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Applied Physicist, CERN

| work on the Level 1 Trigger of the CMS Experiment at the LHC.
For the Phase 2 Upgrade this involves developing fast and efficient
physics reconstruction algorithms for FPGAs. I've contributed to
track finding, vertex reconstruction, particle flow, pileup substraction
(PUPPI), jet reconstruction, and providing a platform for particle-
based algorithms. | also develop algorithms and tools for machine
learning in the trigger such as hls4ml and conifer.

SkiB: https://sioni.web.cern.ch/



https://sioni.web.cern.ch/

Ei‘-’gl}% ‘?: ; \.’ A~ ot —— 2| )
4 RN AR IR

» IHEP Computing Center

Keras

TensorFlow W XILINX

PyTorch Co-processing kernel V | T I S

compressed
model HLS. Y
conversion Custom firmware
: . design
Usual machine learning \Zf g
software workflow

tune configuration
precision
reuse/pipeline




IHEP Computing Center

Relu Relu
A
before pruning after pruning min 0 Fmax L - A
Floating-point | > H .
r range | o= B i R
pruning % ¢ DN P " =
k 3 CONV <—= +B)
synapses . 1\,_\ r e B
S XS 5 / ‘\\
. Floating-point  and / \
pruning . K, Scale //A X :
neurons q —_————— > : . ) il
g +¢&
Imin Z Imax
£eiopolot WL BEHBNG R PR ABNE

BT 1 = A




S IHEP Computing Center

E{LIRY . QATHIPTQ

i Pre-trained model | [ j Pre-trained model ] [ Calibration data
Lr Y J Training data - ! : . y
Quantization | Calibration
— — , -~
Retraining / Finetuning l Quantization
! ’ , !
Quantized model | Quantized model
BEAIIZR: Quantization-aware training(QAT) VIZKFEA: Post-training quantization(PTQ)
BGOSR BETEIG. mFeay AR AR
EIERTREBETE, SRRETIERER Lop KO, FIlgRE FIFPI24E B 1REE iR 7
BIRAENAEN T = (fake quantization nodes) ERITERMLE, JiER TN RIER

BUAITETINIZ .



RN A N ARt

EHRTE:

XFFREL - FEXNFREN

Eit: Q-= clamp(round( R e ) B Q:clamp(round(Rg"at)—Z)

KRB Rf,oat—S*Q RE: Rf.oat=8*(Q+Z)
INZIAN

o

127

~127 0




BN A N ARt

# IHEP Computing Center

i1’tﬂgj’j— % : Output: §

>=

Layer N

ZEEEH (Per Tensor) ‘ ’ _, . |
B—ENNEREBHEERscalefn 2T L /\ E /\

zero_point

l' '
( ™ | |
Layer 2 -

Filter 3

ZKiBiHE (Per Channel) ( )

Layer 1

SiBEHNEASHERscaleR ——

Input: x ﬁ

>

zero_point

Filter C

Layerwise Channelwise
Quantization Quantization




o IEBUEIENNERA Ry R HE R

,o IHEP Computing Center

ParticleNetiRBIE1k

power of two £{t,: MREMRIEFIKIER, scale = 2%,
XARGEXZFEENXIFREMIIATUXT ParticeNet IREUHIT 7 E£14

Parameters(B) ACC(%) Type
ParticleNet 993KB ~93.9% float32
ParticleNet-quantization 289KB ~93.3% Int8

correct: ©.933899998664856

THEMEELIRE (SNR), RE—BRRZEN/NT 0.1 LIFIEEFE:
Analysing Graphwise Quantization Error(Phrase 1):: 100%| | 32/32 [eo:00<00:00, 32.11it/s]
Analysing Graphwise Quantization Error(Phrase 2):: 100% 32/32 [00:01<00:008, 26.72it/s]
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pf features [ pf_features ] [ pf_mask ]

Nx1xn_pf

Conv

W {128x7x1)
B {1238}

W {128x128x1}
B (128)

W (128x128x1)
B {128)

| pf_mask

N=1xn_pt

scale {7)
B (7}

mean {7)
var {7)

BatchNormalization

Conv

W (32x7%3)
B (32)

Conv

W (64x32x3)
B (64)

W {(64x64x3)

Parameters(B) ACC(%) Type
PFN 330KB ~89.6% float32
PFN-quantization 94KB ~88.1% Int8
PCNN 1.4MB ~89.6% float32
PCNN-quantization 367KB ~89.4% Int8
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