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Motivation
1 El Capitan - HPE Cray EX255a, AMD 11,039,616 1,742.00
4th Gen EPYC 24C 1.8GHz, AMD
. . . . . . Instinct MI300A, [Slingshot-11, TOSS,
« Scientific computing applications require
. . . .. DOE/NNSA/LLNL
64b floating point computing precision Uit S
° SOmetimeSI 64b iS Nnot even enough... 2 Frontier - HPE Cray EX235a, AMD 9,066,176 1,353.00
Optimy ' YC 64C
(see [1] E. Guthmuller, et al., “Xvpfloat: RISC-V ISA Extension for Variable 26ta|arD et MI250X,
Extended Precision Floating Point Computation”, (2024) IEEE Transactions on Slingshot-11, HPE Cray 05, HPE
Computers) DOE/SC/Oak Ridge National
Laborator
United Staies 2024_" TOPBOO
« GPGPUs have enabled exa-FLOPs class performance in recent
supercomputers

+ Codes have been adapted to GPGPU computing paradigm (costly)

- But Al market is exploding and is much bigger than scientific computing
— GPGPUs are more and more optimized for low precision computing
— How long before 64b support is dropped or emulated ?

@ RISC-V Summit Europe 2025 - Eric Guthmuller 2025-05-13 2



Rmax
Rank System Cores (PFlop/s)

Motivation

1 El Capitan - HPE Cray EX255a, AMD 11,039,616 1,742.00
4th Gen EPYC 24C 1.8GHz, AMD
. .. . . . . Instinct MI300A, [Slingshot-11, TOSS,
. SC|ent|f|C.comp.ut|ng oppllpotlons require T
64b floating point computing precision United States
° Som( i 9,066,176 1,353.00

(see il G Our objective:

Extended

ceenaed  Explore the feasibility/performance of a
GPGPU implemented on FPGA with support  24-n1T10p500

- GPGP for FP64 computation and targeting t
sucpzr scientific computing use cases
° O (

« But Al market is exploding and is much bigger than scientific computing
— GPGPUs are more and more optimized for low precision computing
— How long before 64b support is dropped or emulated ?

@ RISC-V Summit Europe 2025 - Eric Guthmuller 2025-05-13 3



Brief intro to scientific computing kernels
Nvidia P100 Peak FLOPS
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- Scientific computing apps rely ons
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. Mostly vector-vector (Ivil) and Tty TEH Tl AR

matrix-vector (Ivi2) mawixid * Hong, et al. 2018 [2]

function solve_CG(A:: Matrix{Float64 },

b:: Vector{Float64},

tol:: Float64=1e—-12; max_iter:: Int=Int(leld)
)

length(b)

zeros(n) # Initial guess

b -—A = x # Initial residual

p = copy(r) # Initial search direction
r_norm = norm(r)

These kernels have low arithmetic intensity

= Limited by memory bandwidth ’5

- For example Sparse Matrix-Vector (SpMV) is running at
~'I°/o pedk FLOPS Of NvidiG P'IOO iApI]l:‘dIAl'tlr:—};-'eCIOl' lT]Ll]Ilp']lCLlHOIl
vector—vector Opt"l‘ﬂ'[]O]lS

alpha = dot(r, r) / dot(p. Ap)
. r —= alpha = Ap
Roofline model for HBM2 new_r_norm = norm(r)
DOT X=Xx"-y
(2 StGCkS, 820 GB/S) if new_r_norm < tol

return x, iter

AXPY y =X X + y 68 end
SCAL X — X 102 IIj)eiar=+(rtl)c::\:a_r:_knc[))rm !/ r_norm)"2
r_norm = new_r_norm
— i — Eri — d - —
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Targeted benchmarks:

1/ LINPACK: arithmetic intensive, used for
TOP500 ranking
2/ HPCG [3]: memory & IO intensive;

although pessimistic, more representative

of real use cases

- SpMV
* SpMV_UB

ot al. 2018 [2]

VMatrix { Float64 },

Z max_iter:: Int=Int(l1ed)

| RETNT1 | Vperaton | MUax Grivrs e
—= alpha = A
new_r_norm norm(r)
‘ DOT o= x - 205 -
y if W_I_ < tol
ret iter
AXPY y = X + y 68 end e o
SCAL x=ocx 102 et = e /o)
_norm = new_r_norm
— 1 _ —
y - Ax ]35 f'l;.(tur X max_i2t9r25 05-13 °



Why GPGPU[Vortex on FPGA ?

« CGRA architectures certainly map better on FPGA

- Very high resource usage possible (>90%) at high frequency
(>400MHz)

« But programming model is a prime decision factor
« CEA sci comp users: “Scientific computing is not limited to BLAS calls”

 Already familiar with GPGPU frameworks, e.g. OpenCL

 Previous works on RISC-V HW & SW
« CEA member of OpenHW Group & contributing to open HW

— VORTEX [4] is the best candidate for our project
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Targeted FPGA platform: AMD Alveo V80

SLR2 | HBM controller | :
32 GB of HBM, 820 GB/S | HNOC (4 channels) |
32 GB of DDR4, 26 GB/S Q| Q Q| Q :
PCle 5.0 8, 64 GBfs | R
128 GB/S VNoC | HNoC (2 channels) |
256 GB/s HNoC T T
- inec gl gl gl g
' channel = 2 Z r& Z
E 16 GB/s
 full duplex | HNoC (2 channels) |
I SLRO [ e S
E | HNoC (2 channels) | 5
- Targeting biggest AMD FPGA that includes HE
HBM o (g8l 3] s
+ | Controller & 3 3 Q Q Q
* Alveo V80 offers a GPU form factor designed >, = I O N
for server blade integration 1 FNoG (& chamnels) K

| DDR4 controller |
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Early results

- Up to 14 clusters of 4 cores (4WA4T)

« Connected to VNoC, distributed to maximize
bandwidth

- SpMV difficult to vectorize — narrower cores ?

« FP32 for now (FP64 not available on FPGA in
vanilla Vortex

 Each cluster has its own configuration
interface (WIP)

« Goal: avoid SLR crossing

- Using Xilinx PCle included DMA (called
QDMA) for host—device communication

« Goal: avoid Xilinx XRT software stack

 Successfully ran OpenCL kernels on smaller
configuration using AMD VCK190 board
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Early results

« Up to 126 GFLOPS peak at 56 cores

- Frequency quite stable, even with quite high utilization ratio
(70%)
« No SLR crossing

» Only L1 caches — no big RAM (URAM) used
- Memory hierarchy WIP

LUTs RAM Peak
big FP32
5% 3% 4% 0%

4 cores <1% 300 MHz 10 GFLOPS
56 cores 70% 39% 39% 0% 4% 282 MHz 126 GFLOPS
AMD Versal 2bM - 132Mb 541 Mb 10.8 K ~800 MHz 17.5 TFLOPS
HBM XCV80
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Conclusion/Challenges Ahead

» Beginning of our journey towards FP64 GPGPU on FPGA
» First implementation trials promising: high utilization and high
frequency
» First kernels already running over AMD Versal PCle QDMA

* Next tasks:
 Porting OpenCL BLAS & benchmarks: Linpack and HPCG
- Use FP64 soft macros from AMD/Xilinx to implement FP64

« Main challenges: memory hiearchy
+ AMD’s FPGA NoC is limited to 128 GB/s of vertical bandwidth, falling
short of the 819 GB/s of HBM bandwidth — Need for another
vertical interconnect, maybe also horizontal ?

- Read latency could top one hundred cycles, much higher than
what could be masked using the 4 hardware threads of our
current Vortex configuration — More wavefronts and streamers ?
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Contact: eric.guthmuller@cea.fr
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