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FPGAS, heterogeneous computing, parallelization
and why physicist should care
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* UPM Big Science

* ITER

* DAQ System Architecture Example
* OpenCL standard

* Results

* Conclusions
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One research group on instrumentation %‘G
1 Full Professor SCIENCE
7 Asociate professors José Maria Cogollor Delgado
Tens of researchers <jm.cogollor@upm.es>

10 years of work relations with ITER

Leading on work related to Control Systems and FPGAS
Working with CIEMAT, JET, ITER, F4E, RFX, IFMIF,
University de Lodz, Indra, Sgenia, Imperial Colleage,

Airbus,....
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In common:
* Big expensive machines

* Frontier of knowledge (Data
science, physics and engineering)

Differences:

e Ultimate goal (pevelop systems for future
fusion reactors DEMO)

* Distributed contributions (in-kind

member contributions, shared knowledge)

www.iter.org
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PON = Plant Operation Network
TCN = Time Communication Network
SDN = Synchronous Databus Network

DAN = Data Archiving Network
CIN = Central Interlock Networks
CSN = Central Safety Networks

Central supervision & automation, monitoring and data handling

Human Machine Interface ITER_D_Q4PZZ6 v1.0
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Sensors / Actuators
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Advantages of Data Acquisition (DAQ) systems based on FPGAs
+ Flexibility to modify the design
+ Low latency
+ Deterministic behavior
+ High-performance processing
+ Parallelization

But developing for FPGA is complex and time consuming (expensive ...).
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Software supporting
the hardware has to
change

FPGAs are changing hardware !!!

INSTRUMENTS

Only for National
Instruments hardware

y NATIONAL

FPGA resources are
automatically identified.

&, |[RIO proyect .
<« =

Next Steps?
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am OpenCL: Basic overview

Implementers

Desktop/Mobile/Embedded/FPGA FPGA .
(j?, Frocessor = cix:::::::'::nwv c?:;':.ﬂ.“:'.'ﬂiﬁv < 3 S Ve ry releva nt:
.. AMDZ ; — 4
%_DZ-- @ / Global Memory Interconnect \ Tules tay gEESt
NVIDIA. ARM ec ure y
S, Quacown — — Emil Slusanschi
. v On-Chip On-Chip
a4 ' Memory Memory
I W |:
B Tixas £ XILINX. \ Local Memory Interconnect LocaIMemorylnurunnect/
INSTRUMENTS M
\'\\&e HLS + COMPUTING MODEL (for FPGA)
(,' @* * A host and multiple devices (CPU, GPU, FPGA).
\\O  Computation is divided into functions called Kernels.
S * Memory organized in buffers/images and transfers are explicit.
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System Architecture Example

MTCA4 CHASSIS

COMPUTER CODAC Core
System 6.0
EPICS .
aman P53 - MCH carrier  Apic ARRIA10 FPGA
T =
«E/ L Device
@ . (intel) HOST | | ‘\\QQ Y e
OpenCL 2.0 | 7/ t
: OpenCL20
I
PCle Q\:} :
optical link FMC DAQ Board II-)\E\I;\II&%%
e PC + PCle + MTCA(+MCH) + AMC + (PROCESSING) + (1/0)
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* Host sends commands and can set Global Memory (DDR) (SLOW!)
 Critical processes can be organized with a chain of pipes (HDL=AXI ST)

» Data can be gathered from I/O pins, split, parallelized and processed
much more efficiently.

Host

Transfer

Transfer

Global Memory

Kernel 1 Kernel 2 {hannEI!Pi?BE} Kernel 3 m

“Worker Threads”
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Profiling Tools

Heterogeneous @
- @
IRIO-OpenCL:
Written in modern C++.

AI rithm Control system independent.
go - Compatible with OpenCL.
Data acquisition solved and
standardized.
Triggers

Control
System

Version
Control

Synchroni
zation

Very relevant: Tested using Google-tests.
Lectures by Arnulf Quadt Open source, Git v control.
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* Working example: fission chamber neutron flux
measurement.

* First implementation running at continuous 1GS/s.
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* DAQ combined with OpenCL reduces development effort of high-
performance processing.

 The DAQ and processing systems developed with OpenCL are less
manufacturer dependent.

* OpenCL enables C-like development of FPGA with lots of OpenCL algorithms
examples.

* OpenCL handles data transfers and device interface, hardware abstraction.

 Combined with NDSv3 a modular solution was developed, abstracted from
the control system. IRIO-OpenCL

* You only need to do the algorithm.
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& Future Work
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* Future work:
* Implementation of Machine Learning Applications.
e Expand IRIO-OpenCL functionalities
* Looking for more use cases (possible collaborations) using IRIO-OpenCL -> Contact us!
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