fugaku
v #1in TOP500
v #1in HPCG, HPL-AI,
Graph500
v #26 in Green500

Trend of HPC Technology
v" Advancement slowing down?
v" Difficulties in Moore's law?
v" CPU vs. GPU/Accelerator?

[https://top500.0rg]

500 World Ranking of Supercomputers

10 EFlop/s

1 EFlop/s

-

What's next?
CPU, GPU,
or Acc?

100 PFlop/s

10 PFlop/s

1 PFlop/s

100 TFlop/s

10 TFlop/s

Performance

1 TFlop/s
100 GFlop/s

10 GFlop/s
/ﬁ{..

1 GFlop/s  #500 /:'-

100 MFlop/s
1990 1995 2000 2005 2010 2015 2020 2025 2030

Year
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(e Jo)
283 30

Constraint : System Power Consumption  www

o O

18.5
NUDT

Tianhe-2A

Average power consumption 18 ©00000000
v in TOP10, TOP50, TOP500 16

15 #1 Power
) - in TOP10
Needed to increase for 14 - "
i 13 -
higher system performance 12 - © 2 °
. . . - Fujitsu K-computer
v" Limited improvement of 11 - * 3.0x
10 - —=¢ in5y
performance per power 9 - - ’;{,
S 8 - + & - -
10s of MW for #1 systems R L 5-" v TOMO
v' 30MW for 442PF (HPL) s 6 - -
: : 2 5 - TOP50 —— 2.6X
with 7,630,848 cores in Fugaku 5 4 " LI -5® 5y
3 %IZBSI: oadrun’neré " J - ! ! = - | [
10 »7e -
System power budget i P an-tu TOP500 _
= critical conStraint Of 0 g I I I I I I I I I I I I I I I I I I I I I I I I I 1
system performance OO DA DO>O LD QOO
WA AT AT AT AT AT AT AT AT AT DA
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System
Configuration

of Fugaku

Modern Supercomputers are based on
Many-core CPUs (& GPUs).

e,

ik Iy 75y
QsR28(Y)
{05 UL L L ¥

60mm

BoB Shelf Rack Fugaku

48+ cores / 1 node '
2.7+ TF CPU-Memory 2 nodes 16 nodes 48 nodes 384 nodes 158,976 nodes
Unit (CMU) 5.4+ TF 43+ TF 129+ TF 1+ PF 537 PF @ FP64
Photos & figs by Fujitsu (414 racks)
Mar 18, 2022 I
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Does Many-core Scale?

Present mainstream : many-core

(perf) = (# cores) x (freq) x (utilization)

Semiconductor
Scaling

1.5um

0.8um 350nm  180nm 90nm 45nm  20nm
fum  05um 250nm 130nm 65nm 28nm  14nm

10nm 7nm  5nm? 3nm?

e

10° - Microprocessor Uiy
10° - trend in 40 years

Transistors
(x103)

Single-thread
| performance

Frequency
(MHz)

Power (W)

—— ——
b =

# of cores

what's next?

100 b - - aa VTN TeTTT T F U . -
] 1single core 1
TGChnOIogy trends 1970 1980 1990 2000 2010 2020
. Y
v # of cores 7 Fin FET -> GAA FET
_ A Limit of qmc;s
v Frequency —> End of Dennard scaling 500 | NG
agm - £ 7 S 2 s,
7 3\
v Utilization ? E a0} -}
v Performance per power ? = 200 | o0 Snm?
£
, § 200 XXXXX
. oY)
k More cores, higher performance? J 2 100 vy
= /777777
5 : 7LPP i Fro:n investigation of NGAICI white paper
2015 2020 2025 2030 -
Rom . . —
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Many-Core is Difficult to Scale!

Many-core processor

—
-

—

St.

Core performance is already difficult to scale.

Inefficient
mechanisms

|

Reg. file
memory element

D

mem-update
cycle

Extra hardware
required to boost IPC
(branch pred, 000)

No big improvement of
single-core performance and performance per power.

Inst decoder

/
control cycle

Limited throughput .
of execution Entire performance doesn’t scale

(Limited frequency, even if we could have more cores.
limited parallelism)

Inter-core data movement is getting less efficient

Core[$]|Core

and becoming a bottleneck in parallel computing

Core |$||Core [$]

Core [$)| Core

Core [$]| Core [$]

[

Network on chip (NoC)

r

Memory sub-system ] /0, NW I/Fm

External memory Network

with many core.
Non-scalable NoC

and shared LLC,

Increasing latency
in writing/reading

No more improvement in performance/power.
shared caches
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Solution : Custom Data-Flow Computing

Many-core processor Custom data-flow processor

SL.

| ]
]
~—

Inefficient # Memory access module

mechanisms Y\~
- Extra:jl‘;ar;lwartelpc X; Yi Z; B Efficient hardware
Reg. file required to boos , tailored for target
(memory element)
Limited throughput

<.> (branch pred, 000) oroblems

ﬁ ‘3 of execution

mem-update (Limited frequency,
cycle control cm limited parallelism)

Scalable throughput
(pipelining)
More parallelism
(data-flow model)

Inst decoder

out, cont
Core $| Core $| Core $| Core $| Non-scalable NoC Efficient and direct
Core|$||Core|$||Core|$||Core|$ and shared LLC, Memory access module data movement
[ Network on chip (NoC) Increasing latency [ On-chip interconnect | | Petween operators
in writing/reading (w/o shared regs
Memory sub-system ] /0, NW I/F N e el e [ Memory sub-system ] 1/0, NW I/F and LLC. Fine grain)
| T L T
External memory Network External memory Network

om .
R
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FPGA as Platform for Custom DFC.

The state-of-the-art FPGA
v High-performance operation

Intel Stratix 10 FPGA (14nm)
» 5760 floating-point DSPs

v High-bandwidth external memories » comparative to CPU, GPU (DDR4, HBM2)
v Ultra high-bandwidth on-chip memories » aggregate ~1000 TB/s
v’ Fast inter-device communication » multiple tx / rx of 100 Gbps

Use cases in data-center, cloud, or Intel Agilex FPGA -

HPC systems

v Microsoft Catapult,
AWS EC2 F1,
Alibaba Cloud,
Tencent Cloud,
Huawei Cloud

v Tsukub U Cygnus,
Paderborn U Noctua

More advanced
next-generation

10nm, or 7nm

Promising not only for computing,
but also for data movement

om
ﬂ RCCS 12
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E==E Challenges and requirements
for HPC with FPGAs

om .
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Requirements for FPGA-based HPC System
Req.1 Interoperability w/ various HPC systems

v Allow any CPUs to flexibly
utilize FPGAS in a system

v Able to easily extend existing
systems with FPGAs

v Can we extend
Supercomputer Fugaku?

v' Appropriate for a machine
shared with multiple users

v High utilization of FPGAs

v Able to implement various
hardware (algorithms) on FPGA

v Give a high productivity among FPGAs

by providing common SoC v' Allow users to easily
and its software abstraction try multi-FPGA applications

v Allow low-latency and high-
throughput communication

%Eg 14 DATE'22 WS W06 Data-driven applications for Mar 18, 2022
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FEX ¥ 7.4 ESSPER:
Elastic and Scalable System P rOOf-Of-CO I1 Ce pt

for High-Performance Re-

configurable Computing FPGA ClLIStel‘ SYStem

wen RCCS 15 DATE'22 WS W06 Data-driven applications for Mar 18, 2022



oeaidd Elastic and Scalable System for

Elastic and Scalable System

it High-PErformance Reconfigurable Computing

Experimental prototype , A ESE
t

for research on functional extension with FPGAs =

Supercomuter Fugaku

Connected w/ 100m cables

Rom ,
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E2:3IrFEr

el Architecture of ESSPER

configurable Computing

Goal

' ' igati Syst twork
v Technical investigation for ‘ ystem networ

Computing network (Tofu-D)
I I I I

Login node Fugaku Fugaku Fugaku o o4 Fugaku
node node node node

Fugaku / 100m cables *e°

functional extension of
Fugaku.

Bridging network

r
i Manage FPGA FPGA | ,, FPGA

—> node node node node

I I I
Extension system Inter-FPGA network

FPGA Cluster

20

!!g 19 DATE'22 WS W06 Data-driven applications for Mar 18, 2022
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System
Organization

FPGA Cluster

CPU-FPGA
bridging network

Other servers

e - -
Fugaku computing node x 16 (in rack L35, L36) )

Global
netf:vo?'k Fugaku L35 L35 L35 L35 L35 L35 L35 L35 L36 L36 L36 L36 L36 L36 L36 L36

frontend S7B1}|S7B0O| |S5B1||S5B0| |S3B1}||S3BO| [S1B1||S1BO||S7B1||S7B0||S5B1||S5B0|[S3B1}||S3BO||S1B1}|S1BO
| GW | servers #02 || #02 || #02 || #02 || #02 || #02 || #02 || #02 || #02 || #02 || #02 || #02 || #02 || #02 || #02 || #02

| |
Fugaku d
Frontend Network 100G 184 16 47100m Fugaku

10GBASE-T Ethernet Switch

Frontend Server

(fsarchitgate)

CAD Server #1

CAD Server #2

File Server

ARM Server #0
(armserv0)

ARM Server #1
(armservl)

ARM Server #2
(armserv2)

for IPMI

1000BASE-T Switch

FPGA Server #1

(fpgaservl)

FPGA #1

FPGA #2

FPGA Server #2

(fpgaserv2)

FPGA #3

FPGA #4

FPGA Server #3

(fpgaserv3)

FPGA #5

FPGA #6

Infiniband 100G Switch

QSFP28
cables

FPGA Server #8

(fpgaservs)

FPGA #15

FPGA #16

ESSreEn

100GbE Switch or Ring network

DATE'22 WS W06 Data-driven applications for
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System Stack of ESSPER

High-t=al;

Resource manager
¢ Search and allocate
resources of multiple

° \ H H
Ca II for JOInt User App|lcatlon / Eggﬁs t .
. networ
resea rChES. T HW Codes SW Codes / management / control
+ Applications _ ' A AFU Shell cl
« Libraries for HW and SW | > HW Libs SW tools FPGAs' Resource Manager ' ell class
* Tools / system software é/{/ : OEJeCt Of AFUfsheII
¢ Parallelization techniques HW Compilers AFU Shell Class ARl Tl Gl
with multi FPGAs Intel HLS, o
— { 5 Remote OPAE
;on. SCII)'lci;seeT’ DMA Library SRR O ([0S * Software bridge using
. HDL OPAE iy Infiniband Verbs
|EMIF 1 ||EMIF2||EMIF3||EMIF4| | cclP I~
T '¢ I T ? Avalon MM User HW DMA |Crsbar|FC|WC| FME | CCIP | EMIF [ HSSI | PCle OPAE
| Read Dl\j\/v\allonl Z\:_rite DMA| | LS Computing Core AEU Shell FIM * Low-level driver

4x4 Crossbar

512-bit

usr_clk
250+ MHz

CycleCounter
Fc #1 FC #2

| DC FIFO | | DC FIFO |
256-bit T T

|widthConv| [WidthConv]
377MHz ¥ |

Stream
Computing
Core

AFU

[ stur#gt | [ sLi#2 |

FIM

Rom

RIKEN ccs
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System Stack of ESSPER

HW Compilers
Intel HLS,

AFU Shell Class

SPGen,
Chisel,
HDL

User HW DMA |Crsbar

FCIWC

|EMIF1||EMIF2||EMIF3||EMIF4|| cCIP
¢ f ! * f Avalon-MM
|Read DMA | | Write DMA | HLS Computing Core

Avalon-ST

4x4 Crossbar

512-bit
’ﬁ‘ ’A‘ | CycleCounter |
ook [FC# FC #2

250+ MHz

AFU Shell

Stream
256—bi!| DC| Flro | DC FIFO | Computing
[WidthConv] [WidthConv] Core
377 MHz * [ AFU
[ sti# | | stm#2 | .

RIME

om
3 R-CCS
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Approaches for Proof of Concept

Req.3 Platform with sufficient customizability

FPGA Shell (SoC)

HLS-based programming
flow, & FPGA object lib

sz%!g 23 DATE'22 WS W06 Data-driven applications for Mar 18, 2022



Design of FPGA System-on-Chip

Intel® FPGA Programmable Intel Enpirio FLASH UB Intel FPGA PAC D5005

Acceleration Card D5005

e v Intel Stratix 10 FPGA (14nm)
/ . v' 2753K LEs, 229 Mb BRAMs
Networking Interface %e Intel ) " DDR4 4
T v 5760 FP DSPs (7TF @ 600MHz)
"""" Networking Interface 4’:
| FP((f-iAServe;)#l g 4 - . \/ 8GB DDR4 X 4Ch
— FPaA #2 o v PCle Gen3 x16
| FPGA Server i2 ; v 2x QSFP28 (100Gb/s)
—_— DD_R4 MsmRres Stratix10 FPG
{RiSCRseveri FPGA #5 I| DDR4IF A || VF B || vF c |[vF D | Socali FIM (FPGA Interface Manager)
(fpgaserv3) FPGA #6 i A L S
. : | , v Fixed region including I/F
® . HSSI PHY Y
i : AFU Shell oo | & AFU (Acceleration Function Unit)
FPGA Server #8 ™ aa %) licati | & ] ]
togsere) | N (Application I/F) Hes) v Reconfigurable region
L ,'L': ol AFU Shell (SoC)
| 1 [Pabric — FME | Vot L] o Aest T v" Application modules and their
i [PCle Gen3 - Platform | 11 ' .
:___{1_6_;'_’____________M_an_a_gsgn_e_ng__s; ________ Hssl | interfaces (own development)

PCle (Host CPU's memory)

20
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DESig n Of AFU ShEI I DDR4 Memories (19.2 GB/s x 4) PCle gen3 x16 (15.75 GB/s)

EMIF 1 ||EMIF 2 ||EMIF 3 || EMIF 4 CCIP
I ¢ I l$ I ¢ f l Avalon-MM
Read DMA Write DMA HLS Computing Core
l Avalon-ST T
4x4 Crossbar
........ 512-bit ! A
FPGA Server #1 FPGA #1 Ft‘. 21 Ft ;2 CycleCounter
1 (fpgaservi) FPGA #2 usr_clk v
1 250+ MHz 4 4
R-con-rly " DC FIFO | [ DC FIFO c S"eaf.'
(fpgaserv2) FPGA #4 256-bit ] ] omputing
ersoems HET WidthConv| [WidthConv Core
erver
SLII #1 SLIII #2 M
: - QSFP28 (12.5 GB/s x 2)
AFU Shell
FPGAS #8 FPGA #15 I
T (Application I/F)

AFU Shell (SoC)

v Application modules and their
interfaces (own development)

%Efllg 25 DATE'22 WS W06 Data-driven applications for Mar 18, 2022
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Programming Computation [Eve J[Evrz]Ewrs]Emre] [ cor ]

¢ ? I Avalon-MM
Read DMA | | Write DMA
Implement your own core — Computing Core
. . 4x4 Crossbar
v" Computing core Connected to DDR4 memories. 5120t § 1 g | 3
. . | CycleCounter |
read and write data by itself. s o |FC#1 FC #2
v' Stream core Connected to crossbar. 25°+MHZ| DC| FIT=O ] DC| FIT=O | Stream
compute with data stream. 256-bit|Width|onv| Wi d'th Clonv| Core
37TMHz — § | v AFU
SLIl #1 SLIIl #2
How to program cores | | ' il
v Software-oriented HLS Describe algorithms in C/C++ (Intel HLS)
) ] Low-level, but
v Hardware oriented HDL Describe hardware structure & FSM more flexible than
(Verilog'HDL, VHDL, Chisel, etC.) OpenCL and its BSP.
v Others DSL Domain-specific langs for HW generation Mem IF and network

(Stream processor generator : SPGen) are customizable.

HLS: High-level synthesis, Chisel: Scala-based language for RTL, SPGen : Stream processor generator

p}%!(l;g 26 DATE'22 WS W06 Data-driven applications for Mar 18, 2022
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Approaches for Proof of Concept

Req.4 Techniques for performance scalability

Inter-FPGA network

Virtual circuit switching
over Ethernet

wen RCCS 27 DATE'22 WS W06 Data-driven applications for
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Inter-FPGA Networks

Existing Machine i
100m 100G IB x 16

Existing machine

(frontend) 10GBASE-SR 1000BASE-T Switch
Frontend Server - l l l l l l l l —
] 3m
'S FPGA Server #1
2 100G IB I x
CAD Server#1 | o S FPGA #2 === 5
§ = | - 2
)
S < 3 3m FPGA #3 o
p = CAD Server #2 2 O T00G 1B FPGA Server #2 I "
u;’ 8~ S FPGA #4 <
-t - -l | | | | | | (o' |
]
c File Server -] FPGA #5 -
] £ 3m FPGA Server #3 I °
..'E S 100G IB FPGA #6 5
- CPU Server #0 3m = s
E 100G IB | ‘€ o o E
7)) - ° ° w
= CPU Server #1 3m ° ° [
G} erver 100G 1B S
S \ S
3m AL FPGA Server #8
CPU Server #2 T00G 1B 100G IB I
10GBASE-T x 10 N
7 Inter-FPGA

Network

3%!% 28 DATE'22 WS W06 Data-driven applications for Mar 18, 2022



Two Types of Networks

(Arbitrary topology virtualized)

Ethernet switch
N N N

FPGA FPGA FPGA

|—> FPGA W] [rr][E FPGA <—‘

FPGA FPGA FPGA

Direct network : 1D torus Indirect network : 100G Ethernet

Pros) Smaller overhead Pros) Flexibility of resource allocation,
(lower/fixed latency), easy to use easy adoption of cutting-edge tech

Cons) Inflexibility of resource allocation, Cons) Overhead of ethernet frames
more consumption of HW resources, (higher and variable latency),
difficulty to catch up difficulty in flow-control and use,

cost of expensive switches

%!Eg 29 DATE'22 WS W06 Data-driven applications for Mar 18, 2022
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Virtual Circuit Switching Network (VCSN)

Arbitrary topology with virtual links between FPGAs over Ethernet

v User logic can simply send and receive data streams through virtual links.

Ethernet switch

N

N

FPGA FPGA FPGA
MAC MAC MAC h 4 Yy \ 4 v \ 4 v
Flow Flow Flow Flow Flow Flow
FPGA FPGA FPGA ctri1| |ctri 2 Ctrl 2 Ctrl 4 Ctrl 1 Ctrl 4
i il Ti 14 T4
User logic 1 } [ 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
30 DATE'22 WS W06 Data-driven applications for Mar 18, 2022
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Implementation of Indirect Network

DDR4 Memories (19.2 GB/s x 4) PCle gen3 x16 (15.75 GB/s)

e Indirect network : 100G Ethernet i e s (] | — |
2 3 4
v" Implementation completed, under verification | [ | | o
(2, 4, and 8 virtual ports per Eth MAC) - d¢DMA w fDMA v 1
: : it -
v Higher throughput than Direct network = ] = ) SR (e
Avalon-ST
v :
Developing system software to manage VCSN T
Yy A vi viv?i ' 4
'FC#ifFC#2] [FC#silFC#4] | CycleCounter |
v X I XK ? t
FPGA O FPGA 1 FPGA 2 DC || DC | | DC | DC Stream
$¥ir;uial pf{[s++ m (—1 m ‘ m 512-bijt :IFQ ;IFR FIFO |[ FIFO Computing
IqsprI |qsfp1| Iqsprl Iqsfp1| |qsfp0| |qsfp1| |Wcllwcllwcllwc | Core — usr_clk
/. Bl A AT 256-bit 220+ MHz
e e e o e o 403 MHz [MUX]| [omox] AFU
:Network switches L
sfp O :sf;'1" sfp O :sf‘:'1' sfp O :sf*1"
L ||?_g__F_)-_J| L ||:1;J| L ||?_;J| |Eth IP#1| |EthIP#2] FIM
FPGA 3 FPGA 4 FPGA 5 QSFP28 (12.5 GB/s
b. 2D torus (bi-directional)
100G Ethernet SW 100G Ethernet SW
4@ | | , , — '
wan RCCS 31 DATE'22 WS W06 Data-driven applications for Mar 18, 2022



Preliminary Evaluation : Throughput

DCN vs.. VCSN 14
v DCN Direct Connection Network 12 - T e
v VCSN Virtual Circuit Switching Network S
— 10 Y
VCSN rises slowly - . ya
due to higher latency. 2 V4
v P2P latency of VCSN 851 ns g . /
v P2P latency of DCN 490 ns S / _
/ —VCSN link
VCSN has higher Max throughput. 2 // RER ik
v" Jumbo frame of Ethernet is more efficient. | | - ~~VCSN link with FC lestimation)
4KB 40KB 400KB AMB 40MB 400MB
Data size

Anyway, it works!

%E!g 32 DATE'22 WS W06 Data-driven applications for Mar 18, 2022
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Approaches for Proof of Concept

Req.1 Interoperability w/ various HPC systems Req.2 Flexibility in using FPGASs in a system

Software-bridged
FPGA driver

FPGA resource manager

wen RCCS 33 DATE'22 WS W06 Data-driven applications for
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System Stack of ESSPER

|EMIF1||EMIF2||EMIF3||EMIF4|| cCIP
¢ f ! ‘ f Avalon-MM
|Read DMA | | Write DMA | HLS Computing Core
Avalon-ST

4x4 Crossbar

512-bit
! CycIeCounter
Fc #1 FC #2

usr_clk
o Stream
256-bi!| DC| Flro | DC FIFO | Computing
[WidthConv] [WidthConv] Core
377 MHz v | AFU
[ sLi#t | | sLm#2 | .

DMA Library

Remote OPAE (R-OPAE)

DATE'22 WS W06 Data-driven applications for
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Software-bridged Driver
to Utilize Remote FPGAS

— 1

10GBASE-T Ethernet Switch

for IPMI

10GBASE-SR 1000BASE-T Switch
Frontend Server | I I I I
i £
lerdimeeis) )| g 3m FPGA Server #1
CAD Server #1 2 - 100G IB (fpgaservi)
-,"% ] | —
g =
E 2|l 3m FPGA Server #2
CAD Server #2 ||~ o | 100c8 (fpgaserv2)
§ 8 | — —
=1
File Server - 3m FPGA Server #3
S| 100ciB (fpgaserv3)
ARM Server #0 3m 2
(armserv0) 100G B -E . °
— L [ ]
ARM Server #1 3m ° .
(armserv1) 100G IB
ARM Server #2 3m 3m FPGA Server #8
(armserv2) 100G IB 100G1B lipgeeant)

10GBAS§T x 10

FPGA

SoC

FPGA #1

FPGA #2

FPGA #3
FPGA #4

FPGA #5

FPGA #6

QSFP28
. cables

FPGA #15
FPGA #16 ——==

\ 100GbE Switch or Ring network

IEMIF 1 ||EM|F2||EM|F3||EM|F4| |

CCIP

f FT

Avalon-MM

|Read DMA | | Write DMA |

HLS Computing Core

l Avalon-ST T

4x4 Crossbar

512-bit
#‘ ’A‘ | CycleCounter |
ver ok |[FC# FC #2

250+ MHz

Stream
256—bit| DC] FlFO | DC FIFO | Computing
|widthConv] [WidthConv| Core
377 MHz v | ¥ | AFU
[ stin#t | | sLm#2 | —

Management

A\

CPU - FPGA network

* 100G Infiniband

» Software-bridged driver

(R-OPAE)

DATE'22 WS W06 Data-driven applications for
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Remote-OPAE (for remote FPGA Access)

Software bridge for FPGAs over Infiniband

v OPAE: Open Programmable Acceleration Engine
(PCIe FPGA driver)

R-OPAE daemon

v 99% of OPAE APIs

DMA Library
are supported.

DMA API R-OPAE C API OPAE C API/ DMA API

IB OPAE library

v We can use R-OPAE Iibrary =uh Enumeration Access Management
100Gbps
any FPGAs

in 3 system via IB / Intel FPGA drivers
. Verbs, RDMA FME driver PORT/AFU driver
as if they were

locally installed.

FPGA PCle driver

Intel FPGA ~ [SGBMAS

Another server FPGA server (x86)

@%Eg 36 DATE'22 WS WO06 Data-driven applications for Mar 18, 2022



R-OPAE as Software-based Resource Disaggregation

Transparent access to remote FPGAs

Flexible utilization:

v Vendor/ISA-independent

v Operable with various
architectures
such as Fugaku (ARM)

v' Can use any available !
FPGA resources |

|

Inter-operability and
extensibility: & tocan3 |

i e e e e T T e
-~~~
-

o o o o e e
-
—
—— e e o - -

___________

Other servers Gateway servers and FPGAs
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E==E Applications, and
Joint Research Projects
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On-going (Joint) Research Projects

Hardware emor—bfis 1 fpe 1 [fpE | [PE L fis simenon
v Processor Team CGRA B TR IR TTRA T ' B
v Kumamoto Univ  AI Engine (ReNA) Memoy—bl1s 1 JPE | fPE | JPE | fLs s emory
System Software emory—{>[ 15 L JPE L JPE L JPE L I |l—siMemon]
v RIKEN RPC for FPGAs 2T LT e [T a2 [T 22 [T s
v" Tohoku Univ neoSYCL (on Fugaku) Riken CGRA (coarse-grained reconfigurable array)
Applications
v Univ of Tokyo Bayesian network analysis
v Meiji Univ 3D FFT (presented later)
v' Processor Team  Fluid simulation
v" Nagasaki Univ Convex method
v Hiroshima City U Breadth First Search of Graph
v Processor Team  Hardwired MNIST
v JAIST Sound rendering Al Engine, ReNA
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Future Prospects for
(Reconflgurable) HPC
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Innovations like domain-specific hardware,
enhanced security, open instruction sets, and
agile chip development will lead the way.

Reconfigurable and Data-Flow
Architectures are Promising (CGRA). SRR et R b

Backward compatibility is also required. A New Golden
v" Programming language & eco-system
Age for
Computer
Architecture

System design supported by

v Archi. coupling CPU & accelerators
for various types of workloads

v" Compiler and system software \ , )

for seamless usage XILINX . e
VERSAL WE BEGAN OUR Turing Lecture June 4, 2018 with a review

of computer architecture since the 1960s. In addition
to that review, here, we highlight current challenges
and identify future opportunities, projecting another
golden age for the field of computer architecture in
the next decade, much like the 1980s when we did the

research that led to our award, delivering gains in ost, | engineers, including ACM AM. Tur-
energy, and security, as well as performance. ing Award laureate Fred Brooks, Jr.,
) thought they could create a single ISA
~ z that would efficiently unify all four of
“Those who cannot remember the past are condemned | these15A bases.
to repeat it.” George Santayana, 1905 They needed a technical solution
PFN MN_Core Groq for how L‘(}I‘I’!PUEEFS 4as Inexpensive as
R ™ . Software talks to hardware through a vocabulary key insights
- 1 called an instruction set architecture (ISA). By the early | « Software advances can inspire
‘ Nova i 1960s, IBM had four incompatible lines of computers, “ruhtecu d Inovation.
S\\\§S‘wpﬂ :2) | . . I 3 I = Elevating the hardware/software
R 1 X each with its own ISA, software stack, I/O system, interface creates opportunitics for
SN1D g Z and market niche—targeting small business, large T
J0RAPRN | 2 " oo o< =9 o O ® The marketplace ultimately settles
e 82 # ¥ business, scientific, and real time, respectively. IBM architecture debates.
1888 1 -
AHWIAWO100065 RS 1
R . m— . .
John L. Hennessy, David A. Patterson,
. . .
SambaNova Wave computing Communications of the ACM, Feb 2019.
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Hiring researchers:
Summary R-CCS2105 or
R-CCS2022

Goal Explore new system architectures
for reconfigurable HPC

This project ESSPER: Elastic and Scalable System for
High-Performance Reconfigurable Computing
PoC : Interoperability and flexibility,
Platform for customizability, and scalability

Research subjects

v More applications with multi-FPGAs, Shell with HBM2,
Resource management & Task scheduling for Fugaku

Expecting Collaborations with You!
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