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Motivation



The challenge with machine learning in physics

Challenge Risk
& Developers may have little ML experience X Brittle, suboptimal solutions
4y Siloed development, often from scratch X Time spent on “boilerplate” instead of physics

tensorflow.keras
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We’'re working on very related problems

Similar detectors, data, physics processes, deployment setting, end-users, etc.

TaSk DNN-reco

Particle ID "™
Energy reco.
Pointing reco.
Vertex position
Noise cleaning

Etc.

X
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Physics process
Noise

Regime

Low-energy
High-energy

“Zoo” of use cases not solved holistically

Detector

lceCube-86
DeepCore
Upgrade
Gen-2

Etc.



Potential for new ways of working with ML in physics

Potential Outcome
e Address “zoo” of ML use cases holistically e More time for physics
e Collaboration between individual use cases e Better, more reliable results
e Using validated, best-practices code e Contributions of individual ML developers

has a broader, lasting impact in the
collaboration

e Efficient software/ML development workflows

Proposition
GratheT e Reusable GNN components for plug-and-play ML
ﬁj;i‘iﬁ,’nﬂ‘?‘;ﬁ;@i;\’gog‘;zjf ;eoonsmcﬁon e All components for end-to-end ML pipeline (data — prod.)

O icecube/graphnet e \Validated code, following best practices

-l graphnet-team e Applicable across all of IceCube + other experiments
.. -
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https://github.com/icecube/graphnet
https://join.slack.com/t/graphnet-team/signup

Factoring out ML from physics

Inference data Deployment

Training data

Predictions data
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GraphNeT in a nutshell

Modularised, plug-and-play ML components for any use case.

Input GraphBuilder Detector GNN

A modular framework for building graph neural networks in neutrino telescope experiments Task
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GraphNeT in a nutshell
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graphnet (
EuclideanGraphBuilder
IceCubeUpgrade
DynEdge_V2 GNN,
EnergyReconstruction Task,

GraphBuilder,
Detector,



...Ideally

graphnet Model

model = Model.from_pretrained(

)
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Current status



IceCube Neutrino Observatory
Repo Guide: https://github.com/icecubeficecube.github.io/wiki

@ South Pole Station, Antarctica c-’ https:/ficecube.wisc.edu

(M Overview [ Repositories 100 f Projects @ Packages Ax Teams 19 A People 387

Pinned

(] icecube.github.io  Public

wa

(] Repositories
Q Find a repository... Type ~ Language ~

Select order
graphnet  Public
Graph neural networks for neutrino telescope event reconstruction

Last updated

Name

@ Python v 17 AllApache-Z.O Y 17 @ 52 (8 issues need help)

FIRESONG  Public
FIRst Extragalactic Simulation Of Neutrino and Gamma-ray

@ Jupyter Notebook ¥ 14 % 7 (O 8 I1 0 Updatedon 4 Aug

TFScripts ' Public
Some Functions for Tensorflow

@®Python W12 BMT ¥ a4 (o 110 Updatedon20Aug 2021
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Follow

& View as: Public ~

You are viewing the README and pinned
repositories as a public user.

You can create a README file visible to anyone.

Top languages

@® Python @ C++ @ Jupyter Notebook
@ Shell @C

Most used topics Manage

icecube physics-analysis astrophysics
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:= README.md

* GraphNeT

Graph Neural Networks for
Neutrino Telescope Event Reconstruction

Usage Development Quality

DOI 10.5281/zenodo.6720188 code style black
License Apache 2.0 build-matrix fpassing AN maintainability
python 3.7 | 3.8 | 3.9 | 3.10 build-icetray ‘passing AN test coverage | 50%



About

Graph neural networks for neutrino
telescope event reconstruction

& icecube.github.io/graphnet/

python machine-learning

A graphnet

@ » Welcome to gnn-reco’s documentation! View page source deep-learning  neural-network  gpu

Search docs pytorch physics-analysis astrophysics

high-energy-physics particle-physics

icecube
[ . ’ e
Welcome to gnn-reco's documentation! Welcome to gnn-reco’'s documentation! —_
Indices and tables N—
Indices and tables 7 17 stars
® 6 watching
o [ndex % 17 forks
e Module Index
e Search Page Releases
© 3tags

Create a new release

© Copyright 2021, IceCube Collaboration.

Built with Sphinx using a theme provided by Read the Docs. Packages 1

& graphnet

Contributors 9

% 20
11 -~

Ly s

Environments 1

&7 github-pages
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About

Graph neural networks for neutrino

B % icecube / graphnet telescope event reconstruction
‘ AndreaS‘MJ / graphnet @ icecube.github.io/graphnet/
Contributors Aske-Rosted / graphnet :“MI" ,"'“"i"e"ea:"i"g .
leep-learning neural-networl gpu
aso aard ra hnet torch hysics-analysis astrophysics
Community a g / g p ::;h»energyi’p:ysics ‘:)article-physir::sy
ws BozianuLeon / graphnet e
Community Standards & Camhock101/ graphnet 00 Readme
_— . grburgess / graphnet :]; 1A7pache—2.0 license
stars
’ kaareendrup / graphnet ® 6 watching
Commits % KhalidAl-otaibi / graphnet ¥ Whis
" 2
Code frequency & mhaminh / graphnet Releases
‘¢ MortenHolmRep [ graphnet © 3 tags
Dependency graph MoustHolmes / graphnet Create a new release
Network ™ Peterandreseni2 [ graphnet
Pack
=+ phatch27 [ graphnet aeeges
Forks &P graphnet
RasmusOrsoe [ graphnet
sdebes / graphnet = Contributors o
@ TGarfield17 / graphnet S i @' &%
& timephy / graphnet o

Environments 1

&7 github-pages
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About

Graph neural networks for neutrino
telescope event reconstruction

& icecube.github.io/graphnet/

1 O O M python machine-learning
4 V ° . C O m l ng S O O n deep-learning neural-network gpu

pytorch physics-analysis astrophysics

high-energy-physics particle-physics

Q Tags icecube

00 Readme

&8 Apache-2.0 license
v0.20 = Y 17 stars
@ on 23 Jun -O- 5e03b56 m zip m tar.gz D Notes @ Bwatclilng

% 17 forks
v01.2 = Releases
®on10Feb -0 29bacb7? [ zip [ targz [ Notes g

Create a new release

v0.11 =

Packages 1

@ on 11 Dec 2021 -O- 5a91f74 m zip m tar.gz D Notes & graphnet

Contributors 9

ST LPO
T

Environments 1

&7 github-pages

GraphNeT - Status and roadmap



@ graphnet

Graph neural networks for neutrino telescope event reconstruction

Install from the command line:

$ docker pull ghcr.io/icecube/graphnet:main

Recent tagged image versions

main

Published 14 days ago - Digest -

v0.2.0

Published 3 months ago - Digest -

View and manage all versions
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Learn more
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About

Graph neural networks for neutrino
telescope event reconstruction

& icecube.github.io/graphnet/

python machine-learning

deep-learning neural-network gpu
pytorch physics-analysis astrophysics
high-energy-physics particle-physics

icecube

Readme
Apache-2.0 license
17 stars

6 watching

< O % 2 B

17 forks

Releases

© 3tags

Create a new release

Packages 1

&P graphnet

Contributors 9

ST LPO
T

Environments 1

&7 github-pages



¥ main + graphnet/src/graphnet/
Current status (v0.2.0)

DS asogaard Make available imports in graphnet.data.{sqlit

'8 components

W data

B8 deployment/i3modules
8 models

M pisa

M plots

0 utilities

(Y _init__.py
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¥ main v graphnet / examples /

Current status (v0.2.0)

asogaard Reorder

¢

compare_sqlite_and_parquet.py
contour_fitter_example.py
contour_plotting_example.py
convert_i3_to_parquet.py
convert_i3_to_sqlite.py
make_pipeline_database.py
plot_feature_distributions.py
read_sqlite.py

test_width_plot.py

train_model.py

0O 00 00000000
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& icecube [ graphnet  public ¢z EditPins ~+  ®Unwatch 6 ~

<> Code () Issues 52 11 Pullrequests 8 ) Discussions () Actions [ Projects 4 [0 Wiki @ Security |~ Insights 3 Settings

[ Read the contributing guidelines
graphnet | CONTRIBUTING.md

Contribute to icecube/graphnet

Make your first contribution to this repository by tackling one of the issues listed below.

Each issue displayed here is a "good first issue," selected for its relative approachability for first-time contributors.

Good first issues

© Profiling existing code modules and examples  feature
#275 opened 14 days ago by MortenHolmRep

© make an interactive event viewer  feature
#263 opened 22 days ago by RasmusOrsoe

© Implement pointing reconstruction  feature
#254 opened 26 days ago by asogaard

© make_train_validation_dataloader does not accept selection = None @)

#233 opened on 20 Jul by RasmusOrsoe

© specify setuptools versions )

#230 opened on 6 Jul by asogaard

© Model and data config files

#226 opened on 28 Jun by asogaard

© Implement node regression  feature
#122 opened on 28 Dec 2021 by asogaard

© Implement multi-class classification  feature
#111 opened on 14 Dec 2021 by asogaard
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% Fork 17

v

Starred 17
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& icecube [ graphnet ' public

° Review required Hide

all reviewers
At least 1 approving review is required by reviewers with write access. Learn more.
A 1 pending reviewer ~
@ asogaard was requested for review
0 All checks have passed Hide all checks
7 successful and 1 skipped checks
v black / black (pull_request) Successful in Tm Details
v build-icetray | check-cobalt-credentials (pull_request) Details
v build-matrix / build-matrix (3.7) (pull_request) Successful in Tm Details
v build-matrix / build-matrix (3.8) (pull_request) Successful in 2m Details
v build-matrix / build-matrix (3.9) (pull_request) Successful in 2m Details
v build-matrix / build-matrix (3.10) (pull_request) Successful in Tm Details

<2 Edit Pins ~
<> Code (© Issues 52 19 Pullrequests 8 ) Discussions () Actions [ Projects 4 M wiki @ Security [~ Insights &3 Settings
Workflows Newworkfiow  All workflows
Showing runs from all workflows
All workflows
Q, Filter workflow runs
?o black
% build-icetray 1,381 workflow runs Event v Status v
2o build-matrix . . )
@ New i3 extractors for high energy, small bug fixes R e
?o docker build-matrix #237: Pull request #283 synchronize by RasmusOrsoe
25 docs ® New i3 extractors for hiah enerav. small bug fixes - N

&®Unwatch 6 ~ % Fork 17

Branch ~ Actor v

B 6 days ago
@ 2m 41s

A 6 davs aao

Starred 17



Roadmap to v1.0.0



Goal of initial public release

To provide user-friendly, end-to-end functionality
to perform most common reconstruction tasks
using graph neural networks in lceCube
and other neutrino telescope experiments.

Out-of-scope:

e Specific downstream physics analysis
e Other “deferred”: Profiling code, event viewer, CLI, ensembles, additional feature engineering, etc.
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https://github.com/icecube/graphnet/issues/275
https://github.com/icecube/graphnet/issues/263
https://github.com/icecube/graphnet/issues/104
https://github.com/icecube/graphnet/issues/41
https://github.com/icecube/graphnet/issues/188
https://github.com/icecube/graphnet/issues/124

Roadmap

Physics (5) Features (12) Quality (6) Documentation (6)
e List current and potential e Allow easily running in e Improve code coverage e Add flowchart/infographic
future physics uses Docker/Singularity and maintainability to introduce the package
e Develop structure for e |Implement new tasks e Additional quality e Add docstrings throughout
analysis code and (node regression, standards (docstrings, e Add README’s to each
workflows multi-task classification, type hints) for pre-commit core module
ointing, track length hooks
* Document data and POININS o) e Update README with
models through config e |Implement more e Enforce pre-commit hooks Docker badge
files sophisticated uncertainty in CI/CD pipeline _ _
estimated (energy . e Add setup instructions for
o ’ e Add CodeClimate bot for Docker/Singularity
pointing) automated PR reviews .
, - e Add CITATION file
e Adversarial training
(maybe!)
e FEtc.

Resolve all bugs
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https://github.com/icecube/graphnet/milestones
https://github.com/icecube/graphnet/milestone/2
https://github.com/icecube/graphnet/milestone/4
https://github.com/icecube/graphnet/milestone/1
https://github.com/icecube/graphnet/milestone/6
https://github.com/icecube/graphnet/issues?q=is%3Aopen+is%3Aissue+label%3Abug

© 40pen v 2Closed

v1.0.0 / Documentation
B Due by March 01, 2023 (© Last updated 15 days ago

This milestone collects issues related to the documentation of
the project, i.e. docstrings, APl documentation, READMEs,
infographics, wikis, etc.

v1.0.0 / Features
B Due by March 01, 2023 (® Last updated 22 days ago

This milestone collects issues related to data, model building, tra...(more)

v1.0.0 / Quality
B Due by March 01, 2023 (® Last updated 26 days ago

This milestone collects issues related to the tools/tech stack used...(more)

v1.0.0 / Physics
B Due by March 01, 2023 (® Last updated 26 days ago

This milestone collects all issues related to the application of Gr...(more)
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oEEs—————————————————————————
60% complete 6 open 9 closed

Edit Close Delete

. |
25% complete 12 open 4 closed

Edit Close Delete

O
60% complete 6 open 9 closed

Edit Close Delete

0% complete 5open O closed

Edit Close Delete

Sort v

24



[) 10pen T 0 Closed

Version 1.0.0
@ Updated 15 days ago
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Sort ~

Having consolidated GNN development efforts in the graphnet project and set “**

up an initial repository structure, with agreed structures and conventions, the
next major development goal will be the public release of a 1.0.0 version of the
repository. This project board will contain the issues that are deemed
necessary to meet this goal.
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