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Motivation

» Study the CDC DNN trigger and master the implementation process of
DNN in FPGA

» Optimize the model and observe changes in performance

» PLAN: Investigating the possiblity of using more input variables in DNN
models, such as ADC signals and momentum

» PLAN: Development of DNN model to Versal ACAP
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Central drift chamber
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» By combining axial and stereo hits, a three

dimensional track can be reconstructed(3D)



The CDC track trigger
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The Belle II trigger consists of two
levels: the first level trigger(hardware)
and the high level trigger(software)

CDC track trigger provides charged track
information

The track finding for the trigger is based

on track segments(“TS”)



Single head self attention

Track Fitting
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Extract a track segment from each
super layer
Every track segment (TS) contains a

set of o,tyr and @

DNN trigger : 2D track candidates+ Drift time
for all other wires in the stereo wire

Input : oty , phi of priority wire, ty;n of all
other 10 wires for every TS(3*9+11*4=71)
Output : z,,0,classifier output (Q)



Development of DNN model with python

attention weights

input(71)

attention value
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Workflow of DNN model development on FPGA

Train DNN with Extract weights Import file in : :
: . C simulation
pytorch and bias vitis hls
o TP :
Usmg. Core in Generate [P C/RTL, C synthesis
vivado cosimulation

w CSIMULATION

» Run C Simulation

P Reports & Viewers

~ CSYNTHESIS ||+ ap ctrl

» Run C Synthesis

- in_data_ap vld

) Reports & Viewers
w C/RTL COSIMULATION

layerl5 _out_ap vid =

o - ap _clk
p» Run Cosimulation — Iayer15 0Ut[590] -
) Reports & Viewers -_— g p_rst -
w IMPLEMENTATION .
» Export RTL T ln_data[925:0]

» Run Implementation
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Development flow with Vitis HLS

A typical flow using HLS has the following steps:

* Convert python based model to C/C++ model with hls4ml (Optional)
e  Write the algorithm using C/C++ with a target architecture in mind

* Verify the functionality at the behavioral level

* Generate the RTL based model

* Verify the functionality of the generated RTL model

Optimizing performance: “#pragma HLS”

#pragma HLS array_partition variable = w2 complete dim

* Generate multiple small memories
* Increases the amount of read and write ports for the storage
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Performance
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RAMB/FIFO 80%
DSP+RAMB+URAM (Avg) 70%
BUFGCE* + BUFGCTRL 24

DONT_TOUCH (cells/nets) o |

Virtex Ultra
XCvule60

MARK DEBUG (nets)

o |
17370 _[83

Average Fanout for modules > 100k cells

[Non-FD high fanoutnets>10kloads  Jo |2 |
[TIMING-6 (No common primary clock between related clocks)[0 [0 |
[TIMING-7 (No common node betweenrelated clocks) [0 |

[TIMING-8 (No common period betweenrelatedclocksy  Jo [0 |

TIMING-14 (LUT on the clock tree)

[TIMING-35 (No common node in paths with the sameclock) [0 [0 |
[Number of paths above max LUT budgeting (0425n) [0 [0 |
[Number of paths above max Net budgeting (0298ns) [0 [0 [ok |

=
| Design Summary
| impl 1

vsva2197-1LP-e-S

Guideline |

| LUTRAM+SRL
| LOOKAHEADS
| LUT Combining

| DSP . K
| RAMB .

; Al Core
| DSP+RAMB+URAM (Avg) % .48%

| BUFGCE* + BUFGCTRL

| DONT_TOUCH (cells/nets)

| MARK_DEBUG (nets)

| Control Sets

| Average Fanout for modules > 100k cells

| Max Average Fanout for modules > 100k cells

| Non-FD high fanout nets > 10k loads

| TIMING-6 (No common primary clock between related clocks)

| TIMING-7 (No common node between related clocks)

| TIMING-8 (No common period between related clocks)

| TIMING-14 (LUT on the clock tree)

| TIMING-35 (No common node in paths with the same clo

| Number of paths above max LUT budgeting (0.449ns) REVIEW |

| Number of paths above max Net budgeting (0.302ns) 0 REVIEW |



4 ap_clk

4 ap_rst

4 ap_start

> W indata[925:0]

4 ap_done

8 ap_idle

é ap_ready

4 layerll_out_ap_vid

i - layerll_out[59:0]

> W fd0[31:0]

> W index([31:0]

> W status0[31:0]
4 float_data

> % PERIOD([31:0]

4 ap_clk
4 ap_rst
4 ap_start
> W indata[925:0]
8 layerl5_out_ap_vid
4 ap_done
4 ap_ready
4 ap_idle
,
> W fd0[31:0]
> W index[31:0]
> W' status0([31:0]
4 float_data
> ™% PERIOD[31:0]
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Next plan

» Further optimize the model and perform pruning

» Investigating the possiblity of using more input variables in DNN models, such
as ADC signals and momentum(Hope to receive more suggestions)
* Check the size of the model scale(Utilization, latency)
* Predicting the use of the next generation UT5 board
» Deploy the neutral networks to Versal ACAP
* First step: deploy the DNN model into Versal Al engine
e Further plan: deploy the NN model on Versal DPU
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Virtex UltraScale XCVU160

| Design Summary Design Summary
| impl 1 impl_1
xcvul6® CIV-flgc2104-2-e xcvul60-flgh2104-2-e
L 9
e e e e i
| Criteria Guideline

| LUTRAM+SRL 5 LUTRAM+SRL
| CARRY8 CARRY8
| MUXF7 MUXF7
| LUT Combining LUT Combining
| DSP DSP
| RAMB/FIFO RAMB/FIFO
. o o | DSP+RAMB+URAM (Avg) . . DSP+RAMB+URAM (Avg)
BUFGCE* + BUFGCTRL BUFGCE* + BUFGCTRL
1n1tlal : DONT_TOUCH (cells/nets) Optlmlze DONT_TOUCH (cells/nets)
| MARK DEBUG (nets) 0 MARK DEBUG (nets)
| Control Sets Control Sets
| Average Fanout for modules > 100k cells 4 B Average Fanout for modules > 100k cells
| Max Average Fanout for modules > 100k cells . Max Average Fanout for modules > 100k cells
| Non-FD high fanout nets > 10k loads Non-FD high fanout nets > 10k loads
e 1 e e
| TIMING-6 (No common primary clock between related clocks) TIMING-6 (No common primary clock between related clocks)
| TIMING-7 (No common node between related clocks) TIMING-7 (No common node between related clocks)
| TIMING-8 (No common period between related clocks) TIMING-8 (No common period between related clocks)
| TIMING-14 (LUT on the clock tree) TIMING-14 (LUT on the clock tree)
| TIMING-35 (No common node in paths with the same clock) TIMING-35 (No common node in paths with the same clock)
e A I B S A
| Number of paths above max LUT budgeting (0.425ns) | Number of paths above max LUT budgeting (0.425ns)
| Number of paths above max Net budgeting (0.298ns) REVIEW Number of paths above max Net budgeting (6.298ns)
O O B B B S o0 o0

Implementation tool: Xilinx Vivado v.2023.2
Project: DNN_1

Solution: solutionl

Device target: xcvule0 CIV-flgc2104-2-e
Report date: Sat Dec 07 01:58:02 CST 2024

Implementation tool: Xilinx Vivado v.2023.2
Project: new_hidelayer

Solution: solutionl

Device target: xcvul60-flgbh2104-2-e

Report date: Sat Dec 07 02:53:23 CST 2024

= Post-Implementation Resource usage ===

[¢]
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1066

17

0

[¢]

17550

73455

Post-Implementation Resource usage
0
593640
233306
1498
17
0
[¢]
17871
89668
= Final timing ===
required: 4.000 #=== Flval timing ===
achieved post-synthesis: 4.410 CP required: 4.000

achieved post-implementation: 7.624 CP achieved post-synthesis: . 4.324
Timing not met CP achieved post-implementation: 9.196

Timing not met




Some questions

Modules & Loops

Issue Type Violation Type Distance Slack Latency(cycles) Latency(ns) Iteration Latency Interval Trip Count Pipeli

® NNTRG_hls A\ Timing Violation 85 340.000 - 4 -
@ custom_dense_hybrid_ap_Ffixed_13_1_5_3_0_ap_fixed_16_6_5_3_0_config2_s - 37 148.000 - 4
@ leaky_relu_ap_fixed_ap_fixed_16_6_5_3_0_LeakyReLU_config3_s - 0 0.0 - 1
@ custom_dense_hybrid_ap_fixed_16_6_5_3_0_ap_fixed_16_6_5_3_0_config4_s 4 Timing Violation 4 16.000 - 4
@® softmax_stable_ap_fixed_ap_fixed_16_6_5_3_0_Softmax_config5_s - 16 64.000 - 1
@ custom_dense_hybrid_ap_Ffixed_16_6_5_3_0_ap_Ffixed_16_6_5_3_0_config6_s & Timing Violation 4 16.000 - 4
® multiply_ap_fixed_ap_fixed_16_6_5_3_0_ap_fixed_16_6_5_3_0_config7_s - 1 4.000 - 1
@ custom_dense_hybrid_ap_fixed_16_6_5_3_0_ap_fixed_16_6_5_3_0_config8_s & Timing Violation 4 16.000 - 4
@ leaky_relu_ap_fixed_ap_fixed_16_6_5_3_0_LeakyReLU_config9_s - 0 0.0 - 1
® custom_dense_hybrid_ap_fixed_ap_fixed_16_6_5_3_0_config10_s A Timing Violation 4 16.000 - 4
@ leaky_relu_ap_fixed_ap_fixed_16_6_5_3_0_LeakyReLU_config11_s - 0 0.0 - 1
® custom_dense_hybrid_ap_fixed_ap_fixed_16_6_5_3 0_config12_s A\ Timing Violation 4 16.000 - 4
@ leaky_relu_ap_fixed_ap_fixed_16_6_5_3_0_LeakyReLU_config13_s - (0] 0.0 - 1
@® custom_dense_hybrid_ap_fixed_ap_Ffixed_16_6_5_3 0_config14_s A\ Timing Violation 3 12.000 - 4
[c] 3 12.000 1

oons | 0.000ns j400.000ns|  600.000ns  |500.000 ns
i ap_clk 1 T T T T T
4 ap_rst 0
4 ap_start 1
> W indata[925:0] 00000000000000000000000( b Voo ¥ ! /000000000000660. -
4 ap_done 1
4 ap_idle 0 1
& ap_ready 0 N N Y w T s s I T s s O
8 layerl5_out_ap_vid 1
> YHHOOXHHOOKHHO0 YO0, . . YHOOYHHOOK . . .
1 1 1
> W fd0[31:0] ffffble0 HOOO00C ¥ FFfTbleo
> W index([31:0] 00000025 /00000000 ,////, Y
W status0[31:0] 00000001 KHHHHHHK 00060001
4 float_data 0.0 0.0 ’ W"Q
> ™% PERIOD[31:0] 0000000a 4 ‘ ‘ |




