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"81%235” H\ Precision physics, NNLO QCD

2014'2018 extra emissions (sources of NNLUJET Vs = 13 TeV
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2014-2018 CPU used by User
30 Days from 2017-11-30 to 2017-12-30

But even when everything converges the
usage of computing resources can be
extremely heavy. 200 -

Probably had a non negligible effect on the
raising of the temperatures in the British
Islands.

150 -

years

Waiting for weeks for results was frustrating:
growing interest on new computing techniques,
algorithms, and technologies.
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pr
input fixed thanks to DGLAP
We can treat PDF fitting as a Machine Learning problem
Main focus on NNPDF R&D:
p”

generalisability, fitting large volumes of
data, implementing new theory

predictions, efficient usage of resources,
etc




Fitting PDFs

Machine Learning * PDFs « QCD
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NNPDF4.0 NNLO Q= 3.2 GeV v
1.0 - A Neural Network can approximate any function
.0 g/10
oo Uy . _
0.8 - N fz (CE, Q) = output
=t s
0.6 - oo u
S vl input fixed thanks to DGLAP
0.4 - N il We can treat PDF fitting as a Machine Learning problem
Main focus on NNPDF R&D:
0.2 -
= generalisability, fitting large volumes of
0.0 data, implementing new theory

103 102 10!  1p0 p;edictions, efficient usage of resources,
etc
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input fixed thanks to DGLAP

We can treat PDF fitting as a Machine Learning problem

Main focus on NNPDF R&D:

generalisability, fitting large volumes of
data, implementing new theory
predictions, efficient usage of resources,
etc



Open Source for HEP

The whole NNPDF fitting framework is open source, documented
and available to be used for all your PDF fitting needs!

73 QN

N

e Code

* Data https://github.com/NNPDF/nnpdf

e Theory Predictions '
y ctl https://docs.nnpdf.science/
e Documentation

Want to test the effect of new data on a fit?
Are you curious to see the effect of some new BSM model in a PDF?

Are you not satisfied with the distribution of the partons and would

like a reimbursement?

Just drop by! Tensor
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- Evidently not amused

In need of more electricity

* Like Monte Carlo calculations, training a
machine learning model makes heavy use
of computing resources.

 And, just like with a Monte Carlo, there
are several ways in which one can reduce
turnaround times by parallelising the
calculation.

e The calculation is more efficient now?
Great! That means we can run even more
different studies and projects!
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50 Years of Microprocessor Trend Data
Why stop at CPUs? -
7 L
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Original data up to the year 2010 collected and plotted by M. Horowiiz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten
- ‘ " collected for 2010-2021 by K. Rupp

\ GFLOPS (FP32) per Watt

Intel Core i9-10900K (10 cores)

AMD Ryzen Threadripper 3990X (64 cores)

RTX 3080

RTX 2080

Nvidia A6000

0 20 40 60 80 100 120
GFLOP / Watt




NVIDIA RTX A6000 48GB
NVIDIA V100 32GB

Titan V + RTX 2080 Ti

NVIDIA RTX 2080 Ti 12GB
NVIDIA Titan V 12GB

AMD Radeon VII 16GB

AMD EPYC 7742 64 cores 2TB
E5-2698 20 cores 256GB
19-9980XE 18 cores 128GB
AMD 2990WX 32 cores 128GB

MadFlow time for 1M events
pp - ttgg (267 diagrams)

750 1000 1250 1500
Time (s)

500

0 250

We have adapted several HEP tools and * Madgraph
I ith I

a gc?mt ms. to be able to run on (any) . | HAPDF

device easily: CPUs and GPUs of any brand

by using Machine Learning frameworks. * Vegas

Basic underlying idea:

Build (any) calculation as operations acting on tensors,
there’s always a vectorizable dimension (events, parameters)

e https://github.com/N3PDF/madflow



https://github.com/N3PDF/madflow

Future and ongoing plans

Titan V 12 GB, Tree-level 1M events

[ Generic code (tf)
B Device specific (Cuda)

* Find new ways in which | can contribute to the enrergyerisisof gg>tt
Eurepe-software stack of High Energy Physics.

gg>tt~g

* Always available to tell you how much better NNPDF4O0 is.

pp>tt~g

. . . . . - gg>tt~gg
A pipeline to automatise and streamline the inclusion of

/
new theory predictions and data to PDF fits 0 5 10 Time (s) 15 I 200 220
Current Fit
30 -
Monte Carlo generators that can
parallelise using GPUs Improve statistical 25
knowledge of PDFs: ’20
mg5 Vrap >
generalisability, overfitting a
Instructions Theory 3
Runcard after training 10 1
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10 1 sc.interpld 5 -
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exp. data Fitting Code

0.4 1

\ Utilise quantum hardware for the

generation of random samples
0.2 1
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