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• Scientific computing applications require 
64b floating point computing precision
• Sometimes, 64b is not even enough…
(see [1] E. Guthmuller, et al., “Xvpfloat: RISC-V ISA Extension for Variable 
Extended Precision Floating Point Computation”, (2024) IEEE Transactions on 
Computers)
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Motivation

2024-11 TOP500

• GPGPUs have enabled exa-FLOPs class performance in recent 
supercomputers
• Codes have been adapted to GPGPU computing paradigm (costly)

• But AI 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 ?
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Our objective:
Explore the feasibility/performance of a 

GPGPU implemented on FPGA with support 
for FP64 computation and targeting 

scientific computing use cases



• Scientific computing apps rely 
on well optimized linear 
algebra frameworks, e.g. BLAS
• Mostly vector-vector (lvl1) and 

matrix-vector (lvl2)
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Brief intro to scientific computing kernels
10000

Nvidia P100 Peak FLOPS

Hong, et al. 2018 [2]

• These kernels have low arithmetic intensity 
 Limited by memory bandwidth
• For example Sparse Matrix-Vector (SpMV) is running at 

~1% peak FLOPS of Nvidia P100
Kernel Operation Max GFLOPS
DOT ∝= 𝑥 ∙ 𝑦 205
AXPY 𝑦 =∝ 𝑥 + 𝑦 68
SCAL 𝑥 =∝ 𝑥 102
SpMV 𝑦 = 𝐴𝑥 135

Roofline model for HBM2 
(2 stacks, 820 GB/s)
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Roofline model for HBM2 
(2 stacks, 820 GB/s)

Targeted benchmarks:

1/ LINPACK: arithmetic intensive, used for 
TOP500 ranking
2/ HPCG [3]: memory & IO intensive; 
although pessimistic, more representative 
of real use cases

2025-05-13
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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

• Targeting biggest AMD FPGA that includes 
HBM

• Alveo V80 offers a GPU form factor designed 
for server blade integration

32 GB of HBM, 820 GB/s
32 GB of DDR4, 26 GB/s
PCIe 5.0 8x, 64 GB/s
128 GB/s VNoC
256 GB/s HNoC
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Early results
• Up to 14 clusters of 4 cores (4W4T)
• 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 PCIe 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

Config LUTs FFs RAM
small

RAM
big

DSP Freq Peak
FP32

4 cores 5% 3% 4% 0% <1% 300 MHz 10 GFLOPS
56 cores 70% 39% 39% 0% 4% 282 MHz 126 GFLOPS
AMD Versal
HBM XCV80

2.5 M - 132 Mb 541 Mb 10.8 K ~800 MHz 17.5 TFLOPS

• 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
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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 PCIe 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 ?



Thanks !
Contact: eric.guthmuller@cea.fr
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