t—
———

Je on Lab

as Jefferson National Accelerator Facility

GEMTRD readout

Sergey Furletov
Jefferson Lab

on behalf of the eRD22 group

Joint Streaming readout VIl meeting

18 Nov 2020
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O Readout electronics

Q Offline PID analysis with ML (root / TMVA)
O Moving on to FPGA

O Outlook
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GEMTRD at EIC JefferSonlab
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GEMTRD provides PID and also participates in track reconstruction
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GEM-TRD prototype JefferSonLab

l A test module was built at the University of Virginia
*  The prototype of GEMTRD/T module has a size of 10
cm x 10 cm with a corresponding to a total of 512

channels for X/Y coordinates.
* The readout is based on flash ADC system developed
at JLAB (fADC125) @125 MHz sampling.

»  GEM-TRD provides e/hadron separation and tracking

I pion / / electron

. Entrance
Radiator indow 200
T ‘{ L
/ 1500 ﬂ J
Primary g _ drift time
o T/ : e il
clusters/ photon Xe gas — é -
mixture S :
500_— : W I
] Ar I M pec#estag
— (— -Amplificaﬁon J”]lﬂl AL S
o . —

40 60 80 100 120 140 160 180 200

region
/ Readout fadc time, 8ns




| Beam setup at JLab Hall-D JefferSonlab

« Tests were carried out using electrons with an energy of 3-6 GeV,
produced in the converter of a pair spectrometer at the upstream of
GlueX detector.
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Readout electronics for GEMTRD Jefferéon Lab

omas Jefferson National Accelerator Facility

roctrd1:F125_gpulse
U The standard tracking GEM readout is usually based on an APV25 :gsg: Entries 761
chip and measures peak amplitude e
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Fadc125 signal Jef
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GEMTRD clusters on the track Jefferonlab

GEM-TRD can work as mini TPC, providing 3D track segments
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GAS-Il preamp and shaper
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ASDBLR chip JefferSonLab

ATLAS TRT ASDBLR front end

* Amplifier =>tail cancellation and baseline restoration
selectable for CF, and Xe gas mixtures

Shaper after baseline
Shaper output restoration
2fC & 25fC (scaled)
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Readout electronics
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Sampling | ns/bin | Peaking | Pipeline / | Channels/chip | ADC ‘
MHz time stream cost bits

FADC125 30ns S50/channel 12bit External preamps

+ GAS-lI or stream (GAS-II)

preamp. -Undershooting

(JLAB) -No baseline
restorer

VMM3 4 250 25- 64chan/chip 10bit LO or continuous

(ATLAS) 200ns

SAMPA 10-20 100- 80ns, Stream 32chan/chip 10bit 500ns- return to

(ALICE) 50 160ns 3.2Gbit/s  30S/chip baseline

1S/channel Baseline restorer,

DSP (zero-
suppression, thr)

ALPHACORE

Minimal 80 30ns Stream 10bit

requirements
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SAM PA ASlC J,gﬁezon Lab
omas Jefferson National Accelerator Facility

* SAMPA chip works great with regular GEM for tracking.
* For GEMTRD, it has too long an integration time.

Fastest peak time of 80 ns is too slow
for cluster separation and counting.
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Data analysis JefferSonlab

| « TR photons move forward at a small angle within 1/y , practically along the path of the
original particle, and are detected together with dE/dx from the particle..

. Ther:elar'e several methods that are used to discriminate TR photons and dE/dx from
particle

1. Cluster counting method

o use one threshold on ionization amplitude (just above average dE/dx ), assuming
that energy deposition from TR photons is a point like and produces cluster with
high amplitude. Method is widely used with straw based TRD.

2. Total energy deposition

3. Separation in space

o Require high resolution detector ( silicon pixels ) to see natural angular
distribution of TR photons, or magnetic field fo deflect particle from TR photons.

4. TIn case of measurements of ionization along the track, the likelihood or neural
network methods can be used for separation of electrons and pions.

* For this test we used ionization along the track and Neural Network (Machine Learning)




Input parameters for ML

Wan Lab
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GEMTRD offline analysis JefferSonlab
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* For data analysis we used a neural network library provided by root /TMVA
package : MultiLayerPerceptron (MLP)
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* All data was divided info 2 samples: training and test samples
« Top right plot shows neural network output for single module:

> Red - electrons with radiator
> Blue - electrons without radiator
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NN input parameters
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Moving forward JefferSonLab

* Offline analysis using ML looks promising.
e Can it be done inreal time ?
e Here are some of the possible solutions :

» Computer farm.
» CPU + GPU

» CPU + FPGA

» FPGA only

e Steps for beginners to implement an FPGA solution:
» Select FPGA for application in ML
» Export an offline trained neural network (NN) from root to C++ file.

» Convert logical topology of NN coded in C++ to RTL structure of FPGA in VHDL or
Verilog.

Optimize the NN for application in FPGA.

YV VYV

Create an I/O interface and configure FPGA.
» Perform the test with hardware.

11/18/20 Sergey Furletov
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Artificial Neural Network JefferfonLab

Image: https://nurseslabs.com/nervous-system/ l
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FPGA structure JefferSonlab

« Fist FPGA have only programmable gates and
routers: Field Programmable Gate Array .

* It can perform logical operation in parallel using
LUTs and FFs.

* There are problems with the math operation
required by the neural network.
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Modern FPGA Jefferfonlab

Modern FPGAs have DSP slices - specialized hardware blocks placed between
gateways and routers that perform mathematical calculations.

The number of DSP slices can be up to 6000-12000 per chip.
In addition, they often have ARM cores implemented using non-programmable gates.

i
Modern FPGA: lots of hard, not-field-programmable gates

Image from: https://www.embeddedrelated.com/showarticle/195.php

1171820 S ergey Furletoy

20




Xilinx Virtex® UltraScale+™ JefferSonLab

e Atan early stage in this project, as hardware to test ML algorithms on FPGA , we use a standard Xilinx
evaluation boards rather than developing a customized FPGA board. These boards have functions and
interfaces sufficient for proof of principle of ML-FPGA.

* The Xilinx evaluation board includes the Xilinx XCVU9P and 6,840 DSP slices. Each includes a hardwired
optimized multiply unit and collectively offers a peak theoretical performance in excess of 1 Tera
multiplications per second.

» Second, the internal organization can be optimized to the specific computational problem. The internal data
processing architecture can support deep computational pipelines offering high throughputs.

» Third, the FPGA supports high speed I/0 interfaces including Ethernet and 180 high speed transceivers that
can operate in excess Of 30 GbpS Featuring the Virtex® UltraScale+™ XCVU9P-L2FLGA2104E FPGA

Ethernet Port
(10/100/1000 Mbis Tri-Speed Ethernet) XCVU9P-LGA2104E
RLDRAMS3 72-bit

(2 x 36 Components)

Xilinx Virtex® UltraScale+™ R

SYSMON Header

USB-JTAG Connector

Evaluation board XCVU9P includes e o
software license (node locked & K

device-locked) with 1 year of .
updates. -

DDR4 80-bit dge Connector DDR4 80-bit
(5 x16 Components) Gen3 x16, Gend x 8 (5 x 16 Components)
Bottom Side of Board (16 x GTYs)

11/18/20
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XI I I nX H Ig h B Level Synt h eS I S %&Qﬂbgjc)wmmrheum
The Xilinx Vivado HLS (High-Level Synthesis) tool provides a higher level of abstraction for the user by
synthesizing functions written in C,C++ into IP blocks, by generating the appropriate ,low-level, VHDL
and Verilog code. Then those blocks can be integrated into a real hardware system.

Vivado HLS 2019.1 - trd_ann (/raid1/home/furletov/VIVADO/work_hls/GemTRD/trd_ann) o)
File Edit Project Solution Window Help
& G R @GR RBO Py BB GAyE e @ %5 Debug |/| Synthesis & Analysis
[ Explorer 2 ' = B8 2] Synthesis(solutionl)(trdann_csynth.rpt) 53 [ trd_ann.cxx = 0O ||g= outline 2 (4 Directive v = 8
v Strd_ann General Information B General Information
» @) Includes Date: Wed Mar 11 18:26:42 2020 v [E Z'erformance Estimates I h e ‘ /‘ ++ Cod e
v & Source Version: 2019.1 (Build 2552052 on Fri May 24 15:28:33 MDT 2019) K Timing (ns)
[gytrd_ann.cxx Project: trd_ann % Latency (clock cycles)
[mtrd_ann.h

Solution: solutionl v [ utilization Estimates
Product family: virtexuplus

of the trained

» = Test Bench I summary

v % constraints
“directives.tcl
Y script.tel
v (=csim
» =build
» (=report
v =impl
» Eip
» misc
» =verilog
» Evhdl
v sim
» (autowrap
» =>report
» =ty
» =verilog
» wrapc
» (=wrapc_pc
¥ [=syn
» (=report
» (=systemc
» (= verilog
» vhdl

Target device: xcvu9p-flga2104-2L-e

Performance Estimates
= Timing (ns)

= Summary

Clock Target Estimated Uncertainty

ap_clk 4.00 3.466 0.50
= Latency (clock cycles)
= Summary
Latency | Interval
min max min max Type
15 381 15 381 none
= Detail
+ Instance
+ Loop
utilization Estimates
= Summary
Name BRAM_18K DSP48E FF LT URAM
DsP - 7 - -
Expression 40 40 8082 -
FIFO - - - - -
Instance 510 1415 142176 199915 -
Memory - - - -
Multiplexer - 181 -
Register - 2350
Total 510 1462 144566 208178 o
Available 4320  684023644801182240 960
Available SLR 1440 2280 788160 394080 320
utilization (%) 11 21 6 17 0
Utilization SLR (%) 35 64 18 52 0
- Detail
+ Instance
+ DSP48E
= Memory
# FIFO

E) Console ¢ Q) Errors| & Warnings| ‘= DRCs

Vivado HLS Console

T Detail
v [F]Interface

= summary

network is
used as input
for Vivado_HLS.
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Xilinx HLS: C++ to

Verilog

Je

jomas Jefferson National Accelerator Facility

17/

54= fx_t neuron®x32bfade() {

AR 27/ RTL ted by Vivado(TM) HLS - High-Level Synthesis from C, C++ and SystemC
2 // float_regex.sh:: converted to (tx_t) " generated by Yivaco 1gh-Level Synthesis Trom ¢, and System
3 e 3// Version: 2019.1 o )
4 Jfm exx File -commmmnn 4 // Copyright (C) 1986-2019 Xilinx, Inc. All Rights Reserved.
5 #include "trd_ann.h" 51/
6 #include <cmath= 671/
70 /* L.
8 fx_t ann(int index,fx_t 1n0,fx_t inl,fx_t 1n2,fx_t in3,fx_t 1n4,fx_t 1in5,fx_t 1in6,fx_t 1n7, 8 timescale 1 ns / 1 ps
9 1nputd = (1n@ - (fx_t)1.96805)/(fx_t)7.63362; 9 . .
10 inputl = (inl - (fx_t)4.75766)/(fx_t)11.9138; 10 (* CORE_GENERATION_INFO= trdann,hls_lp_ZGlQ_l,(HLS_INPUT_TYPE=CXX,HLS_INPUT_FLOAT=1
11 input2 = (in2 - (fx_t)4.40589)/(fx_t)11.4831; t
12 input3 = (in3 - (fx_t)4.24519)/(fx_t)11.2533; 12module trdann (
13 inputd = (ind - (fx_t)4.30175)/(fx_t)11.2252; 3 ap_clk,
14 input5 = (in5 - (fx_t)3.87414)/(fx_t)10.1781; L4 ap_rstn,
15  inputé = (in6 - (fx_t)3.75959)/(fx_t)9.69367; 5 S_ax1_AXILiteS_AWVALID,
16 input7 = (in7 - (fx_t)3.84352)/(fx_t)9.66213; 16 s_ax1_AXILiteS_AWREADY,
17 inputs = (in8 - (fx_t)3.65047)/(fx_t)9.09565; L S_ax1_AXILiteS_AWADDR,
18 input9 = (in9 - (fx_t)5.96775)/(fx_t)11.3203; 18 S_ax1_AXIL1iteS_WVALID,
19 switch(index) { 19 s_ax1l_AXILiteS_WREADY,
20 case 0: 20 s_ax!._AXIL!.teS_WDATA,
21 return neuron0x32b4c90(); 21 s_ax1_AXILiteS_WSTRB,
) 22 s_axi1 AXILiteS ARVALID,
g def_::]‘:;‘ (fx 1)0.: 23 s axi AXTIiteS ARREADY . V I
5|} Y -8 C++ 24 s_axi_AXILiteS_ARADDR, " eriog
25 } 25 s_ax:_._AXILJ_.teS_RVALID,
26 */ 26 s_ax;_AXIL}teS_RREADY,
27= fout_t trdann(int index, finp_t 1input[10]) { 27 S_ax1_AXILiteS_RDATA,
28 inpute = (fx_t(input[6]) - (fx_t)1.96805)/(fx_t)7.63362; 28 s_ax1_AXILiteS_RRESP,
29 inputl = (fx_t(input[1]) - (fx_t)4.75766)/(fx_t)11.9138; 29 s_ax1_AXILiteS_BVALID,
30 input2 = (fx_t(input[2]) - (fx_t)4.40589)/(fx_t)11.4831; 30 s_ax1_AXILiteS_BREADY,
31 input3 = (fx_t(input[3]) - (fx_t)4.24519)/(fx_t)11.2533; 21 s_ax1_AXILiteS_BRESP,
32 input4 = (fx_t(input[4]) - (fx_t)4.30175)/(fx_t)11.2252; 32 interrupt
33 inputs = (fx_t(input[5]) - (fx_t)3.87414)/(fx_t)10.1781; ii);
34 input6 = (fx_t(inputl6]) - (fx_t)3.75959)/(fx_t)9.69367; o
35 input7 = (fx_t(input[7]) - (fx_t)3.84352)/(fx_t)9.66213; 3sparameter  ap_ST_fem_statel = 23'd1;
36 input8 = (fx_t(input[8]) - (fx_t)3.65047)/(fx_t)9.09565; SGparameter  ap ST fam state2 = 23'd2;
37 input9 = (fx_t(input[9]) - (fx_t)5.96775)/(#_t)11.3203; 37parameter  ap_ST_fsn_state3 = 23'd4;
38 switch(index) { 38 parameter ap_ST_fsm_state4 = 23'ds;
39 case 0: 30 parameter ap_ST_fsm_state5 = 23'd16;
40 return neurondx32bdcoe(): 40 parameter ap_ST_fsm_state6 = 23:d32;
a1 default: 41 parameter ap_ST_fsm_state7 = 23'd64;
42 return (fx t)0.; 42 parameter ap_ST_fsm_state8 = 23'd128;
@ ' : : : St paraneter b fenstateto = 33 dsts
. parameter ap_ST_fsm_statelo = 23* ;
Z: } NOte- flxed pOInt CalCUIatlon 45 parameter ap_ST_fsm_statell = 23'd1024;
46° fx_t neuron8x32bfsse() { 46 parameter ap_ST_fsm_statel2 = 23:d2948;
47 return inpute; 47 parameter ap_ST_fsm_statel3 = 23'd4096;
48 } 48 parameter ap_ST_fsm_stateld4 = 23'ds8192;
49 49 parameter ap_ST_fsm_statel5 = 23'd16384;
50¢ fx_t neuronex32bf196() { 50 parameter ap_ST_fsm_statel6 = 23:d32768;
51 return inputl; 51 parameter ap_ST_fsm_statel7 = 23'd65536;
52 |} o harameter  abaTfamstateld - 29-dzezies,
parameter ap_ST_fsm_statel9 = 23* ;
> Thanks to Ben Raydo for help' 54 parameter ap_ST_fsm_state20 = 23'd524288;

55 return 1nput2;
56 }

55 parameter

ap_ST_fsm_state2l

23'd1048576;

1171820 D erge
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ML FPGA Core for TRD
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FPGA resources)

TRD
ML Core

axi_uartlite_0

B W MOLAXI + i

MOO_ARESETN g2\ g MO2 AXI + i

microblaze_0_local_memory

aux_reset_in peripheral_reset[0:0]
mb_debug_sys _rst interconnect _aresetn[0:0]

dcm_locked peripheral_aresetn[0:0]

Processor System Reset

[+ S_AXI
% - UART +.||_D rs232 uart
s_axi_aclk ) L
iy interrupt =
s_axi_aresetn
«c. ]
AXI Uartlite
axi_gpio_0
-+ S_AXI
Z t axi aclk GPIO ||| s> push_buttons_5bits
- Il .
s_axi_aresetn GPIO2 + | [ led_8bits
AXI GPIO
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Vivado implementation report Jefferson Lab

omas Jefferson National Accelerator Facility

Performance Estimates

-] Timing (ns)

- Summary

Clock Target E®jmated Uncertainty
ap_clk 4.00 3.466

-] Latency (clock cycles)

Latency Interval
min max minjmax Type
15 381 1% 381 none

Utilization Estimates

0.50

Initial latency estimation:
From 60 ns to 1.5 us.

- Summary
Name BRAM_18K DSP48E  FF LUT |URAM
DSP B 7 . B .
Expression - 40 40 8082 -
FIFO - - - - -
Instance 510 1415 142176 199915 -
Memory - - - - -
Multiplexer - - - 181 -
Register - - 2350 - -
Total 510 144566 208178 0
Available 4320 84023644801182240 960
Available SLR 1440 788160 394080 320
Utilization (%) 1 6 17 0
Utilization SLR (%) 35 64 18 52 0
11/18/20 Sergey Furletov 25
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Test ML FPGA Jefferfonlab

C++ code for test:

| Test tools:
XTrdann ann; // create an instance of ML core.

1. Vivado SDK
2 . Peta | i n UX ﬂ;d?:: :n;‘i'rdann_lnitialize(&ann, 0);

x1il_printf(" XTrdann_Initialize =%d \n\r", ret);

XTrdann_Start(&ann);
x1l_printf(" XTrdann_Started \n\r");

ev=0 out=0.192 out0=0.197
ev=1 out=0.192 out0=0.197
ev=2 out=0.233 out0=0.236 o arans Tki—datati) (k];

ev=3 out=0.192 out0=0.197 cutosdatalaliols

ev=4 out=0.165 out0=0.169 wnstat sl

ev=5 Out=0- 192 0Ut0=0- 196 ;EE Eg»:vi%:gigga;:;\:;i::ﬁgsut;(ﬁorgzii?r‘m, offset, (u32*)&params[0], 10);

ev=6 Out=0 . 462 Out@:@ . 470 XTrdann_Set_index(&ann, 0);
ev=7 Out=0 . 187 Out@:@ . 191 XTrdann_Start(&ann);

while (!XTrdann_IsReady(&ann))
ann_stat(&ann);
ann_stat(&ann);

for (int 1 =0; 1 <8 ; 1++ ) {

% Background (no rad)
% Signal (radiator) int hl=out0; int dl=(out@-hl)*1000;

777

float *xout; // *x1n@, *xinl, *xin2;
u32 1out = XTrdann_Get_return(&ann);
xout = (float*) &iout;
int whole = *xout;
int thousandths = (*xout - whole) * 1000;
if (whole==0 && thousandths<@)
x1l_printf("xout=-%d.%03d out0=%d.%03d\n\r", whole,-thousandths,hl,d1);

else

x1l_printf("xout=+%d.%03d out0=%d.%03d\n\r", whole, thousandths,hl,dl);

//u32 1n@ = XTrdann_Get_1in0(&ann); x1n0 (float*) &in0; int hino
//u32 1nl = XTrdann_Get_inl(&ann); xinl = (float*) &inl; int hinl
//u32 1n2 = XTrdann_Get_in2(&ann); xin2 = (float*) &in2; int hin2
//x11_printf(" XTrdann 1n0=%d.%03d", hine,d1ine);

*x1n0 ; int dinO=(*x1n0-hin0)*1000;
*x1nl ; 1int dinl=(*x1nl-hinl)*1000;
*x1n2 ; int din2=(*x1n2-h1in2)*1000;

Lo
o n

292929
59%6%%
QRRAXZREZS

&
1
5
25
3R
do%ess

5
255
54
%5
%
S
25

> 3
3 - . : !

§.;$:::::::;:::§\ 27 7 //x;l_pr.}ntf(“ ;nl:ﬂsd.‘-‘so_’,d “,h;nl,d}nl);

50 N R NN s //xilprintf(* in2=xd.%03d *,hin2,din2);
LR IRINIILRIIKIAZIIKK . - 0 0 &
\’0’0’0‘0‘0‘0’0’0‘0‘0‘0‘000’0‘0’0‘0’0’0’0’0‘0‘0’0’0’0‘0‘0‘0’0’0’0’00 x1l print f(" ev=%d out=%d.%03d out®=%d.%03d\n\r",1i,whole,thousandths,hl,d1);
O R =
R RRRIERIIRRELR | }

O 02 04 06 08 1
NN output
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hlsdml| software JefferSonlab

e hls4ml is a software package for creating HLS implementations of
neural networks

e Supports common layer architectures and model software

* Highly customizable output for different latency and size needs

* Simple workflow to allow quick translation to HLS

https://fastmachinelearning.org/hls4ml/

Machine Learning
Frameworks hlS 4 ml

CMS L1 Trigger

u r\ .
Tensor Trained Converted
Model HLS Project
Keras .

FPGA Firmware
PYTLRCH V|VADO'

XILINX.

K 11/18/20 Sergey Furletov
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Optimization with hls4dml package  jefterdont

jomas Jefferson National Accelerator Facility

A package hls4ml is developed based on High-Level Synthesis (HLS) to build machine learning
models in FPGAs.

Keras article: J. Duarte et al 2018 JINST 13 P07027

TensorFlow
his 4 ml

PyTorch .
Co-processing kernel

~
N

compressed
model — HLS. _
conversion Custom firmware
. . design
Usual machine learning jf 9
i software workflow
tune configuration
precision
reuse/pipeline
reuse = 4 before pruning after pruning
=Pp=Pp—p—P] mult o
use 1 multiplier 4 times
| pruning __
=P=P] mult reuse = 2 synapses
use 2 multipliers 2 times each
== mult P
pruning >
=] mult neurons
~»| mult] reyse =1
use 4 multipliers 1 time each Song Han. thesis
—p| mult o
- mult

K 11/18/20 Sergey Furletov 28




Combined PID / Filter JefferSonlab

Detectors Low latency filter Computer farm l

ML-FPGA

PID JANA2
GEMTRD
ML-FPGA

High Level
Event

ML-FPGA Reconstruction
PID

Global

Level 0 Level 1 Level 3

Images from the Internet are for illustration of scale only.
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OUt'OOk J;rf_t;rgon Lab
omas Jefferson National Accelerator Facility

* GEMTRD readout based on Fadc125 shows good results.

 Work is in progress on a streaming version of Fadc125.

* Preamplifiers perform well in cluster separation.

* However, the S 50 per channel seems too high, so we are looking for other solutions as well.

* An FPGA-based Neural Network application would offer online event preprocessing and
allow for data reduction based on physics at the early stage of data processing.

* Open-source hls4dml software tool with Xilinx® Vivado® High Level Synthesis (HLS)
accelerates machine learning neural network algorithm development.

K 11/18/20 Sergey Furletov
S ———— e — i
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GEMTRD signals with Fadc125 JefferonLab

roctrd1:F125_gpulse roctrd1:F125_gpulse roctrel:F125_gpulse
2400 Envies  737| 4900F Entries  761| 8oo 3 Entiies 724
1800 3Boof 1§°° 3
1800 a500E. 1400F
1400 25005 1200
1200 E 1000F
1000 2000F 800E.
800 1500 6001
600 £ E
400 1000E- 400F
200 500 200 g—qrj‘u
1 lia 'l | il N A I AT TR AR RN AN Y I e A e I PR T
% 56100 150 200 250 300 350 400 490 o 0567700 156'200 250 300 350 400 450, .. % 50" 100150 200 250 300 350 400 450, ...
ocuuil.ri LD_HPUISU
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3 Enties 734 & E i ir Entries 770
3200 - 3500 3 Entries 724 2500 2
2800F b0k L
s E 2000F
2000F 2500F c
1500 2000F 5001
1000F- 1500 000F
F 1000F c
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Xilinx Vivado

Je

mas Jefferson National Accelerator Facility

Vivado Design Suite is a software suite produced by Xilinx for synthesis and analysis of HDL designs.

Eile Edit Flow Tools Reports

B« - B X & & b B

Flow Navigator e ? _

v PROJECT MANAGER
£ Settings
Add Sources
Language Templates

¥ IP Catalog

v IP INTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

v RTL ANALYSIS
> Open Elaborated Design

v SYNTHESIS
P Run Synthesis

> Open Synthesized Design

v IMPLEMENTATION
» Run Implementation

> Open Implemented Design

v PROGRAM AND DEBUG
¥ii Generate Bitstream
v Open Hardware Manager
Open Target
Program Device

Add Configuration Memory Devic

vcull8_axi - [/raid1l/home/furletov/VIVADO/work/vcull8_axi/vcull8_axi.xpr] - Vivado 2019.1

Window Layout View Help Q- Quick Access

- o X

write_bitstream Complete

8 X %X 2 ¥ = Default Layout v
BLOCK DESIGN - design_1 * 2?2 X
Sources x Design | Signals | Board ?2 00 Diagram x Address Editor xldesign_l_wrapper.v ><| 200
Q x 2 + @ @0 # @ o I X O Q = 2 4+ & S, FHCIJ T &
~ . Design Sources (1)

v @~ design_1_wrapper (design_1_wrapper.v) (1)
v . design_1_i: design_1 (design_1.bd) (1)
> @ design_1 (design_1.v) (10)
> = Constraints
> = Simulation Sources (1)
> = Utility Sources _ T .?.
C— | ; nX

Hierarchy IP Sources Libraries Compile 4 » =

Block Properties ?2 0B X

¥ trdann_0 - o O -
Name: trdann_0

Parent name: design_1

General Properties P

Tcl Console x Messages |Log |Reports | Design Runs
a2 I B E @

@ INFO: [Labtoolstcl 44-466] Opening hw_target localhost:3121/xilinx_tcf/Digilent/210308ABO82E
 set_property PROGRAM.FILE {/raidl/home/furletov/VIVADO/work/vcull8_axi/vcull8_axi.runs/impl_l/design_1_wrapper.bit} [get_hw_devices xcvu9p_0

. current_hw_device [get_hw_devices xcvu9p_0]

) refresh_hw_device -update_hw_probes false [lindex [get_hw_devices xcvuSp_0] 0]
=) INFO: [Labtools 27-1434] Device xcvu9p (JTAG device index = 0) is programmed with a design that has no supported debug core(s) in it.

close_hw

set_property location {3 1100 80} [get_bd_cells trdann_0]
set_property location {3 1100 90} [get_bd_cells trdann_0]

<

open_bd_design {/raidl/home/furletov/VIVADO/work/vcull8_axi/vcull8_axi.srcs/sources_l/bd/design_l/design_1.bd}

Type a Tcl command here




Motivation ML on FPGA JefferSonlab

e The growing computational power of modern FPGA boards allows us to add more sophisticated algorithms
for real time data processing.

|

* Many tasks could be solved using modern Machine Learning (ML) algorithms which are naturally suited for
FPGA architectures.

Level 1 works with Regional 107 s ) Collision rate 10° Hz o
and sub-detector Trigger J Channel data sampling at 40 MHz a
s Q Level-1 selected events 10° Hz =
rimitives

P Q? Particle identification (High p, e, p, jets, missing E,) o
i « Local pattern recognition 0
10% s * Energy evaluation on prompt macro-granular information lg:

a

1 (=]
Using ML on FPGA many f/ Level-2 selected events 10° Hz 2
tasks from Level 2 and/or e Clean particle signature (Z, W, ..) .
Level 3 can be performed k? * Finer granularity precise measurement 2
« Kinematics. effective mass cuts and event topology Q2

at Level 1 . » Track reconstruction and detector matching E
103s 5

>

} Level-3 events to tape 10..100 Hz 2

@ Physics process identification (o)

/’ * Event reconstruction and analysis =

10°s \
\

; Continuous Filtering z

Fast Machine Learning,10-13 September 2019, Fermilab
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GEMTRD in front of DIRC
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