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FPGA

FPGA devicesare arrays of Configurable Logic Blocks (GATE ARRAYS)

that one can reconfigure (PROGRAMMABLE)

at any time and place (FIELD)
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Flexible architecture
Massiveparallelism
Streamlined processing
Low clock freq.

Instant memory access
Standalone platforms
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FPGA

Foundation
Device Name VU3P VUSP vuz7P vugp VU11P YuU13P vuigp
System Logic Cells (K) Bb2 1,314 1,724 2,586 2,835 3,780 8,938
CLE Flip-Flops (K) 788 1,201 1,576 2,364 2,582 3,456 8,172
CLB LUTs (K] 394 601 788 1,182 1,296 1,728 4,086
Max. Dist. RAM [(Mb) 12.0 183 24.1 36.1 36.2 48.3 58.4
Total Block RAM [Mb) 253 36.0 50.6 75.9 0.9 94.5 75.9
UltraRAM [Mb) 90.0 132.2 180.0 270.0 270.0 360.0 50.0
D5P Slices 2,280 3,474 4,560 6,840 9,216 12,288 3,840
Peak INTE DSP (TOP/s) 71 108 14.2 21.3 287 38.3 10.4
PCle® Gen3 x16 2 4 4 6 3 4 0
PCle Gen3 x16/Gend x8 / coix'™ - - - - - - ]
150G Interlaken 3 4 B 9 3 B i
100G Ethernet w/ KR4 RS-FEC 3 4 B 9 9 12 i
Max. Single-Ended HP 1/0s 520 832 B32 B32 624 832 1,976
Max. Single-Ended HD I/0s 0 i} 0 i i} 0 96
GTY 32.75Gb/s Transceivers 40 BO B0 120 56 128 B0
GTM 58Gh/s PAM4 Transceivers - - - - - - e =
_ Xilinx.com

100G / 506G KP4 FEC =

ALogic schematics

AHardware Description Languages
AHigh LevelSynthesis
ASystembuilders

BEln
e

Exampleproject:
150 lines ofcode

500k FF
360k LUT

Too J>o T To Do

8 instances of NN kernels
Device utilization 50% @lveo U50)

FPGA
Compiler
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Exampler sourcecode

1 library IEEE;

2 use IEEE,STD LOGIC 1164, ALL;

2 ' use IEEE.STD LOGIC unsigned. all;

4 use TEEE. HUHERIC STD. ALL;

5 library UNISIM; .

5 use UN%SIH.UCDMPDHEHTS.EII; Toplevel Interface T matCheS the
7

8 PFort

10 CLK_IN : in std logic;

11 DATAL IM @ in std logic vector{2 downto @):

12 DATAZ IM : in std logic vector(2 downto 0):

13 RESILT OUT : out std logic wector(3 downto ©)

14 ¥ . .
15¢5 end top; Functional logic
1d architecture Behawioral of top 1s

17 begin

1=

19 process (CLk_IM)

20 begin

21 1f rising edge(CLK_IN) then

22 FESULT OUT == DATAL IM + DATAZ TM;

23 end if;

24 end process;

23

25 end Behavioral;
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Exampler ElaboratedDesign

ASchematics of the logic

Clock Flip-flop Outputs
/ RESULT OUT reg[3 ;o/ /
cun [ - C Q [ resuLT ouTis:ol
plusOp_i D
10[3:0]
DATA1_IN[3:0] 0[3:0] —
DATAZ2_IN[3:0] m— RTL REG
/ RTL ADD
Inputs Adder
Function:

A Initiation Interval = 1clock cycle
A Latency= lclock cycle

Incase CLK_IN =100 MHz
Thefunction achieves 100 MOps/s
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xampler synthesizedlesign

Schematics of the logic mapped into device resources
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Exampler implementeddesign

A Logic components placed within the device resources

CLB

LUTs FF Interconnect
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Exampler implemented design

DSP BRAM

CLB O buffers
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Exampler implementeddesign

AClock Region

BRAM 10 buffers DS CLB I0Obuffers
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Exampler implementeddesign

MGT

Utilization:
LUT: 4 out of 274 080
FF: 4 out of 548 169

ARM
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Naturalparallelismandstreamlinedorocessign

Data stream 1

Data stream 2

Data stream 3

Data stream 4
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Researchareas

Large scale pysics exp.

A Heterogeneous
distributed, streaming data
sources

A True reattime regime

A Acceleration of online
processing pipelines

PETTomography

A Uniform, distributed
streaming datasources

A Continuous readout

A Full system:
HW+GW+SW

High-Performance
Computing Systems
A Complex algorithm
acceleration

A No timing constraints
A Efficient resources usage

Computer Networks

A Offloading packet
processing

A Minimal and deterministic
latencies

A Packetconstruction and
payload manipulation
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Large scale physics exp.

Dataacquisitionand processingystems

AFacility for Antiproton and lon Research FAIR in Darmstadt
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Large scale physics exp.

Dataacquisitionand processingystems

Fair-center.eu Fair-center.eu

PANDA CBM

Intelligent Intelligent

front-end front-end
(Digitization) (Data concentration
with pre-processing)

Burst-building network Compute nodes
(Burst building) (Physics-event

reconstruction,

filtering)

CRI (PCle)

@ FLES
entry

nodes

n o S gFrocd - - TN processing
] L0y nodes
....................... i | _Timeslice Building _;
(CRI based) g

triggerless- R

| HPC > i
interface streaming FEE CRIERGEA | Reconstruction !
assigning Al [ = | 50m pSlice building 300m GreBh)| iy R
(Data | = GBTx g > ==
— processing) time stamps opper | ——_— | optical optical | T y ]

' to hits FLES entrynodes | mmeand | Cube =~ i 5 G B pS
Single Clock-
source for David Emschermann | Streaming Readout Workshop IX | ORNL + Zoom | 08. Dec 2021 | Page 6
—1 complete detector

https://indico.phy.ornl.gov/event/112/contributions/566/attachments/492/1342/20211208_169_sro9_cbm_daq_v02.pdf
M. Kavatsyuk
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Dataacquisitionand processingystems

Journals & Magazines > |EEE Transactions on Nuclear ... > Wolume: 89 Issue: 7 (7]

e e - ] Real-Time Data Processing Pipeline for Trigger Readout Board-Based
A TRBr digitizing cards streaming measurement Data Acquisition Systems
data via UDP

A. Malige @ ; G. Korcyl®™ ; M. Firlej; T. Fiutowski ; M. Idzik @@ ; B. Korzeniak All Authors
RealTime Data Processing Pipeline for Trigger Readout BoaBésed Data Acquisition Systems | IEEE Journals & Magazine | IEEBr¥p

A Framework for processing TRB data

A Particle track reconstruction algorithm

A SWT GW Crossvalldation, Single COdebase Traxler,M.;KorcyI,G.;Bayer,.;Maier,L.;MicheI,J;PaIka,M.

j Acompact system for high precision time measurements (<14 ps RMS)
and integrated acquisition for alarge number of channelsk A
JINST10.1088/1748-0221/6/12/C12004

Slow control, readout, synchronization, trigger
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https://ieeexplore.ieee.org/document/9805787
https://ieeexplore.ieee.org/document/9805787
https://ieeexplore.ieee.org/document/9805787
https://ieeexplore.ieee.org/document/9805787
https://ieeexplore.ieee.org/document/9805787
https://ieeexplore.ieee.org/document/9805787

dpaae
JPE Tprototype2

A Spinoff of large scale systems towards medical imaging
A Digitizingsystem TRB

APlatform for processing UDP datastreams

A System-On-Chip device
A Programmablelogic resources
A Integrated ARMcores

A 8 parallel data streams
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JPE Tprototype2

PETTomography

a2 United States Patent (1) Patent No.:  US 10,007,011 B2
A . Koreyl et al. (45) Date of Patent: Jun. 26, 2018
CO ntl n u OUS re ad O Ut (54) SYSTEM FOR ACQUISITION OF (52) US. ClL

TOMOGRAPHIC MEASUREMENT DATA R e e e e e GOIT 12985 (2013.01)

A Unique in PETscanners ™ /S00000010007011B220180626
A Enablesin-depth analysis S SV

Evaluation of Single-Chip, Real-Time Tomographic Data Processing on FPGA SoC

A Producesexcessiveamount of data Devices
Publisher: IEEE

G. Korcyl ; P.Biatas; C. Curceanu; E. Czerwinski; K. Dulski; B. Flak All Authors

Evaluation of SingleChip, RealTime Tomographic Data Processing on FPGA SoC Devices | IEEE Journals & Magazine | IEEE Xplore

A SoCfor online processing

A LoRreconstruction on FPGAT real-time, highthroughput
A Control, monitoring, parameters, visualization on CPU
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https://ieeexplore.ieee.org/document/8360475
https://ieeexplore.ieee.org/document/8360475
https://ieeexplore.ieee.org/document/8360475
https://ieeexplore.ieee.org/document/8360475
https://ieeexplore.ieee.org/document/8360475
https://patentimages.storage.googleapis.com/d3/29/e4/fdd0f7d896df53/US10007011.pdf
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faiss: Computer Networks

Latencymeasurements

AProcessing oftime-critical network traffic

A Natural for FPGAS
A Integrated Multi-Gigabit Transceivers
A E.g: 128channels, 30Gbpseach in VU13P
A Fully parallel channel processing
A Minimal and deterministic latency
A Alveoplatforms as SmartNIC
A OpenNICas GW and driver

System Configuration ‘

QDMA Subsystem User Logic Box CMAC Subsystem
{@250MHz
| AXI-Lite Registers | ‘ AXl-Lite Registers ‘
QSFP28 ) CMAC
PCl-e ~| QDMA Wrapper | ‘ User IRQ Controller | Controller User Logic Wrapper QSFP28
Gen3
16 1 Box Cages
X ) @322MHz CMAC
TX instance
- — Adapter et tvtlich r@MAINS 1 ot X2
H2C Engine after packet starts
Physical Function
x4
RX
o == Adapter M==in0 back-pressure ==
C2H Engine

GitHub - Xilinx/open-nic: AMDOpenNICProject Overview - GitHub



https://github.com/Xilinx/open-nic
https://github.com/Xilinx/open-nic
https://github.com/Xilinx/open-nic
https://github.com/Xilinx/open-nic
https://github.com/Xilinx/open-nic
https://github.com/Xilinx/open-nic
https://github.com/Xilinx/open-nic
https://github.com/Xilinx/open-nic
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faiss Computer Networks

Latencymeasurements

AOSI Ll 1OOG Ethern6t |n FPGAb”C ( hls:: < >& in, hls:: < >& out) {

HLS INTERFACE mode=axis port=in
HLS INTERFACE mode=axis port=out

A Stream of decoded words processed with HLS
A C++constructs to describe processinglogic
A Synthesizedinto HDL (VHDL and/erilog)
A Streamof 512bwords at 250MHzfrequency
A FPGAspecifics and constraints
A Apipelined loop symbolizes consecutive clock cycles

A Ateach clock cycle anew data comes from the stream
A Critical path in the implemented logic must fit within clock period

( ) o
HLS PIPELINE
in.read nb(w);

out.write(w);
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Latencymeasurements

TR
SRy ?m‘};;-'

ATimestampersimplemented on FPGA o i =
ARealtraffic tagginginstead of probe packets Passive latency measurement with
ACompletely offloaded to Alveoaccelerators gzgﬁiiﬁpreasmn prtmeeted
A250MHz-> 4ns precision htpsiidolorg/10.1016/, comnet 2076.112133

ANo synchronization of timestampers -> round-trip

[ETH [payload [T1]T2]cs | [ETH [payload [T1]... Jes |
T2 timestamped frame
B L
5 "
v o Y [« -
£ £ LS O
0 g ' “ap t; < >
Host A [«——| c & «—> ' & g+ HostB
w w !
n 2 'S
~ £ A
[ B
original frame T1 timestamped frame origi'nal frame

[ETH [payload [cs | [ETH [payload [T1]... Jcs | [ETH [payload Jcs |



https://doi.org/10.1016/j.comnet.2026.112138

Round-trip time [ns]

4

A

Latencymeasurements

Computer Networks

Round-trip time over direct attach cables
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w
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Capability to benchmark network

devices andtheir features
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Latencymeasurements

Computer Networks

ARound-trip is suboptimal
A Asymetric paths
A Reboundpackets overhead

AOne-way requires synchronization
A GNSS systengenerates PPSsignal
A Easyto beintegrated with FPGAlogic
ALTE modem

APrototypingon ZCU102 platform
A Embedded ARM
A 10Ginterfaces

A Continuous, passive measurement
station
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FPGA asnaccelerator

High-Performance
Computing

AFPGA +PCleplatforms to offload intensive computation tasks

AMain thread on the host CPU
A Selected functions delegatedto FPGA

A

}

Host - CPU

int main() {

funcl();
func2();
func3();

Accelerator - FPGA

Kernel:
Func2()




FPGA asnaccelerator

1.

Bk

High-Performance
Computing

Host executable
A Main() T start of the program

A FPGA kardnitialization and
configuration

A Main algorithm thread, data preparation
A Accelerator tasks queueing

Kernel
A Single,accelerated function
A Function compiled with HLS

Link
A Communication infrastructure

A Ensuresdata exchange,control of
kernels, profiling and debugging

A Generatedbased on numer ofkernels,
their type, their argumenttypes

Systembuilder

Kernel- source Host - source

Link gen

Vivado

_ .exe
.xXclbin

Reports

Analysis

Debugging
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FPGA asnaccelerator

High-Performance

Computing

void krnl_vadd(const unsigned int *inl, // Read-Only Vector 1 C++kerne| Complled
const unsigned int *in2, // Read-Only Vector 2 .
unsigned int *out r, // Output Result Wlth HLS
int size // Size in integer

// Data will be migrated to kernel space
q.enqueueMigrateMemObjects ({buffer a,buffer b},0/* 0 means from host®/);

//Launch the Kernel

F{()Sst ()()(1(3 \Alltf] g.engueueTaskikrnl vector add);
OpenCLCOHStI’UCtS // The result of the previous kernel execution will need to be retrieved in

/4 order to view the results. This call will transfer the data from FPGA to
// source results vector
g.engueueMigrateMemObjects({buffer result},CL MIGRATE MEM OBJECT HOST);

q.finish();
PCletransfer
Host Accel
DD efault mem

buf buf buf buf Buf
o res Kernel

~
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HPC benchmark on FPGA

High-Performance

Computing

Computer Physics Communications .
Volume 249, April 2020, 107029

A Conjugate Gradient variantas HPC benchmark

. . - . Towards Lattice Quantum Chromodynamics
AProject entirely implemented in C++ on FPCA devices 4

AFirstuse of Alveosfor compute intensive HPC S l® A oo 6 cnc. 2010.107028

A Efficient use of available resources, interconnects
and embedded memory

& SUPERCOMPUTING FRONTIERS AND INNOVATIONS

— 1200 - 1
@ =
— z F T E
. ! 2 r —— double 64b S os - double 64b
| I a - 1 =
U(8) T | 4 1000 g = + float 32b
i | i N = float 32b £ F :
, e | s r £ E —o— fixed 32b
= 1 : § sop 1"
| Uy | & L § 0 5.:_
| g E
- 4 Utw r 3 E
N\ 600/ 2 05—
! V+v v Q| v+v o =
\\) v-v - v-v [— C 0.4
| . E
| a*v U v 3 of a*v 400 035
— Uy “E
| E
I | (U] I 200 021~
| 1 1 =
I ] U"w 1 0.1;
| 1 1 =
Stage1 ! Stage2 ! Stage3 ! Stage 4 ) PR R s o i e = == = == = S RS oft
lcycle - 14 cycles ! 70 cycles ' 57 cycles Olteraﬁon imgrﬁ [cyces] o 20 Heration |n(§'5v Al loycles
oop 96 op 1152 op 2160p [eyeles)

i % i o 3 F i initi i i . . - P - -
Figure 4. Performance as a function of the initiation interval Figure 5. Resources consumption as a function of the initiation interval

lel. on.X 30_SYNC_BO FROM DEVICE, 16, 0)

https://github.com/Xilinx/XRT/blob/master/tests/python/02_sim


https://doi.org/10.1016/j.cpc.2019.107029
https://doi.org/10.14529/jsfi190204
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FPGAwIthoutHDL

Performance Portability of the Particle
Tracking Algorithm Using SYCL

AHeterogeneousprogrammingmodels e P

Volume 9, article number 13,(2025) Cite this article

@ You have full access to this open access article

Download PDF & [ savearticle

ACommon C++codebase for any computing device . s s oo,

High-Performance
Computing

Computinga

Sections

Performance Portability of the Particle Tracking Algorithm Using SYCL | EPJ Research Infrastructures | Springer Nature |

eeeeeeeeeeeeeeeeeee

ququququ

ASYCLconstructs based on OpenCL Sl —

Duplicates | |  Duplicates

A Code organizationinto kernels

A SYCLbuilds dependency graphand schedules kernels v | [ || SRR B

A SYCLmanagesdata buffers echangeable between ==
kernels —

A Unified codebase ——_— d  [=

A Limited support of FPGAs

The successful compilation of the complex SYCL code for
the FPGA platform is an achievement of its own. The meas-
ured performance of Alveo U280 was two to three orders of
magnitude worse compared to other platforms, as FPGAs


https://link.springer.com/article/10.1007/s41781-025-00143-6

Complete DAQ system

AHardware layer

AOURIAC G WY URPJURIIWYT Wwyn
AT tYlI At gec URIDWE YO I #!
A2 3T 1t YscUcecWIGWt gql YURT ¢

Alnterconnect layer S
AAYTOT ! ORAVUWGYUGHAWURD
A Synchronizacja

A Transport danych pomiarowych
Ai 1 GR¢ Uc Wt YU 2 URt-kogrdrsydit q 131

ASoftware layer o
A caqgel ¢ctdUcWYHt Ues NcRUthant q
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PETTomography

AuroraSync

Large scale physics exp.
AAurora

A Low-level point-to-point communication protocol
ASync
A Synchronousconnections
ARecoveredclock in fixed relation to the masterclock
AOne source T hierarchical architecture T synchronization of endpoints

Endpoint

:.t Viast Concentrator /S Snuree b. Concentrator S
ystem iviaster M M ndpoin
Master El % Endpoint System Master |: Data
clock Data e E IM S Source
Concentrator E' aurce clock nglt'ie
IM Concentrator Endpoint Concentrator Frdooint
napoin M ndpoin
M\E M Data [: Data
M E Source M\E Source

Downstream— synchronous - synchronization

Upstream — asynchronous- readout data

A
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AuroraSync

A Hardware -agnostic T no specific hardware features required

A Clock manipulation inside FPGAT no dedicated , external devices (jitter cleaners)

Bitstream from the Master Bitstream from the Master Bitstream fI)m the Master

4 i e 1 B e R e e R S 1 - -C ------- 1
I J ! Ext. osc. !
| A. | . B. . AR Bl Synchronous I
I | .
I Synchronous : I Synchronous : ¢ I Receiver :
: Receiver ! ' Receiver RXrec.clk. I [ Jitter : '
| ! RX rec. clk. |
| I I A 1| Cleaner | ! !
| | | | I | I | |
1d1011 : TX1 PMAclk. || TX1 MGT ref.clk. Ext. osc. ...1(11011I TX1 PMAclk. || TX1 MGT ref. clk. 4—1—] % ,"1q1011: TX1 PMACclk. ||Aligner || TX1 MGT ref.clk. Ext. osc.
I 1 I ! 1 1
| I 1 I 1 1 % : | I 1
1010111 | TX2 PMAclk. || TX2 MGT ref.clk. ...10{1011: X2 PMAclk. | [ TX2 MGT ref.clk. [¢———1 8 1d1011} [ TX2 PMAclk. [|Aligner (| TX2 MGT ref.clk.
| 1 | 1 1
| : 1 | | 1 %D l I | 1
101011 || TXnPMAClk. |[ TXn MGT ref. clk. < —fxt. osc. 101011} | TXn PMA clk. || TXn MGT ref. clk. «— 101011 | TXn PMAclk. |[Aligner (| TXn MGT ref. clk. € —Ext. osc.
[ |
1 | | 1
Lo FPGA ! o FPGA | L FPGA :
Period Jitter Recovered Clock Hop 2 Long-Term Jitter Recovered Clock Hop 2 Master-Slave (Hop2) Phase Offset Over Reboots
% 7000F- .%—: 1000/ g é 700 D
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5000— (Pk-Pk) jitter error 0.01 [ps] [ (LTrm) jitter error 0.16 [ps] 500{— (Stddev) jitter error 0.06 [p:
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PETTomography

Complete DAQ system

A Software layer
A Linux on ARMembedded into SOCFPGA
A FPGAlogic components mapped into Linuxmemory (AXI)
A Hierarchical addressingscheme

Welcome to DIPET cli.

A Transparentphysical layout of the system
. . <S<_etup> connecting to the ser‘ver‘_successfull ) ‘ :
A Pythonbased control and monitoring e Sonoetior “oxis Sameactaon 1o the povice: Srua "
>>> pdu.send_command([1, 2, 3, 4], 1)
<PDU Controller -@x1> sent http://1°

=Apply

. . >>> enable power supply()
Data transmitter Data receiver Data protocol <Wi - Controller -0x1> connection
Data protocol i - Controller -0x1> sent outpu
/ I l - Controller - sent outpu
- Controller sent outpu
,'_), ‘ J - Controller x1> sent outpu
Ly o | - Controller -8x1> sent outpu

Controller -8x1> sent outpu -1
<Wiener Controller -0x1> sent outpu
<Wiener Controller -0xl> sent outpu -1

-~ _..Optical
fibef .

aaaaaaa

2yng_ultra_ps_e 0 axi_bram_ctrl_0

ac - M _AXI HEMO ERD
ZYNG s
UlaSCALE* o
ZTyna UkraScales MPSoC

rst_ps8 0 99M

AXI GPIO




Complete DAQ system

o -
_ _ | <4 T E
AMultiple development techniques | | —— |
] g, Mo Hardware-agnostic framework for general-
N SHHT - purpose data acquisition systems

Grzegorz Korcyl ° ® & B, Maciej Bakalarek ©, Pawet Moskal * <

A PureHDL forlow-level operations
such as clock sync.

Hardware-agnostic framework for generalpurpose data acquisition systems- ScienceDirect

A HLS for processing datasstreams

A Block Designvisual design of platform
designs

A LinuxT Programmableresources
Interfacing

ANot only for JPET
A Prototyping of FAIRsubsystems


https://www.sciencedirect.com/science/article/pii/S0263224125018871
https://www.sciencedirect.com/science/article/pii/S0263224125018871
https://www.sciencedirect.com/science/article/pii/S0263224125018871
https://www.sciencedirect.com/science/article/pii/S0263224125018871
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Wysokowydajne Systemy
Obliczeniowe HPC
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Systemy Przetwarzania

AAYAGI Yt AYOWwal z1 Ue¢ Wi
A Synchroniczne sieci P
A2 13T 1t Yse¢UWWGI YqYt YU!

PANDA DAQ TDR 2021

AAgregacja danych

A ~ ~ o , P Intelligent Intelligent Burst-building network Compute nodes
- - front-end front-end (Burst building) (Physics-event
A A IJ G] 5 C A C U & 5 G] U IJ (Digitization) (Data concentration reconstruction,
with pre-processing) : filtering)
] '

rzeczywistym

_..a_
—
...i_
—
..a_

ATransfer danych do HPC

APrzetwarzanie i selekcja danych wrybie
online

interface
: (oata

L

Single CI I(
SSSSSS
complete detector




RealTime

Szpital Uniwersytecki Krakow 2024

A Unikalny system: CCB IFJ PAN, Krakow 2021
A Nowoczesne techniki rozwoju
A Wykorzystanie uznanych standardow i
Gl YqYt YUZs
AETY qUGWURIVDAc oY O Wyl Measurement

Volume 257, Part A, 15 January 2026, 118528

Hardware-agnostic framework for general-
purpose data acquisition systems

i~

Grzegorz Korcyl ° ® & ®, Maciej Bakalarek %, Pawet Moskal ®

Szpital Banacha, Warszawa 2022

Hardware-agnostic framework for generalpurpose data acquisition systems- ScienceDirect
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AuroraSync

ASystem komunikacji i przetwarzania danych:
AuYUnRDe |l c1=rTc ljatevek€) 1 7 = 1T A1l

AAl YqVY

Ai

AE! UHGE |

Bitstream from the Master

Synchronous
Receiver

t ZU Wt Y

YURAHAUVUDWGYUGHAIWURC WbI5 C |

Bitstream from the Master

1
[)
1
| Synchronous
: Receiver

RX rec.clk.

Jitter
Cleaner

|
..1g1011 :lTx1 PMACIK. || TX1 MGT ref. clk. Xt. os:.l
|
| ]
1p1011! |Tx2 PMACIK. | | X2 MGT ref.clk.
|

| ! I
101011 | | TXn PMA clk. | [xn maT ref. cik. |<_=_+;xt. nsc.|
|
I

1q1011' Imn PMA clk. ” XN MGT ref. clk. |

: ! . FPGA

10{1011: |TX1 PMACl, ” X1 MGT ref.clk. |<_._|

10{1011! [x2 Pmacik. |[mxa mor ret.cik. |

Aligned clocks

2 GbpE ¢c HT
A Odbior strumieni danych odEndpointow
A Dostarczanie synchronizacji doEndpointéw

GRcUcWt YGeURt cqZs L

5 a.

System Master

Master
clock

Concentrator

Bitstream from the Master

Synchronous
Receiver

RX rec.clk.

Concentrator

Endpoint

Data
E‘ Source

Endpoint

Data
E] Source

Concentrator

M
S M
S]

Endpoint

Data
E Source

bli
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RealTime

System Master|

Master
clock

Concentrator

M
M

5]

Concentrator

M

M—

Endpoint

Data
E Source

Data
Source

Endpoint

Data
E Source

Downstream— synchronous - synchronization

Upstream — asynchronous- readout data

Y
|
1c|1011' | TX1 PMACl. ”Allgner || TX1 MGT ref.clk. xt. oscA|
I
1q1011' | TX2 PMAclk. ||Al|gner | TX2 MGT ref. clk.

Entriga

it a5 ¢ LLX

Slave (Hop1) - Slave (Hop2) Phase Offset Jitler

1600 g

— (S1ddev) jitter 4.52 [ps]

- iStddev) jitter error 0.02 [ps]
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AXI| and Auror&ync

Al 1 GRc Uc Wt YO 2 UR t-korardrsydiit alJ1 2 TGHY
APunkt centralny systemu:Petalinux
Auci T ! WdOYNRHAU! Wt YGGYUWDUqW Af WTJt qWld ¢ G

Memory mapped
ARM- Linux Interconnect components

l Lo

axi_smc

axi_bram_ctrl_0

zyng_ultra_ps_e_0 = _ |
i . —n axi_bram_ctrl_0_bram
N = HS00_AXI p%4 . s, e
maxihpm0_fpd_acl F_AX| HPMO_EPD |5 j g g MODAXD H+ SAXI
maxihpm1_fpd_aclk MZAXTHPMIFPD oL MO1 AX| i < axi_aclk BRAM_PORTA + + BRAM_PORTA rsta_busy
pl_resatn X +}
plps_im0[0:0] o “plclka aredetn | B | : s axl aresetn
UltraSCALE* )\
ttttt Block Memory Generator
Zynq UltraScale+ MPSoC \ & nnnnnnnn X1 BRAM Controller
\ axi_gpio_0

AXI GPIO

AXI| Master AXISlave
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AXI| and Auror&ync

Aurora

RealTime

Aurora
receiver

Aurora-2-AXI
converter

AXF2-Aurora
converter

transmitter

axi_chip2chip_0

axi_chip2ch

0_aurora8

s axi

s axi 0 [

AXIS_TX +
AXIS_RX
- axi_c2¢_s2m_intr_out[3:0]
s adk
- aurora_do_cc
5_aresetn

aurora_pma_init_out

axi_c2c_m2s._intr_in[3:0] s ob
aurora_reset_p!

|- USER_DATA_S_AXI_TX
-+ GT_DIFF_REFCLK1

-+ CORE_CONTROL

-+ GT_SERIAL_RX

reset

gt_reset

init_clk_in

USER_DATA_M_AXI_RX - [Eveet
CORE_STATUS +|||
channel_up b
pilnot_locked out b
GT_SERIAL TX [}~
link_reset_out
user_clk_out
sys_reset_out
sync_clk_out

gt reset_out

I Optical

axi_chip2chip_0

axi_chip2chip_0_aurora8

| USER_DATA_S_AXI_TX
+ GT_DIFF_REFCLK1
+ CORE_CONTROL

GT_SERIAL_RX D—I

+ GT_SERIAL_RX
reset

ot _reset
init_dlk_in

USER_DATA_M_AXI RX + £
CORE_STATUS +
channel_up »
pll_not locked cut b
GT_SERIAL_TX +
link_reset_out
user_clk_out
sys._reset_out
sync_clk_out
ot reset_out

AXIS_RX
m_aclk

m_aresetn
axi_c2c_s2m_intr_in[3:0]
axi_c2c_phy_clk
axi_c2c_aurora_channel_up
aurora_pma_init_in
aurora_init_ck
aurora_mmcm_net_locked

m_axi +

AXIS_TX + [

axi_c2¢_m2s_intr_out[3:0]
aurora_do_cc
aurora_pma_init_out
aurora_reset_pb
axi_c2¢_config_error_out
axi_c2c_link_status_out
axi_c2c_multi_bit_error_out

AXI Chip2Chip Bridge

fiber

axi_c2c_phy_clk

axi_c2c_config_error_out
axi_c2c_aurora_channel_up

axi_c2c_link_status_out
axi_c2c_multi_bit_errar_out
axi_c2c_link_error_out

gt _refelkl_out

gt_refdkl_out
gt_powergood[0:0]

gt_powergood(0:0]

i

aurora_pma_init_in

= aurora_init_cik

Aurora 8B10B

Board 2

Aurora 88108

Board 1

aurora_mmcm_not_locked

AXI Chip2Chip Bridge

axi_smc

zynqg_ultra_ps_e_0 axi_bram_ctrl_0

axi_bram_ctrl_0_bram

Z+ soo_axi .Y.

maxihpm0_fpd_acl m_ aclk H—0 Moo_AX! + =it S_AXI
maxihpm?_fpd_aclk - % Mo1_AXI + s_axi_aclk BRAM_PORTA 4 |||——|||+ BRAM_PORTA  rsta_busy
pLp= im0[0:0] “ aresetn —n < axi_aresetn

UltraSCALE*

Block Memory Generator

AXl SmartConnect

Zyng UltraScale+ MPSoC AXI BRAM Controller

axi_gpio_0

<4 5_AXI
s_axi_aclk
s_axi_aresetn

GPlo +||}

rst_ps8_0_99M

L sync ciic
2 _rem i Tuct

AXI GPIO

Processor System Reset
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Zagadnienia-BET i Auror&ync

APraca blisko FPGA

AMetody wyliczania kalibracji i korekcji danych w locie
A~JqVYT ! WGI AJgscl AcURclWst qft GUINY

A Redukcja szuméw

AENGUt HTCc WRUqI 13t e TGH! H6 WAT ¢ 1 A
A~ 6c¢c URAG! Wt YUq! YORWGI ADGU! selll ¢ 0! #6 UL

ASterowanie
ALogikat ARMT PetalinuxT Python- Web
AUsprawnienie mechanizméw czytania i pisania po rejestrach



Przetwarzanie ruchu sieciowego RealTime
Al A] 1 ¢TI i RS YAhRhWYGII Ysc¢cUREC

saqgles
sagles

Wikipedia.org
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Przetwarzanie ruchu sieciowego RealTime

Fan
(for Active configuration only)

AQuality-of-Service w sieciach 5G+
Al sc¢cl ¢URTCWYGZaAaURIURE WI @
Asct WTUWAGRII Al he
A Jedynie FPGA jak@martNIC

ASynteza Wysokiego Poziomu (HLS)
A Konwersja C/C++ do HDL
A Implementacja komponentu logicznego jako funkcji

5 library IEEE;
9 use IEEE.std logic 1164.311;
18 | use IEEE.numeric_std.all;

PCle
Connector

Network
Interface

126 entity adder is

150 port § Micro-USB

14 0 ap_start : IN STD_LDGIC;:

15 ¢ ap_done : QUT STD_LOGIC;
I I " dd | " 16 | ap71d1§ i QUT STD_LOGIC; Interface
IId-E - 17 ap_ready : OUT STD_LOGIC:
# n’c a EI' .‘I 18 | datal : IN STD_LOGIC WECTOR (31 downto @); adder_o
19 data2  IN STD_LOGIC VECTOR (31 downto @); f
20 | ap_return : OUT STD_LOGIC_VECTOR (31 downto @) );
al end;
— int adder(int datal, int data2) { 2] ap_start SHEdonS
. . : - ap_idle
B 2410 architecture behav of adder is . =
r'Eturn datal + dataz' 25 ) attribute CORE_GEMERATION TWFD : STRING: dﬁtﬁl[31_0] RTL ap ready
26 attribute CORE_GEMERATION INFO of behav : architecture is dataZ[BlO] =
:I' E “adder ,hls_ip_2618 3, {HLS_INPUT_TYPE=cxx,HLS_INPUT_FLOAT=0,HLS_INPUT_FIXED=8,HLS_INP| : ap_return[31:0]
o8 constant ap_const_logic_1 : STD_LOGIC := '1'; — -
29 constant ap_const_logic O : STD_LOGIC := ‘0
30 constant ap_const_boolean 1 : BODLEAN := true; .
a | adder vL 0
32 — —
33
24| begin
350
36
37
3| ap_done <= ap_start;
39! ap_idle == ap_const logic 1;
46 | ap_ready == ap_start:

41 ap_return == std_logic_vector({unsigned(data2) + unsigned(datal)):
42 end behav;



Przetwarzanie ruchu sieciowego

GitHub - Xilinx/open-nic: AMDOpenNICProject Overview

AlInfrastruktura do interfejsowania z —
warstwami L1 i L2 (100G Ethernet) s [
A Open-NIC framework (gateware+ driver) R —

FFFFF

A2 regiony do implementacji przetwarzania
A7Y+0==aWAWAGYAI UT URY W, A+ o

HanYl YscURcAWs!ucNcTGH! o — S—

A7Y+=PMalWGYOGRIT Al WHaNnVY! ¢ I T Ctat:
51 U¢cNETGH! WANC | ;
( ) {

HLS PIPELINE

Alnterfejsy AXiStream

in.read nb(w);

A ldealne do zastosowania HLS out.write(w);



https://github.com/Xilinx/open-nic
https://github.com/Xilinx/open-nic
https://github.com/Xilinx/open-nic
https://github.com/Xilinx/open-nic
https://github.com/Xilinx/open-nic
https://github.com/Xilinx/open-nic
https://github.com/Xilinx/open-nic
https://github.com/Xilinx/open-nic
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monitorowania
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RealTime

Frame number
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GcNcl URWURCE a WWAY G R‘

ASHt UenDecwWayYl eUe W] AEWI YWYT Attt ¢UR¢ WRG G
A RasberryPiArduino

AsSHt UencwayYl eV W] E~WT YWAT ¢cal0lnyYWw qil vY:
A RasberryPiArduino

Almplementacja infrastruktury do sterowania i prezentacji danych
pomiarowych
A C/Python/Web frameworks
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Alveojako akcelerator

Ac x EWUIGYAs ¢l ¢ WUC WRAIGINWNAWUqeHTt WAccecs¢c Ut

A Komponenty w trybieStream A real-time
A Krytyczne wymagania czasowe
AEAq'5UcwHA+quun5YAhMAUDcIc
A~ URIJT WAUYY YU¢ WG YNRY ¢

A Komponenty w trybie MemoryMappedA online
Al REETHACWDGCEE q! HAUYA N o
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t #IJGIJI ¢ HT ¢ WY H

A Host-CPU
A Konfiguruje akcelerator

ittt YUOeTOWNUZs 0! Ws Gqldt

A

A Transferuje dane do i z akceleratora

A i tlsYUeTUOWeEt HUGWI ¢ q VI
A

Abstrakcje OpenCL

A cl:Device, cl::Context, cl::Program
A cl:Buffer, cl::CommandQueue, cl::Kernel

A Abstrakcje Xilinx Runtime (XRT)

A xrt:device, xrt::bo
A pyxrtbindings

A Zintegrowane kompilatory
A Konstruktory systemow

/ Systemcompiler \

G++ FPGA
\ compiler Compiler

el, boHandle2,

yncDirection.XCL BO

RealTime Online

Host - CPU

int main() {
funcl();
func2();
func3();

Accelerator - FPGA

NC BO TO DEVICE, 1@
BO TO DEVICE, 1@,

SYNC BO FROM DEVICE, 1@, )

https://github.com/Xilinx/XRT/blob/master/tests/python/02_simple/main.py
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A BenChmark H PCG Towards Lattice Quantum Chromodynamics on FPGA devicesScienceDirect Estimated performance vs iteration interval
A Implementacja w C++ algorytmu L ) — doule 646
]1 ¢l ROJUqge WEGH A’r YUIJNDY e — float 320
AAY!I Zs U¢ URIJ WS ! cTUYAhoiéqulYm o
GPU -\

A Sieci Neuronowe
A Wykorzystanie HLS4ML

A Poszukiwanie balansu
Act YH! os! T ¢TUYAR

A Systemy heterogeniczne Python C++  Bitstream

A SYCL model programowania na
OpenCL

A Singlesource to any platform


https://www.sciencedirect.com/science/article/pii/S0010465519303686
https://www.sciencedirect.com/science/article/pii/S0010465519303686
https://www.sciencedirect.com/science/article/pii/S0010465519303686

