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An introduction to the project and its current status...
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https://km3net.ific.uv.es/

Part 1 — Technical talk

Project overview & architecture

Preprocessing pipeline: prepare — discover — convert — validate
ML module: dataset, trainer, tracking

Status & roadmap

Part 2 — Hands-on session

Install km3tpi on your laptop

Run the preprocessing demo notebook

Run the ML demo notebook

Drive the processing Shnakemake pipeline end-to-end
Q&A and feedback
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e Ask questions any time! Interruptions are more than
welcome. The point is feedback, not a polished
demo.

e Honest feedback > polite feedback

e |f things are confusing, or doesn't work the way
you'd expect, tell me. That's why we're here.

e |[f you're stuck, raise your hand. We can pause a bit
and look into it fogether.



( pipeline.yaml } { DST ROOT files }
S 1

amples - trees - resource: local cluster storage

| d eq Bo ord
e One repo to rule them alll S =
o Data converter il el
O M O C h i n e | e O rn i n g Stage 2 — discover >-\ Stage 3 — convert (per chunk)

e Agnostic approach (robust to changes) i { }
e Modular design (km3tpi module) TN
o preprocess (subpackage) | g ]
0 ml e J J
e Snakemake compatible l
o Project maintained by one developer e
o User friendly for task delegation
e Environment handling ﬁ o Stagp_ 'dm,mm”:fm%d

—> 3a- TreeReader (uproot dask)

3d - ParquetWriter

metadata
counts - class balance
ml/{dataset}/metadata.json

o Conda
o Singularity l
e Testing & CI/CD | “

Trainer.run()

{sample}/_validated




Introduction to KM3TPI

pipeline.yam| DST ROOT files

samples - trees - resources) . local cluster storage

Stage 1 — prepare
checkpoint - split files into chunks
writes chunk + discovery manifests

Stage 3 — convert (per chunk)
/E_aliases.json > 3a - TreeReader (uproot.dask)
{sampJe}/T_aliases.json ) b T 7

3b - apply_features

3c - attach sample_type label

3d - ParquetWriter

/ l |

( hY
parquet/{sample}/chunk_N.parquet
L canonical data - one copy only Y

Split files from the chosen
directory into sublists for chunk / == \

validate ml_manifest metadata
C r-e O -I-i O n 9 schema consistency . pointers + columns » counts - class balance
{sample}/_validated mil/{dataset}/manifest.json ml/{dataset}/metadata.json
km3tipi.ml o

Trainer.run()



Infroduction to KM3TPI

N

pipeline.yam| DST ROOT files

samples - trees - resources) . local cluster storage
. Stage 1 — prepare

checkpoint - split files into chunks
writes chunk + discovery manifests

Stage 2 — discover ‘ Stage 3 — convert (per chunk)

AliasDiscoverer.discover_union i N
{sample}/E _aliases.json 3a - TreeReader (uproot.dask)
{sample}/T_aliases.json b T =

' Ry

3b - apply_features

3c - attach sample_type label

3d - ParquetWriter

/ l |

( hY
parquet/{sample}/chunk_N.parquet

L canonical data - one copy only Y

Stage 4 — validate - ml_manifest - metadata
Y ( hY

validate ml_manifest metadata

9 schema consistency . pointers + columns » counts - class balance
{sample}/_validated mil/{dataset}/manifest.json ml/{dataset}/metadata.json

Mapping of the file's inner structure with & \ J

uproot per tree (E,T) / l | 6

km3tipi.ml
Trainer.run()



Introducho fo KM3TPI -

plpellne yaml DST ROOT files
es - resources

samples local cluster storage

Stqge 3 — Convert (per chunk)

R o Stage 1 — prepare
‘ checkpoint - split files into chunks

e One fused dask graph: read — features — | mesommtes
label — write e et F( Stage 3 — convert(perchunk)\

{sample}/E_aliases.json —> 3a - TreeReader (p oot.dask)

e Lazy by default, only the branches in the Compeatssfen
alias JSON ever touch disk
Memory bounded per tree, not per chunk S
One canonical Parquet per chunk

3c - attacl hampl _type label

[
[

3d - ParquetWriter

Ewarquet/(sample}/chunk N. parqueﬂ
| dat.

Stage 4 — validate - ml_manifest - metadata

validate ml_manifest
~ schema consistency pointers + columns
{sample}/_validated mil/{dataset}/manifest.json

km3t|p| ml 7
Tra un()

metadata
counts - class balance
ml/{dataset}/metadata.json
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Introduction to KM3TPI

N P

pipeline.yam| DST ROOT files
samples - trees - resources) . local cluster storage
. Stage 1 — prepare

checkpoint - split files into chunks
writes chunk + discovery manifests

Stage 2 — discover Stage 3 — convert (per chunk)
L . AliasDiscoverer.discover_union 7 \
\ pat h": "res {sample}/E_aliases.json T 3a - TreeReader (uproot.dask)

{sample}/T_aliases.json ) b T

'n_chunks":
'n_events":

3b - apply_features

3c - attach sample_type label

3d - ParquetWriter

l

barquet/{sample}/chunk_N.parquet

L canonical data - one copy only

e 4 — validate - ml_manifest - metadata

ml_manifest metadata

pointers + columns » counts - class balance
{sample}/_validated mil/{dataset}/manifest.json ml/{dataset}/metadata.json
km3tipi.ml 8

Trainer.run()
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ML ModUIeOverwew -

[ MLConfig YAML ‘ [ Manifest J ‘ Parquet chunks ‘
config/ml/{dataset}.yaml| ml/{dataset}/manifest.json parquet/{sample}/
ML module — v.0.3.0

o MLProcessor (main entrypoint) MLDataset load ’

o Trainer (fraining & optimisation) l

. . Trainer.run()
Design choices — S e
Optuna loop final XGBoost val + test

Schema versioning via metadata o —
Split by file & by row ﬁﬁ
Optuna + callback failsafes /
Class balancing: weights & multiplicity 5
Decorator-based cuts (not yet) [ Mmow;:rem% ..

nested trials - metrics - artf

MLflow tracking /

[ model.pkl ‘

sklearn Pipeline

model_metadata.json ‘ optuna.db
feature schema + provenance resumable study

9




Current status:

Preprocessing Module v
Preprocessing Pipeline
ML Module v
Documentation for both
Environment versioning
Cl/CD & tests (cov: 58%)
Demo notebooks

AAAAAIAID

Soon to push new branch for ml
snakemake rules:

features/ml-pipeline |
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Hands-On Session



N Pro;ecilnstallaho

We will work with the latest tagged version [v.0.2.1.dev0 ]

1. Clone the project

git clone
git@git.km3net.de:mchadolias/km3tpi.git

. e\
>80 it begins

2. Create an environment

a. make venv 4 N
b. make install-conda (or mambaq)

Dataset note

3. Install dev dependencies If | haven't shared the demo dataset
make install-dev with you, please tell me now.
4. Test everything works \_ Y,

make test 12
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Documentation

# km3tpi 0.2

#  The KM3TPI Project View page source

Check latest docs here
Chapters:

The KM3TPI Project

km3tpi is a Python toolkit for processing KM3NeT neutrino telescope data at scale and training
machine-learning models on top of the resulting datasets. It converts ROOT/DST files to chunked
Parquet, manages alias schemas for ROOT TTree branches, and ships an XGBoost-based ML layer
(Optuna tuning, MLflow tracking, sklearn pipeline serialisation) that consumes those Parquet
datasets directly. It is designed to run both interactively (notebooks, prototyping) and at scale on
computing clusters via a Snakemake workflow with SLURM and HTCondor support.

* Installation

* Preprocessing Layer
« ML Layer

« Examples

o APIlref

Overview
The pipeline operates in two layers:

Preprocessing ( & s ) — five-stage Snakemake DAG:

1. prepare — resolve ROOT file globs, split into chunks, write manifest files.
2. discover — scan a sample of files to identify non-zero branches and write alias JSON schemas.
3. convert — read each chunk via the alias schema, apply feature engineering, label events, write
Parquet.
M M 4. validate — check that all chunks for a sample share a consistent schema.
TO b e C O n -I-I n U O | |y U p d O -I-e d WI -I- h Th e 5. ml_manifest / metadata — build lightweight manifests pointing to chunk directories for ML

training.

latest tagged version pipeline job

Machine learning ( kn3tpi.ml ) — XGBoost training, Optuna tuning, MLflow tracking, sklearn

Pipeline serialisation. Reads the Parquet chunks via the m1/{da

}/manifest

on produced by

the preprocessing stage — no ROOT re-reads.

Data is never duplicated: r

rquet/{sample}/chunk_N.parquet is the single canonical copy;

Developer note

If the doc link is not working, check it via the
project because it might have been
transferred.

ML datasets reference these directories via a small mar

t.json .



https://mchadolias.pages.km3net.de/km3tpi/

\
i

Let’s test the following classes:

« AliasDiscoverer
« TreeReader
« ParquetWriter

Steps:

1. Transfer the file you want to
process |

2. Run command from project Switch ROOT filename and
directory ; her t

3. ./examples/run_data_test.sh [ INOIT QAT 119



Run Preprocess Notebook

Check the = I
demo_processing.ipynb

3. File discovery
find_fil et_fil dentifier

4. Alias discovery

10. End-to-end

5. Read with TreeReader

D rd

ted path

If you want to use a subset of the

6. Apply features

provided DSTs

Add sample_type, Parquet

8. Validate the chunk

ma and content ch

9. Build ML manifest
hand




Run Machine Learning Notebook

h=manifest_path,

(json.dumps (dataset_cfg.to_dict(), inden

If you want to use a subset of the
files that you produced in the
previous, define the ML_MANIFEST

1. Setup
Paths, MLflow URI, output dir

!

2. Load MLConfig
From YAML or build by hand

!

3. Inspect manifest
Sample dirs, common columns

orchestrates4-9 |

10. End-to-end
MLProcessor

v

-
4. Build MLDataset
Manifest - train/val/test

!

5. Inspect splits
Shapes, class balance, cuts log

l

-

Manual walkthrough
Orchestrated path

6. Construct Trainer
Wraps dataset and model config

!

7. Tune (optional)
Optuna search, MLflow trials

l

8. Fit » ModelBundle
Final pipeline, best iteration

!

9. Evaluate, save, diagnose
Metrics + plots from test split
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: snakemdke

 Workflow management system o
« Snakemake is designed such that:

* Reproducibility is easily implemented | SR —_—)

« |t handles the communication with ;50;;5

the HPC cluster o e ;ii’iigﬂ,ﬁl e

« Best practices with little effort |y e SR B
« Quick installation with conda/mamba " Str(L06 IR / “otscover® / (sample)_(tree) 105"
« Check more here for documentation o AR G T O

and tutorials [1,2] ’

« Most important file in a Snakemake o et o

workflow is the Snakefile .;,!';Z;Td' s

mkdir -p $(dirname {output.alias_json}) $(dirname {log})

« Arule describes how to get one or more T e
. . . --N-preview {para
output files from input files

--skip-fields {para ;.>V1p_flelds
> {log} 2>&1
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“Snakemake Guide g snakemake

« The user requests Snakemake to produce

rule discover:
I 1 1 input:
flles VlO The CommOnd |Ine i Jmanifest = str(MANIFEST_DIR / "{sample}" / "discovery.txt"),
H 1] LR 1] LR output:
® The Wlldcords Somple & Tree hOS TO Jaliasfjson = str(ALIAS_DIR / "{sample}" / "{tree}_aliases.json"),

paxrams:

be fl”ed WI'I'h O ConcreTe VO|Ue (In 'I'hls n_preview = config["discovery"]["n_preview_files"],
sampling = config["discovery et ("sampling_strategy", "spread")
eXOmple O dO-I-O & T) seed = config["discovery "seed", 42),
skip_fields = lambda wc: " ".join(
config["samples"] [wc.sample] .get("skip_fields", ["hits"])
),
log:
tr(LOG_DIR / "discover" / "{sample}_{tree}.log"),
benchmark:
str(BENCHMARK_DIR / "discover" / "{sample}_{tree}.tsv")
retries: 2
shell:

mkdir -p $(dirname {output.alias_json}) $(dirname {log})

python scripts/discover.py \
--manifest {input.manifest}
--tree {wildcards.tree}
--sample {wildcards.sample}
--output {output.alias_json}
--n-preview {params.n_preview}
--sampling params . sampling}

« A second request to produce the file is ~seed  (pazans. seed)

--skip-fields {params.skip_fields} A

not executed since "nothing to be
done”




n Snakemake Preprocess

« Snakefile: main orchestrator file

« rules: contains the individual rules

« scripts: entrypoint scripts

« profiles: job & resource allocation

« config: user-defined pipeline options

Today the testing profile will be used,

a scaled down version of the local
onel

config
envs
profiles

htcondor

local

slurm

test
results

hands-on-

rules

scripts

session



| Run Snakemake Conflgurqhon

deflne folder pc:’rh & closses

/.....

/th’r to modify:

data directory
writer

skip fields
n_jobs
discovery

~

/

which frees to map and & how
to export them

do | want to add new features?

20
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How can | run the example?¢

User-defined configs

/

snakemake --profile profiles/local --configfile config/pipeline.yaml -n

/ dry run flag

Scheduler config

Tip of the day:
Always run with the
dry run flag first!

21
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discover

4

] convert |
DI, metadata

ml_manifest

prepare
validate

total
" TN
ml_manifest |
Prepare = checkpoint:
., inspects data, then expands
jobs
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Run Sn cluster (Lyon)

How can | run the example, in Lyon?
User-defined configs

/

snakemake --profile profiles/slurm --configfile config/pipeline.yaml -n

/ dry run flag

Scheduler config

Tip of the day:
Create a profile for the specific

scheduler and go ahead
23




If something doesn’t work:

By the end of the session you should have:

Catch me during the session, the feedback is the point
Open an issue on git.km3net.de/mchadolias/kma3tpi

km3tpi cloned and installed in a conda env on your machine
‘make test” passing locally

Run the preprocess notebook end-to-end (ROOT — Parquet)
Run the ML notebook (Parquet — trained XGBoost model)
Executed at least one full Snakemake run on the demo dataset

24
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Back-Up Slides



P(q&rocessing benchmarks: full ORCA13

Parsing samples from: config/pipeline.yaml
Scanning directory: /run/media/mchadolias/SteamML/Datasets/KM3NeT/ml_training/KM3NeT_00000117

Found 553 file(s) matching pattern '*'.

km3tipi - file count per sample

config : confi
dir /Tun/me

pattern: *

SAMPLE

IDENTIFIERS

data
nu_mc
mu_mc
noise_mc

data
neutrinos,gsg_neutrinos
mupage , mupage_default
pure_noise

unclassified

(no matching identifier)

TOTAL 26.25 GB

48.61 MB

Iun summary
distinct runs : 139
full runs (all 4 samples) : 136 (97.8%)

per-sample run coverage

data : 139 covered, 0 missing
~ nu_mc 1 137 covered, 2 missing
mu_mc : 139 covered, @ missing
138 covered, 1 missing

~ noise_mc

Successful execution the
pipeline in work laptop in
less than 5 minutes!

km3tipi monitor 2026-05-03 22
config config/pipeline.yaml
results: results/KM3NeT_00000117

pipeline (done/total — = all done
prepar discov
data
nu_mc
mu_mc
noise_mc

nu_vs_mu
signal_vs_background

scheduler (none, user=mchadolias)

no scheduler ailable - pipeline vie

running - X has failed
conver valida ml_man
7/8

w only

pending)
metada




Testing Status

ests coverage =
coverage: platform linux, python 3.12.13-final-@

Stmts i Missing

src/km3tpi/__init__.py

src/km3tpi/config.py

src/km3tpi/ml/__init__.py

src/km3tpi/ml/config.py

src/km3tpi/ml/dataset.py 170, 197-198, 203, 226, 261, 339-344, 392, 396, 403, 413, 489-500
src/km3tpi/ml/evaluate.py 73-100, 121-123, 139, 171-206, 228-256, 288-320, 337-354, 385-409, 442-469
src/km3tpi/ml/inference.py 63-67, 71-86, 98, 101-111, 115-122, 129-132, 140-141

src/km3tpi/ml/models.py 45, 91

src/km3tpi/ml/preselect.py

src/km3tpi/ml/processor.py 67-72, 76, 81-95, 98-101, 107-119, 124-139, 144-148, 158-182, 193-227, 230-245, 252-282, 286-313
src/km3tpi/ml/splits.py 144

src/km3tpi/ml/tracking.py 20-25, 29-34, 50-62, 66-71, 75-83, 88-102, 106-110, 114-122, 131-150, 162-181, 186-192
src/km3tpi/ml/train.py 58-69, 87-108, 121-161, 165-166, 170-178, 186-211, 228-238
src/km3tpi/ml/tune.py 10-317

src/km3tpi/preprocess/__init__.py

src/km3tpi/preprocess/aliases.py 107-205, 238-269, 318, 330-341, 355-359, 367-381, 389-399, 406-413
src/km3tpi/preprocess/config.py 274-275

src/km3tpi/preprocess/features.py

src/km3tpi/preprocess/pipeline.py 199-206, 230-231, 256-268, 569-570, 611-612, 673-678, 743, 755-757, 764-769, 777
src/km3tpi/preprocess/reader.py 71, 85-877192=96 2 117=-121

src/km3tpi/preprocess/writer.py 109-110, 143-145, 165, 186, 193-195, 229, 239-240, 265-266, 281-282, 288-292
src/km3tpi/utils/__init__.py

src/km3tpi/utils/cli.py 16-48

src/km3tpi/utils/logger.py 59-69, 74-77, 105, 127-152

sTc/km3tpi/utils/utils.py 34-35, 55-58, 81, 98, 132-148, 174-189

Coverage HTML written to dir reports/coverage
Coverage XML written to file reports/coverage.xml




Supplementary to Shakemake
Dedicated monitoring script

o checks pipeline steps
o submitted jobs

Config file required for the
snakemake pipeline

Will display per-job resource
usage (CPU/mem/disk)

4+ VEGA

km3tipi monitor - 20
config: config
results: results/KM3NeT

pipeline (done/total — = all done - * running - X has failed - . pending)
prepar discov conver valida ml_man metada
data 7/8 .
nu_mc
mu_mc
noise_mc

nu_vs_mu

signal_vs_background

scheduler (none

no scheduler av



https://github.com/mchadolias/cluster-tools

Select jobs to execute..

Execute 1 jobs...

Select jobs to execute...

Execute 1 jobs...

Select jobs to execute...

km3tipi monitor - 2026-05-05 16:20:10

config: (U\‘L(’ULU ne.yaml

results

pipeline (done/tot — = all done * running

X has

prepar discov conver valida

failed pending)

ml_man metada

data 0/1
nu_mc -
mu_mc 0/1 - -
noise_mc
nu_vs_mu - - 1 0/1
signal_vs_background - - - 0/1 0/1
scheduler (none, user=mchadolias)
no scheduler available — pipeline view only
refreshing every 5s Ctrl-C to exit
o[ 1 4l 1 71 1 11 1
1l 1 5l 1 8l 1 12[ 1
20 1 6l 1 oI 1 13 1
3[ 1 10[ 1
Mem[ [1III11111118.81G/30.8G] Tasks: 187, thr ; Tunning
Swp[ ] Load avera 4.36 1.68 0.87
Uptime: 00:14:28
CPU%W
33525 mchadolias 20 1772M 654M 46980 R 98.5 2.1 0:05.78 python scripts/con:
33379 mchadolias 20 842M 97.2 2.4 0:08.92 python scripts/cony|
33490 mchadolias 20 887M 96.6 2.5 ©0:07.15 python scripts/conv|
32487 mchadolias 20 226M 95.2 6.8 ©0:21.08 python scripts/conv|
33759 mchadolias 20 62.0 0.3 0:00.95 python scripts/conv|
12276 mchadolias 20 19.6 0.4 0:04.86
4227 mchadolias 8M 132M 0.9 0:49.57 /usI/bln/gnome shel|

.6
F1F2F3MF4F5 Tee F6F7 ice -fiNice fgKill [@louit |




train/val/test datasets
16k events per set
Class balance: 1:1

5 "*features’:
“frks.lik_0O"
"trks.E_O"
"trks.dir.z_0O"
"n_hits"
"n_trig_hits"

O O O O O
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Lll!l!”"w: ?
ik

-5 o [ 20 40 L 0 . o 10 20 30
trks.lik_ trks.E_0 trks.di n_trig_hits

w
o



Diagnostics

confusion_matrix
feature_importance

Feature importance

threshold = 0.5

threshold = 0.166 (Youden-))

n_hits
o
n_trig_hits
H trks.dir.z_0
trks.E_0
1
trks.lik_0
0.0 0.1 0.2 0.3 0.4 0.5 0.6
= X gain importance
predicted predicted
roc_curve
ROC curve
1.0 4
score_histogram
Model score by true class
4
0.8 10 true class 0
true class 1
@ 10°
C o6
v
2 n
£~ € 10°
g 0.4
= 10!
0.2 100
Model Metadata
plclass 1)
0.0 A — AUC = 1.000
0.0 0.2 0.4 0.6 0.8 1.0

false positive rate



