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NF"ESEﬂ Motivation

d Development of advanced FPGA-based data
acquisition systems in MTCA.4 using the hardware
acceleration methodologies proposed by Intel FPGA
and XILINX. Design cycle based on:

= The use of FPGAs or SoCs available in AMC boards for
MTCA.4 systems

* The integration of high-speed ADC modules in FMC format
linked with the FPGA by LVDS and JESD204B interfaces

* The development of data acquisition control and processing
tasks are developed using OpenCL and/or HLS

Applications in MTCA.4 Systems using OpenCL

= Software layers implement an Interface with EPICS
framework

Using FPGA-based AMC Carrier Boards for FMC to Implement Intelligent Data Acquisition

0 Main goal is the reduction of the development time
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1. Software and hardware setup needed for the
development

2. Approach and design methodology (hardware
acceleration)

= |ntel FPGA and XILINX AMD
= Reference designs and BSPs

3. Applications to:
= AMC-NAMC-ARRIA10 + ADC (JESD204B)
= AMC-NAMC-ZYNQMP + ADC (LVDS)

Data Acquisition and processing by using OpenCL/HLS
kernels

5. Software layers to interface with EPICS
6. Results and conclusions
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%Esfé 1.- MTCA.4 platform used for the development
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HOST MTCA4 CHASSIS

COMPUTER CODAC Core System 6.0
rrm MCH carrier AMC ARRIA10 FPGA AMC ZYNMP FPGA

PCle R
WEES optical ligg. Lo N . ,

foa Q- = -~

> AMD1 s f t
(lntel) FPGA € XILINX gpen{?o FMC DAQBoard 7 = CUSTOM FMC DAQ Board

pevice  [IAMER | :

Applications in MTCA.4 Systems using OpenCL

N

Maximize the use of COTS elements to reduce the development time

Using FPGA-based AMC Carrier Boards for FMC to Implement Intelligent Data Acquisition
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NPSS 2 Approach

Q SoC (PS) or FPGA(PL)
implements a high-speed
interface with FMC-based
DAQ devices AMC Cartier

a FPGA (PL) HW for DAQ
and processing ADC FPGA
implemented using or
OpenCL/HLS (designed SoC (PS+ PL)
following hardware
acceleration design flow ac
approach)

d Host computer (ARM for
SoC or external PC)
running the OpenCL
runtime or XRT)
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NPss | 2-Design Methodology using Intel FPGA (for PCle platforms)

D FPGA BSP: DEVICE DESIGN FLOW

HOST DESIGN FLOW

= Basic design implemented using aoo system +17 e LS
Code es (board__spec.xml)

Platform designer and Quartus (<, ) (ate, Gy

—

" |nterface with FMC using ! it N
Quartus _Lontroller
J ES D 2 04 B Nativeg(r:lzmpiler ;:Sr:; 4% VH I().I‘_Ilr‘r:;del
. Software
= Static part. Incremental %
compilation flow s

. . Support
= Connection with Host through Beckoes (ernels
HOST e Source Code
PCle Binary Intel FPGA SDK for =

OpenCL
Kernels Offline

A Custom kernels Opencl oo (oo

= |nterface with static part Avalon-
ST or AXI-ST

= User algorithms
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= Partial reconfiguration

| Kernel Binary
. (.aocx)
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NPss | 2-Design Methodology using Intel FPGA (for SoC platforms)

O FPGA BSP:

Avalon-MM or AXI-MM

HOST
Binary Intel FPGA SDK
— Kernel for OpenCL
ey Kernels Offline
— i Compiler (aoc)
= B (.aocx) \,7

Q Custom kernels /NI

EMBEDDED LINUX O.S DESIGN FLOW

= Basic design implemented using  ostoesion riow DEVICE DESIGN FLOW
Platform designer and Quartus e Sysem 9 o Conts e
. . Code qi ,?ss . (board_env.xml)

. » |nterface with FMC using o) K920/ /- tooard specami
8_ J ESD204B Intel ADC_Controller
C")D . . Cross (;(;mpiler Q;:r:::S VHDL model
5 = Static part (incremental TS Desien Wi
E compilation)
< = Connection with Host through woard. -
§ Package Sour(c.ilgiode
=
<

OpenCL ADC_Contro
RTE Driver ller Driver

= |nterface with Static part Avalon

User Space
Applications

| (-c, .h) (.c, .h)
ST Or AXI ST Embedded \ / LinU)a(rI](irnel
1 i i Code
= User algorithms virbuton | (G i o)
_ gnueabihf

Using FPGA-based AMC Carrier Boards for FMC to Implement Intelligent Data Acquisition

= Partial reconfiguration
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NPSS 2-Design Methodology using AMD XILINX

BSP: Vitis HW Platforms Custom kernels:

d Open for embedded platforms Q Interface with AX|
= |nterface with FMC using AXI
= Static part

* Closed for PCle (only ALVEO

O RTL, HLS or OpenCL
A Partial reconfiguration Optional

H W) Kernels
x86 PS Vitis HW PL PL
Compiler | GG Platform (RTL) (Vitis HLS)

Vitis SW
platform [l [Kemelxo] [IKEmERXeT

Vitis v++ Linker

Applications in MTCA.4 Systems using OpenCL

_____ | }

' ____! Environments Run on Device m HW Emulation

Ea,
aewo|

GRUPODE ... ___ _________ __ @
INSTRUMENTACION Y =
m Y ACUSTICA APLICADA B T Eeruen

Using FPGA-based AMC Carrier Boards for FMC to Implement Intelligent Data Acquisition



ﬁl‘s‘é 2.- Application of Reference designs for COTS AMC boards (FPGA-PL)

LCLIAR & FLASMA
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Q Interface to HOST AMC

FPGA Programmable Logic

x86_64 using PCle Global

Memory

Q HOST runs OpenCL o DR
oard Suppor
runtime environment Package (1)

= Linux Kernel Module

AXl/Avalon ST

v' Applicable to commercial and custom designed
products (Intel FPGA)
" Interfacesthe FMC  « Design available only for ALVEO HW (XILINX)

= Access to Global
Memory

Q BSP: basic design
(HDL)

= Provides streaming
outputs

PCle board
approach

Applications in MTCA.4 Systems using OpenCL

1. IntelFPGA: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-quidance/opencl-bsp-support.html
Intel® FPGA SDK for OpenCL™ Intel® Arria® 10 GX FPGA Development Kit Reference Platform Porting Guide
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https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-guidance/opencl-bsp-support.html

?ﬁ?& 2.- Application of Reference designs for COTS AMC boards (SoC)

HUCLTAR & FLASMA
SOIENCES SOCIETY

aQ ARM-HOST (PS) running
OpenCL runtime
environment

Embedded
Approach

=  Linux Kernel Module

=  Access to Global
Memory

0 BSP: basic design (HDL) SORIAL eSS

(x86_64)

" Provides streaming

= |nterfaces the FMC
Q External HOST interfaces

using PCle (access to v" Applicable to commercial and custom designed
AMC global memory) products (Intel FPGA and XILINX)

(ARM-HOST)

Applications in MTCA.4 Systems using OpenCL

1. IntelFPGA: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-guidance/opencl-bsp-support.html
Intel® FPGA SDK for OpenCL™ Intel® Arria® 10 SoC FPGA Development Kit Reference Platform Porting Guide

2. XILINX VITIS Embedded Platform Source: https://github.com/Xilinx/Vitis_Embedded_Platform_Source
Vitis_Embedded_Platform_Source/Xilinx_Official_Platforms
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https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-guidance/opencl-bsp-support.html
https://github.com/Xilinx/Vitis_Embedded_Platform_Source

3- Application to NAMC-ARRIA10-FMC & AD-FMCDAQ2-EBZ
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Applications in MTCA.4 Systems using OpenCL
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| NAMC-ZYNQMP-FMC |

| custom Fmc-aFessos |

DDRAM

I ZYNQMP

" -
- Mem Controller .
- . <€ » SPI <
- L
= spi_out AXI-ST —> .
L[] - I—) to
OpenCL/HLS . AXI-Lite SPI 4'—}_
L
e AXI-Lite -
= ospiin | 4_4\_| .
- AXI-ST »
. MEM .
D " Reset = A 4
PCle————» _r processor | ® 3
L
Clock - 2 LNA
L] -
. Ultrascale+ MPSOC Pl Wizard :| > Z % h
O 3 FILTERS
OpenCL/HLS - -
-
L ]
A = | TAG [« AFE5808
L ]
L ]
-
-

l———————=——AXI Stream / 8 channels—

Applications in MTCA.4 Systems using OpenCL
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NFEESEE 4.- Ping-Pong solution for DAQ and Processing (Intel FPGA OpenCL)

HUCLIAR & FLASMA
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GDR(global memory) ﬂ 0 M

K_producer

)

Data write
(short16)

JESD204B
io_pipe

__Data Processing
cl_pipe ()= Read
Process......

Write >

( __kemel consumer

Dataread (short16)

Conversion (Volts)

BSP: 15% of LE, 9% of MB.
Consumer-producer logic:
2% of LE and 3% of MB

Data (float)

K_manager

\

__Data Processing
() > Read
Process......

Write =2

__kernel void K_manager(
const uint bufferSize,
const uint numberOfBlocks,
const uint numberOfSubBuffers){
__private uint offset = 0;

for (uint i=0;i<numberOfBlocks;i++){
offset = read_channel_intel(IRIOCL_ConsumerToManager);
mem_fence(CLK_GLOBAL_MEM_FENCE | CLK_CHANNEL_MEM_FENCE);

Applications in MTCA.4 Systems using OpenCL

write_channel_intel(IRIOCL_managerToProducer,offset);
mem_fence(CLK_GLOBAL_MEM_FENCE | CLK_CHANNEL_MEM_FENCE);

C
o
=
2
>
O
Q
<
(]
+—
©
o
+—
C
()
20
o
+=
£
4
C
(]
S
Q
Q.
£
[©]
+
(©]
p=
[
—
[e]
[Paet
(%]
©
—
(5]
[e]
[aa)]
—
(Y]
=
—_
©
(@]
O
=
<
e
Q
(%]
(3]
2
<
O
o
L
o]
c
@
)

GRUPO DE INVESTIGACIGN EN @
INSTRUM ENTACION Y 2
ACUSTIGA APLICADA

POLITECNICA




@E%IEEE
NPSS

HUCLIAR & FLASMA
SCIENCES SOOIETY

C
o
=
2
>
O
Q
<
(]
+—
©
o
+—
C
()
20
o
+=
£
4
C
(]
S
Q
Q.
£
[©]
+
(©]
p=
[
—
[e]
[Paet
(%]
©
—
(5]
[e]
[aa)]
—
(Y]
=
—_
©
(@]
O
=
<
e
Q
(%]
(3]
2
<
O
o
L
o]
c
@
)

Applications in MTCA.4 Systems using OpenCL

4.- Ping-Pong solution for DAQ and Processing (Intel FPGA OpenCL)

o

GDR(global memory) ‘|

K_producer

JESD204B
io_pipe O

Data write

(short16)

K_manager

tk2

f __kernel consumer

Dataread (short16)

Conversion (Volts)

Data (float)

__Data Processing
cl_pipe ()= Read

Process......
Write >

__Data Processing
O > Read
Process......

Write >

__kernel void k_producer(
__global __attribute__((aligned(
//Kernel Body
for (uint i=0;i<numberOfBlocks;i++){

offset = read_channel_intel(IRIOCL _managerToProducer);

#pragma ivdep

for (uint j = offset;j < offset+bufferSize ;j++){
hadcsamples = read channel intel(rx link);
prv_buffer.sO = (((hadcsamples.s4 >>(8*3)) & (

prv_buffer.sF = (((hadcsamples.s2 >>(3*0)) & (
h_Buffer[j] = prv_buffer;
}

}

write_channel_intel(IRIOCL_ProducerToConsumer,offset);

))) volatile ushort16* restrict h_Buffer, const uint bufferSize, const uint numberOfBlocks){

mem_fence(CLK_GLOBAL_MEM_FENCE | CLK_CHANNEL_MEM_FENCE);

))<<8) + ((hadcsamples.s5 >>(8*3)) & (0xFF));

))<<8) + ((hadcsamples.s3 >>(8*0)) & (0xFF));

mem_fence(CLK_GLOBAL_MEM_FENCE | CLK_CHANNEL_MEM_FENCE);
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Nplaﬁsig 4.- Ping-Pong solution for DAQ and Processing (Intel FPGA OpenCL)

HUCLIAR & FLASMA
SCIENCES SOOIETY

C
o
=
2
>
O
Q
<
(]
+—
©
o
+—
C
()
20
o
+=
£
4
C
(]
S
Q
Q.
£
[©]
+
(©]
p=
[
—
[e]
[Paet
(%]
©
—
(5]
[e]
[aa)]
—
(Y]
=
—_
©
(@]
O
=
<
e
Q
(%]
(3]
2
<
O
o
L
o]
c
@
)

GDR(global memory) w 0 m

th 1 K_producer

JESD204B

io_pipe O """
Data write
(short16)

tk g __kernel consumer __Data Processing
- Read
Process......

Write =2

Dataread (short16)

Conversion (Volts)

Data (float)
K_manager __Data Processing
p clpipe () Read
Process...
Write 9

tk2

__kernel void consumer(
__global __attribute__((aligned(64))) volatile ushort16* restrict h_Buffer, const uint bufferSize, const uint numberOfBlocks,
__global ulong* restrict result, __global uchar* restrict clearBuffers

)}{//Kernel Body
offset = read_channel_intel(IRIOCL_ProducerToConsumer);
mem_fence(CLK_GLOBAL_MEM_FENCE | CLK_CHANNEL_MEM_FENCE);

write_channel_intel(IRIOCL_Consumer_To_pulse_count,offset);
write_channel_intel(IRIOCL_Consumer_To_Campbelling,offset);

Applications in MTCA.4 Systems using OpenCL

error = read_channel_intel(IRIOCL_pulse_count_To_Consumer);
mem_fence(CLK_GLOBAL_MEM_FENCE | CLK_CHANNEL_MEM_FENCE);

error = read_channel_intel(IRIOCL_Campbelling_To_Consumer);
mem_fence(CLK_GLOBAL_MEM_FENCE | CLK_CHANNEL_MEM_FENCE);

mem_fence(CLK_GLOBAL_MEM_FENCE | CLK_CHANNEL_MEM_FENCE);
write_channel_intel(IRIOCL_ConsumerToManager,offset);
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%5‘5‘5 4.- Acquiring data from ADC using streaming (XILINX AMD HLS)

NUCLEAR & FLASMA
SCIEWCES 2O0IETY

C
o
=
2
>
O
Q
<
(]
4+
©
o
4+
C
()
20
o
+—
£
4+
C
(]
S
Q
Q.
£
[©]
+—
(©]
p=
[N
—
o
Y=
(%]
©
—
(5]
o
[an]
—
(Y]
=
—_
©
(@]
O
=
<
e
Q
(%]
(3]
2
<
O
o
L
o]
c
‘@
)

extern "C"{

void k_config(hls::stream<pkt_config> &config_out,
short k_excitation_chn,
int k_start_acquisition,
int k_acquisition_samples,
short k_test){

#pragma HLS INTERFACE axis port = config_out

pkt_config value; \
value.data.range(95,80) = k_test; k_config DDR (Global memory)

value.data.range(79,64) = k_excitation_chn; _ ( \
value.data.range(63,32) = k_acquisition_samples;
value.data.range(31,0) = k_start_acquisition;
' . . S 1/
} config_out.write(value); amples PS (HOST-ARM)
}
extern "C" {
void k_afe5808(hls::stream<pkt_afe5808> &afe5808_in,

pkt_afe5808_out *afe5808_out,
int samples){

#pragma HLS INTERFACE axis port=afe5808_in

#pragma HLS INTERFACE m_axi port = afe5808_out offset = slave bundle = gmem
#pragma HLS INTERFACE s_axilite port = afe5808_out bundle = control

#pragma HLS INTERFACE s_axilite port = samples bundle = control

#pragma HLS INTERFACE s_axilite port = return bundle = control

Applications in MTCA.4 Systems using OpenCL

for (unsigned int i = 0; i < samples; i++){
#pragma HLS LOOP_TRIPCOUNT min = samples max = samples
#pragma HLS PIPELINE Il =1
pkt_afe5808 value = afe5808_in.read();
afe5808_out[i] = value.data;

}
}
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Using FPGA-based AMC Carrier Boards for FMC to Implement Intelligent Data Acquisition
Applications in MTCA.4 Systems using OpenCL

@

I0C app

EPICS core

asynDriver

NDS v3

NDS-Driver

|

NDS-IRIO-OPENCL

OpenCL runtime

1

FPGA
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5 Interface with EPICS using ITER Nominal Device Support

Two main layers

O NDS-IRIO-OPENCL

= |nterface with OpenCL
runtime

= Based on NDS ITER driver
development methodology
for diagnostics

O NDS-EPICS

= Connect any NDS device
driver to EPICS

)
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Nﬁ%‘ﬂ 6. Conclusions

Q Advantages:

= Simplification of the development of advanced HW
applications using OpenCL and HLS

= Use of OpenCL runtime that avoids the use of custom Linux
kernels modules and API to interface with the FPGA-PL

= XILINX and Intel FPGA provide reference designs in git
repositories (they can be adapted to custom HW easily)

d Drawbacks:

= BSP development stills needs the use of HDL to implement
the interface

Applications in MTCA.4 Systems using OpenCL

= Documentation from the manufacturers not completed yet

Using FPGA-based AMC Carrier Boards for FMC to Implement Intelligent Data Acquisition
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