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The European Synchrotron Radiation Facility

Problem statement

● High-throughput data transfer (RoCE)
● Directly into GPU/FPGA coprocessors

for Low latency data analysis

Outcome

● Detector simulators
● Data analysis pipeline in GPU/FPGA

OUTLINE

2

European Photon & Neutron Science Campus
Grenoble, FR
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X RAY SYNCHROTRON RADIATION
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Challenging use case: X ray 
Serial Crystallography is one of 
the most demanding science.

Precludes storage of the raw 
data and batch processing as 
done traditionally.
Online processing challenges:

● Complex raw data  
pre-processing…

● Fast-feedback,
● Image rejection, 
● Compression,
● Reconstruction, ...

PHOTON SCIENCE AT BIG DATA ERA
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PSI Jungfrau 32M detector =
32 modules x 1024x512 pixels
16 bits 2.2 kHz 68 GB/s  4T/mn
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High-throughput, low-latency, detector driven, data transfer

Spatially and temporally selectable RoI

Multiple concurrent data flows

RDMA / Zerocopy techniques

FPGA/GPU Accelerators as data processing units

Scalable and technology agnostic: RoCEv2 (GBE), PCI-e

ESRF RASHPA DAQ FRAMEWORK 
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RASHPA PROCESSING UNIT 
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GPU / FPGA

PCI-e, DMA Bypass

Global Memory DDR6 / DDR4

Shared Memory / BRAM

GPU&FPGA AS RASHPA PROCESSING UNIT

Streaming Multiprocessor / HLS IP

CUDA / C + #pragma
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REMU: DETECTOR SIMULATOR

● Custom dataset upload
● RASHPA Manager

ROMULU: ONLINE DATA ANALYSIS 

● CUDA, OpenCL / NVIDIA, AMD
● OpenMP, Persistent kernel

COMMON: IBVERBS

● Write Verb, Unreliable Connected Queue Pair (Libibverbs), Connectx-5

RASHPA EMULATORS & ROCEv2
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FIRST PUBLICATION IN JSR (IUCr)
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PCIE EMULATOR SOFTCORE CONTROLLED  

REMU SIMULATOR
Microblaze performs BD 
computations and  
controls DMA engine

Internal DDR

CDMA engine MM2MM
Scatter/Gather mode

AXI to PCI-e 
Bridge

PCIe
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BD[i].dest_addr = (!b)  ? PA_DDR_L 
+ i * d->w1 
+ (n%(2*d->bunch)) * d->w1*d->h1 
+ d->x1
+ d->y1*d->w1

ONLINE DMA BDs CONFIGURATION
BD[i].src_addr = FPGA_DDR0_L + DDR_OFFSET 

+ n * d->w0*d->h0
+ d->x0
+ d->y0 * d->w0
+ i  * d->w0; 

Problem Statement:

Could next buffer list be 
computed during previous 
DMA transfer by a softcore 
application ?
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Describes source addresses 
in detector memory 

Destination addresses are 
also managed by the system

  : PA_DDR_L 
+ i * d->w1 
+ (n%(2*d->bunch)) * d->w1*d->h1 
+ d->x1+d->y1*d->w1 
+ d->w1*d->h1*2 * d->bunch;

Buffer descriptors 
control DMA 
engine
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23nd EUROMICRO CONFERENCE DSD20
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SCHEDULER

Device2Host Transfer

DMA Transfer

Host2Device Transfer
possibly skipped with GPUDirect

Data processing 
kernel
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L
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DATA PROCESSING PIPELINE: ROMULU
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pinned memory allocation 
in host memory

1st stage

2nd stage

4th stage

3rd stage
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Raw data preprocessing 

ONLINE DATA ANALYSIS 
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Compressed Sparse Row Matrix format (CSR)

● Based on Cum-scan
● PyCUDA Meta compiler generated code

Rejection algorithm based on 
Bragg’s Peak counter (< 1 - 10% hit expected)

● AtomicInc
● Shared memory

3 gain level/pixel 
=>Up to 6 parameters 
for each pixel
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LOW LATENCY GPU SYNC. MECHANISM

CUDA stream memory operations

● Kernels are pre-launched and 
put on hold on CUDA streams 
(cuStreamWaitValue32)

● Triggered DMA end of transfer
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CUDA kernels launch time not negligible when done from host driver (40 μs)

Reduced to 5 μs

Decreased launch time
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DATA PROCESSING IN FPGA

18

AXI master
HLS data 
processing IP

Onboard
FPGA DDR4

XDMA Peer
PCI-e Bypass

void jf_process(u16 raw[N],res[N])
{
#pragma HLS INTERFACE 
s_axilite port=raw bundle=control
#pragma HLS INTERFACE m_axi 
port=raw depth=N

u16 _raw[N],;
float _res[N];

memcpy(_raw, raw,             

for( i=0; i < N; i+=4)  {
   #pragma HLS UNROLL
   int l=(_raw[i] >> 14);
   _res[i] = ((_raw[i] & 0x3fff) -
                         _pede[i]) / _g[i+l*N];

memcpy(res,_res,
}

mBlaze for 
debug only
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www.esrf.eu

Take home message

RASHPA

RDMA-based Acquisition System 
for High Performance Applications.

Zerocopy / RDMA / RoCEv2 / GPUDirect

Thank you for your attention
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Thank you for your attention
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