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Motivation #

- Detectors are becoming increasingly segmented
- Response to more complex events (e.g. 'pileup' @LHC)

- Trigger challenge: how to manage trigger readout rates,
while also benefitting from fine segmentation?

- The key bottleneck is on-detector data reduction

- Traditionally, detector-specific ASICs simply "sum or sort",
leaving the intensive processing to off-detector electronics

- Meanwhile off-detector logic has become increasingly
complex (tracking, clustering, event reco. on FPGAS)

- More computationally intensive on-detector processing
may open avenues for enhanced trigger performance
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» This talk presents a Neural Network (NN) autoencoder for
front-end data compression on an ASIC, based on the
CMS High-Granularity Endcap Calorimeter (HGCal).

» Our design seeks to:

- enable more complex compression algorithms, with the
potential to improve physics performance

- customize the compression algorithm for individual
sensors based on their location within the detector

- adapt the compression algorithm for changing detector
conditions (e.g. radiation damage, new beam configs)

*HGCal is used as a demonstration only
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CMS High-granularity Calorimeter
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HGCal trigger path #

- 40MHz readout requires sending 3x3 "trigger cells" (TCs)
» Further compression in ECON-T concentrator ASIC

432 Silicon pads After concentrator ASIC
— 48 TCs / module aggregate 12 sums (high-occ.)

Nov 4, 2020 C. Herwig — Autoencoder for Front-End ASIC



HGCal trigger path #

- 40MHz readout requires sending 3x3 "trigger cells" (TCs)
» Further compression in ECON-T concentrator ASIC

432 Silicon pads After concentrator ASIC
— 48 TCs / module aggregate 3 sums (low-occ.)
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HGCal trigger path #

- 40MHz readout requires sending 3x3 "trigger cells" (TCs)
» Further compression in ECON-T concentrator ASIC

Significant data reduction is required on-detector

This compression discards potentially powerful

information from use in the trigger decision
(Electron/photon identification, forward jets, and more)

[esssesssssssssl \ \ Y
432 Silicon pads After concentrator ASIC
— 48 TCs / module aggregate 3 sums (low-occ.)
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Auto-encoder concept #

Encoding Decoding
® Neutral Network : Neutral Network ®
.k‘ =>=29 >‘4 == ‘%. Recovered
¢ e
: ® : . INnputs
' O o— —e O '
o— e

Latent space
(compressed)

Nov 4, 2020 C. Herwig — Autoencoder for Front-End ASIC



Auto-encoder concept #
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Auto-encoder concept #
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Auto-encoder concept #

Encoding Decoding
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Auto-encoder concept #
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- Data sets: training+validation samples of jets, electrons,
and pileup, using HGCal modules across many layers

- Image similarity: Energy mover’s distance, measuring
the (energy)*(distance) cost of the "optimal transport"
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https://arxiv.org/abs/1902.02346

NN model to ASIC implementation #
- Training: QKeras enables quantization-aware training
- "Imaging calorimeter" = Convolutional NN (CNN)

- Model—RTL: Translated to HLS via hls4ml, enabling a
tight optimization loop combined with CatapultHLS.

- Hear more on hls4dml in NS-32 from D. Rankin
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NN architecture exploration #

- NN complexity may improve performance at the cost of a
larger, more power-hungry design

- Begin with simple CNN: 1 convolution + 1 dense layer
- Many possible variations were investigated:

Extra layers: Larger kernel size:
e.g. 2 convolutions 3X3 — 5X5

il - T - i
'Pooling' convolution outputs: 2d/3d convolution inputs:
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NN architecture exploration #

- NN complexity may improve performance at the cost of a
larger, more power-hungry design

- Begin with simple CNN: 1 convolution + 1 dense layer
- Many possible variations were investigated:

Model configuration EMD Parameters Ops/eval

Nominal 2.06 2288 11152
Extra conv layer 2.14 +26% +333%

Extra dense layer 2.00 +12% +5%
5x5 kernel 1.86 +17% +110%

2x2 pooling 1.57 -67% -26%

2d inputs 1.47 +173% +76%

Non-NN "Aggregation”
9D [ Axd SUMS 4.07 1 4.77 n/a n/a
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Optimizing bit-wise precisions (l) #
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48 inputs 8 Conv 128 16

(trigger cells) filters features outputs

Input size reduced Output precision is
by normalizing to Precision of all set by occupancy.
Sensor maximum internal weights may Algo is configurable
(22— 8 bits). be optimized from 48 to 144 bits.

(within ~4mm=2 ASIC
area constraint).
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Optimizing bit-wise precisions (ll) #

- Better to perform many low-precision calculations or
fewer with higher precision?

- Find optimal weight precision, while keeping area fixed.
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Conclusions #

- We have presented a NN encoder targeting the CMS
HGCal concentrator ASIC

- Our design profits from a tight optimization loop using
guantized training and HLS allows for rapid iteration.

- Expanded on-detector processing may enhance the
physics performance of off-detector trigger logic

+ Suggests means to exploit fine granularity in the trigger

- Reconfigurability is key to adapt to changing conditions
and benefit from future model improvements.

-+ Beyond the HGCal, the design flow and optimization tools
explored here might extend to Intelligent Detectors In
data-rich environments across HEP experiment.
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