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CPUs/GPUs/ASICs

HW Systems

OS

Compiler/Toolchain

Schedulers

Libraries/Platforms

Applications “As above, so below”

Similar concepts/mechanisms at all levels

“Steered by a vision”

“Steered by detailed insight”



CPUs/GPUs/ASICs

HW Systems

OS

Compiler/Toolchain

Schedulers

Libraries/Platforms

Applications

256 elements. 8 lanes per core

“Limited” number of  “general purpose” control flows within tile

Workflow

MPI

OpenMP

Accelerator 

specific

vectors

Expression & 

exploitation of 

Parallelism

106 = 1 × 106 = 10 × 105 = 102 × 102 × 102

Long vectors
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Task based models
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Interoperability MPI + OpenMP
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Long vectors

Task based 

computational 

workflows



A wish:

Handoff scheduling
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Vector Length Agnostic 

(VLA) programming and 

architecture

ISA 
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VLA helps homogenize Heterogeneous Performance

Nested tasked/workshared







LRU Stack distance (colored by instr)

Instr timing (colored by instr)

CPUs/GPUs/ASICs

HW Systems

OS

Compiler/Toolchain

Schedulers

Libraries/Platforms

Applications

Access pattern (colored by PC)

Try to avoid flying blind in the midst
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Applications

Runtime

PM: High-level, clean, abstract interface

ISA / API



INT

FP

MIQ

GIQ

VFIQ

64B 8B

PC I$

ITLB

BP

Queue Dec
2i

D$DTLB AlignvAGU

Gazzillion

Coherent
Interface

• SV48
• 16KB I$
• Decodes upcoming V1.0 vector spec
• 32KB D$
• Full hardware support for unaligned accesses
• Coherent (CHI)
• Vector Memory (vle, vlse, vlxe, vse, …) processed by MIQ/LSU

3rd PARTY VPU

O
V
I

Courtesy R. Espasa
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“Vitruvius: An Area-Efficient Decoupled Vector Accelerator for High Performance Computing”

F. Minervini, O. Palomar. RISC-V Summit 2021



“VPU microtiles”

“STX microtile”

VPU

L2 HN

“I/O microtile”



copy scale add  triad

~25x 

while only 8x FPUs

 Long vectors !!

 Memory Bandwidth



 1.4 GHz























RISCV Vector Linux Node

VCU 128 dev kit

UART

DDR4
ctrl

CHI
2

AXI
1GB ETH

PCIe

AXI
Xbar
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.

FPGA V37P

Avispado
32K$

VPU
8 lanes

64B/cyc

le

HN – L2
256KB

HN – L2
256KB

HN – L2
256KB

HN – L2
256KB

NOC

64B/cyc

le

PLICDM CLINT

RISCV scalar

Network

Network

Filesystem

RTL Repo

Operations NFS

Self hosted RVV node @50MHz
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RVV = RISC-V with Vector Extension Support

Vector support is provided through:

• Inline intrinsics
• Auto-vectorization by the compiler

Current FPGA implementation 1 core @ 50 MHz

Expect to scale to dual/quad core by end of 2022

Full linux support

More info: https://repo.hca.bsc.es/gitlab/epi-public/risc-v-vector-simulation-environment

https://repo.hca.bsc.es/gitlab/epi-public/risc-v-vector-simulation-environment
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SpMV

Jacobi 2D
“Stream”

FFT

HACC



• Climate dwarfs

• TFLite

• Containers

• PyCOMPSs

• Spark

• BLIS
• Ginkgo

• Pytorch

• PostgressSQL

• Sorting

Yolo

Scalar: 1035.5 s

Vector:    29.3 s

@vehave. 

• GROMACS

• EC-EARTH

• OneDNN

Bolt

Intel (2.5GHz):          0.0303 s

Unmatched (1.2GHz): 0.1634 s

SDV Scalar (50MHz): 5.8462 s

SDV  Vector (50MHz): 3.7104 s

Linpack

RF Frontend

Tx

Rx

Window
+

Doppler FFT

Beamforming,
Thresholding, 

Peak Detection

DoA Estimation
Azimuth + 
Elevation

Clustering, 
tracking etc.

Radar Sensor

Sensor Fusion / 
Actuator

Window
+

Range FFT



Extrae + Paraver

Standard HPC 

instrumentation

analytics and 

visualization

Vehave + MUSA

Detailed analysis …

… of flexible  what-ifs

at ISA/µArch level

SDV@FPGA

Detailed analysis …

… of actual RTL … 

… at “large” scale



AC

C

Research

Prototype

TC

EPAC 1.0

TC

2

EPAC 1.5

AC

C

Research

Prototype

TC

3

P2: PHY

SGA1

SGA2

TEP

~ yearly RTL dev. cycle
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