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Who and How
q Organisation: Jean-Roch Vlimant (Caltech), Vincenzo Innocente, Andreas 

Salzburger (CERN), Sabrina Amrouche, Tobias Golling, Moritz Kiehn
(Geneva University), David Rousseau, Yetkin Yilmaz (LAL-Orsay), Paolo 
Calafiura, Steven Farrell, Heather Gray (LBNL), Vladimir Vava Gligorov 
(LPNHE-Paris), Laurent Basara, Cécile Germain, Isabelle Guyon, Victor 
Estrade (LRI-Orsay), Edward Moyse (University of Massachussets), Mikhail
Hushchyn, Andrey Ustyuzhanin (Yandex, HSE)
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sponsors
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Talk today!

Talk today!

Talk today!
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q Tracking (in particular pattern recognition) 

dominates reconstruction CPU time at LHC 

q HL-LHC (phase 2) perspective : increased pileup 

:Run 1 (2012): <>~20, Run 2  (2015): <>~50,Phase 2 

(2025): <>~200

q CPU time quadratic/exponential extrapolation 

(difficult to quote any number) 

q Large effort within HEP to optimise software and 

tackle micro and macro parallelism. Sufficient 

gains for Run 2 but still a long way for HL-LHC.

q >20 years of LHC tracking development. 

Everything has been tried?

o Maybe yes, but maybe algorithm slower at 

low lumi but with a better scaling have 

been dismissed ?

o Maybe no, brand new ideas from ML

q èchallenge                   !!!

Tracking crisis
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200

There are newer plots, same message

Current ATLAS detector
Not designed for high pileup
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Current situation

Tracking 

• High luminosity means high pileup 
• Combinatorics of charged particle tracking become 

extremely challenging for GPDs 
• Generally sub-linear scaling for track reconstruction 

time with m 

• Impressive improvements for Run 2, but we need to go 
much further 

23

6 m
2 

m

Point precision ~5 µm to 3mm

100k points   10k tracks / event

10-100 billion events/year
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From domain to challenge and back
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Problem

Solution

Domain e.g. HEP

Domain
experts
solve
the domain
problem

Challenge

Solution

The 
crowd
solves
the 
challenge
problem

Problemsimplify

Challenge
organisation

reimport

~years

~years

~ months
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TrackML in a nutshell
q Accurate simulation engine (ACTS https://gitlab.cern.ch/acts/acts-core) to 

produce realistic events
o One file with list of 3D points 
o Ground truth : one file with point to particle association
o Ground truth auxiliary : true particle parameter (origin, direction, curvature)
o Typical events with ~200 parasitic collisions (~10.000 tracks/event)

q Large training sample 10k events, 0.1 billion tracks, 1 billion points, 
~100GByte

q Accuracy phase (May to August 2018) on Kaggle
o Participants are given the test sample (with usual split for public and 

private leaderboard) and run the evaluation to find the tracks
o They should upload the tracks they have found
o A track is a list of 3D points
o Score : fraction of points correctly grouped together
o Evaluation on test sample with per-mille precision on 100 event

q Throughput phase  Sep to Mar 2019 on Codalab
o Strong CPU incentive

TrackML Intro David Rousseau, CERN workshop, 1st Jul 2019



8

Dataset
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Much more in Andreas’ talk



9

Score
q 2017 CMS tracker Technical Design Report : Chapter 6 expected

performance 31 pages 58 figures
q ATLAS Si strip Technical Design Report Chapter 4 ITk Performance 

and Physics Benchmark Studies 54 pages 80 figures
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We need1 number to specify
how good an algorith

m is!

plus C
PU tim

e

https://cds.cern.ch/record/2272264/files/CMS-TDR-014.pdf
https://cds.cern.ch/record/2257755
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Score (2)
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Big decision : score is ~ « the weighted fraction of hits 
correctly associated ». Include all tracks above 150MeV

HEP tradition : track based evaluation
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Score in more details
q List intersection hits of reco tracks and true particles
q Intersection should have more than 50% of the hit of

the reco track and 50% of the true particle, then:

TrackML Intro David Rousseau, CERN workshop, 1st Jul 2019

0.15

Perfection : score=1.

Reminiscent of
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Real life  vs  challenge
1. Wide type of physics events
2. Full detailed Geant 4 / data

3. Detailed dead matter description
4. Complex geometry (tilted 

modules, double layers, 
misalignments…)

5. Hit merging
6. Allow shared hits
7. Output is hit clustering, track 

parameter and covariance matrix
8. Multiple metrics (see TDR’s)

TrackML Intro David Rousseau, CERN workshop, 1st Jul 2019

1. One event type (ttbar)
2. ACTS (MS, energy loss, 

hadronic interaction, solenoidal
magnetic field, inefficiency)

3. Cylinders and slabs
4. Simple, ideal, geometry 

(cylinders and disks)

5. No hit merging
6. Disallow shared hits
7. Output is hit clustering
8. Single number metrics

Simpler, but not too simple!
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Evolution of leaderboard
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Final Leaderboard
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Efficiency #20 Nedel’ko
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Efficiency all
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Throughput Phase

Now participants submit their software…
… and are evaluated on accuracy AND speed !

Launched 6th Sep 2018 until 12th March 2019 on Codalab
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Codalab Schematic
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More in Victor’s talk tomorrow
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Updated dataset
qFixed bug in electron multiple scattering (was

much too large)
q…and layer material thickness (was twice too

large)
qChanged the scoring to only include primary

track (no secondaries originating far from the 
origin) 

TrackML Intro David Rousseau, CERN workshop, 1st Jul 2019
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Throughput results

cloudkitchen

cubus

fastrack

Taka

sgorbuno

Vicennial

Sharad

q Ranking score including time : 
o 0 if time >600 s or accuracy <50%
o √log(1 + 600/time) ∗ (accuracy − 0.5)2

TrackML Intro David Rousseau, CERN workshop, 1st Jul 2019
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Throughput phase LB
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HEP

HEP

Talk today

Talk today

Talk today

0.601.16
0.943

1.00
0.944

0.927

1.12

0.897 7.41

13.7
0.895

0.770

Private leaderboard



22

Efficiency
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Not quite as good as for accuracy phase: do not spend time when not worth it
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Useful links
q Contact : trackml.contact@gmail.com

https://sites.google.com/site/trackmlparticle Twitter : @trackmllhc
q Accuracy phase @ Kaggle : https://www.kaggle.com/c/trackml-

particle-identification
o èchapter in the NeurIPS 2018 Competition book arXiv:1904.06778 , small

revision on-going

q Throughput phase @ Codalab : 
https://competitions.codalab.org/competitions/20112
o Write-up to be finalised

TrackML Intro David Rousseau, CERN workshop, 1st Jul 2019

mailto:trackml.contact@gmail.com
https://sites.google.com/site/trackmlparticle
https://www.kaggle.com/c/trackml-particle-identification
https://arxiv.org/abs/1904.06778
https://competitions.codalab.org/competitions/20112
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TrackML Conference talks
q Connecting The Dots 2015 Seattle
q Connecting The Dots 2016 Vienna
q CHEP 2016 Okinawa
q Connecting The Dots / Intelligent Trackers 2017 Orsay
q NeurIPS 2017 Los Angeles CiML workshop
q Connecting The Dots 2018 Seattle
q CHEP 2018 Sofia
q WCCI 2018 Rio de Janeiro
q ICHEP 2018 Seoul
q IEEE NSSMIC 2018 Sidney
q IEEE eScience 2018 Amsterdam
q NeurIPS 2018 Montreal Competition workshop
q ACAT 2019 Saas-Fe
q Connecting The Dots 2019 Valencia
q EPS 2019 Ghent
q CHEP 2019 Adelaïde
q …and much more workshops and seminars….

TrackML Intro David Rousseau, CERN workshop, 1st Jul 2019
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TrackML timeline
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Monday 1st July
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Tuesday 2nd July
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TrackML Grand Finale workshop
CERN, 1st-2nd July 2019


