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Goal and motivation

* Use the Xilinx acceleration methodology on MicroTCA - Why?

—Let HDL aside for “application” development, using C-like high-
evel synthesis languages (HLS) to describe hardware

—Higher abstraction

—Reduce development time

a é Using high-level synthesis languages to accelerate DAQ and processing applications for AMD-XILINX MPSoC-based AMCs.
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Xilinx-AMD acceleration methodology

e Main elements:

— Host program, written in C/C++, runs on a
CPU (external or embedded) and makes
calls to the XRT and OpenCL API to
communicate with the hardware

— Kernels describe hardware functions,
written in C/C++ (HLS) or OpenCL, that are
implemented in the FPGA

— Host and kernels exchange data through
global memory
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Xilinx-AMD acceleration methodology - Platforms

* This method requires a basic infrastructure, called
Platform. Users develop custom platforms for Zynqg-
based boards! A

.

* Hardware Platform (Static FPGA region) > &
— (Mandatory) AXI for kernel control and global memory access
— (Mandatory) Clocks, resets, interrupts

— (Optional) AXI Stream Interfaces

 ARM Software Platform.

— A single kernel module (zocl) takes care of everything! (Kernel
execution management, buffer allocation, memory transfer

)

— Libraries for accelerated applications
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Xilinx-AMD acceleration methodology - Workflow and development tools

Hardware Linking Host program compilation =~ Embedded Linux
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Implemented Hardware Platform
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Embedded Linux developed using

Software Platform
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Example use case — Digital Pulse Shape Analysis

* Implementation and verification of a DPSA (Digital Pulse
Signal Analysis) algorithm to extract physically relevant
parameters from the signals provided by BC501A liquid
scintillator

 Starting point: Algorithm written in C++ for offline analysis
(Spanish Fusion Lab, CIEMAT)

* Validation using signals coming from a real dataset (sampling
rate 1GS/s)
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Use case — Digital Pulse Shape Analysis

* The host program running in NAMGTAOR LS
the embedded processor uses ZYNQ:Ultrascale+ MPSoC
the OpenCL API PS PL
. . ; - OUTSTREAM =
* Kernels are written in HLS OpenCL [» ™ 18 | AT
* The JESD204B transmitter ARM-HOST JESD2048 Loopback
along with the loopback card :
Linux. CHO INSTREAM
are used to emulate | oA | e | W W<
acquisition i
— The host program stores the GLOBAL MEMORY
5|gr.\als in global memory, 0o lovA ]
which are sent through the ™ ExemalpC |
link by a TX kernel
g @ Lﬁfﬁg#i%ﬂg%? Using high-level synthesis languages to accelerate DAQ and processing applications for AMD-XILINX MPSoC-based AMCs. 11
- RESEARCH GROUP MicroTCA 12t Workshop for industry and research. December 5t- 7t -2023



Use case — Digital Pulse Shape Analysis

NAMC-ZYNQ-FMC

e Sampling rate 1GS/s

1. FIR filter and constant factor

ZYNQ-Ultrascale+ MPSoC

Loopback
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2. Peak detection = Time, # of peaks per
signal and pileups

3. Energies calculation = Integrate over
several time intervals

Signal Generation
*for verification using real
datasets

Resources

LUT: 48,144 (20.2 %)
BRAM: 16 (5.13 %)
URAM: O (N/A)
Register: 59,070 (N/A)

Kermel = kml_fir
Compute Unit = krnl fir 1
start = 221,542 885 us

DSP: 23 (1.33 %)

=221 506 481 s
duration = 53.476 us |
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Summary

* Implementation of a XILINX VITIS platform in an AMC for data acquisition (JESD204B) and
processing using HLS/OpenCL.

* The platform can be easily migrated to other Zynq UltraScale+ MPSoC based AMCs

* Implementation of a use case (pulse analysis) demonstrating DAQ/Processing and data
movement to host using PCle

e Use of XILINX standard Linux Kernel drivers (zocl and xdma) and APIs to manage the
hardware

* Use of open-source components for JESD204B (IP blocks, Linux Kernel drivers)
* Platform ready for ML applications

a é Using high-level synthesis languages to accelerate DAQ and processing applications for AMD-XILINX MPSoC-based AMCs. 13
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JESD204B Implementation

* Physical and Data Link layers implemented using Analog Devices HDL Library. Open-
source solution for implementing JESD204B links

* Transport and application layers implemented using HLS

JESD204 TX
H LS Transport Layer Data Link Layer Physical Layer
From Iaapptllrcatlon Alignment
A P Sample framing > Scrambler [P Character ~ |—%{ 8b/10b Encoder » Serializer Tx
Generation

A

JESD204 RX

SYNC~

Transport Layer

Data Link Layer

Physical Layer

To application
P layer

Sample deframing

Descrambler

—

Alignment
Character Monitor|

—

8b/10b Decoder

Deserializer

.&

<
w

% INSTRUMENTATION &
g APPLIED ACOUSTICS

RESEARCH GROUP
-

Using high-level synthesis languages to accelerate DAQ and processing applications for AMD-XILINX MPSoC-based AMCs.
MicroTCA 12t Workshop for industry and research. December 5th- 7t -2023

HDL

Serial
Lanes

16



JESD204B subsystem

JESD204B Subsystem
‘ RX AXI Stream ‘_ RX SYSREF -
* Each peripheral has an AXI-Lite
It AXI JESD204B [—— Peripheral A SYNG
L] L] L R . o~
based configuration interface
1—
I /\ 1
» Samples are sent/received through S
Datalink Clock
. Data
AXI Stream interfaces
. p| A ?g)i()CVR 7 i Reference Glock
i Stat e —
* JESD204B signals are routed to the S ] i oxow
Interface
< To FMC
F M C CO n n e CtO r S < 4 RX Serial Lanes i Connector
onfiguration GTH
p| Ax1ADXCVR Pl | Transceivers T& SerielLanee
(TX) Status
‘—
7N
TX Link
TX. Reference
Datalink Clock
Data
h 4
Configuration X SYSREF
S ————p
M rranemit -
Peripheral Stals | JEsD204B Transmit
— .
TX AX| Stream Pefipheral TX SYNC~
Data link layer > - J
INSTRUMENTATION &
g @ APPLIED ACOUSTICS Using high-level synthesis languages to accelerate DAQ and processing applications for AMD-XILINX MPSoC-based AMCs. 17
- RESEARCH GROUP MicroTCA 12t Workshop for industry and research. December 5t- 7t -2023



