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O que é RISC-V?
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Padrdes Abertos

Proprietaria

Area Padrio Aberto Impl. Aberta
0S POSIX Linux, BSD
Compiladores C gce, LLVM
BD SQL PostgreSQL
ISA 77 —

Windows
icx

DB2

x86, ARM
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Empresas fecham e produtos sdo descontinuados

Intel: DEC:
@ 1960 e PDP-11
@ 860 o VAX
@ Itanium o Alpha
MIPS: Sun Microsystems:
e MIPS |-V e SPARC
@ MicroMIPS e MAJC
@ NanoMIPS
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Balcanizacdo de SoCs

Processadores graficos

DSPs de radio
DSPs de audio

energia

Por qué?
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E se tivessimos uma ISA estavel e aberta que pudesse ser usada para tudo?
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O Nascimento do RISC-V

o Em 2010, ap6s muitos anos e projetos de pesquisa usando MIPS,
SPARC e x86, o grupo de arquitetura da UC Berkeley precisava
escolher uma ISA para a préxima geracdo de projetos.

@ Escolhas ébvias: x86 e ARM.

e x86: Impossivel — muito complexo, problemas de propriedade
intelectual (IP).
o ARM: Praticamente impossivel — complexo, sem versdo 64-bit em
2010, problemas de IP.
@ Ent3o, iniciou-se um "projeto de 3 meses" durante o verdo de 2010
para desenvolver uma ISA do zero.

@ Origem Académica: O projeto visava criar uma ISA limpa e pratica
para pesquisa e educacdo, liderado por Krste Asanovi¢ e David
Patterson, com os principais projetistas sendo Andrew Waterman e
Yunsup Lee.
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Evolucdo dos Processadores RISC

RISC-I (1981) RISC-I (1983)  SOAR (1984)  SPUR (1988)
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RISC-V International

o RISC-V & uma ISA livre e
aberta.

@ A especificacdo base do usuario

foi congelada e lancada em

2014, com contribuicio,

ratificacdo e publicacio aberta

pela RISC-V International.
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Fundada em 2015, a RISC-V
International é uma entidade
sem fins lucrativos a servico dos
membros e da indistria.

Objetivos

e Impulsionar a progressio de
especificacdes ratificadas,
suites de conformidade e
outras entregas técnicas.

e Expandir o ecossistema e o
namero de membros,
promovendo diversidade e
prevenindo fragmentacdo.
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Hardware: Ecossistema RISC-V

Cores de Codigo Aberto Fornecedores de Cores

Rocket, BOOM, RISCY, Ariane, PicoRV32, | KON (EIEN{IZ)

liasle, SCRI' Sy Alee) Alibaba, Andes, Bluespec, Cloudbear,

WARP-V, XiangShan, BlackParrot, ... . L.
Cobham, Codasip, Cortus, Imagination,

InCore, MIPS, Nuclei, NSITEXE,
Semidynamics, SiFive, StarFive, Syntacore, )

Nvidia, WDC, Seagate, Huawei, Alibaba, ...

Fornecedores de Chips Comerciais

Alibaba, Bouffalo, EdgeQ, Esperanto,
Espressif, Gigadevice, LeapFive, Microchip,
Mythic, Renesas, Rivos, StarFive,
TensTorrent, UntetherAl, WCH, Ventana, ... )
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Caracteristicas do RISC-V
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Comparando Modelos de Negécio de ISAs

IP de Core |InstrucGes IP de Core
ISA Chips? Licenga? Comercial? Préprias? Open-Source?
x86 Sim, dois | Ndo N3o Nio N3o
fornecedores
ARM Sim, muitos | Sim, caro e re- | Sim, um | N3o N3o
fornecedores stritivo fornecedor
RISC-V | Sim, muitos | Sim, gratuito |Sim, muitos |Sim Sim, muitos
fornecedores fornecedores disponiveis
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Modularidade e Extensdes do RISC-V

@ Arquitetura modular: base minima e extensdes opcionais.

@ Nucleo base: RV32E, RV32l, RV64l ou RV128I.
@ Extensdes padronizadas:

M: multiplicagdo/divisdo inteiras

e A: operacgdes atbmicas

e F/D: ponto flutuante (32/64 bits)

e C: instrucdes compactadas

@ Extensdes personalizadas podem ser adicionadas sem quebrar
compatibilidade.
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Profiles do RISC-V

@ Perfis simplificam a configuragdo minima recomendada.
@ Exemplos:

o RVA20: perfil de aplicagdes, inclui MAFD + C + suporte a SO.
e RV64GC: geral, com extensdes MAFD + C — usado em sistemas
completos.
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Solucoes de RISC-V para HPC
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Empresas com Solucdes RISC-V

InspireSemi
@ Processadores: Thunderbird
Ventana
@ RISC-V: Veyron V3, Veyron V2
o Aceleradores |A: Veyron E2X
SiFive
@ |P: Performance P800 Series (P870-D)
o IP: Intelligence XM Series (Gen 2)
Semidynamics
@ IP: NPU — Cervell
o IP: CPU — Atrevido, Avispado
Esperanto
@ Processadores: ET-SoC-1 Chip
e PCle Boards: ET-SoC-1 PCle Card
@ Servidores: Esperanto Al/HPC compute server
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SolucBes Sophgo

Hardware: Artigos:
@ Processadores RISC-V: @ Is RISC-V ready for High
o SG200X Performance Computing? An
o 5G2044 evaluation of the Sophon
o SG2042 SG2044
o Servidores: o Parallel FFTW on RISC-V: A

e RISC-V 42U Server Cluster
SRC1-10
e RISC-V Compute Server

Comparative Study including
OpenMP, MPI, and HPX

SRA3-40 @ Monte Cimone v2: Down the
e RISC-V Fusion Server Road of RISC-V
SRM1-20 High-Performance Computers

@ Is RISC-V ready for HPC
prime-time: Evaluating the
64-core Sophon 5G2042 RISC-V
CPU
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Pioneer - SG2042

Figure: Pioneer Board

Figure: Pioneer Box
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Cluster Monte Cimone

SLURM-PARTITION: mcimone-milkvs
milkv-1 Each node:
- - 64 rv64_xtheadvector cores
- 128GB DDR4
- Fedora 38
milkv-3 -slurm-client @ 22.05.6

[milkv—server] @ual socket: 128 cores - 256 GBJ
MCIMONE-LOGIN L '
-slurm-client @ 22.05.8 .
-shared /home (NFS) / SLURM-PARTITION: mcimone-nodes \
-shared /opt/share (NSF)
sifive-1 sifive-2

Each Node:
- 4 rv64 cores
-16GB DDR4

21.08.5
sifive-7 sifive-8

Figure: Monte Cimone V1 + V2

Reference:
Monte Cimone v2: Down the Road of RISC-V High-Performance Computers

Leon Barboza, Evaldo Costa (CESAR) ERAD-SE 2025 20 /36



Cluster Monte Cimone

Nodes comparison

STREAM Results 300
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Figure' Resultado STREAM linear scaling ® MCv1 full cluster
Figure: Resultado HPL
Reference:

Monte Cimone v2: Down the Road of RISC-V High-Performance Computers
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Sophon 5G2044
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Sophon 5G2044

90 =OmSophon $G2044
=#=Sophon 562042
3000
=4 AMD EFYC
2500 =G Marvel ThunderX 2
i —a—Intel Skylake
£ 2000 ISA Part Base clock | Number |y o
1 | of cores
£ X86-64 EPYC 7742 225GHz 61 AVXZ
£ 1500 x86-64 | Xeon Platinum 8170 | 2.1 GHz 26 AVX51Z
3 Marvell ThunderX2 | ARMvS.1 CN9980 2GHz 32 NEON
T Sophon SG2042 | RVS4GCV SG2042 2GHz 64 | RVVvOTL
& 1000 Sophon §G2044 RV6AGCV SG2041 2.6 GHz 61 RVV v1.0.0
500 H .
Figure: CPUs
o
1 2 4 8 16 26 32 64
Number of cores
Figure: Resultado NPB EB
Reference:

Is RISC-V ready for High Performance Computing? An evaluation of the Sophon SG2044
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Solucdes TensTorrent

Hardware: Software:

o PCle Boards: o TT-Forge
o Blackhole o TT-Metallium
e Wormhole TT.LLK

o Workstations: ° )
o TT-Quietbox P
e TT-LoudBox :

e Servidor: e CPU TT-Ascalon
o Tenstorrent Galaxy Wormhole @ Tensix Neo

Server
Artigos:

e Exploring Fast Fourier
Transforms on the Tenstorrent
Wormhole

@ Assessing Tenstorrent’s RISC-V
MatMul Acceleration
ERAD-SE 2025 24 /36



Arquitetura Tensix
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Figure: Tensix Core
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Roadmap

2023

2024

2025

Grayskull®
High Performance Al ASIC

e150

First generation Tensix
Processor

Up to 120 Tensix Cores
PCle Gen 4
8GB 256-bit LPDDR4

Leon Barboza, Evaldo Costa (CESAR

Wormhole™
Scalability

n300
Dual Chip

n150
Single Chip

Tensix Cores updated: 50% more
SRAM per Tensix Core™,
improved BLOCKFP8
porformance, expanded precision
format support

Moves to 12GB 192-bit GDDR6
100GbE connectivity

Inter-card and inter-system
expansion

ERAD-SE 2025

Blackhole™
RISC-V & Al Generation

p300
Dual Chip

p150
Single Chip

p100
Single Chip
No Scale-Out

Move to 6nm manufacturing

+ Updates Tensix Cores and adds
up to 16 RISC-V cores

Increases to 32GB 256-bit
GDDRE6 at faster speed

Moves to PCle Gen 5

Upgrades to 400GbE
connectivity
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Blackhole
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Pilha de Software TensTorrent
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Grayskull e75
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Figure: Performance Figure: Eficiéncia Energética
Reference:

Assessing Tenstorrent’s RISC-V MatMul Acceleration Capabilities
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Wormhole n300 - FFT

Table 3. Runtime of Wormhole n300 and entire Xeon Platinum Cascade Lake CPU
executing 2D FFT for problem size 1024 by 1024 elements.

Version Number of |[Runtime Average Power Energy usage
cores (ms) (Watts) J)
Xeon Platinum CPU 24 10.24 353 3.62
Wormhole n300 64 23.56 42 0.99

Reference:
Exploring Fast Fourier Transforms on the Tenstorrent Wormhole
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Wormhole n300 - N-Body

2.00 (a) 2.00 (a)
1.75 1.75
1.50 1.50

S1.25 S1.25

2 2

8, -

€ 1.00 € 1.00

[} [7]

*0.75 *0.75
0.50 i 0.50
0.25 0.25
0.00 301.0 301.2 3014 301.6 301.8 302.0 0.00 301.0 301.2 301.4 301.6 301.8 302.0

Time-to-solution [s] Time-to-solution [s]
Reference:

Accelerating Gravitational N-Body Simulations Using the RISC-V-Based Tenstorrent Wormhole
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Wormhole n300 - N-Body
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Accelerating Gravitational N-Body Simulations Using the RISC-V-Based Tenstorrent Wormhole
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Conclusao
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Conclusdes

@ Diversas empresas apresentam propostas e iniciativas para explorar
RISC-V no mercado de HPC.
@ Poucas empresas possuem produtos RISC-V atualmente disponiveis
em escala comercial.
@ O ecossistema de software ja é relativamente maduro:
e Compiladores, toolchains e runtimes amplamente suportados.
o Ecosistema crescente para bibliotecas numéricas e frameworks de ML.
@ O hardware disponivel ainda esta atras de CPUs e GPUs tradicionais
em desempenho absoluto.

Apesar disso, RISC-V oferece claras vantagens em eficiéncia energética
e especializacdo arquitetural.
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Trabalhos Futuros

@ Executar novos benchmarks em RISC-V:
o Parboil
e Rodinia
e SHOC
@ Portar bibliotecas numéricas para a arquitetura Tensix:
e BLAS / LAPACK
@ Executar benchmarks em aceleradores Tenstorrent:

o Comparar desempenho e eficiéncia energética
o Avaliar portabilidade e esforco de otimizacio
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Obrigado!
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