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HPC: KAK 2TO BblJTO B ARM \ /

HPC na ARM: Fujitsu Fugaku N21 - ¢ 2020 roga e

- Awa rdS Fugaku Retains Title as World's Fastest Supercomputer for fourth consecutive term (November2021)
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*  Bnepsbie cynepkomnbiotep Ha ARM (npuuem *  MupoBoi pekopa: YMCIIO SAep YBEMMUUIN HO
romorennsiit) cran N2 1 s Top500. 4,5%, a npoussoanTensHocTs Ha Linpack seipocna
*  EpuHcTBeHHbIM B UcTopum ctan N1 Bo Bcex Ha 6,4%, Ha HPCG - 8 5,4 paso.
OCHOBHbIX CYNMEPKOMMbIOTEPHLIX PEUTUHIAX * Ha 45% npeBocxogmT Npom3BoaMTENBHOCTL BCEX

*  Jo ecux nop N21 8 HPCG, HPL-Al, Graph500. ocTanbHbix cynepkomnbiotepos 13 Top 10 HPCG.
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HPC: KAK 2TO BblJTO B ARM

Fujitsu rotoeuna SW skocucremy ¢ 2014 roga

Mopans: passutne SW akocucremsl HW — geno saxHoe u gonroel

LS-DYNA ADVENTURECluster Altair Radioss™  Ansys Fluent 3\ Q f
(by Ansys, Inc.) (by AlliedEngineering Co.)  (by AltairEngineering, Inc.) (byAnS\}s,ln(‘) Academla = BES Government

Po yntlng CFCgN.\/FERGgE HELY (’ Jm * Nano-science Y + Long-range forecasting

(by Fujitsu Limited) (by ConvergentScience} (by ENGYS Ltd. & VINAS Co., Ltd.) (5}‘]"561 Corporation) + Particle physics A » » Disaster prevention
Chemistry* Marc scFLOW Simcenter STAR-CCM+
A b (by MSCSoftware Ltd.) (by Software Cradle Co., Ltd.) (by Siemens Industry Software Inc.)

mber 1
G e Oil and Gas & “/D Manufacturing [{ 3

aussian VASP VPS (PAM-CRASH)
(by Gaussian, Inc.) (by ESI Group) + Exploration and = + Structural Analysis

*Collaboration with Australian National University production « Aerodynamics
| **All application names used in this slide are trademarks or reqistered trademarks of their respective venders. ST @D EINH == + Computational fluid

dynamics

Puc. 8. ComecTHble pazpadoTku Fujitsu ¢ He3aBUCMMBIMU MTOCTaBLUMKaMU NpukiagHoro [10O, « Crash test simulations

KOTOpble MOTYT BbINoHATbeS Ha FX1000, FX700 u Fugaku.

ﬁﬁ High Performance in Real Apps Power Performance High Performance in Real Apps
Relative speed up ratio (1 node) Green500 (June 2020) Relative power efficiency ratio
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ABINIT

2' 3 Xeon 8260M
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First principles calculation ABINIT -
w/ MN-Core (MN-3) 21.1 First principles calculation
FrontISTR 2 0 i — GPU FrontISTR
Structural analysis L] wi A100(Selene) 20.5 CIaSS Structural analysis
Measured on FUJITSU Supercomputer WRF
SALMON PRIMEHPC FX1000, A64FX 2.2GHz : f\ﬁ.‘"?‘ — 1 6 9 Weather Reseaich and Forecasting

+ P : w/0 Accelerator
First principles calculation (AB4EX prototype) ‘ GFW SALMON
Xeon 8280 ’ First principles calculation
WRF wl/o Accelerator - 2 3 > l
Weather Research and Forecasting @ For more information on other apps, (Oakbridge-CX) 5.1 W Fuysuassrx (2.26Hz) x 1cPu Bl B vendor processor (24core, 2.9GHz)x 2CPU
please contact Fujitsu. hitps:/iwww.top500.orglists/green500/2020/06/ Measured on FUJITSU Supercomputer PRIMEHPC FX1000, AG4FX 2.2GHz
W ruimsuassrs(22Giz)x1ceu Bl Bvendorprocessor (24core, 2.96Hz)x2CPU \_ *GFlops per watt © For more information on other apps, please contact Fujitsu. )




RISC-V: O4EHb MOJTOOAS, HO BbICTPO PA3BMBAIOLLAACA APXUTEKTYPA

Y%
AN
HemHoro ctatnctmukm ns mmpa RISC-V Do

More than 4,100 RISC-V Members across 70 Countries

121 Chip 4 Systems

SoC, IP, FPGA ODM, OEM

31/0 14 Industry

Memory, network, storage Cloud, mobile, HPC, ML, automotive

23 Services 165 Research

Fab, design services Universities, Labs, other alliances

59 Software 3k+ . Individuals

Dev tools, firmware, OS5 RISC-V engineers and advocates

RISC-V membership up 28% in 2023

M RISC-V*



RISC-V: O4EHb MOJ1IOA4, HO BbICTPO PA3BMBAIOLLAACA APXUTEKTYPA \ /
AN
e

[lporHo3mpyemsbiit pocT BnevaTnser

RISC-V will be in more than 16 billion SoCs by 2030

RISC-V expected to be included in billions of SoCs, enabling one or more of these functions:

Deeply Embedded (e.g. Finite State Machine)
Microcontroller

Co-Processor
Application Processor (e.g. host CPU)

)

CAGR>40%
/
/

2025* 2026* 2027* 2030*

*forecast ‘ * CAGR - COBOKYI’IHbllZ

Source: The SHD Group, November, 2023
CpeaHerofoBoOn TEMM

M RISC-V*
pocTa.




RISC-V: O4EHb MOJ1IOA4, HO BbICTPO PA3BMBAIOLLAACA APXUTEKTYPA

K 2030 rogy RISC-V 3a/imeT He MeHee NSTOM 4aCTM PbIHKOB

Selected Market Share Projections for RISC-V in 2030

Wearables
MCU
RISC-V
29%
TAM: 2.6B units
Consumer
Al Acceleration
RISC-V
36%

TAM: 6.4B units

Based on projected SoC volumes

Computing
Notebooks
RISC-V
22%
TAM: 2.7B units
Industrial
Smart Grid
RISC-V
22%

TAM: 670M units
Source: The SHD Group, November, 2023

Communications
5G Infrastructure

RISC-V
20%

TAM: 1.8B units

Automotive
Al Acceleration

RISC-V
27%

TAM: 260M units

group

YA
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RISC-V: O4EHb MOJ1IOA4, HO BbICTPO PA3BMBAIOLLAACA APXUTEKTYPA

bavxanwme nporHo3bl No BbICOKONPOM3BOAMTENBHBIM SAPAM

Industry outlook: Datacenter & Cloud

» B A

RISC-V offers unique Custom computing for Al and Achieve your performance and
opportunity for accelerators other emerging workloads power targets

RISC-V CPU core market will grow 115% CAGR, capturing >14% of all CPU coreé‘by 2025

Semico Research, December 2021 ® o

Pl RISC-V*
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RISC-V: O4EHb MOJTIOAS, HO BbICTPO PA3BMBAIOLLIAACA APXUTEKTYPA

[Tntocel RISC-V: MogynbHas apxmTtekTypa

— RISC-V extensions give flexibility

4
.. Codasip
— RISC-V Custom Instructions enable efficiency * L
Performance Processors with custom 9
A (fc»ar:pﬁi\fﬁnosnit)of instructionl.f, de_dicated toa RISC y ” ‘
" target application . -V allows custom °
Adding custom |:|

instructions instructions

* Optimally designed for
target application

- Custom Compute

Adding RISC-V
extensions F

Base RISC-V
processor

Power, Area

.: Codasip

RISC-V is modular
Base is minimal

Extensions target specific
application

YA

ihe

Specialized cores

SoC

EEEEED
EEEEEE
EEEEERE
EEEERDE

* Al
® Systolicarray engines

® In memory compute

Heterogeneous compute

SoC

Optimized main CPU

Vector/tensor engines
DSP, VLIW

GPU
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RISC-V: O4EHb MOJTIOAS, HO BbICTPO PA3BMBAIOLLIAACA APXUTEKTYPA

YA
BekTopHoe pacwmpenmne RISC-V RVV e

Vector computing in HPC Vector Length Agnostic Code

\ = VL is loaded prior to executing the vector instruction with a special instruction
Implementation-defined max VL

= e :,

RISC
. 7 void axpy(double a, double *dx, double *dy, int n) {
(ZAVy Runtime RVV [1285>20485) 8 dnt i;
Variable VL 9
163845 [1286 » *] 10 long gvl =  builtin epi vsetvl(n, _ epi e64, epi ml);

= No need to handle “loop tails”
arm = Makes the code “vector length agnostic”

11 __epi 1xf64 v.a = MM SET f64(a, gvl);
12

64, 256 84, L, 256 128 13 for (i =0; i <n; i +=gvl) {
All A[]l F1 | | Pl | All | | | ‘ 14 gvl = builtin epi vsetvl(n - i, epi e64, epi ml);
® 15 __epi 1xf64 v_dx = MM LOAD f64(&dx[i], gvl);
v v : T 16 __epi 1xf64 v.dy = MM LOAD f64(&dy[i], gvl);
B[] B[]l | | | BIl | : | | | } 17 _epi 1xf64 v _res = MM MACC f64(v dy, v a, v dx, gvl);
@ @ & 18 MM _STORE_f64(&dy[i], v _res, gvl);
T — — — 19 }
cl a0 co e
Scalar processor SIMD (e.g., AVX2) Variable VL (e.g., RVV)
HIPEAC Conference 2024, Minchen, 17 Jan 2024 “Vector length agnostic”

- As many Functional Units as VL. | - Cannot afford (area, power, cost) hundreds of Functional Units

nw+ >

Vector functional unit

]
]

- Vector instructions executed in 1 cycle i - Vector instructions are executed on multiple cycles
:

(@]

[src2 : !

srcl

ViL=4 VL=4 VL=2

Vector — e
functional
unit
dst : :

T | 1
T T
'
'
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RISC-V: O4EHb MOJ1IOA4, HO BbICTPO PA3BMBAIOLLAACA APXUTEKTYPA

YA
Paspabotka matpmyuHbix pacwmpenmnn RISC-V N

httos: / /habr.com/ru/companies/yadro/articles/827430/  https://habr.com/rv/companies/yadro/articles /827434 /
'3‘ ;av:em::a: 17 v ’@.‘ e

30 won B 17:32

MaHopama maTpuuHbIX pacwmpeHun: ot x86 ao RISC-V NorpyxeHne B matpuuy: pacwmpenue RISC-V ot T-Head

RO, Bbicokas npousBoauTenbHOCTL*, AnroputMbl®, Matemartuka®, MawmnHHoe oby4eHue™

Arnroputmbl*, Matemartuka®, MalumHHoe obyyeHue*
0O630p

¢

https: / /habr.com /ru/companies/yadro /articles /827432 / https://habr.com/ru/companies/yadro/arficles /833948
’3‘ valeriaP

Andy31
16 vion B 15:33 M 7asrB 13:35

3arnsaHeMm B XpycCTanbHbIN Wap: Kak NpoaBuraeTca paspaborka

MaTemaTuka MaTPUUHbIX PacClIMPEHUN: KaK NPOUCXOAUT YMHOXEHNE
CTaHAAPTHbIX MAaTPUYHbIX pacwupenun RISC-V

maTpuy, Ha npumepe T-Head Matrix Extension

| o=

bnor komnanum YADRO, Bbicokasi npou3BoauTenbHOCTL®, AnroputMel®, Matemartuka®, MalumHHoe obyyeHue*

Brior komnaxun YADRO, Bricokasi npov3soguTenbHOCTL®, Anroputmel®, Matemartuka®, MawmvHHoe obyyeHue*

» >
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HPC Ha RISC-V: nouemy yxe nopa?

HPC B MmpoBbix TpeHpax akocuctemsl RISC-V

[Toumeps noknanos ¢ HPC RISC-V sopkwonos 2024

RISC-V HW: Ha uem Tectuposats HPC SW yxe ceituac 1 yero xanats
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HPC YXE B TPEHOAX RISC-V \ /

Hoebint muposom Tpenp — napaamrma Open HPC Do

He Ttonkko crek HPC SW ponxeH 6uitb open-source, Ho  HPC HW

HPC Today : / HPC Tomorrow

GROMACS,NAMD, RISC-\/° GROMACS,NAMD,
WREF, etc. WREF, VASP, etc.
An Open ISA complements
OpenMP Open. Source Software and OpenMP
combines to create an open
Ecosystem
COMPS COMPS
OPEN '
LLVM O P E N LLVM
Linux Linux
OCP ocp
CLOSED

CPUs/GPUs/ASICs RISC-V

14



HPC YXE B TPEHOAX RISC-V

RISC-V HPC uHunumatmebl

*  EBponelickasi MHULMATMBA MO PA3BUTMIO CODCTBEHHOM

TexHonormyeckoit Hesasncmoctn EPI (European

Processor Initiative) npeanonaraet paspabortky P =S
npoueccopos 1 yckoputenei Ha 6ase RISC-V: pewerms European

Initiative ’~
Ha ARM He npusHatoTcs ee yacTsio. epl Processor 'TRISTAN‘

-

RS EUPILGT Y
M E E p ISOLDE

*  KpynHeiwne esponeiickme HPC uentpe — BSC

(Barcelona Supercomputing Center) 1 EPCC (Edinburgh

Centro Nacional de Supercomputacion|

Barcelona a ; o
comer , Parallel Computing Center) — akt1sHo passmsaior

ueHTpsl komneTteHunn RISC-V B pamkax rparToBOM

@ AkageMnueckoe coobliecTeo

nopnepxku Euro HPC (npasutenscrsentas numnumaTmeal).

15



HPC YXE B TPEHOAX RISC-V

HPC tpengpl B pazeutum RISC-V HW u SW

* [losensioTcs BoicOkONpPOM3BOAUTENbHbIE AAPA:

¥
-9

Heckonbko |P npoBarnepos pa3pabaTsiBAOT NPOLECCOP

ang gara-uedrpos. o LETIIIIIIIIIIIIIIIIIIIIIIIIIIIIIiiiiii Y
' : Warp Scheduler| I OpenCL kerel ‘
b | e . ' '
| = i L oo
. Ha 6ase apxutektypsl RISC-V paspabaTsisaiotes He TONbKO e H :_[_EEYMTC_?[QQE[J_:
CPU, Ho 1 yckoputenn (GPU, Al). Sl || ————
é ‘ E'OgenCLgrqg@rpjvs
i ALU || LSU | i1/ [ POCL Runtime |
. '| ~ /| Wwriteback Shared Mem  |:. Vortex Runtime !
Founding Member of RISE to Ensure RISC-V Software Readiness b mmmmmmmmmmmmemmmem—meemmmemeee RE
untime Execution
Mission A RISEm * [lepeasa RISC-V HPC cucrema oxumpaetca 8 2025-2026 rr.
+ Accelerate the development of open source software for RISC-V . .
* Raise the quality of RISC-V Platform software implementations B PAMKOX é—l/l PeENHKAPHAUMKN EBPOMNENCKOTO
*+ Push the RISC-V Software ecosystem forward and align partners’ efforts
+ Ensure RISC-V is a tier 1 platform for all tools and libraries CynepkommbioTepa MareNostrum (BSC)
+ Accelerate RISC-V adoption for Client and above segments
v VentaNA  Google  jntel samsune
&3 Qualcomn & RedHat *  KoHcopumnym RISE (RISC-V Software Ecosystem)

NVIDIA.

@ . 5 dokycnpyetcs Ha anantaunm knodesoro cteka [1O ans
eyatisl? aype el @ s RISC-V, a takxe yckopenumn paspabotku CI1MO ana RISC-V.
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HPC YXE B TPEHOAX RISC-V

RISE RISC-V Optimization Guide

Vendor agnostic porting and optimization guide
® Does not cover CPU specific microarchitecture
Best practices for high performance RISC-V cores
® Including assembly code examples

Zero can be folded into any instruction with a register operand. There’s no need to initialize a temporary register with 0
for the sole purpose of using that register in a subsequent instruction. The following table identifies cases where a

temporary register can be eliminated by prudent use of x0.
Do Don’t

fmv.d.x f0,x0 13 %50
fmv.d.x f0,x5

amoswap.w.aqrl a0,x0,(x10) 1i x5,0
amoswap.w.aqrl x6,x5,(x10)

sb x0,0(x5) 1i x6,0
sb x6,0(x5)

bltu x0,x7,1f 1i x5,0
bltu x5,x7,1f

A RISE

YA
e

hitps: / /riscv-optimization-quide.riseproject.dev/
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HPC B TEXHUYECKMX KOMMUTETAX RISC-V

Tematnka HPC RISC-V Bopkwonos

[Toumepsbl MCcNonb3oBaAHKS K TeMaTHUeckme nccneqosarms ¢ RISC-V
Ypoku, nseneyeHHoie n3 ucnonbaosanms RISC-V s HPC

OTpacnesbie HOKYMEHTbI, NOCBALWIEHHBIE M3YyYeHmio ncnonb3osaHms RISC-V
MNepeHoc kopa Ha RISC-V

Hoeoe obopynosaHue u yckoputenu Ha ocHoee RISC-V

VIHCTpYyMeHTH 1 meToasl, nomoratowme ucnonssosats RISC-V ans HPC
Hapabotku B 6ubnmnotekax HPC ansa ux neperoca Ha RISC-V
Pacwupenus RISC-V, yckopstowme HPC npunoxeHus

Komnunatop 1 nogaepxka cpensl soinonHeHus ans RISC-V

2kocuctema RISC-V

Barnag 8 6yaywee: kak RISC-V moxeT passuts coobulectso HPC
N sce, yto ceasaHno ¢ RISC-V u HPCI

YA
e

HPC SIG (Special

d Interest Group)

* Oprannsaums

cemmHapos no HPC

Ha RISC-V Ha
NPOGUIbHbIX
MEXOYHAPOAHbIX
KOHDEepPeHUMsIX

Llenb —
nonynspu3aums
RISC-V 8 HPC
(cnocobcTBOBATDL
noptupoBaHuio HPC

SW Ha RISC-V v 1.4,

18


http://riscv.epcc.ed.ac.uk/community/isc23-workshop/

HPC B TEXHUYECKMX KOMMUTETAX RISC-V A/

HPC RISC-V sopkwonsi: 2024 Lo

HIT Upcoming RISC-V HPC Events
Al P e HPC Asia RISC-V Workshop
» ** ** EuroHPC https://riscv.epcc.ed.ac.uk/community/hpcasia24-workshop/
* o, ok o 25thjan 2024
e Fourth International workshop on RISC-V for HPC
. . Isc o  https:/riscv.epcc.ed.ac.uk/community/isc24-workshop/
Strategic EU-level perspective on RISC-V High Performance
o 16th May 2024
RISC-V: the cornerstone ISA for the next generation of HPC infrastructures e RISC-V Summit Eu rope
17" January 2024 | Alexandra Kourfali | Munich, DE : ‘ o  https://riscv.epcc.ed.ac.uk/community/isc24-workshop/
o 24-27th]June 2024
RIS ®
HIPEAC 2024 Workshop at HPC-Asia

- RISC-V Workshop: RISC-V: the cornerstone ISA for the next
generation of HPC infrastructures
- Organizers: E4 and BSC

Workshop HPC-Asia (Nagoya, Japan) : Third International
Workshop on RISC-V for HPC (RVHP()

- Accepted
- Full Day workshop - Michael Wong, Nick Brown, and John Davis submitted a workshop proposal
- Munich, Germany « Conference, end of January, 2024 about 500 people
- Accepted

- January 17-19, 2024

« % Day (mornin
- More details next meeting... Dy g)

19



HPC Ha RISC-V: nouemy yxe nopa?
HPC B MMpoBbIX TpeHaax akocuctems RISC-V
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O YEM PACCKA3bIBAIKOT HA RISC-V HPC BOPKLLIOIAX B 2024 le‘
Challenges of Building an Open Source Ecosystem (1/2) (N

Problem Statement

Silicon companies want to release hardware for which optimised OSS stacks
are already present

0SS community wants to support all platforms which users would like to run
on

Many different micro-architectures to bring to market

Representative hardware doesn't exist yet (although RISC-V vector CPUs do
exist) k

Avoid leaking of proprietary information before hardware is released . S€rver Class RISC-V: Designed for Fragmentation

Limited resources in:

o Silicon companies - can't port everything themselves Vendor B V?Bii’; c Vendor D Vendor £
o 0SS community - need to prioritise work in terms of impact Vendor A (Inference) Analytics) g‘ﬁ;&'&)’ (Video
1 (Training) Codec)

7 Vector
(16/32/64)
i . Custom Custom
RVI Ratified / gtz I Sollrie [ extension 0 I extension 1 ’
under review
(Vector) Bit . Custom
- X Hashing )
manipulation extension N
(Vector)
Crypto

21



O YEM PACCKA3bIBAIKOT HA RISC-V HPC BOPKLLIOIAX B 2024 le‘
Challenges of Building an Open Source Ecosystem (2/2) (N

Call to Action Open source software very open to pull requests, e.g.

m OS bring up (Fedora, Ubuntu, Android)
e Participate in consortia / standardisation bodies

o RISE RVL UXL m OpenBLAS has had branch risc-v since August 2022

m Linux kernel supports hardware interfaces for with new non-ISA specs (e.g.

e Contribution to frameworks and tools used in multiple projects
hardware probe)

o Frameworks / APIs such as oneAPI, xsimd, OpenMP runtimes

o Compilers are ubiquitous. Improvements in toolchain needed for one project helps = 60/100 last commits in QEMU have a riscv’ tag

many others
m Raiseissues for GCC and LLVM

e Improvements in OS packages, such as SIMD for frequently used operations

(e.g. zlib (de)compression) - ..
o How to Optimise Code
e RISE put out RFPs for prioritised development work

e Contribute to your favourite project e What are good / bad pra(_:tices? ‘
o o Use up-to-date toolchain. Most recently released, or better close to tip of tree

o LLVM has autovec, GCC in the works
o RISE optimisation guide imminently available (RV64GCV)

e Micro-architecture agnostic
o Can double check codegen on Compiler Explorer

o Proxy for performance via dynamic instruction counts in emulator

e Optimised for ‘generic’ target
o Stick to intrinsics, and v1.0 vector spec

o  What LMUL, what ILP, what order? Don't over optimise. Strip-mined loops are good.

o Don't optimise for order - 000 doesn't care, and different in-order may prefer
different ordering

o Performance estimation via LLVM MCA, for example

22



O YEM PACCKAS3BIBAKOT HA RISC-V HPC BOPKLLIOMAX B 2024 Y%

(AN
WebRISC-V: a web-based educational simulator e

Providing a simple, easy accessible educational tool to test RISC-V programs on a pipelined processor.

- o X
7 WebRISC-V - RISC-VPIPEL.. X | =
A € OF xdilunisiitsoss/-giorgi/WebRISC-V/index phy 0% @ se +4 O = ‘ Pr'ogr‘ﬁm-en'h"y bOX
COMMANDS: OPTIONS: - m
T | Loat/Rlad Program_ Sre—r * Both "free" assembly (parsed for errors) and
Step Forward Layout in New Window O P°°g‘:§£”;f““ Path Path . . .
i o i St S et Rl it * Predefined examples (simple calculator, factorial, ..)
MEMORY AND REGISTERS: LAYOUT:
memory.s CYCLE: 5 “ l e
Instruction Data . = ‘ DEps]
Memory Memory Regeias AND e Dg{—fé\;g,q i EX Flush
1F Flush [=* oy
: HUE | — : ’ Empty Text Box v| ‘ 1] Insert ‘
Address 0x0 s J ‘ g
I-ype Instruction: = M CONTROL (CAUSElich| X * EX/MEM
Addi s0, x0, 4 4goco0s0—s| U | o ; 8 ¥ | . .
10000010011 [ - | < Wl * X MEM/WB H H H
{000000901000000000 g | > || . o iy 1_]* 1 | 2] Load the following program H}] Analyze pipeline
0010011 00000 01000 000 000000000100 IF, H | —
oP RS1 RD FUNCT3  IMMEDIATE E'— M e
Address 0x4 N 2 e
I-type Instruction: Read Data - _ 1
= Read M . - . .
Addis1,x0.44 Regitc | | v o Automatic pipeline diagrams
000000101 10010010011 ] g 2
INSTRUCION Register 2 ‘ s . . "
i e el osaiie MENORY e | = L - Capability of squashing loops, by marking them on the diagram
OoP RS1 RD FUNCT3 IMMEDIATE ALU DDRESS (’
) [Write ]
INSTRUCTION IN EX STAGE -J rc e [ s I r ATJ. DaTAL| L SQUASHED LOOPS v EXECUTION TABLE
Address 0x8 (| Wit Data , VALUE s
I-type Instruction: READLy| . X . X v TSl
Addi 10, x0, 10 sty T Pt [ gl o : ' S e e
101 1010010011 GENERATOR = - oNTROL | Instruction | 1|2/3|4|5|/6|7|8]|9|10[11]12]13]14/15[16/17|18|
wll;u omﬂm Mfm ozu 10 instmction‘_;.‘:’ — —JDTT, — nddf a2, x0, 2 .F‘D'X'A\IA\\'. .
o RSI  RD FUNCT3  IMMEDIATE nesnicsion -7 T — 1 addi a0, gp, 8 F D XMW l
| l"OR\z:::.I;.rDL\IG D beq a0, £p. 48 l F| - |D|IX|M|W
e : Iw t0, 100(a0) F|D/X MW \
I-type Instruction: ~ 4 4 { { 4 { { 4 —1 —1
Addi t1, x0, 1 | addw,t0.22 | | | | | |F|-/DXMW| |
: 900010000000 1100010011 sw 10, 200(a0) F|D|X|M|W
1 1 } - + + 4+ 4+ + 4 4 + + 4 4 4 4 4
0010011 00000 00110 000 000000000001 | Jjal x0, -32 I I O | }F'D X;‘\I'\\" |
o s rover e addia0,a0,-4 | | [ T [Flo[xMw] ||
INSTRUCTION IN IF STAGE | beqa0.gp.48 | | | | | | | [ | | |F]-|DIXIM|W]
Réype ercion [ wew0,200@0) [ [ [ [ [ [ [ [ [ [ 1| [F[o[x[mw] |
Add s2, 50, x0 h ) b . d .. addi x0, x0, 0 ‘ [ T 11 [¢]p|x|mw
T e e ftps:/ /webriscv.ail.unisi.it

0110011 01000 00000 10010 000 0000000 LOOP #0 - ‘beq a0, gp, 48' TO ‘'addi a@, a®, -4': 8 cycles 2 times
oP RS1 RS2 RD FUNCT3 FUNCT?
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SW stack for future HPC machines based on RISC-V 128 bit Il‘%C

‘Opportunities and challenges for RISC-V and 128 bit

Heterogeneity

ISA extension is about

managing heterogeneity

in an homogenous way:

+ Base RISC-V ISA on
all clusters

» Various set of ISA
extension on different
clusters

Operating System

A 128 bit address space can provide
a unified view of the 100 M cores:

+ Single system image of the machine

+ A 128 bit process spans the whole
machine with a single virtual
address space

Issues:

« Distributed system issues. Like
what is the status of a 128 bit
process?

+ Threads migration across clusters?
+ Need for transactions?

Starting point:
* PGAS and its variants

Langages & Tools

A single address space for a

process means:
* The compiler could work on the
full application at once

* Room for a generalised
OpenMP-like programming
model

%

[1] A. Waterman and K. Asanovic,
“Chapter 6, RV128] Base Integer
Instruction Set, Version 1.7,”

in The RISC-V Instruction Set
Manual - Volume I: Unpriviliged ISA,
20191213, The RISC-V Foundation,

2019. Available online at
https://riscv.org/technical/

+ Potentially replace MPI by VM specifications/
operations

Opportunity:

* MLIR-based DSL.

* Need for transactions? RV32 32 bit
RV32E 16 32 bit
RV64 32 64 bit
RV128 32 128 bit

E |

* Addresses and integers are 128 bit wide.

» Still base ISA + ISA extensions, just like 32 and 64 bit :
The challenge is how to take advantage of RISC-V and 128 bit to improve =
*The heterogeneity () of the machine
*The operating system stack
*Programming languages and tools

Integer multiply & divide
32 bit floating-point

64 bit floating-point

128 bit floating-point
etc.
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RISC-V for Al: enabling modern workloads on modern HW

Use case: Man Down Detection

Goal: real-time distributed Al
surveillance at a large scale

Target: detect people in lying on
the ground in distress

Design: leverage YOLO-V5 on
multiple RISC-V-based edge nodes
in a tree structure connected via
FastFlow

tree(k,d) - DL edge inference schema

B W W oo

inference

multi-source
inference

control room

Accelerated PyTorch WiP: preliminary results

System Cores

k230

Milk-V (OpenBLAS)
Milk-V

Milk-V (OpenBLAS)
Intel

Intel

1
y
64
64
1
64

Total [s]

[ms])/image
254.11 79.41
254.91 79.66
137.91 43.09
25.88 8.08
11.76 3.67
1.95 0.61

4-layer (2 convolutional + 2 fully connected) DNN performance on 100 batches of 32 MNIST images

Challenges: limited RISC-V
ecosystem, need to port:

. FastFlow

. Al library (e.g., PyTorch)

Outcome: implemented with the

Fast Federated Learning (FFL)

framework:

. based on C/C++ for performance
(libtorch + FastFlow)

. supports both federated training
and distributed inference

FastFlow

PyTorch

OpenBLAS  cpuinfo breakpad

RVWV 0.7.1

RISC-V

Pro: highly parallel: 64 cores
supporting RVV 0.7.1

YA
e
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Performance analysis (& optimization) of BERT on

We focus on BERT + inference
» Useful across several NLP tasks

GFLOPS

* |llustrative of the potential of architectures and space for optimization in transformers
* Inference typically deployed on low-power CPUs, typically with SIMD

Results - C910, 8x8 microkernel, square matrices

SGEMM on C910@1.8Ghz. 8x8 microkernel. Square matrices

25

20

15

10

—&— Auto-Baseline

——— Auto-Op1: Broadcast
Auto-Op2: Gather .

—— Auto-Op3: Gather + Load Reorder

—E— Auto-Op4: Gather + Load Reorder + SW Pipelining
OpenBLAS - RVV Generic

—+— OpenBLAS - C910

1000 1500 2000 2500 3000
Problem dimension (m=n=k)

Auto-Baseline vs. OpenBLAS

* 1.72x improvement vs. OpenBLAS RVV Generic

* Similar performance than OpenBLAS C910
Auto-Opl (bcast)

+ 2.38x improvement vs. Auto-Baseline
Auto-Op2 (gather)

¢ 2.62x improvement vs. Auto-Baseline
Auto-Op3 (load reorder)

¢ 2.90x improvement vs. Auto-Baseline

* 2.59x improvement vs. C910 OpenBLAS
Auto-Op4 (SW pipelining)

* 2.88x improvement vs. Auto-Baseline

20

RISC-V

YA
e
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HPC Ha RISC-V: nouemy yxe nopa?

HPC B MMpoBbIX TpeHaax akocuctemsl RISC-V

[ Toumepsl poknanos ¢ HPC RISC-V sopkwonos 2024

RISC-V HW: Ha yem Tectposats HPC SW yxe ceiuac u yero xparb

BbiBOObBI M MONE3HbIE CChINKM



HPC RISC-V HARDWARE: YTO YXE ECTb M1 HTO OXMIOAETCA

YA
Knacrepbi e

Barcelona Supercomputer Center(BSC) E4: Monte Cimone (V1)
Board 0S Details
: 4x E4 RV007 1U Custom Server Blades:
PolarFire Fedora 4 cores w/ 2 GB « 2x SiFive U740 SoC with 4x U74 RV64GCB cores
BeagleV Fedora 2 cores w/ 8 GB * 16GB of DDR4
Unmatched Fedora/Ubuntu |4 cores w/ 16 GB * 1TB node-local NVME storage
Allwinner D1 1 core w/ 2 GB : :Cr:e expanféon ca:;zl rv/lnflnnl?.(and HCAs
(Vector Eadons thernet + IB parallel networks
extension)

Edinburgh Parallel Computing Center (EPCC) E4: Monte Cimone (V2 =V1 + SG 2042)

Board Processor (SoC) # Cores | DRAM (GB) | Qty
NezhaSTU C906 (D1) 1 0.5 4
MangoPi MQ-Pro C906 (D1) 1 1 2
HiFive Unmatched U74 (FU740) < 16

StarFive VisionFive V1 | U74(JH7100) 2 8 3
StarFive VisionFive V2 | U74(JH7110) 4 8 15
Lichee Pi 4A C910 (TH1520) 4 16 2
(on order)
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Milk-V Pioneer — IP gns nataueHtpos u Al /ML

— M Pioneer Box

* 64 Cores

* 2GHz

« 120 WTDP

* 3200 MHz (Max DIMM
Frequency)

* 1 Gbit Ethernet
e 1LPC

- 1X5G2042 CPU

- 1x Developer Board

- 250W ATX Power supply

- Intel AX210 WiFi 6E / BT5.2 card

- Dual 10G SFP Network Card

- Graphice Card AMD Radeon RX550 4GB

- Nice and compact enclousre with carrying
handle

, - 1TB Nvme SSD

-2x 16G DDR4
- Powerful RGB CPU cooler

* Upto 256 GB RAM
* 4 MB L1 Cache

* 16 MB L2 Cach2

* 64 MB L3 Cache

* 2 SPI Flash Interface
* 2 General SP| Controller

YA
e
Milk-V Vega - nepeuiti 8 mmpe RISC-V kommyTtatop

cranpapta 10GbE komnarmu Shenzhen MilkV
Technology (Milk-V).

[MoenHasHayeH ans:

* ceTel WMPOKOMONOCHOMO AOCTYNQ,

*  NNATGOPM BMAEOHADNIOAEHNS M AYAMOBM3YANbHbIX
CEepPBUCOB,

®  CUCTEM YMHbIX FOPOLOB U MP.

500MHz RISC-V CPU

NMI ECLIC Timer WFI/WFE
NICE FPU DSP MUL/DIV
UX608 uCore

Cluster
Cache I/DCache TEE PMP
ILM DLMO/DLM1 AHB-Lite AXI
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CYLLECTBYIOLUME MATPUYHbBIE PACLLUMPEHNA

YA
Banana Pi BPI-F3: 8-apepHbirt npoueccop SpacemiT K1 Do

hitps: / /docs.banana-pi.org/en/BPI-F3 /BananaPi BPI-F3 @ BPI-F3 SpacemiT K1

Octa-core RISC-V

* Ynpa SpacemiT X60 (4 sapa us 8 ¢ Integrated Matrix Extension).

e 250-OUTHbIE BEKTOPHbIE PEMUCTPHI.

. 1.3x Arm Cortex A55.
. benuymapkm: 2.0 TOPs Al.

*  Cneumndukaums: hitps://qithub.com/space-mit/riscv-ime-extension-spec

HocTtynHsi

/14 3AKA3d.

7794 P
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HPC RISC-V HARDWARE: YTO YXE ECTb M1 HTO OXMIOAETCA A/

A
EUPILOT: paspabotka RISC-V yckoputenei gna HPC un Al N

Accelerator a E U P I L@T
Project Information Chips Consortium: 19 Partners
s Accelerator
The European PILOT e VEC o v @=
Grant agreement ID: 101034126 e, Ny ’ e CLEONAROD pepg] RO
Start date End date 3 ) .
1 December 2021 31 May 2025 €emidynamic® = submer E£xtoLL. (&) cHALMERS

Funded under
H2020-EU.2.1.1.
Accelerator

H2020-EU.2.1.1.2. e

e

R .
FGraunoter  TUE= ETHzUrich

RN 1717V —

Host Server Immersive Cooling 0 jU LICH éﬂ. @EX APSYS FORTH BiLGEM

OPEN

Overall budget

€ 29 999 925 : . S EUPEX
MLS & VEC o o
. [ ]
ST I tapeouts M CO3£I,CI HME eBPONENCKOM Ml OTCI)O PMbl
€ 14 999 962,51 I Test Chip
Tapeout ong HPC v Al
Coordinated by I s T
BARCELONA SUPERCOMPUTING CENTER- ! (] p=- . o
CENTRO NACIONAL DE SUPERCOMPUTACION [ oe— & ¢ 55 | ﬂOCTWKe HME €BPONENCKOTO
== Spain I E :
| | ; | unodposoro cysepennteta B HPC.
| 2022 [ 2023 2024 2025 | )
Target: Chips > Deployments
¢ OCHOBCI an4 eBpOl—IemCKMX CHNCTEM Exosco|e. = Hardware Chips 2 Modules > Boards
= Systems Boards - Systems = Liquid Immersion Deployments
° PQCU—'MpeHMe SKOCHMCTEMDI RlSC'V HA JOMEH®b H PC n H PDA = Software Drivers > 0S - Compilers & Frameworks - Apps
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YA
Occamy ot ETH (Zurich) e
A 432-core, Multi-TFLOPs RISC-V-Based 2.5D Chiplet System for Ultra-Efficient (Mini-)Floating-Point Computation

Dual Chiplet System Occamy:
* 216+1 RISC-V Cores
+ 0.75 TFLOP/s
+ GF12LPP

* Area: 73mm?

2x 16GByte HBM2e DRAMs Micron

1 Preliminary measured results:
e Dense Kernels:
— GEMMS: = 80% FPU utilization (also for SIMD MiniFloat)
— Conv2d: 2 75% PFU utilization (also for SIMD MiniFloat)
e Stencils Kernels: 80%+ FPU utilization

e m) The power of ISA extensions!
e Sparse Kernels: 50%+ FPU utilization

N

2.5D Integration
Peak System perf. @1GHz:
FP64: 768 GFLOp/s
FP32: 1.536 TFLOp/s

: = FP16:  3.072 TFLOp/s )
Carrier PCB: s FPS: 6.144 TFLOp/s There is much more

« RO43508 (Low-CTE, high stability) to come in Q3-2023 ...
* 52.5mm x 45mm ' http://pulp-platform.org @pulp_platform

Silicon Interposer Hedwig:
* Technology: 65nm, passive (only BEOL)
* Area: 26.3mm x 23.05mm

Initial discussions 20t of October 2020
Started on 20™ of April 2021
Taped out Chiplet on 15t of July 2022

European
Processor

e EEUPILET

Taped out Interposer on 15" of October 2022

Currently being assembled
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YA
PaspaboTkn Semidynamics ansa Big Data & Al /ML e

Typical Al-focused Subsystem SOC to date.... OurlIP

GPU - Hard to program
- High Latency
e - Non-optimal PPA

due fo caches and Atrevido s Vector Unit
|OC8| STOI’age needs Bt Fearless 27t
ache Obsolescence b
Caches . so \ y 64b out-of-order CPU RWI1.0 BF16, FPI6, INT8
HH HH new Al algorithms RISC-V RISC-V Out-of-order
e o f e pose high change

M = MAC(int)

rerscren  CPUs NPU sk Cemidynd Our vision: Fusing CPU, GPU, and NPU

Each Vector Unit : from 4 to 32 FMAC units
Each Tensor Unit : from % TOPSg to 2 TOPSg

Vector + Gazzillion: A bandwidth rocket! Gazzillion Technology to enable sustained DRAM access beyond 50 bytes/cycle
- Easy fo program

High Performance
Zero Latency

T

Can you find a core out there capable of streaming data at over 60 Bytes/cycle?
And from main DDR memeory (not from your cache)? We don’t think so &)

S Better PPA
Q Resilient fo new Al
g - Unified programming
o
I Array Size All-in-One
WRITE Al IP Element

eemidyr

8 vector cores, 32X vector length
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Atrevido 423-V8 ot Semidynamics ana Big Data & Al /ML

%

A
e

o o 140 ¢ Qutstanding Misses Atrevido
The Semidynamics Proposal azee oo T
120 ¢ il
Powerful Out Of Order based on Risc-V
Combine CPU with Vector and to create 100 ¢ Gazzillion compa red to ther CPUS
powerful Al capable Compute building blocks
Enable Hypervisor Support for Containerization 80 e Avispado
Enable Crypto for Security / Privacy 64+ mb
Easy to combine with custom logic / Unit — 3 custom instructions 60 ¢ — Turbo charges memory retrieval
Use of Gazzillion™ Technology to efficiently manage large date sets Tolerates memory latency like no other
40 @
Benefits 0 scr7 = SwTe
Easy fo program s 744
High Performance for Parallel Codes - -
Zero Communication Latency 1 3 4 6
Retirement/Issue Width
[ ]
. 33 FPS DGEMM on Atrevido 423 + V8
100%
16 o
75
. Performance at ]QHZ | o /M/
« ATV4+Vector Unit + Tensor Unit (bf16): 33.03 FPS g " 1
+ Real-time performance with one Tensor Unit 0 . Vector Unit with 8 vector cores
10
; . - Peak of 16 FP64 flops/cycle
o 8 . 7 . 99% of peak for M >= 400
S oos - 4 - 50% of peak (N} for M = 24
o | :
i comdl icooi. comE Uoomel Gondll Tear W icor ; w2 conyl 20 | 60 80 100 200 400 600
Convolutional layer in YOLOv3-tiny . "
€emidynamic® Matrix Size MxM EemidynamicS
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Ventana Veyron (V2)

Veyron V2: Momentum to Mainstream with Complete Platform

Highest Performance RISC-V
Center, Automotive, Gen Al and

+ +40% performance, 32 cores per cluster, 4nm

+ UCle chiplet

* RISC-V Vector Extension support
+ Ventana Al Matrix Extensions

+ Server-class IOMMU

* RISE support

» Domain Specific Acceleration

Vector

CHI-based Coherent
On-chip Interconnect

e

1 Up to 32 cores

Veyron V2 Core
RVA23 128 MB

- . Shared L3
MOP Cache Vector Unit (physically sliced)
512 KB 128 KB L1 D-cache
I-cache _ MB L2 D-cache

Coherent Bus

\_ CPU Cluster

. Veyron V2 Chiplet

CHlI-over-UCle D2D

Unit

-
5}
4
Q
o
w
$g
)
a
2
©
%
~
P
o
]
A
5=
: I I
w
o
n
Arm @3GHz Xeon EPYC EPYC Ventana
Neoverse V2 SPR 8480+ Genoa 9654 Bergamo 9754 Veyron V2
64C/64T 56C/112T 96C/192T 128C/256T 192C/192T
350W 360W 360W 360W

UCle Interfaces

B

+ FP16/BF16
« Widening 8x8 int8 and BF16 matrix multiplies

]
B . oscwee « VLEN=DLEN =512

« 32 64B-wide vector registers

+ 64B-wide fully pipelined load, store, and register operations

+ No double pumping of datapaths

+ 64B load plus 64B store per cycle (with arbitrary alignments)

+ Area and power efficient high-performance design

) /

ihe

+ Full RVV1.0 “V” support plus new standard and custom RISC-V extensions:
+ Vector crypto

« Separate vector register-operation scheduler, register file, and execution pipes from the “scalar” core

+ Five parallel execution pipes: Arithmetic, Mask, Permute, Load data, Store data

« Out-of-order execution across execution pipes and within pipes without register renaming

+ LMUL chaining

+ Interleaving of LMUL>1 operations and complex operations within each pipe based on dependencies

« No speculative register execution but full speculative load/store execution

+ No speculative execution recovery buffers
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Ventana Veyron: nnaHbi
HPC Software Ecosystem

YA

ihe

Ventana Veyron Al/ML Server

CP2K
o 3 Espresso penSBL ROMS RMG
Applications HPC Challenge GROMACS o NEMO HPCW :
Benchmarks Performance Molecular Quantum CFD Climate Manufacturing ELVYM
Dynamics Chemistry Weather
VASP ALYA MPI-I0 GPFS OneDNN =
HH] # python
- S BF i
Middleware AJPETIVE. glibe boost OpenBLAS FFTW slurm | o | parr
Frameworks, Libraries OPEN MPI N K00 e °
o T : B pert
libunwind Op@.nSSl- OPGNCL TensorFlow O PyTorCh extrae
; RedHat G2
Operating System m fedora Enterprise Linux 208, i
Hypervisors . - S
e ~KVM & O, & AL/ML Software Ecosystem
Firmware o @ ACPI i - -
tianocore . . Computer Vision | Speech | Natural Language | Autonomous Recommendations Finance
Early Boot, BIOS * Appllcatlons Processing Systems @ python
Platform m‘ Model ResNet HMM GPT SLAM Content Filter ARIMA @
HPC Server els VGGNet YOLO LSTM BERT ControlNet Gradient Boosted Monte Carlo i
TR T 4
| 1 1 i acc
Frameworks TGWJ{;M E o O PyTOI’Ch € ONNX |
h(’l\l
Runtimes TFRT Oclow b DNN3< "
S | @ MR
" (=]
HAL 1 = &) Openal Avoll “ANVIDIA =l
Libraries orf:PI OPEHCL Triton Rocm Cuba Q:‘Q
5 glibc
Hypervisors AKVM
Containers docker kubernetes ooa
: Linux = -
Operating System é fedora ‘
Firmware ¥ L’ —
Early Boot, BIOS Opansal * anesere ACPI Open0CD
Platform Y. W
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ET-SoC-1: Esperanto’s RISC-V Supercomputer on a Chip

Over 1,000 64-bit RISC-V CPUs per Chip

As low as 13W per SoC

High efficiency operation (inferences /sec / watt)
(workload dependent)

» Language Models (NLP/LLM)
+ Visual Models (Detection, Segmentation)
* Recommendation Models (RecSys, DLRM)

Accelerates wide range of AI/ML workloads
High bandwidth interconnect network — .J

Dynamic, tiered architecture of 160
MB on-die SRAM for caches [

—e

Up to 32GB LPDDR4x DRAM | *
A Enables pre- and post-processing

Highly efficient HPC workload through

massive parallelism

*
4 ET-Maxion high-performance 4I
00O RISC-V cores

—o

TSMC 7nm

Esperanto System Product Portfolio

Rugged Edge
Server

Enterprise Edge
Server

Data Center
Server

b [

R L
Allows flexible general-purpose computing

-£2 esperanto.ai

+ Based on Gigabyte G292-G20 + Based on Gigabyte E252 + Based on Stratus Edge

form factor
Up to 16 ET-SoC-1 PCle cards
Over 16,000 RISC-V Cores

form factor
Up to 6 ET-SoC-1 PCle cards
Over 6,000 RISC-V Cores

ztC 250i form factor
« 1 ET-SoC-1 PCle card
« Over 1,000 RISC-V Cores

Esperanto’s RISC-V hardware and software is here today

Eighty Thousand Esperanto RISC-V processors at work in photo at right

One standard rack can hold twenty Esperanto 2U servers with
» 320 Esperanto ET-SoC-1 accelerator chips
» 1088 64-bit RISC-V CPU with vector/tensor accelerators per ET-SoC-1
» 348,160 total RISC-V processors
» 24 PetaOps Int8 precision peak performance
+ 6 PetaFlops FP16 precision peak performance
+ 3 PetaFlops FP32 peak precision performance

Being used today for Machine Learning workloads
You can use it tomorrow for anything you want with General Purpose SDK
Get started with Esperanto’s systems for ML and start preparing for HPC

ResNet50 Int8 Inferences/Sec/Watt
Esperanto RISC-V based ET-SoC-1 has excellent Performance per Watt

140

120

100

80

60

40

p ]
0

2 Intel Saphire Rapids CPUs

NVIDIA A100 PCle Card ET-SoC-1 PCle Card

2 Intel Saphire Rapids CPUs NVIDIA A100 PCle Card ET-SoC-1 PCle Card

RN50 Inf/Sec 16178 39672 5059
Card or CPU Power 700 300 32
Inf/Sec/Watt 23 132 158
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Esperanto ET-Minion

ET-Minion is an Energy-Efficient RISC-V CPU with a Vector/Tensor Unit

CPU is tailored for Massively Parallel ML Applications

ET-MINION IS A CUSTOM BUILT 64-BIT RISC-V PROCESSOR
In-order pipeline with low gates/stage to improve MHz at low voltages

» Architecture and circuits optimized to enable low-voltage operation

» Two hardware threads of execution

» Software configurable L1 data-cache and/or scratchpad

ML OPTIMIZED VECTOR/TENSOR UNIT
512-bit wide integer per cycle
128 8-bit integer operations per cycle, accumulates to 32-bit Int
256-bit wide floating point per cycle
» 16 32-bit single precision operations per cycle
» 32 16-bit half precision operations per cycle
New multi-cycle Tensor Instructions
Can run for up to 512 cycles (up to 32K operations) with one tensor instruction
* Reduces instruction fetch bandwidth and reduces power
« RISC-V integer pipeline put to sleep during tensor instructions
Vector transcendental instructions

Optimized for energy-efficient ML operations. Each ET-Minion can deliver peak of 128 Int8 GOPS per GHz

Vector/Tensor Unit

RISC-V Integer

A

-2 esperanto.ai

256b Floating Point 512b Int8 Vector RF

HiHHHEH

!
!

RISC-V Integer Pipeline

Front
End

L1 Data-Cache/Scratchpad

DCbank 0 DC bank 1 DCbank 2 DCbank 3

ET-Minion RISC-V Core and Tensor/Vector unit
optimized for low-voltage operation

) /

ihe

- ; L
toimprove energy-eficiency.  p15C.V is the right choice for future merged ML/HPC Systems -2 esperanto.ai

RISC-V is not only the best choice, RISC-V is the only logical choice for future ML/HPC systems

Making systems easier to program with scalable set of processors with one instruction set should be the goal

« x86 and ARM processors too heavyweight to serve as both main CPU and accelerator

« GPU's too hard to program, can't be the main processor

+ Only RISC-V has the ability for both:
+ High performance main cores: e.g. Tenstorrent, SemiDynamics, Ventana, Andes, RIVOS, ET-Maxion and others
+ Lightweight RVV vector cores: Esperanto’s ET-Minions and likely many others

RISC-V is now mature and ready to start the revolution for future ML/HPC computing systems

Dave’s prediction: RISC-V based system will win the Green500 in the next 5 years
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A
Vortex: OpenCL Compatible RISC-V GPGPU hle

( Processor

Pabotaet Ha FPGA, ects koneeitep ans 3anycka nporpamm Ha NVIDIA CUDA

\
. N
Cluster W jarp Schedule
- Translating applications in Rodinia benchmark
< Fﬂ*»*w'-»-ﬂ*wa m [.n.su. llu.u “ FPU ”csal ISA Considerations . Vortex(v0.2.2) NVPTX-SPIR-V translator(v0.1.0)
z CoraklCoraeiCormlh )/ £ —
‘ 5 F:AL; 'Core=Core=Core § GPU Operation Type Considerations apphcatlon feature support?
© . + + J T % = -
| 5 g _ @ Core ] BE £ G A AgentB Vertex/Frag Shaders ‘ V Extension or Vec4 Custom b+tree yes
(ol | 8 bk @ . . ) : bfs - yes
o |l e e B’ St Number of Registers Typically GPUs have more Vector Registers (e.g. 128) to avoid
1| —— use of stack in a multithreaded environment cfd double3 type yes
E Data Types Single Precision / Half Precision / fixed point (8 or + for HDR ) huﬁman atomic yes
E ISA Width Often wide instructions 128-bit with embedded shuffle and write pathfinder | memory hierachy yes
E masks gaussian - yes
8 Constant Register GPUs have also a number of constant registers for uniforms h()tSpOt - yes
— v ABI How to map Varyings / Uniforms / Attributes ? hotspot3D - yes
L VeeoMemoy | ' lud memory hierachy | _ yes
nw - yes
| NVVM-SPIR-V SPIR-V-OpenCL streamcluster - yes
clang translator translator . . Vortex articlefilter d2i on goin
s NVVM IR i (RISC-V GPU) P back Tog2f o
source code ¥ 3.2) (sec. 3.3) (Sec. 3.4) ackprop _ og on going
lavaMD dzi on going
kmeans texture no
hybrid sort texture no
leukocyte texture no

. Vortex: . Performance: Software: OpenCL 1.2 Support
. Support RISC-V RV32IMF ISA . 1024 total threads running at 250 MHz Supported FPGAs:
. Scalability: up to 64 cores with . 128 Gflops of compute bandwidth . Intel Arria 10
optional L2 and L3 caches . 16 GB/s of memory bandwidth . Intel Stratix 10
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https://vortex.cc.gatech.edu/
https://github.com/vortexgpgpu/vortex
https://arxiv.org/pdf/2109.00673.pdf

HPC Ha RISC-V: nouemy yxe nopae

HPC B mmnpoBbix TpeHaax skocmctemsl RISC-V

[Toumeps noknanos ¢ HPC RISC-V sopkwonos 2024

RISC-V HW: Ha uem Tectuposats HPC SW yxe ceituac 1 yero xanats

BoiBoabl M nonesHble cCbinKU




Boioapbl

* RISC-V 6bicTpo pazeueaeTcs: HoBbie paclumpenns ISA, npoueccopsl

CEepBEPHOro KNACCA, YCKOPUTENM, MHTEPKOHHEKTHI.

* [epenoc HPC kopo. u peannsaumns HPC anropmtmos Ha RISC-V -
pnmtenbHbi npouecc, RISC-V HPC SIG npusbiBaeT HaunHats ero yxe

cemyac.

*  AxtyanbHas 3apaa4a — nepeHoc SparseBLAS Ha RISC-V, moxHo

HadaTk ¢ bubnuotek Eigen, SuiteSparse, Kokkos.

e [lng TectmpoBaHus cevac ncnonb3yoTcs KNacTepsl, CODPAHHbIE 13

cywecteyowmx RISC-V nnat, cumynstopsl, ects RISC-V GPU Ha FPGA.

* B mupe pabots uayT bonee Tpex ner.

YA
e
SIG-HPC Initiatives

. Guide and enable the community
Virtual Memory
. SV57,5V57K, SV64, SV128
Accelerators
ISA Extensions
HPC Software Stack
. Starting with HPC Libraries
HPC SW & HW ecosystem & roadmap

GO6HOBH€HM9I Ha Gitth

e HPCSIG
e Al/ML & Graphics SIG
* Vector SIG
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https://github.com/riscv-admin
https://www.hpcuserforum.com/wp-content/uploads/2021/09/RISC-V_J.Davis-J.Leidel_Sept-2021-HPC-UF.pdf
https://github.com/riscv-admin/graphics/tree/main
https://github.com/riscv-admin/vector/tree/main
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