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GPUs have enabled supercomputers to exceed
exaFLOP performance.

But Al is driving GPU architecture evolutions,
needing only low precision computing.

— How long Dbefore 64b support in GPUs Is
dropped or emulated?

Typical scientific computing kernel needs 64b
floating point support but exhibits low arithmetic
iIntensity and performance is limited by memory
throughput.

FPGAs now provide hardened arithmetic units,
Network-on-Chips (NoC) and memory controllers,
Including High Bandwidth Memory (HBM).

While dedicated architectures or CGRAs may better

RISC-V based GPGPU on FPGA:

Motivation

A Competitive Approach for Scientific Computing ?

Nvidia P100 Peak FLOPS

function solve CG(A::Matrix{Float64}, 10000
b::Vector{Float64},
tol::Float64=1e-12; max_iter::Int=Int(1leb) 1000
) <1% of
~ max FLOP
n = length(b) 2 L) 100 Lo LS
X = zeros(n) # Initial guess (T R .. LW
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for iter in 1:max_iter ‘,.., u’ e ,‘p 'Q"“Q. h .
# matrix-vector multiplication 1 g %, "'**ll g._Jlr_.a_dﬂ" »
Ap = A * p matrix id

# vector-vector—operations
alpha = dot(r, r) / dot(p, Ap)
X += alpha * p
r -= alpha * Ap
new_r_norm = norm(r)
if new_r _norm < tol
return x, iter

end
beta = (new_r_norm / r_norm)”2
p =r + beta * p

(a) SOMV Source: Hong, et al. 2018

I Fig 2. SpMV throughput on Nvidia P100
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Fig 1. Example of a typical HPC kernel:

= Would it be possible to implement a GPGPU _ _ _
Congugate Gradient (CG) iterative solver.

on FPGA maximizing HBM throughput, and
thus being competitive with ASIC GPUs?

Fig 3. Roofline model of linear algebra kernels
for 820 GB/s memory

Platform & Architecture Early Results

Targeted Platform: AMD Alveo V80
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I Fig 6. Post-route FPGA floorplan with 14 clusters (colored)
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Vortex FPGA Implementation

Vortex Is an opensource RISC-V based GPGPU (https://github.com/vortexgpgpu/vortex). 4 cores 500 3% 4% 0% <1% 300 MHz 10 GFLOPS
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* Optimized memory subsystem to exploit HBM bandwidth
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I Fig 5. Vortex architecture with 1 to 14 clusters connected to NoC
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