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Application of FPGA in HEP experiments

Our target: Study the latest COTS FPGA devices
and their associated new technologies for possible
application and upgrade in different aspects of HEP
experiments.

Data Link FPGA
(Trigger)
: FPGA
Data Link
° (Readout)
e o
//// |
»
* FPGA - FPGA transmission: y
* Optical link with FPGA MGT
and optical modules. - Strong FPGA devices with:
* Non-Return-to-Zero (NRZ2). * Larger number of cells.

Different encoding based on
protocol design purposes.

e Larger data bandwidth.

* Hardware acceleration:

* Not only CPU, but also GPU
and FPGA.

* Acceleration on software-
based calculation.

4

—» High-level

* FPGA - server transmission:

e Data transmission and
system slow control.

* GbE, PCl-express, VME,
etc.

* PCI-Express is the most

are critical for the usage in: _
.0 BB/1L08 and 64BI6B. . "rpa: complicated algorithm  ROPUIar one nowadays:
* <10 Gbps for DAQ. implementation. and Belle I ’ ’
» <25 Gbps for TRG. * DARQ: collect and process large '
data.
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Versal project

* Our project is mainly based on the Xilinx Versal series of ACAP.
* KEK together with Japanese HEP community purchased a few evaluation kits.

* 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.

* The features of different Versal series ACAP:
* Al engine: convenient interface to implement ML core into firmware.
* High Bandwidth Memory (HBM).
e Larger number of cells + High transmission bandwidth. CPU FPGA Al
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time control.
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Versal project: General plan, roadmap, and collaboration

* 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.

« Study the properties of the fundamental functionalities with the kits:
1% year: « GTM (PAM4), PCle Gen5, Al engine, DPU, etc.
* Prepare basic application for each of them for other members.

Here we are now with p ° Make general transmission protocols for GTM (PAM4), PCle Gen5, and do
VPK120 and VCK190. performance study.

2" year: * Implement various Trigger algorithms (Belle II, ATLAS, etc).
« Connect to existing systems to take real-time data and check performance.

* Future universal device: L1 TRG, DAQ readout, or HLT.
« Discussion.
« Schematic/PCB design for the prototype boards.
« Test with experiments people.

3" year:

IFJPPN

ECFA DRD7.5a
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D RD 27 members

e Activities in 2023:

« Japan - France: Visited IJCLab for discussion on progress and future collaboration with
CPPM Marselille for joint study on PCle related R&D.

* France - Japan: Participated the Belle Il general meeting for PCle40 work.

* New members in 2024 application:
« KEK ACCL: High-speed ADC system with WhiteRabbit using PCle DMA readout.
 CPPM Marseille: PCle400 readout upgrade.

France Japan
Name Institute Name Institute
Daniel Charlet IJCLab Orsay PCle readout Yun-Tsung Lai KEK IPNS E-sys, Belle 1l
Patrick Robbe ﬂe}vliclz_lecfgr Belle Manobu Tanaka E-sys
Tak-Shun Lau Makoto Tomoto ATLAS
Emi Kou Satoru Yamada Belle Il
Yutaka Ushiroda Belle Il
Kunihiro Nagano ATLAS
Taichiro Koga Belle Il
Yu Nakazawa Belle 1l
New members
Julien Langouet CPPM Marseille PCIe4O(I)O readout  Hiroshi Kaji KEK ACCL SuperKEKB
upgrade

Paul Bibron

Renaud Le Gac
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Outline

* Progress so far:
e Study on fundamental elements.

* Tested with QSFPDD.
Customized protocol.

PCle
¢ Tested with PCle-CPM.

* Event readout and exchange
logic.

* Belle Il PCle40

Al engine
* Design flow.
* Tested with many algorithms.

* Working environment with
VCK190.

* GPU quantization.
* Tested with different algorithms.
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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

* We used to make FPGA firmware with
Programmable Logic (PL): mainly using HDL for
RTL logic.

* Versal is an ACAP containing lots of sub-systems:
Not only PL, but also Processor System (PS).

* Highly rely on the automatic block design rather
than the traditional code-writing way.

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

s D>

A firmware design
with PCle

NOC latency study by
Dmytro Levit (KEK)

NOC Latency headers
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NOC (Network On
Chip): Communication

network for sub-systems
of the FPGA.

CIPS (Common Interface Processing

System) : Interface referring to the
integrated processing sub-system
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Data transmission with VPK120

« GTYP: PCle 5.0 (16) and FMC+ (8) @
« 1.25~32.75 Gbls. gwpty  onue Cownle iXPow

e Various encoder supported.

—— Power Switch

Power Connector

Mode Pin

¢ GTM QSFPDD (8*2) IEEE Std1588 (eCPRI) . ; = | DIP Switch (SW1)

* NRZ, s {IIHIIIHHIIUII
e 95~15,19 ~ 29 Gb/s. . | e
Ethernet
* PAM4 USB Type A UART
* 19~ 30, 38 ~ 60 Gb/s . e
* 76 ~ 112 Gb/s: "Half density mode" .
by Comblr?lng_two lanes. (Sl)t(a)tnu:érErgf) PCle Gen3 x8 xgr\?su\zjgg?z(ﬁSEVSVAQTSSACAP VPK120
* No encoding is supported.
Need to be make them manually in RTL.
PAM-4
NRZ (Pulse Amplitude Modulation)
(Non-Return-to-Zero)
I
~ 3
) @ source:
3 P Xilinx
wm ',
. ' Four distinct voltage levels.
Limit: ~25 Gbps Two bits per clock cycle.
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PAM4 56 Gbps with GTM, QSFPDD loopback

QSFP-DD loopback: 8 lanes

DesignCon 2019 Enabling IBIS-AMI
Simulations for Systems Containing
PAM4 Retimers at 112Gbps
amplitude/height )
of eye # Histogram of SNR # goodness

“ = = .~ .goodness of transmission the amplitude of transmission

DER | _viguau_cusLr_w

Name Status

Slicer Eye 1 Histogram Signal-to-Noise Ratio
v 1 localhost (1 Connecte”™
- B xilinx_tefMiling00001d54100¢ Open 00 Hoa
{& arm_dap_0 NIA o - 32
~ {8 xevpl202_1 Programm 7 7
SysMon E 60 g 60 % 2
IBERT Versal GTM 2 2 z
fiy Quad_204 v g 40 g 40 w1
< > < <
20~ 20
Link Group Properties
0 0
Link Group 0 - o3 1400 2800 4200 600 7000 7800 15600 23400 31200 88 132 \A}F; 2
a a ES Sample Count SMR Sample en
The best indicator of N
ainm- arameters were
goodness of transmission: P der tuni
under tuning.
0 error (BER) A good set of parameters 9
Status s 3 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 v PR35 31 0dB v 0d8 v 0dse v 0,502vdd v Inject Reset | [ Reset
56,414 Gbps 3,003E-12 Reset PRBS 31 ~ PRES 31 0ds v 0de v 0d8 v 0,502 vdd v Inject Reset Reset
56.414 Gbps 3.556E-12 [ Reset PRBS 31 ~ PRBS 31 0ds v 0d8 v 0d8 ~ 0.502vdd v Inject Reset Reset
56.402 Gbps 6.095E-12 Reset PRBS 31 v PRBS 31 0dB v 0dB v 0dB v 0,502 vdd v [ inject [ Reset | [ Reset
56,402 Gbps 114311 [ Reset | PRBS 3l ~ PRBS 31 0ds v 0dB v 0dB v 0.502Vvdd v inject | [ Reset | [ Reset
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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 PAMA4.

» 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.

Belle Il UT4 ' ‘ /

The same 156.25 MHz

clock source

Belle 1l UT4
oy

(UltraScale):
4 GTY lanes

via QSFP28 ' p.
: 25 Gbps x 4 v 4 NG
2 directions. . VPK120: 4 GTM lanes
' via QSFP28
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Transmission test with PAM4 and QSFPDD

* Using the same transmission protocol, we have also successfully tested the real transmission:
* QSFPDD-SR8 with MPO16.

e 53.125 Gb/s x 16 lanes.
* Only this line rate is supported.

 BERT in 3 days:
* Our self-designed protocol.
* PRBS16 patterns.
* BER of the worst lane: 9.0 x 104
« Combined BER: 6.7 x 10%3

IBERT GTM Real-Time Scan Plots

BERT_0.Quad_205.CH_1

Slicer Eye Histogram

* Latency:
e 60~70 clocks in 332 MHz.
e 180~210 ns.

Amplitude (%)
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PCle-CPM test with Versal kits

Hardware ? _ O X  DDRMC-DDRMC1  x DDRMC-DDRMC2 x
Q = 2 © status Margins Analysis
EEm— 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 P CH_L 15.977 Gbps Ccalibration Status: PASS Name Left Margin (taps) Center Point (t
b CH_2 15.97 Gbps ~
* CPM-PCle example from Xilinx: XTP712 T
~ b Quad_103 (4) Gate Tracking Status: 9 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_FO_DQS_GATE_CAL Pas - Ey:‘bf‘e ! s0
GTYP links are up. 16 Gbps 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 Console | Messages | Serial 1/0 Link: 1
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 v 498.413 499.365 U
v %) Locked Locked Usel ~  800mv ~ Programmable v 498,413 499.585 U
v &) Locked Locked Usel ~  800mv ~ Programmable 498.486 498,560 U
- v Locked Locked Use ~  BoOmv ~ Programmable 498.560 488512 U

[root@cefOl linux-kernell]# ./bin/dma-ctl dev list

qdma02000 0000:02:00.0 max QP: 8, 0~7

qdma02001 0000:02:00.1 max QP: 0, -~-

qdma02002 0000:02:00.2 max QP: 0, -~-

dma02003 0000:02:00.3 max QP: @, -~-

[root@cef0l linux-kernell# ./bin/dma-ctl qdma®2000 q add idx 0 dir bi
dma-ctl: Warn: Default mode set to 'mm'

VPK]‘ZO qdma02000-MM-0@ H2C added.

Genb x 16 qdma02000-MM-0 C2H added.

Added 1 Queues.

[root@cef@l linux-kernell# ./bin/dma-ctl qdma02000 g start idx 0 dir bi

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

VCK190 Stopped Queues 0 -> 0.

Gen4 X 8 [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 for Versal

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

* 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.

f RTL

— !

User module for protocol
and data generation

Single-port - True dual-port

ooop oo

W XILINX

2024/05/23

A VERSAL

[ T

A

Yun-Tsung Lai (KEK IPNS) @ 2024 Workshop of FKPPN and TYL/FJPPN




PCle-CPM firmware: Event readout

« State machine of the readout protocol between

PC and FPGA:
ST mode _ _ |
Card: Determine data witf Card: Write 1 to reg28 to
. imi : dom size. I ding.
Not fully optimized yet: rendom size. fll P T stat reacing.
* Long waiting time. ~ Done

BC: get evt size reg4. If1
Write 2 to reg8: Data
will be transmitted from
sqrd to ring buffer.

PC: Read data from
ring buffer, and store it.

PC: keep checking reg28.
Interval: 1ms.

PC: write 2 to the base
addr to tell the card to start

generating evt data. fnotl

MM mode

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

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

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

lfnot2

Done

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

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

Ifnotl"
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PCle-CPM firmware: Event readout (cont'd)

e Test:
» Working correctly with random size.

Store event data with
random size

212
_ _ _ e . _ > - . I 192
root@cef0l:/home/ytlai/versal/dma ip drivers-master 202311/QDMA/linux-kernel/apps/user-readout# ./user-readout d /dev/qdma02000-MM 515
-2 -c 10
host buffer 0x1008, 0x5558abl41000.
evt filled

3 128 0 64

evt size:832 bytes

evt taking done
aiting...
aiting...
aiting...

Uiy, oo g
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PCle-CPM firmware: Event exchange

« Adata exchange flow is also made for firmware and software.
e For both MM and ST modes.
« 1eventin-1eventout.

* In order to test the algorithm core logic to be implemented in Versal kits.

PC

Versal FPGA

Input
data

Output
data

BRAM

PCI-Express (MM mode)

2024/05/23
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PCle40 upgrade at Belle Il

PCle40: PCle Gen3 x 16

WL L)
-1
] i

PCle40 upgrade and its commissioning at Belle Il
has been complete in 2023.

 KEK and IJCLab keeps working on the improvement.
 Sitill important reference for new system R&D.

- L}

- BEEEEE

-
-

Double PCle bandwidth: 8 lanes — 16 lanes.

. . : - Study by Dmytro Levit (KEK) and
Both firmware and driver software for DMA are modified. Tak-Shu Lau (IJCLab)

* Improved throughput
* Internal data generator: 14 GB/s.
 Pseudo FEE, 32 channels at 27 kHz: 7.3 GB/s * Interface to Belle Il Trigger&Timing

system "b2tt":

SULLTG « From RJ45 to Opt link.
J : * Better stability in operation.
i  Modification on PCle40 circuit
conmonter —>
_ needed.

Data Rate DMA1

00— — Data Rate DMA1

—— Data Rate DMAQ
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Al engine

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

* Integrated in PL design.

- Open an example project for VCK190:  Our group will prepare a manual and tutorial for using
»  Versal Extensible Embedded system. Al engine for experimental groups' algorithms

with Al engine. - —7 development.
* Export platform - [l - ‘ EE E}J
- 7TE7777 { & ‘ Get the final firmware project
taking this file xsa file —== With Al engine, mmz2s, s2mm to NOC

Workspace

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

HLS Component: mm2s
with mm2s.cpp

If want to run the system using the Baremetal

HLS Component; s2mm ’ simple_aie_application [Al Engine] control application via SD card and UART,
need to build up another application in Xitis.

with sme.cpp > & simple_aie_apyiication_system_project

System project Component
for integration

b
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Al engine: test

dds_compiler_0_M_AXIS_DATA :
dds_compiler_1_M_AXIS_DATA :

Interface

Interface

axis_dwidth_converter_0_M_AXIS : Interface
ai_engine_0_M0O_AXIS : Interface
3 : ai_engine_0_M0O0_AXIS : T Channel

slot_3: ai_engine_0_MO0_AXIS

slot_3 : ai_engine_0_MOO_AXIS :

slot_3: ai_engine_0_MOO_AXIS :

2024/05/23

: TVALID
slot_3: ai_engine_0_MO0_AXIS :
slot_3: ai_engine_0_MOO_AXIS :

TREADY
TLAST

TDATA

TKEEP
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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 1,050
.J...J.‘.\....J...\....J..kl...m....
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_MOO_AXIS : TLAST 1
i
1 : ai_engine_0_MOO_AXIS : TDATA fffboo06 fffbooos FFTb FFFE0005 VFFFb
1 ;
1 : ai_engine_0_MOO_AXIS : TKEEP f T
ign_1_ai_engine_0_0_S00_AXIS : Interface e 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 L {
e B @ @ 8 A @ + 4 bl &= 2 4 X
NAME E— IVJ Df)l)?ﬂ? A‘:A - 120 UAW?UAU ASA - ]30 EFIDF(H? “ISA N ‘Jti Q}JD?U? \; - 1SDA.DAUUADU
0 >Tile(7,0)
>Tile(7,2)
e [¢] 500 1,000 1,500 2,00 > Tile(7,4)
—_— === —_— —_— - > Tile(8,0) _main_init cored1 (
- ; I >Tile(8,1)
>Tile(8,2)
= ! >Tile(8,3) 2 =® =
i . > Tile(8,4)
winterface Tile(8)
e 1 I Network
- ; : vinputs
1 | wnetd
0 | . 00:5_SHIM_SOUTH_ch1_C8
| 01:M_SHIM_NORTH_ch4_C8
0 ‘ vhet2 L Il ...
00:5_SHIM_SOUTH_ch6_C8 [ ] l |} = |} = i}
01:M_SHIM_EAST_ch3_C8 L ] I e == = == = o1
02:5_SHIM_WEST_ch3_C9 Il ..
|850079298 ) 03:M_SHIM_NORTH _ch5_C9 L e  mam  mam  mEw  aam
| 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.  Study by Chaowaroj "Max*
* GPU quantization.
* Image and video processing.
« ATLAS top tagging open data.

Wanotayaroj (KEK IPNS)

(vitis-ai-pytorch) vitis-ai-user@cef02:/workspace$ python run_quantize.py calib

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

o o python — 3733 Quantization
Vitis-Al within el A a——
docker o R——

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

vitis-ai-user@cef02:/workspaces$ |

root@xilinx-vckl190-20222:~/03_vckl90_pytorch_atlas—-top—taggeri# python3 app_mt.p
XAIEFAL: INFO: Resource group Avail is created. :
XAIEFAL: INFO: Resource group Static is created. ATLAS top tagging
XAIEFAL: INFO: Resource group Generic is created. open data

inf> Starting 1 threads...

inf> Throughput=17749.99 fps, total frames = 1000, time=0.0563 seconds

inf> Accuracy= (856/1000)=0.856
root@xilinx-vckl90-20222:~/03_vckl90_pytorch_atlas-top-tagger#

:~/V1itis-Al/examples/val library/samples/classification# ./test video classification resnetl8 p 8
[ WARN: 0] global /usr/src/debug/opencv/4 5.2-r0/git/modules/videoio/src/cap gstreamer.cpp (1081) open OpenCV | GStreamer warning: C
annot query video position: status=0, value=-1, duration=-1
XAIEFAL: INFO: Resource group Avail is created.
XAIEFAL: INFO: Resource group Static is created.
XAIEFAL: INFO: Resource group Generic is created.
WARNING: Logglng before InitGoogleLogging() is written to STDERR .
11119 10:18:38.351377 1517 demo.hpp:752] DPU model size=224x224 (:Ell'\(!ril \[|(j(3()
I11119 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 processing
11119 :18:38.474534 1517 demo.hpp:752] DPU model size=224x224 -
11119 :18:38.515609 1517 demo.hpp:752] DPU model size=224x224 In [)F)lj
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 10:18:38.639214 1517 demo.hpp:752] DPU model size=224x224
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Outline

* Progress so far:
e Study on fundamental elements.

* Tested with QSFPDD.
Customized protocol.

PCle
¢ Tested with PCle-CPM.

* Event readout and exchange
logic.

* Belle Il PCle40

Al engine
* Design flow.
* Tested with many algorithms.

* Working environment with
VCK190.

* GPU quantization.
* Tested with different algorithms.
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Plan for the next step

* Progress so far:
e Study on fundamental elements.

« Tested with QSFPDD. * Forward-Error-Correction New board: UT5

* Customized protocol. * Hardware spec. under
discussion.
PCle * Will start to make schematic

, « CPPM Marseille group: and have a preliminary

» Tested with PCle-CPM. PCle400 upgrade. version in 2025.

* Eventreadoutand exchange . j5int study on DMA

logic. development.
* Belle I PCle40 « Readout test with ADC card of

SuperKEKB with WhiteRabbit

HLS/ML/AIE :
* Generalized plan on

* Design flow. methodology.

* Tested with many algorithms. <+ Implement various kinds of
experimental (ATLAS/Belle

[I) algorithm
m * Working environment with * Hardware extension
VCK190. * Implement various kinds of
* GPU quantization. experimental (ATLAS/Belle
[I) algorithm

* Tested with different algorithms.
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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 his4dml, 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 B | Vivado™ LS
_ IPcore
! — : Synthesls SOﬂW:“e FPGA firmware (PL)
= ML v VIVADO! -‘
QKeras| IPcore A
TensorFlow : e
) PyTorch i
4 Keras O e \ ML inference
HLS tool / i
/:Conifer his/|4 ml " T T T
CNN?? —~
GNN?? Xiscrins, wMFINN
' Manual
implementation
\
y Vitis
Hand-writtern [ i' {;JINIEIS
ML in C++ : ey |
TFenserHew : — - ..
Pytoreh This design flow does éz s
Vitis Al NOT include Vivado for '
> ¥ XILINX firmware making in PL. > )
p Ca VITIS. DPU + Al engine
LAl
(no PL)
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his4ml

* hlsdml: 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.
' —p Xilinx FPGA IPcore
/ newly tested!

Newer versions

TensorFlow QKeras —» hils 4 m| > X Xilinx Versal,
Keras VITIS. HLS s ey Y o

Vivado 2018.2~2020.1

Vivado™ HLS

newly tested!

HLS
& —P» Intel FPGA IPcore

QUARTUS"II
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CPPM Marsellle group: PCle400 development

PCle400 synoptic

JTAG
USB Blaster =

Confi

* PCle400: next generation of readout board a0oce ; LT g
* Intel Agilex. - MI—’ v |2 o
o Optical xcvrs » ; |
+ PCle Gens x 16. et SRS i
. + = supply
« Planning for LHCb upgrade. e o
(Wi Rante flash

e Collaboration with CPPM Marseille:

 Joint study on the PCle DMA based readout
firmware logic and driver software development.

 PCle40, PCle400, and Versal boards.

2024/05/23

400 Ghps

PCle Gen5 x16 [ CXL

3D model illustration

source: CPPM Marseille group
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WhiteRabbit system and IDROGEN module

* WhiteRabbit: clock synchronizaion system
 PTP (IEEE 1588)
e Synchronous Ethernet
* Recovery clock technology
» Digital Dual Mixer Time Difference
* Phase detection and compensation: Only WhiteRabbit
* Accuracy of synchronization: < 100ps

 IDROGEN: developed at [JCLab, SuperKEKB plans to use it.
* Synchronization < 20ps
e jitter < 1ps

FPGA
m il =BlEr ¢ i bt s~ 0
e !

i
ARRIA 10 SX e~ |

— T CIRER
Serial link 40G
H QSFP+
q \—| I |
2 v

Optical link
cereal communication

JTAG ,% USB-Blaster Il [;
i 0 & JTAG switch|'
;| maxio i
i y !
=
i !

|||||

slaves

FPGA

accelerator beamline
~1km - 10km
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ADC card with IDROGEN

* Main features:
 ADC 9680, 2 channels, 14bits
* 500 MS/s, 2GHz bandwidth
* Whxternal trigger
« Synchronization & timing by WhiteRabbit '::IEM

Power
Mormanng

ADC tempersture
manadng

analogiques

. ‘_& Trigger
i ¥ externe

» Triggerless application: on-going work
e 4 x 250MS/s, 16bits
* Free running with WhiteRabbit timestamping

e Collaboration:

« Utilize our PCle readout systems (PCle40, Versal
kits, etc) with DMA, and perform continuous
data readout test to validate the ADC card data.
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UT5 for Belle Il and ATALS based on Versal

* Our final target: R&D of a universal device based on Versal.
« AL1 trigger device is almost expected:
* Discussion on the hardware spec. is ongoing.
* Plan to make preliminary version of circuit schematic in 2025.

Belle Il UT4
Belle I T3 ¢ ATLAS Muon Trigger processor

Xilinx Virtex-6

Xilinx UItraScéIé Xilinx UltraScale-+
11.2 Gbps with 64B/66B 25 Ghps with 64B/66B GTH,GTY: 16.8 Gbps

with 64B/66B
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Summmary

« 2023: We studied many fundamental functionalities of the Xilinx Versal ACAP devices.

« 2024: Further studies on those functionalities, algorithm development in FPGA, and circuit
design on the UT5.

 CPPM Marseille, SuperKEKB: newly collaborated.

« Tested with QSFPDD. * Forward-Error-Correction New board: UT5

Customized protocol. * Hardware spec. under
discussion.
PCle * Will start to make schematic
, « CPPM Marseille group: and have a preliminary

» Tested with PCle-CPM. PCle400 upgrade. version in 2025.

* Eventreadoutand exchange . j5int study on DMA
logic. development.

* Belle I PCle40 « Readout test with ADC card of

SuperKEKB with WhiteRabbit

HLS/ML/AIE :
* Generalized plan on

* Design flow. methodology.

* Tested with many algorithms. <+ Implement various kinds of
experimental (ATLAS/Belle

[I) algorithm

* Working environment with * Hardware extension

VCK190. * Implement various kinds of
* GPU quantization. experimental (ATLAS/Belle

* Tested with different algorithms. II) algorithm
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