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* Application of FPGA in HEP experiments
* DAQ, L1 Trigger, HLT systems

* Versal project @ KEK IPNS, Collider Electronic Forum:
* Introduction & Overview
* Progress on functionality study: PAM4, PCle, Al engine, DPU
 HLS and ML inference study plan
 Algorithm implementation

e Summary & To do
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Application of FPGA in HEP experiments

* Here we use Belle Il Central Drift Chamber (CDC) as an example.

CDC

* For these application of FPGA device:

Front-End

Electronics Optical

link

Sense
wire

* Collect TDC and ADC
waveform info.
« Zero suppression.

New technology for data transmission?
New technology for logic design in FPGA?

Impact on each aspect for experimentalists?
For TRG, DAQ, or FEE?

DAQ

Data readout / collector
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HLT / storage

PCle / GbE

* Data collection.
* Data formatting.
* (Pre-)event building.

L1 Trigger

* Real-time complicated
trigger algorithm for
tracking / clustering /
decision.
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Application of FPGA in HEP experiments (cont'd)

« Hardware acceleration:
* Not only CPU, but also GPU

and FPGA.
e Acceleration on software-
based calculation.
Data Link FPGA 4
(Trigger) ;
FPGA ‘
Data Link iah-
(Readout) —» High-level
S // !
» ‘
* FPGA - FPGA transmission: y  FPGA - server transmission:
* Optical link with FPGA MGT « Data transmission and
and optical modules. - Strong FPGA devices with: system slow control.
« Non-Return-to-Zero (NRZ). * Larger number of cells. « GbE, PCl-express, VME,
 Different encoding based on * Larger data bandwidth. etc.
protocol design purposes. " - * PCI-Express is the most
e.g. 8B/10B and 64B/66B. are C”tl_cal for t.he usage in. popular one nowadays:
 TRG: complicated algorithm .
* <10 Gbps for DAQ. implementation. PCle40 in ALICE, LHCD,
» <25 Gbps for TRG. * DARQ: collect and process large and Belle IL.

data.
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DAQ system

Belle Il

PCle40 readout board
+ readout PC
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L1 Trigger system
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Trigger device for Belle Il and ATLAS

* For TRG purpose, complicated algorithm is implemented to process detector raw data in
real-time. Utilization of machine-learning in the logic design became a trend recently.

e Strong FPGA with large resource: improve the logic itself, resolution of triggering, reduce the
background rate, and perform everything within a latency limit,

Belle 1l UT4

Belle Il T3 a0 ATLAS Muon Trigger processor

ooooo

/
/)
s

TR

Xilinx Virtex-6 Xilinx UltraScale Xilinx UltraScale+
11.2 Gbps with 64B/66B 25 Gbps with 64B/66B GTH,GTY: 16.8 Gbps
with 64B/66B
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HLT

* HLT: Computing servers with reconstruction

software.

* |n Belle II: HLT software = offline software.

* How about the options other than CPU?

* GPU? FPGA for hardware acceleration?

Processing
System | power /HLT Price (¥) / HLT unit Ratio
unit
CPU
(Intel Xeon | 480 cores 18,000,000 ~6.5
E5 2660)
GPU: ~180,000 x 12 =
GPU 12 GPU 2,160,000
(GeForce |GPU:CPU ~ Server: 600,000 x 3 = ~1.5
RTX 3090) 40:1 1,800,000
Total : 3,960,000
FPGA FPGA card : ~300,000 x 5 =
(VCK5000, | 5 FPGA card 1,500,000
Versal Versal : CPU Server: 600,000 x 2 = 1
ACAP ~100:1 1,200,000
VC1902) Total : 2,700,000
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PCle40 readout board
+ readout PC
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Versal project @ KEK IPNS

« "Collider Electronics Forum": A new platform for electronics associated technical
communication and common device R&D in Japanese HEP community.

 KEK IPNS: E-sys, Belle Il, Energy Frontier groups.

* Experiment groups (Belle Il, ATLAS, ALICE, nuclear physics) in Japan.

* We purchased a few evaluation kits of the Xilinx Versal series ACAP for joint study.

* Plan: Common and general studies on the new technologies for future electronics
device's R&D. Now we plan to use Versal for L1 TRG, DAQ or HLT purpose.

Delivers breakthrough Al inference
and wireless acceleration with Al
Engines that deliver over 100X greater
compute performance than today’s
server-class CPUs.
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Recently announced, features hyper integration of fast memory,

secure data, and adaptive compute for memory bound, compute

intensive, high bandwidth applications.

A

©

The foundational Versal® ACAP
series, providing a wide range of

Delivers over 4X Al performance/watt
vs. leading GPUs for power- and

thermally-constrained edge devices with broad applicability

applications, accelerating the whole across multiple markets.

application from sensor to Al to real-

time control.
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Breakthrough integration of

networked, power-optimized cores on

an adaptable platform for the most

challenging compute and networking

applications.
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Versal project: General plan and roadmap

* Our goal: R&D of a new general FPGA device using the Versal ACAP.
* AL1TRG, DAQ, or HLT device, and also general for different experiments.
* One clear target is UT5 for L1 TRG of both Belle Il and ATLAS.

1% year:

Study the properties of the fundamental functionalities with the kits:
« GTM (PAM4), PCle Gen5, Al/DSP engine, CPU acceleration, etc.
Prepare basic application for each of them for other members.

Here we are now with -
VPK120 and VCK190.

2"! year:

Make general transmission protocols for GTM (PAM4), PCle Gen5, and do
performance study.

Implement various Trigger algorithms (Belle 1l, ATLAS, etc).
Connect to existing systems to take real-time data and check performance.

3" year:

Future universal device: L1 TRG, DAQ readout, or HLT.
e Discussion.

« Schematic/PCB design for the prototype boards.

« Test with experiments people.

2024/04/11

ECFA DRD7.5a
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New technology in Versal FPGA: PAM4, PCle, Al engine

source:; Xilinx

* Pulse Amplitude Modulation (PAM4): NRZ PAMA

* Four distinct voltage levels to break through the lIMil ——m————— Seie—
of Non-Return-to-Zero (NRZ), which is ~25 Gbps.

* Using VPK120 to study it.

* Suitable for high-speed link in L1 TRG. = -
Hope to be pioneer to use it in future TRG board. LIt =2 ?@gg’lgg‘g: gg}:akgfy‘c"l'ge‘s

SELEIR

* PCle Genb:
* PCle has been popular option in HEP.
* ALICE, LHCb and Belle Il has been using PCle40 (Gen3).

« Study the properties of newer generation of PCle
is beneficial for the future readout device's development.

* Using VPK120.

* Al engine: A new technology for data processing.
* Help for our algorithm construction in TRG.

e C programmab|e_ ‘W\ Al Engine Tile
* Together, we study many options of HLS
and ML inference in FPGA, and their L
erformance in different TRG algorithms. i
b : J - VCK190
* Will use VCK190. I
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Test bench setup @ KEK E-sys group

* The test bench of VPK120 has been built at E-sys group and released to our members for
dedicated studies. ,

¢ VCK190 has also arrived at KEK in March. Preparation study
Is ongoing and will be ready soon.

* Special thanks to Mathis Maurice, internship in E-sys group
in 2023 summer, for helping this VPK120 preparation work!

PC side: PCle Gen5 x16 slot

VPK120 test bench: 2023 summer VCK190 test bench: 2024 March
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Firmware making with Versal: PS, CIPS and NOC

* In our experience, FPGA firmware making is:
« Writing HDL codes and using IPcore to control all the Programmable Logic (PL).

* But Versal is an ACAP containing lots of sub-systems together with the FPGA.
* Not only PL, but also Processor System (PS).

* Firmware making tends to rely on the automatic block design rather than the
traditional code-writing way.

* For now, we still have limited understanding in PS.

Control
Interface and
Processing
______ et M . ﬁ:,m :379‘&&“1 AIE‘:?'ZTM
CPL : '
"""" CPM 1

PCle with DMA and Cache
sweam [fz3] Coherency

A firmware design with PCle

In the future, if we use Al
engine for logic design,
latency from NOC is
important.

i
i

E LTS

e NOC (Network On

= Chip): Communication
L} BTN network for sub-systems

| e | | | N={EET] of the FPGA.

ns.
ins. 1
n Dedicated |—{ tLii] 1 Programming interfaces (SoC)

Joy—

CIPS (Common Interface Processing A T
System) : Interface referring to the Network on
integrated processing sub-system Chip
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Latency measurement with NOC

e Study by Dmytro Levit (KEK).

A case of 20 switches

2024/04/11

Labsrsey, dyihe

Labsry, fyihes

data_src_vhdi93_0

mem_clk_i
mem_addr i[9:0)

e mem_din_i[31:0]
e memwe

g = m_axis_ck

data src_vhdI93 vl 0

—Tmr

NOGC Latency headers

-
C /,,4"'
140 /
1a0l ,_,7/
l ,r”’J
100 S
a0l— (j,.f/
g /
.rr".-’.l...l...l. | | il | | 1 'l B
2 4 [] & o 12 14 | 18 20
e of Fog:
NOC Latency frailer
160 —
C o
-
140 /
L -
C o
E
3
120 I
C /,»”
100 /'{f
1) j.r’
O e B T el T e sl el L 4 g
F] 4 [] -] L[] 12 14 18 18

20
Pusninar of switchas

c_0
= data_sink_vhd93_0
‘u 500_AXIS L a
57 MO0 _AXIS 4 = 4 s axis
‘ r— rsti acq_done_o
A% " No s_axis_clk RTL diff_o[63:0]
mem_clic i mem _data_o{31:0]
mem_addr_i[7:0]
data sink_vhdI93 vl 0
T

f-heade.-s = b2 4+ 5 % Bowiichies

Latency trailer:

Ltraf.fer =54+ 5% Nswitches

Large discrepancy with
latency estimated by vivado

» vivado estimates 14-50
cycles latency
Further measurements
possible with multiples
senders /receivers
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Versal transceivers: GTYP and GTM

* GTYP: PCle 5.0 (16) and FMC+ (8) Conoller SYstEm - PClet
. 1.25~32.75 Gbls. * il
e Various encoder supported.

—— Power Switch

I"“"l ImITI-I E | " —— Power Connector

- GTM: QSFP-DD (8°2) ol e 55
. NRZ WINE_ g

e 9.5~15,19 ~ 29 Gbls. T e swTs
* PAMA4: SERRRR LPDDR4
microSD Components
° ~ ~ (Versal ACAP) (6x 2GB)
19 ~ 30, 38 ~ 60 Gbs
e 76 ~ 112 Gb/s: "Half density mode" i
by Combining two IaneS. (SDTgtnueSIE_EgS PCle Gens x8 xgr\f;;\zfgg—zz(ﬁSEVSVAZTSSACAP VPK120

* No encoding is supported.
Need to be make them manually in RTL. / 7

* Our test setup for transceiver study:
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PAM4 56 Gbps with GTM IBERT, QSFPDD loopback

 PAM4, 56 Gbps per lane. QSFPDD loopback module.
« Parameter tuning on cursor position and termination voltage, etc, is DesignCon 2019 Enabling IBIS-AMI

Simulations for Systems Containing

necessary to have stable transmission (0O bit error). PAM4 Retimers at 112Gbps

amplitude/height

of eye # Histogram of SNR # goodness
) = ixg ieci i of transmission---
o - goodness of transmission the amplitude
Slicer Eye 1 Histogram Signal-to-Noise Ratio
v 1 localhost Connectec™
» B xilins_tefiling00001 d54100¢ Open A0 10e
{8 arm_dap_0 /A 8o %0 32
~ {8 Xcvpl202_1 Programm 3 g
SysMon E 60 g 60 % 2
IBERT Versal GTM é ; .;2:
9 Quad_204 " g 40 g 40 n 1
< > < <
201 20
Link Group Properties
o] 0
Link Group 0 = & 0 1400 2800 4200 600 7000 0 7800 15600 23400 31200 44 88 132 \/\}F]i 2
. H ES Sample Count SMR Sample en
The best indicator of 3 . o
i rameters wer
goodness of transmission: P der tuni
unaer tuning.
0 error (BER) A good set of parameters g9
1
Status Bits BERT Reset TX Pattern RX Pattern TX Pre-Cursor TX Pre-Cursor2 TX Post-Cursor TX Main-Cursor Inject Error TX Reset RX Reset
Reset || PRBS 31 ~ PRBS 31 0dB v 0dB v 0dB ~ 0,502 vdd v Inject Reset | [ Reset
56,414 Gbps 3.214 Reset PRBS 31 v PRBS 31 0dB + 0dB v 0dB v 0,502 vdd w Inject |_Reset ‘ set
56,414 Gbps 2.737 Reset PRBS 31 v PRBS 31 0dB « 0dB v 0dB v 0,502 vdd v Inject Reset Reset
56.402 Gbps 1.891 Reset PRBS 31 v PRBS 31 0dB w 0dB v 0dB v 0.502vdd v Inject | Reset Reset
56.402 Gbps 1.202 Reset | PRBS 31 v PRBS 31 0dB v 0dB v 0dB v 0.502vdd ~ Inject Reset ‘ Reset

Plan

e Further study with realistic QSFPDD module and
MPO-16 is ongoing.

 Much higher BER (~10)

* Forward-Error-Correction will be implemented
in our protocol.

» Also other types of PAM4-supported modules: FireFly, etc.

QSFP-DD-SR8
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Protocol development and connection test

* Both 8B/10B and 64B/66B (sync. gearbox) are tested with GTM.

 Raw mode with No encoding: A new generalized protocol has been also made.
« Similar logic to my Belle Il TRG protocol design.
e (de)scrambler for DC balance.
* Tested to be stable for both NRZ and PAM4.

* Using this new generalized protocol, connection test (25 Gbps x4, NRZ) between Belle Il UT4

and VPK120 has been also tested. Stable in few hours.
* Will test with ATLAS muon board soon.

Belle Il UT4

'/

Belle Il UT4
(UltraScale):
4 GTY lanes
via QSFP28

S

VPK120: 4 GTM lanes
via QSFP28

25 Gbps x4 /
2 directions. /

N -
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Latency for Versal GTYP and UltraScale(+) GTY

* Latency is a big concern for L1 TRG system.

« Since the beginning of Belle Il TRG preparation, we have been studying latency
reduction in data links.

* Now we have 25 Gbps running.

* The following are the simulation values from Xilinx website with internal encoder.
* UT4: Virtex UltraScale

* Measured latency in bold: Based on the Belle Il TRG protocol.

Raw (Ul) Raw + 10 Gbps, 10 Gbps, 25 Gbps, 25 Gbps,

Async. Raw 64B/66B Raw 64B/66B
64B/66B (ns) (ns) (ns) (ns)
(Un

Versal GTYP 1127

64/64 Typical value for 1 link in the

Versal GTYP 688 present Belle Il TRG: 50~100 ns

64/32

UT4 GTY 768 1458 77 115 146 147 31 33 58 58

64/64

UT4 GTY 414 990 41 90 99 122

64/32
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Latency for Versal GTM

If we adapt to use Versal GTM: Larger latency will be introduced.

The following are the max. simulation values from Xilinx website with No encoding.
* Measured latency in bold: Based on our generalized protocol.

For the same setup, latency in term of clock-cycle is basically the same.
* Higher speed is preferred as the processing latency is much smaller.
* In general, latency of GTM is much larger that that of UltraScale(+) GTY or so.

If we use GTM, just go with PAM4 with > 50 Gbps.

Versal GTM  Unit Interval 10 Gbps 25 Gbps 56 Gbps 106 Gbps
(8])) (ns) (ns) (ns) (ns)

NRZ 64b 5833 583 640 233 256

NRZ 160b 4964 496 730 198 237

PAM4 160b 2957 53 97

PAM4 256b 3233 57 133

PAM4 320b 3095 29 66

PAM4 512b 3690 35
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PCle-CPM test

Hardware ? _ O X  DDRMC-DDRMC1  x DDRMC-DDRMC2 x
Q = 2 © status Margins Analysis
Lo Quad 102 (4) status A Status | Staius Registers Table | Chart (Freq 0) -Left Aligned | Chart (Freq 0) - Ce
By CHO 15.987 Gbps Name: DDRMC_2 Q X % Ps ReadMode v  Simple Pattern
e Fa CH_L 15.977 Gbps Calibration Status: PASS Name Left Margin (taps) Center Point (t
* CPM-PCle example f Xilinx: XTP712
- ple from Xilinx:
~ b Quad_103 (4) Gate Tracking Status: Nibble 0 -
. . . b4 CH_O 15.973 Gbps Message: No errors detected during calibration. Nibble 1 61
* CPM: building block design for PCle
. b CH_2 15.98 Gbps Nibble 0 62
. . - ba CH3 15.984 Gbps Nibble 1 62
with integrating DMA, CIPS, NOC, etc
y ] ] . DDRMC_2 (LPDDR4) (x130] @ PASS Nibble 0 62
DDRMC_3 DISABLED ~ Stage Status Nibble 1 62
¢ > CAL_STAGE.01_FO_PHY_BISC Pas A
° P C I e G e n4 X8 . CAL_STAGE.02_FO_MEM_INIT Pas v Bed
. Properties ?_0KX CAL_STAGE.03_FO_LPDDRA_CS_CA TRAIN Pas Nibble 0 sL
. B CAL_STAGE.04_F0_DQS_GATE_CAL Pas - Ey:‘bf‘e ! s0
GTYP links are up. 16 Ghps per lane
. . clect an object to see propertie CAL_STAGE.06_FQ_READ_DQ_CAL Pas Nibble 0 o4
ot etnmr o o s s e 1 o v Nibble 1 64
Tcl Consol lessages | Serial O Links < Serial |
Q = 2 +
- e ig DFE Enabled  Inject Error  TXReset  RXReset  RXPLLStatus  TXPLLStatus  loopbackMode  TerminationVoltage  RX Common Mode — TXUSERCLKFreq  RXUSERCLKFreq T
* Driver software: QDMA, also a Xilinx IP.
" 1 . - 2 User ~  8oomv ~ Pro - u
v (& Locked Locked Usel ~  B00mv ~ Pro v 499,512 499.292 U
v &) Locked Locked Usel ~  800mv ~  Pro v 499,512 499.202 U
v &) Locked Locked Usel ~  800my v~ Pro v 499,072 498,779 U
v v Locked Locked Usel v 800mv v Pro e v 499,292 499.438 U
v &) Locked Locked User ~  800mv v~ Pro e~ 498.413 499.365 U
° Data eXC h an t t 'th th D MA v @ Locked Locked use ~  Boomv v Programmable 498.413 499585 U
g e eS WI e v v Locked Locked Usel ~  B0Omv « Programmable 498,486 498560 U
- v Locked Locked Use ~  BoOmv ~ Programmable 498.560 488512 U

software:
[root@cefOl linux-kernell]# ./bin/dma-ctl dev list
qdma02000 0000:02:00.0 max QP: 8, 0~7
dma02001 0000:02:00.1 max QP: 0, -~-
qdma02002 0000:02:00.2 max QP: 0, -~-
dma02003 0000:02:00.3 max QP: 0, -~-

° i i ine- i [root@cefO@l linux-kernell# ./bin/dma-ctl qdma®2000 q add idx 0 dir bi
We Spent mUCh time in mine Sweeplng dma-ctl: Warn: Default mode set to 'mm'

° i qdma02000-MM-0 H2C added.
Will start to make real protocol D eo0h oo e

for event data readout purpose. Added 1 Queues. _ _ .
[root@cef@l linux-kernell# ./bin/dma-ctl qdma02000 g start idx 0 dir bi

° Sim”ar to the one in Be”e 1] DAQ_ dma-ctl: Info: Default ring size set to 2048
1 Queues started, idx 0 ~ 0.
1 Queues started, idx 0 ~ 0.
[root@cef@l linux-kernell# ./bin/dma-to-device -d /dev/qdma02000-MM-0 -s 32
size=32 Average BW = 177.377688 KB/sec
[root@cef@l linux-kernell# ./bin/dma-from-device -d /dev/qdma02000-MM-8 -s 32
size=32 Average BW = 132.445391 KB/sec
[root@cef®l linux-kernell# ./bin/dma-ctl qdma02000 q stop idx O dir bi
Stopped Queues 0 -> 0.
[root@cef®l linux-kernel]# ./bin/dma-ctl qdma02000 q del idx 0 dir bi
Deleted Queues 0 -> 0.
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PCle-CPM firmware

* The Xilinx PCle-CPM IP provides two modes:
* Memory-Map (MM)
« Streaming

* Next, we started to make the firmware/software for continuous event readout for realistic
experimental purpose.

i o
R ]
e -i—| BRAM for MM mode
"
o ‘ BiE
NOC || t—i F
. Il =
: CPIS .
. — ¥ XLINX ST mode interface
= — =&, VERSAL:
] I o
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PCle-CPM firmware: Event readout using MM mode

* New firmware based on MM mode.

User module for protocol
and data generation

t RTL
—— H - Single-port - True dual-port
= | — =
— & - |
WILE

ooop oo

W XILINX

2024/04/11

A VERSAL

[ T

A
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PCle-CPM firmware: Event readout using MM mode

PC: write 2 to the base
addr to tell the card to start
generating evt data.

« State machine of the
readout protocol between |
PC and FPGA: |

Card: Write 1 to the hase
addr to tell PC to start
reading.

Card: Determine evt size:
Write evt data from base
addr + 1.

Card: keep checking the
hase addr.
Interval: 1ms.

* Not fully optimized yet. \

e Test: Done ™ “__
* Working correctly.

PC: get evt size from the
hase addr, readout the evt
data, and store it.

PC: keep checking the
hase addr.
Interval: 1ms.

_ S S I
root@cef0l:/home/ytlai/versal/dma ip drivers-master 202311/QDMA/linux-kernel/apps/user-readout# ./user-readout -d /dev/qdma02000-MM
-2 -c 1
host buffer 0x1008, 0x5558ab1410600.
evt filled
1 192 0 64
evt size:384 bytes
evt taking done
waiting...
waiting. ..
waiting. ..
evt filled
3 128 0 64
evt size:832 bytes
evt taking done
waiting...
waiting. ..

Workspace Switcher

evt size:256 bytes

ith

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
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PCle-CPM firmware: Event exchange using MM mode

« Adata exchange flow is also made for firmware and software.
* 1eventin -1 eventout.
* In order to test the algorithm core logic to be implemented in Versal kits.

PC Versal FPGA
Input
data
PCI-Express (M%Rﬁgﬂde)
Output
data
Plan

« Further optimize the design and measure the throughput.
* Try to use ST mode: Consulting with Xilinx engineers.
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Al engine

[
[ ]
Vivado
* Open an example project for VCK190: o
* Versal Extensible Embedded system.
with Al engine. e —————
*  Export platform = | = E%E =t (]';"_}J
I :::"‘_".r'_ LMC
* | |
taking this file xsa file G ———————1lE

As VCK190 arrived at KEK in 2024 March, we started
with learning firmware making to utilize Al engine.

Our group will prepare a manual for using Al engine
for experimental groups' algorithms development.

Design flow with Vivado/Vitis:
e C++ programmable design for Al engine.
* Integrated in PL design.

Get the final firmware project
With Al engine, mmz2s, s2mm to NOC

Workspace

Platform

Al engine component
From example. src, kernel and data.
Algorithm is defined here.

® base_pfm_vck190 [Platfo'm
HLS Component: mm2s > # mm2s [HLS
with mm2s.cpp N e

HLS Component: s2mm ) simple_ale_application [A
with s2mm.cpp > & simple_aie_apziication_system_project

System project Component
for integration

If want to run the system using the Baremetal
control application via SD card and UART,
need to build up another application in Nitis.
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Al engine: test

C O
»
OIre 100
/\
»
@, Q

dds_compiler_0_M_AXIS_DATA : Interface
dds_compiler_1_M_AXIS_DATA : Interface
axis_dwidth_converter_0_M_AXIS : Interface
ai_engine_0_MOO_AXIS : Interface

3 : ai_engine_0_MO0O0_AXIS : T Channel
slot_3 : ai_engine_0_MOO_AXIS : TVALID
slot_3: ai_engine_0_MO0_AXIS : TREADY

slot_3 : ai_engine_0_MOO_AXIS : TLAST

slot_3 : ai_engine_0_MOO_AXIS :

TDATA

slot_3: ai_engine_0_MOO_AXIS : TKEEP

2024/04/11
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Ol U UG ) d al € Al engine o DCC 01110
a 0 a »
@) Q
- - - - .
e 1,020 11,030 1,040 ‘l‘OEO
I e U P s e
C Ci O _dwidth_converter_0_M_AXIS : Interface i
ngine_0_MO0O0_AXIS : Interface = ‘
ai_engine_0_MOO_AXIS : T Channel | i
1: ai_engine_0_MO0O0_AXIS : TVALID 0 ‘
1: ai_engine_0_MOO_AXIS : TREADY 1
1: ai_engine_0_MOO0_AXIS : TLAST 1
i
1: ai_engine_0_MOO_AXIS : TDATA fffbo006 FTH6006 b fffbooes yFffb. ..
T .
1: ai_engine_0_MOO_AXIS : TKEEP f f
ign_1_ai_engine_0_0_S00_AXIS : Interface £ i
design_1_ai_engine_0_0_S00_AXIS : T Channe{ _ Stre
2 : design_1_ai_engine_0_0_SO0_AXIS : TVALIJ|0 ‘
2 : design_1_ai_engine_0_0_S00_AXIS : TREAD] 1 |
2 : design_1_ai_engine_0_0_S00_AXIS : TDATA} 00000001 Y
e B @ @ 8 A @ + 4 bl &= 2 4 X
NAME E— Il'J D})D?GF A‘:A - 120 UADH?UAU ASA - ]30 B?DFG? “ISA N (lEIA O}JD?U? \; - 1SDA.DAUUADU
0 >Tile(7,0)
>Tile(7,2)
e 0 500 1,000 1,500 2, COR >Tile(7,4)
—_— —_— —_— —_— > Tile(8,0) _main_init cored1 (
- ; . > Tile(8,1)
>Tile(8,2)
= ! >Tile(8,3) 2 =® =
i . > Tile(8,4)
wInterface Tile(8)
i ! ! Network
- ; . vinputs
1 | wnetd
0 | . 00:5_SHIM_SOUTH_ch1_C8
| 01:M_SHIM_NORTH_ch4_C8
0 ‘ vnet2 Il B i . .- ...
00:5_SHIM_SOUTH_ch6_C8 = Il i = = - a.
01:M_SHIM_EAST_ch3_C8 Il B S ...
02:5_SHIM_WEST_ch3_C9 Il . . - ...
|850079298: | 03:M_SHIM_NORTH_ch5_C9 [ BN BN BN BN BN BN R R R B ]
| vnet6
00:5_SHIM_SOUTH_ch4_C8
01:M_SHIM_NORTH_ch5_C8 24 : i : . : : i : : i i | : & 8 . i
ff



Vitis-Al with DPU

* VCK190 has another feature of Deep Learning Processor Unit (DPU), which is a a
configurable computation engine dedicated to convolutional neural networks.

* The design flow does not involve Vivado for PL design. The device is utilized with a small
operation system like a server, and works can be executed in it.

* A higher-level application.

. Ethernet
HDMI to display 10 host PC
Host PC
sshy scp USB camera
UART SD card with pre-built
use RIS image with DPU
UART to
VCK190 host PC
USB camera \HDMI to display
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Vitis-Al with DPU: test

* The environment with docker and DPU setup for VCK190 has been ready.

Processed image
shown on the display

Vitis-Al within docker

You will be running as vitis-ai-user with non-root UID/GID in Vitis AI Docker cont

Docker Image Version:
Vitis AI Git Hash:
Build Date: 2023-06-26
WorkFlow: pytorch

vitis-ai-user@cef02:/workspace$ l

root@xilinx-vck190-20222:~/Vitis-AI/examples/vai_library/samples/classification# ./test_jpeg classification resnetl8 pt ~/Vitis-AI/
examples/vai_library/samples/classification/images/002.JPEG

XAIEFAL: INFO: Resource group Avail is created.

XAIEFAL: INFO: Resource group Static is created.

XAIEFAL: INFO: Resource group Generic is created.

WARNING: Logging before InitGoogleLogging() is written to STDERR

11119 10:19:08.931777 1536 demo.hpp:1193] batch: 0 image: /home/root/Vitis-AI/examples/vai_library/samples/classification/imag

Image proceSS|ng e5/002i3f53:08.931926 1536 process result.hpp:24] r.index 109 brain coral, r.score 0.999749

- 10:19:08.932195 1536 process result.hpp:24] r.index 955 jackfruit, jak, jack, r.score 0.000158421
In DPU 10:19:08.932324 1536 process_result.hpp:24] r.index 973 coral reef, r.score 5.828e-05
10:19:08.932408 1536 process_result.hpp:24] r.index 390 eel, r.score 1.66975e-05
10:19:08.932502 1536 process result.hpp:24] r.index 5 electric ray, crampfish, numbfish, torpedo, r.score 7.88734e-06

10:19:08.932798 1536 demo.hpp:1193] batch: 1 image: /home/root/Vitis-AI/examples/vai_library/samples/classification/imag
es/002.JPEG
11119 10:19:08.932826 1536 process result.hpp:24] r.index 109 brain coral, r.score 0.999749
11119 10:19:08.932909 1536 process result.hpp:24] r.index 955 jackfruit, jak, jack, r.score 0.000158421
11119 10:19:08.933024 1536 process result.hpp:24] r.index 973 coral reef, r.score 5.828e-05
11119 10:19:08.933102 1536 process_result.hpp:24] r.index 390 eel, r.score 1.66975e-05
11119 10:19:08.933192 process result. 2 .index 5 electric ra crampfish, numbfish, torpedo, r.score 7.88734e-06

: P
[ WARN:0] global /usr/src/debug/opencv/4 5.2-r0/git/modules/videoio/src/cap gstreamer cpp (1081) open OpenCV | GStreamer warning:
annot query video position: status=0, value=-1, duration=-1
XAIEFAL: INFO: Resource group Avail is created.
XAIEFAL: INFO: Resource group Static is created.
Camera Video XAIEFAL: INFO: Resource group Generic is created.
WARNING: Logging before InitGoogleLogging() is written to STDERR
= 11119 10:18:38.351377 1517 demo.hpp:752] DPU model size=224x224
processing I1119 10:18:38.392418 1517 demo.hpp:752] DPU model size=224x224
- 11119 10:18:38.433463 1517 demo.hpp:752] DPU model size=224x224
in DPU T1119 10:18:38.474534 1517 demo.hpp:752] DPU model size=224x224
11119 :18:38.515609 1517 demo.hpp:752] DPU model size=224x224
11119 :18:38.556959 1517 demo.hpp:752] DPU model size=224x224
I1119 10:18:38.598032 1517 demo.hpp:752] DPU model size=224x224
11119 :18:38.639214 1517 demo.hpp:752] DPU model size=224x224
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Algorithm making in FPGA: HLS, ML, Al engine

* Next step, we have many algorithms from Belle II, ATLAS, or so, to play in Versal kits.
« Before that, let's think about the methodologies to do so.

* Considering algorithm implementation:

* HDL logic in firmware.
Depend on the different targets, our selection on

* HLS: software - firmware. _ _ _
: - FPGA differs. A strong FPGA? ACAP with Al engine?
* ML inference DPU?

* Al engine.

* Not only the his4ml, HLS tools has much more for ML and non-ML application.
« Similarly, Versal Al engine requires a different design flow to make software/firmware.

« For this part of the work, we generalize the work plan into a roadmap in a technical
perspective.
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HLS, ML, Al engine: roadmap

* As a member of KEK E-sys group, we hope to understand the basic utilization on each, and
build a database of such technical knowledge, to support our experimental colleagues.

* \We are recruiting young student to learn/work with us.
* We also plan to make a series of hand-on lecture for each of them.

Verilog/VHDL

HLS
software
C++ software — | Vivado™ His
VVIPcore
‘ . _ : Syuthesis SOﬁW:re FPGA firmware (PL)
e L v VIVADO!
01§ QKeras| - iPcore Y
TensorFlow
'y PyTorch
Keras O yore \\ ML inference
HLS tool
/,\. Conifer his(4ml
CNN?? —
GNN?? " Kivachina wMFINN .
FPGA + Al engin
(PL)
Vitis
Hand itt W XILINX
ana-writtern "
FensorFLow | B
Pytereh This design flow does :ﬂi: ; : i
Vitis Al NOT include Vivado for a
firmware making in PL. et | 23 S
W XILINX —P
: a VITIS DPU + Al engine
LAl (no PL)
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his4ml

* hisdml: A package for machine learning inference in FPGA.
« Already lots of utilizations with Vivado HLS in Belle Il and ATLAS.

* Yiyang Ding, our summer internship student in 2023,
performed general studies on it.

* A NN model for simple tracker and tested with VPK120!
« Also tested with Intel FPGA with Quartus.

A manual has been prepared.
’ — Xilinx FPGA IPcore
/ newly tested!

Newer versions

TensorFlow QKeras —» hils 4 m| > N Xilinx Versal,
Keras S — FrGa IPcore

Vivado 2018.2~2020.1

Vivado™ HLS

newly tested!

HLS
\\(3 —P> Intel FPGA IPcore

QUARTUS"II
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Next step: what kinds of algorithms to implment?

2D Track Finding:
Hough transformation.
Limited track condition.

.“ (xfa;3+{f4h]2 =7

. | /
@h LAY

—

o ot

(a) real plane (b) conformal plane

[GeV ]

Pr

260 280 300 320
#ll

2024/04/11

X

_—

Example: Belle Il track Trigger

(a) CDC Hits T

(b) ISE

\

(c) 2D Track Finder o S (d) 31

Delta ¢ relative to the
2DTrack. For Axial TS this

is 0.

Inner TSF Outer TSF

Track Segment:
Simplification on the algorithm

3D Track Finding:
Fitting with Stereo wire info

T

s - 12
B¢ is greatly exaggerated

NN 3D Track Finding:

The drift time has a positive
sign, when the track passed
on the right side, and a
negative sign if it passed on
the left.
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Next step: how to implment?

2D Track Finding:
Hough transformation.
Limited track condition.

¥

%y

.“ (xfaJ3+{fAhf =7

.
(a,b)

Yh
Y=AX+B

- );/////
B (X, Y)

.‘_\la

Example: Belle Il track Trigger

Track Segment:
Simplification on the algorithm

o

(a) real plane

[GeV ]

Pr

(b) conformal plane

260 280 300 320

#l

2024/04/11

X

For each kind of algorithm, how can _
we proceed? Axial

« We had much experience in the logic design Sreree

from C++, make HDL version manually.

3D Track Finding:
e C++ -
< e Fitting with Stereo wire info

« C++ - Al engine

* For those based on ML.: e
 Compare between different packages:

* hisdml, Conifer, FW X Machina, FINN, etc

« Manual constructed NN at Al engine -

The drift time has a positive
sign, when the track passed

Delta @ relative to the on the right side, and a
2DTrack. For Axial TS this negative sign if it passed on
is 0. the left.
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Prospect: more new ideas

Additional dimension:
More resource in FPGA More than NN: CNN or GNN?

2D - 3D Hough tracking: : ,
Extension of more input info: KIT, TUM, MPI: Belle Il Al trigger group

CDC wire struct
-CDCTRG 2D track cocwirestructure |

\ \ ‘ CNN tracking
present fitting =

P o : . new fitting

KEK: T. Koga, et al.

ewire used for track fitting with tdc

seee
. o

@axial

stack 2D- to 3D-parameter-space

KIT: S. Skambraks, et al.

NN: his4dml

Neural Network

ATLAS fast muon traCking for T even‘t trigger: | Aglining methode ploted on the CDC cross-section
with Neural Network: Oneuron
. ith wei i GNN clusterin GNN trackin
arXiv:2202.04976 . ->synapse fp\nlh weight function g g
input hidden layer output , s Forward Endcap ' Fia
= ““|Photon 1 12 total CPs
34 Photon 3
1.0tPhoton 4
Photon 5
24 \\ Photon 6 el :
N\ 05photon 8 . 4
E N e - Photon 9 IO
=4 —_— Background %
' 4 c 0.0 2 13
wl ; ‘ /"./ ,-"IJ‘ 0.5 i . . . . mai v Aot e
7/ Output: at Hg o g i N !
i - / Simply Y/N -10 ; T Sy
EX] 11 138 . I|“|‘_-|_- 115 50 ~ A\ \ - ;‘.“ for tau eVent s r ; . v B
/- . / orso. e RSN

o e w0 10w T o
KEK: T Koga R. Nomaru Dataset: displaced_processed _simulated_2_tracks_0_nominal-phase3
oL , R .
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* The Collider Electronics Forum at KEK IPNS and Japanese HEP community started a
project using the evaluation kits of the Xilinx Versal ACAP targeting on the future R&D of a
new universal FPGA device.

 Some of the fundamental functionalities of the Versal evaluation kits have been studied.

* Firmware making, high-speed transmission, PCle, Al engine, DPU, and HLS for ML
inference.

* Future plan:

* More basic studies on HLS tools, ML inference packages, and Al engine will be
performed.

* Implement different physics algorithms for different experiments.
* We will also discuss about the new device's R&D plan.
* The next generation of Universal Trigger board (UT5).
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Backup
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Evaluation kits for Versal

VHK158

VCK190 VMK180

Features the VH1582 Versal™

* Features the VC1902 Versal Al * Features the VM1802

Core series Versal™ Prime series HBM series

. F(_)r using Al and DSP engines * The world’s first ACAP e convergence of memory,
with greater compute - A software programmable compute, and connectivity with
performance that current server infrastructure and connectivity ~ 352G HBM and 112G PAM4
class CPUs

VCK5000 VEK280

VPK120
~* Features Versal™ Premium
* Features the Versal Al Core Series  series VP1202

* For (Al) Engine development with  « Multiple high-speed
Vitis and Al Inference development Connectivity Option

* Not flexible for FPGA firmware e Massive serial bandw|dth’
security, and compute density

* Features the VE2802 Versal
Al Edge series

* Simpler version of VCK190
* Will come out in 2024
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SuperKEKB

( Siwerbele

* SuperKEKB: Upgraded from KEKB. - rb' ‘.__ -

* More than 30 times larger luminosity gr;?:::géégfr ’ 5 SuperKEKE
of KEKB with nano beam scheme. T PR—
ﬁf, é m IL More RF cavites

* Asymmetric energy collider:

_ Upgrade of Energy exchange ; L E
- ducti Gomn Y amping fing
e 7.0GeV e and 4.0 GeV e* for Y(4S) - BB. oo ——— N T s
Tunnel already exists. s 45‘%“ ——
Most of the components - o
- (magnets, klystrons,etc) ‘
__.'- will be re-used.
B meson \ Gy |a‘;;;a1m\\ ‘
o — Goal: reach > 6 x 10** cm?s*
e 7.0 Gevrc e* 4.0 Gevic
ﬁ- -
Anti B 20 Belle Il Online luminosity Exp: 7-26 - All runs
nti B meson — ’ Integrated luminosity
mmm Recorded Daily

- 400

2.5 I— [ £recorgeq dt =427.791fb~1]

* Luminosity achievement:
L . =4.65x10%*cm?s?,

peak

World record. ~Two times of KEKB
record with much smaller beam current.

« L =~427fb™* up to Jun. 2022.

2.0

T
w
o
o

T
N
o
o

Total integrated luminosity [fb~!]

F100 2

Total integrated Daily luminosity [fb~1]

* Will resume beam collision in 2024 with

PXD full installation. ) @%m%\ﬁ%&&% ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Date

Updated on 2022/06/22 18:13 JST
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Belle |l detector

* Belle II: Newly-designed sub-detectors set to improve detection performance.
KLM

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

(end-caps , inner 2 barrel layers)

ECL

EM Calorimeter
Csl(Tl), waveform sampling electronics

TOP (barrel)
ARICH (forward end-cap)

~ Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

!j \
[ positrons (4 GeV)

Online systems:
L1 TRG and DAQ

Belle Il TDR, arXiv:1011.0352

i

e

electrons (7 GeV)

PXD Vertex Detector
SVD 2 layers Si Pixels (DEPFET) +

4 layers Si double sided strip DSSD

CDC

Central Drift Chamber

Smaller cell size, long lever arm

* Physics target of Belle II:
* Rare B, 1, charm physics, Dark Matter search, CP Violation.

* Requirement for data taking:
* High L1 trigger rate (~30 kHz), high background, and large event size.
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Belle Il DAQ system

* Pipeline common readout system for each sub-detector.
* Except for PXD: data reduction system with ROI.
» Target of performance: 30 kHz L1 rate, ~1% of dead time, and a raw event size of 1 MB.

* FPGA (FEE - Readout): Use universal
"Belle2Link" protocol with optical links in

between.

2024/04/11

 Back-end servers: readout PC, HLT and
storage for online procession/reconstruction.

f PXD

DHE
E DHE %
DHE

N ™

a9
E ONSEN

7 | DATCON

O SVD

® —>

° —> B

o —> » i 5

8‘ — 5 e

= ' | -
g)' | units . s 66.
Q PCle40 readout board o > &
= + readout PC 4800 cores @ ®
QO

21

Near Detector | — v 4 ¥

2% %, %
* @ o
»%  HLT farm 27 Storage
Electronics Hut Control Room

* Trigger&Timing distribution (TTD):
Distributes trigger signal from L1 to all FPGA.
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Readout device and its upgrade

PCle40

BEEEREEE

. 2x8 PCle Gen3
Upgrade ° IntelArria 10.

* Developed in LHCb and ALICE.
* 48 optical links.
* 2x8 PCle Gena3.

* |n total 21 PCle40 boards will be used
in Belle II.

* 4 Xilinx Virtex-5 receiver boards.
* PrPMC: data procession, pre event building.
* In total 203 coppers were used in Belle Il.

Considerations for upgrade:

* Difficulty of maintenance: « Limit of the system on further improvement:
* Increasing number of malfunctioning pieces. « Output throughput by GbE: 1Gbps.
* Many different boards in system. « CPU usage: ~60% at 30 kHz trigger rate.

» Parts out of production already.

2024/04/11 Yun-Tsung Lai (KEK IPNS) @ Workshop on Realtime ML



Belle Il TRG

* 4 sub-trigger systems + 2 global trigger systems.

CDC TSF |—| 2D Tracker 3D Tracker I KEK NTU NCU
KEK, NTU, FJU, . e
Charged tracking:
NUU, KIT, TUM, MPI,
Track parameter, -
KU, KMI Nagoya, U. k paramete .
of TOkyO num e_r 0_ tracks, 8
event timing. —= =
=
ECL 4x4 Trigger Cell Cluster I > 3
l: Cluster Count > X
Hanyang U., BINP, Energy, clustering, Timing - 2 _
NOtlce co. IOW-mUItipliCityl Energy Sum High Thresholdi - 'a v Trllgger
event tlming' Low Threshold > 5
Bhabha > _E
<£
&
. - Q H
U. Pittsburgh, TOP ] s &| Trigger summary,
Hawaii U. - | Mutipiciy | > S matching,
Event timing. - Topology > *g topological, final
— Fine Timing > .E decision.
g
L. KLM w hit Forward | > 8
Virginia Tech., I_:' — . %
Hawaii U. Muon track. I — ~ S
_i 3D Muon Trackl > o
New in Belle Il _iHadron Clusterl >
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Conditions and requirements for TRG

* Examples of technical challenges so far:
* Low-multiplicity trigger mainly based on ECL, but contamination

* Requirements: from noise, beam bkg or Bhabha.
e Overall latency < 4.4 ps. * Energy trigger with high eff. but high rate too.
« ~100% eff. for hadronic events. * Injection bkg.

. Max 30 kHz @ 8*10% cm2s . D_rawback of track trigger at endcap. |
* High track trigger rate due to crosstalk noise.

. T isinn: <
Timing pre(:lspn. 10ns * Latency budget due to transmission or complicated logics.
* Event separation: 500 ns .

* Physics processes in interest:

Phase2 Lum. Record

=
Process C.S. (nb) |R@L=5.5x10% (Hz) R@L=8x10% (Hz)|  TRG logic
Upsilon(4S) 1.2 6.6 960 CDC 3trk(fff)
ECL high energy(hie)
Continuum 2.8 15.4 2200 ECL 4 clusters(c4)
HH 0.8 4.4 640 CDC 2trk(ffo)
o 0.8 4.4 640 o
Bhabha a4 242 350 ECL Bhabha(bhabha,
3D bhabha)
Y-y 2.4 13.2 19~
Two photon 13 71.5 10000  |SDC2O)
Total 67 357.5 ~15000
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Data transmission protocol at Belle Il TRG

e Data transmission in TRG: Xilinx and Altera FPGA MGT, QSFP module, and MPO cable.

* The original plan was to use the open-source Aurora protocol, but large latency was
introduced and exceeded the L1 limit (4.4 ps).

* Belle Il CDCTRG developed an user-defined transmission protocols:
« Smaller latency than Aurora’s: Latency reduction is critical for L1!
» User-friendly interface.
* 8B/10B and 64B/66B encoding.
e Support various Xilinx and Altera MGT.
* Bit error rate < 108 /s with few weeks BERT.
* Flow control and synchronization.

Latency comparison using UT3 (Virtex-6 GTX and GTH)

Protocol Lane rate user_clk Link type Latency (ns)
Aurora 8B/10B 5.08 Gbps 254 MHz  GTX-GTX  185~190 < For UT4:
Raw-level 8B/10B | 5.08 Gbps 254 MHz  GTX-GTX  132~136 « Up to 25 Gbps using 64B/66B.
5.08 Gbps 254 MHz  GTH-GTX 132~136
5.08 Gbps 254 MHz GTH-GTH  91~95 * Latency: ~ 50ns.
5.08 Gbps 254 MHz  GTX-GTH 91~95

Aurora 64B/66B | 10.16 Gbps 158.75 MHz GTH-GTH  296~302
Raw-level 64B/66B | 11.176 Gbps 169.33 MHz GTH-GTH 106~112
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Track trigger with CDC

LA = 8312 1585.7

* ~14K sense wires with mixture of He and ethane. /
* An alternative AUAVAUAVA wire configuration [ | 4
for 3D information: | § T8
A: Axial super-layer (SL) parallel to z-axis (93 , ~ g1 | s
U, V: Stereo SL with two small stereo angles. + ~+{ © =~ &+ & T et
Axial (A)
Belle Il 4 5 6 7 8 ]
X_::_O"r\t/'_E“ds Merger 1. 2. _3 AEREE i S
inX Virtex-5 - ajtera Arria2 __Stereo (U, V) SLO.. EEERAT = 1iiinininiiiinn B
TR ' ‘ Track Segment - s SEEEE T = l
<L S AU A V A U A V A
7 S Timing |
] Finder x1
Axial SL: 0,2, 4,6, 8 3D
Stereo SL: 1, 3, 5, 7 = Pk I Tracker _
A — | x4 Track Segment Finder (TSF).
Begn Tracker | | NN Tracker: 2D full track, 3D,
cpc Merger x4 s Neural 3D (NN), and
Front-End x.’g:,' Each for an axial SL | £ach for a quarter _. X4 = eura ( )1 an
X292 of CDC Each for a quarter ShOI’t '[I‘aCkeI’
transverse plane of CDC . . .
P e Stereo iatideicscal i * Event Timing Finder (ETF)
1 20 5 Track
2 24 B Segmenl TS hitof SLO-4
328 7 Finder x4
4: 32 B
5036 9 Each for a stereo SL
6: 40 10
44 1
B: 48 12

Universal Trigger board: UT3 and UT4
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Neural z trigger

(NN) running in parallel in the system.
* Input the 2D tracker and stereo TS info: Crossing angle, drift time, ¢ relative to 2D Track .
z,and 0.

o Obtain

Delta @ relative to the

2DTrack. For Axial TS this

9 &

aul- Lo
o 9x S[’A’ ( /
@

The drift time has a positive
sign, when the track passed
on the right side, and a

negative sign if it passed on

is 0. the left.
nnHW tracks , reco IP
nnhwRecoMatchlPdZ0
12000 [~ Entries 78628
- Mean -0.3176
r Bel Ie I I Std Dev 6.843
10000 X2/ ndf 527.5/57
L 202 1 Prob 0
8000 po 8755+ 187.8
L = pi 0.6859 + 0.0506
[ O 4.51 cm p2 4509 +0.082
6000 -~ p3 2636 + 222.1
L pd -1.762 +0.121
4000 - p5 8.664 +0.169
20003_ Izl < 15¢cm
0 L | L1 P
-100 -50 0 50 100
delta z [cm]
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L1 trigger gfficiency
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0.8 |

0.6

04 *+
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7
S. Neuhaus et al 2015 J. Phys.: Conf. Ser. 608 012052
Kai Lukas Unger et al 2023 J. Phys.: Conf. Ser. 2438 012056
F. Meggendorfer, DPG Conference 2021

Karlsruher Institut fur Technologie

* |n addition to the conventional 3D tracker based on
fitting method, Belle 1l has a Neural Network 3D tracker

Thesis: S. Skambraks, S. Pohl

fit
f

}G |

ee — 1t — 3x1 (inclusive) +ﬁ° Bigrisd
W i ;;m%. mf‘ R
17 ¢ LR
kit ¥ ! *# ++ H#ﬂ ﬁ
7 |

-ffo: full-to-full opening: angle > Q02
y: smgle -track from Neural
2I0 40 60 80 100 1é0 1;&0

min track 0 [deg]

Plots by P.Rados, A.Rostomyan (DESY)
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ML tau trigger

* Global trigger receives the cluster information from ECLTRG.

* Input the position and energy information of clusters to a Neural Network, and determine if it

IS a tau event or not.

* AKkind of topological application.

e Based on hls4ml.

* Validated and will be implemented in 2024 runs.

10% background
tau

103,

10°

0.0 0.2 0.4 0.6
output offSigmoid

background tau

2024/04/11

1.00

his 4 ml

hie: ECL 0.5
energy sum
ecltaub2b: > -
ECL cluster &
based logic  &os

0.75 {

hie
¢ hiel

r'. ecltaub2b

r
<}

0.70

== neural network AUC=0.952
neural network(threshold=0.4)

& hie2
& hie3

ecltaub2b2
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Background Efficiency (FPR)
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