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Disclaimer

* Main focus of this talk
» Lessons learnt from/by developing common software

» Concepts, benefits & costs of doing so

* Recent talks on ACTS status & performance

ACTS Vertexing and
Deep Learning Vertex Finding

BASTIAN SCHLAG
CERN / JGU MAINZ

H iris
C Tzﬁéeg'?gzozo CTD 2020, April 22, 2020 f;?m
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Ai X, Tracking with ACTS, CTD2020 2 Schlag B, ACTS Vertexing and Deep Learning Vertex Finding, CTD2020
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Superficial history of track reconstruction SW
1987

o Many Of Cu rre n t algo ri th m S h ave 444 Nuclear Instruments and Methods in Physics Rcﬁ:ﬁ:_ﬁﬁiﬁ?;ﬁ:&;ﬁ:
roots in LEP era:

» C Ode b 1se usu a"y in FORTRAN APPLICATION OF KALMAN FILTERING TO TRACK AND VERTEX FITTING

R. FRUHWIRTH

Institut fiir Hochenergiephysik der Osterreichischen Akademie der Wissenschaften, Vienna, Austria

Received 30 June 1987

® Move tO C _|__|_ in e arly 2000,8 Recently iterative procedures have been proposed for track and vertex fitting in counter experiments. We show that the proper

theoretical framework for these procedures is the theory of linear filtering, in particular the Kalman filter. Using results from filtering
theory we confirm and extend the previous results. We also discuss the detection of outliers and of secondary vertices.

» Common C++ based libraries

R. Frawirth, Applicaiton of Kalman Filtering To Track and Vertex Fitting (1987)

» Era of object oriented design

“The Delphi detector was designed for the Kalman Filter”


https://inspirehep.net/literature/259509
https://inspirehep.net/literature/259509

Superficial history of track reconstruction SW

) Many of current algorlthms have “For all its inelegance, and lack of safet; features,
roots in LEP era: it seems certain that FORTRAN will remain the

main language for HEP code well into the 1990s....”

» Code base usua"y iIn FORTRAN . Computing at CERN in the 1990s

“FORTRAN is probably the only perennial stan-

. y dard which will be questioned.”
e Move to C++ in early 2000'S ard which will never question

Trends in Computing for HEP
» Common C++ based libraries

: : : “I don’t know what the language of the year 2000
» Era of object oriented design will look like but I know it will be called FOR-

TRAN.”

Tony Hoare

White, B. The comparison and selection of programming languages for high energy physics application (1991)

A


https://digital.library.unt.edu/ark:/67531/metadc1063974/
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* Many of current algorithms have
roots in LEP era:

» Code base usually in FORTRAN

* Move to C++ in early 2000’s

» Common C++ based libraries

» Era of object oriented design

Superficial history of track reconstruction SW

1994

CLHEP - A Class Library for High Energy
Physics

Shortcuts to: Documentation Download CLHEP editors Mailing List CLHEP Workshops Bug
Reports

The CLHEP project was proposed by Leif Lonnblad at CHEP 92. It 1s intended to be a set of HEP-
specific foundation and utility classes such as random generators, physics vectors, geometry and linear
algebra. CLHEP is structured in a set of packages independent of any external package
(interdependencies within CLHEP are allowed under certain conditions).

A large fraction of contributions (mainly to the Random, Vector, Geometry and Matrix packages) came
from using CLHEP within (in alphabetical order):

e the BaBar experiment @ SLAC
e the Geant4 Collaboration
¢ the ZOOM Project @ Fermilab

L. Lonnblad, CLHEP —a project for designing a C++ class library for high energy physics (1994)



https://doi.org/10.1016/0010-4655(94)90217-8
https://doi.org/10.1016/0010-4655(94)90217-8

* Many of current algorithms have
roots in LEP era:

» Code base usually in FORTRAN

* Move to C++ in early 2000’s
» Common C++ based libraries

» Era of object oriented (OO) design

Superficial history of track reconstruction SW

TrackParameters
# m_parameters : HepVector
# m_position : GlobalPosition*
# m_momentum : GlobalMomentum*
# m_charge : double
# m_associatedSurface : Surface*
'+ parameters() : HepVector&

——

AtaCylinder AtaDisc AtaPlane Perigee AtaStraightLine

Lo

. ‘ . |
MeasuredAtaDisc ' MeasuredPerigee

MeasuredAtaCylinder \ MeasuredAtaPlane MeasuredAtaStraightLine

MeasuredTrackParameters
# m_errormatrix : ErrorMatrix*

# m_measurementFrame : HepTransform3D*

Figure 3: UML diagram showing the inheritance structure of TrackParameters data
classes. TrackParameters exist in both, an unmeasured and a measured flavour. The
measured track parameter classes follow a double inheritance structure, inheriting from the
unmeasured class they represent and a common base class for measured track parameters,
holding the error matrix description and the measurement frame definition.

e —

Akeson, P F et al, ATLAS Tracking Event Data Model (2006)

Now we'd call it over-object oriented (OOO) ...

6

2006
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Legacy of the LHC era

* Extremely ironed-out code

» Many 10'° events processed
(numerically validated)

* Extremely well performing track
reconstruction algorithms

» Technical track reconstruction ()
efficiency ~100 %

* A great starting point!
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A great starting point

 ATLAS Track reconstruction SW

» Designed/written with common (agnostic) top layer for two tracking devices

Solenoid Toroid

- R \O//

Inner Detector Calorimeter Muon System

» Highly polymorphic Tracking reconstruction SW, with common abstraction layer

Cornelissen T et al, Concepts, Design and Implementation of the ATLAS New Tracking, 2008
8
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A great starting point

* ATLAS Track reconstruction SW
» Designed/written with common (agnostic) top layer for two tracking devices

» Some very fast algorithms & modules in place

Some of this great CPU
ble PC = pVector[4] * C[@] + pVector[5] * C[1] + pVector[6] x C[2]; performance still roots in
S e the FORTRAN style writing.

ble Bx2 = -A[2] * pVector([29]; <
ble Bx3 = A[1] x pVector[38] - A[2] % pVector[37];

ble By2 = A[2] * pVector[28];
ble By3 = A[2] * pVector[36] - A[@] * pVector[38];

ble Bz2 = A[@] x pVector[29] - A[1l] * pVector[28];
ble Bz3 = A[@] x pVector[37] - A[1l] * pVector[36];

ble B2 = B[@] % Bx2 + B[1] * By2 + B[2] % Bz2;
ble B3 = B[@] % Bx3 + B[1] = By3 + B[2] % Bz3;

AtlasStepper, transcript in ACTS project
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A great starting point

 ATLAS Track reconstruction SW

» Designed/written with common (agnostic) top layer for two tracking devices

» Some very fast algorithms & modules in place

» Undergone (like other experiment SW) successful cleanup campaigns
- all LHC experiments reduced CPU time significantly since LHC startup

 However, time starts to show its scars
» Several developers left the project/held

» Some technology advancements missed/only profited in a limited manner

10
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A -
aits, project -Mission statement

Preserve & advance LHC state of the art
track reconstruction software

Develop & deploy production ready
software for HL-LHC and beyond

2 A
f - B2 47 - .-',',_/ 7o 7/ ) /,/
: P A
. M e
; S
v /2
o

¥ Community Driven Common
@ (Tracking) Software
A. Salzburger (CERN)

Establish R&D testbed for algorithms,
teChnOlogy advance (e,g, ML, GPU, deteCtorS) AS, Community Driven Common Tracking Software, Plenary, CHEP2018

Work & educate in state of the art technology/worktlows

11
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External
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Tracking code :

Testing /
Optimisation a‘tS/
Deployed Nor®
modules -
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accelerators, etc.
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..
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machine learning,
accelerators, etc.




1S, project - Roadmap

e R&D loop

Exp. j » way faster/easier
Tracking code :
J e [ > A than in one
Testing / : experiment’s context
Optimisation a\tS, P
Deployed Nor’
modules -
roject
N
. * Deployment
| » Significantly slower/
production 4 )
ready code W@ more involved than
In one experiments’
. context

Deploy
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a\i[§/ project - Preserve & advance

Eigen-3.2.7, gcec-4.9.2, -02, 4xi5-5200U @ 2.2GHz,

» Extensive review of existing code 1000

» Don’t be shy, take what’s good!

100

operations [MHZz]

10

» Technical paradigm shift:
- Flatten data structures
- Fixed size matrix multiplications lﬁxecl-si;:(EE]xv(S) M52 X M5
- Lift runtime polymorphism to compile-time = dynamic-size
(C++ concepts replacing interfaces)

1

» Modernize, simplify & streamline

http://eigen.tuxfamily.org/
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project - Simplify & Streamline

>
MeasurementBase ( S/ Measurement

Nor

Trk.MeasurementBase
+ MeasurememBasel)
+ = MeasurementBase()
+ clone() : Measwement8ase”
+ localParameters() : const LocalParameters&
+ loca\ErrerManix() | const ErrorMativg
+ associatedSurface() : const Swiaced
+ globalPasition() : const GlobalPositiond
+ dompiour | MsgStream&) ' MsgStreams
+ dompiout | sid osweamd) | sid osweamb

=7 .y

template

<typename sou i’CG_l ink_t>

Trk.CompetingRIOsOnTrack Tek.RIO_OnTrack TricSegment
% m_localParameters : const LocalParameters® # m_localParams : const LocalParameters® # m_JocalParameters | const LocalParameters®
# m_locaErroeMarric | const ErrorMatrix*

# m_loca’ErrorMatrax : const ErrorMatnx® # m_localErrMat - const ErrorMatrix®
¥ m_rotseum | unsigned i # s_identifier : Identifier # m_rotsnum : unsigned int
¥ m_indexMaxAssignProb | unsigned i + RIO_OnTrack(} # m_fitQuality : FeQuality* e aS l | re I I | e I |

# m_assignProb : const std:vector< AssignmentProb »* + RIO_OnTrack) + Segment(}
+ Segmenti}

+ CompetingR¥0sOnTrack() + operator «(}
+ CompetingRIDsOnTrackl) + RIO_OnTrack() + operator =)
+ operator =() + = RID_OnTrackD + Segment(}
+ CompetingRIOsOnTrack() + clone() + =~ Segment A
+ ~ CompetngRIOsOnTrack() + localParameters() + cloned H
+ cloneq) + localErrorMatrix() + localParameters() <
+ localParameters() + associaredSwiace) + localEroratrix) :
+ bocalErorMatrix() + globalPosinon() + numberQIContanedROTS) . .
+ numberOfContanedROTs() + dump() + floOnTrack() C a | b rat O n
+ indexOMaxAssignProbl) +dumpd + fitQualty() te m p I ate l l
+ rloOnTrack( + prepRawData() T\ A .
+ assignmentProbabiliny() + MDE() | t ? I k t
e = I | <typename source_link_t>
dl\; AN + idemity() |l

# serValvesi) \
7

[ Measurement

PrepRawData | | .'

A f
[ |

|
f | !
| l
RIO_OnTrackDetectorTypeB SegmentTypeA SegmentTypeB
Belle I

CompetingRIO_OnTrackTypeA
|

CompetingRIO_OnTrackTypeB | | RIO_OnTrackDetectorTypeA

T
RIO_OnTrack

PRD

calibration

16
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>

(S, project-Simplity & Streamline

N’

( Propagator

[ )
\../'l
EXPERIMENT

virtual comst NeutralParsmeters

virtual const TrackParsmeterse extrape

virtual comst st

virtual const TrackParsmeterse extrapol

virtual const TrackParameterse extze

virtual const std::vector<const TrackP

parameters_t, propagator_options_t,
target_aborter t =
path_aborter_t
Result<action list t result t<

155
156
158

9

159 virtual std:ipair<const TrackParameter
| — 160

undTrackParameters, Tt propagator _options_t::action_list

propagate( parameters_t& start, Surface& target,
propagator_options_t& options) -

R —

~ 360 lines interface in IExtrapolator.h ~ 2 public interface methods, same functionality
~ 4700 lines of code in Extrapolator.cxx

17
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a‘.t's project - Preserve & advance

« Example: modernize

pVector[4] x C[@] + pVector([5] * C[1] + pVector[6] :

1. / PC; void covarianceTransport(Covariance& covarianceMatrix, Jacobian& jacobian,

FreeMatrix& transportlacobian, FreeVector& derivatives,
BoundToFreeMatrix& jacobianLocalToGlobal,
const Vector3D& direction) {

-A[2] * pVector[29];
A[1] * pVector([38] - A[2] * pVector([37];

jacobianLocalToGlobal = transportlacobian * jacobianLocalToGlobal;
const FreeToBoundMatrix jacTolLocal =

surfaceDerivative(direction, jacobianLocalToGlobal, derivatives);
const Jacobian jacFull = jacTolLocal x jacobianlLocalToGlobal;

= A[2] * pVector[28];
= A[2] * pVector[36] - A[@] * pVector[38];

A[@] * pVector[29] - A[1l] * pVector[28];
A[@] x pVector[37] - A[1l] * pVector[36];

covarianceMatrix = jacFull % covarianceMatrix x jacFull.transpose();

B[@] * Bx2 + B[1] * By2 + B[2] * Bz2;
B[@] % Bx3 + B[1] * By3 + B[2] * Bz3;

reinitializeJacobians(transport]acobian, derivatives, jacobianLocalToGlobal,

AtlasStepper, transcript in ACTS project direction):

jacobian = jacFull;

8 EigenStepper, covariance transport



a‘.t's, project - Production ready toolbox

Hosted on github.com

O https://github.com/acts-project/acts

Repository Structure:

Toolbox with production-ready code

- Fatras: Fast simulation extension
Unit & Integration tests for

- Plugins: third party dependent plugins, e.g. Geant4, DD4Hep, ROOT, ...

Synchronised gitlab read-only repository (former repo): https://gitlab.cern.ch/acts

- Examples: Test framework with examples (FCC-hh, ITk, sPhenix, ...)

Dependencies
Eigen, BOOST (for unit testing only)

Standards

19

Licence ‘

Mozilla Public Licence 2.0

CERN officially
recommends using
an outside
provider for
development
including
non-CERN
contributors ...
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>
a‘-/IS, project-"The toolbox

* Flexibility to interface with detector SW & Plugin mechanism

namespace Acts {
class DetectorElementBase {

virtual const Surface& associatedSurface() const = 0;

&

}

class MyDetectorElement {

const PlaneSurface& associatedSurface() const;

b

------
--------------
- -
- -
- o
-
-
-
-
-

DetectorkElement

detailed 3D detector geometry Surf%'cfe

ACTS Tracking geometry
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,project-The toolbox

* Flexibility to interface with detector SW & Plugin mechanism

1000

500

-500

—1000

C++

// BARREL :
// 4 pixel layers
// configure the central barrel
plbConfig.centralLayerBinMultipliers = {1, 1};
plbConfig.centrallLayerRadii = {32., 72., 116., 172.};
plbConfig.centrallLayerEnvelopes
= {pcEnvelope, pcEnvelope, pcEnvelope, pcEnvelope};
// material concentration alsways outside the modules
plbConfig.centralLayerMaterialConcentration = {1, 1, 1, 1};
plbConfig.centralLayerMaterialProperties
= {pcmbProperties, pcmbProperties, pcmbProperties, pcmbProperties};
plbConfig.centralModuleBinningSchema = {{16, 14}, {32, 14}, {52, 14}, {78, 14}}
plbConfig.centralModuleTiltPhi {0.14, 0.14, 0.14, 0.14};
plbConfig.centralModuleHalfX
plbConfig.centralModuleHalfY
plbConfig.centralModuleThickness
plbConfig.centralModuleMaterial
= {pcMaterial, pcMaterial, pcMaterial, pcMaterial};
// pitch definitions
plbConfig.centralModuleReadoutBinsX = {336, 336, 336, 336};
plbConfig.centralModuleReadoutBinsY = {1280, 1280, 1280, 1280};
plbConfig.centralModuleReadoutSide = {-1, -1, -1, -1};
plbConfig.centralModuleLorentzAngle = {0.12, 0.12, 0.12, 0.12}

{8.4, 8.4, 8.4, 8.4};
{36., 36., 36., 36.};
{0.15, 0.15, 0.15, 0.15};

// no frontside/backside

plbConfig.centralModuleFrontsideStereo = {};
plbConfig.centralModuleBacksideStereo = {};
plbConfig.centralModuleBacksideGap ={}

-1000
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>
a(IS./ project-"The toolbox

o Contextual data processing
with parallel code execution:

» GeometryContext

» MagneticFieldContext

» CalibrationContext

everyGeometryCall (..)

everyMagFieldCall (...)

everyCalibrationCall (...)

Quasi-free condition/contextual data handling.

22
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>
a‘-/IS./ project-"The toolbox

processing GeometryContext N Action
with parallel code execution: Different alignment in every event

» GeometryContext

200

» MagneticFieldContext
» CalibrationContext

-100f

~150f

_20%_1 11 l 1111 l 1111 l 1111 l | I l 11 1.1 I ] 111 l | I
-200 -150 -100 -50 0 50 100 150 200
g X

23 [ Animiation of contextual data in ACTS in action ]
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>
a‘-/IS./ project-"The toolbox

processing GeometryContext N Action
with parallel code execution: Different alignment in every event

» GeometryContext

200

» MagneticFieldContext
» CalibrationContext

-100f

~150f

_20%_1 11 l 1111 l 1111 l 1111 l | I l 11 1.1 I ] 111 l | I
-200 -150 -100 -50 0 50 100 150 200
g X

23 [ Animiation of contextual data in ACTS in action ]
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>
a‘./IS., project - The toolbox & integration

e Plumbing & where it usually gets dirty: integration into experiment code base

» Keep it simple, e.g. configuration done with nested Config structs

namespace Acts {
/// doxygen documentation
class WorkHorse {
/// @struct Config for To
struct Config {
float coatColor; ///< configure the coat color
Tloat maxPath; ///< set the max path this horse can run

b
r;

}
» Possible binding to Gaudi(Hive):

/// feed from Framework into ACTS configuration
declareProperty(“CoatColor”, m_cfg.coatColor);
declareProperty(“MaxPath”, m_cfg.maxPath);

24



>
a(IS/ project - The toolbox & integration

* Plumbing & where it usually gets dirty: integration into experiment code base

» Any external code with experiment code base
- may sound trivial, but e.g. log messaging needs to work

* General guideline (“hire brigade design”)
» You we never call you.

» If you need something from your house, we it to you.
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>
a(IS./ project - R&D for algorithm research

* Classical algorithm are not frozen, there’s room for algorithm R&D

* ACTS aims to provide a testbed for this research:
» Testbed detectors available for testing

» Examples (being worked on currently):
- ray tracing inspired navigation through detector geometry
- generalised track linearisation in vertex fitting
- extension of KF into a global measurement formulation
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>
a./ts project- R&D for ML

» Fast simulation extension was used for Tracking Machine Challenge

» Very successful ICHEP 2020 | PRAG!
kaggle &
challenges

28 July 2020 to 6 August 2020, virtual conference

» Many interesting ideas
& solutions

e

» Established a reference b
data set & format Trackmg hine Leammg Challenge

- <till ,\. A summary
Stlll In usc for.mUCh Of o e¥ @A. Salzburger (CERN) for the MOrganisers
current Tracking R&D D osaauo

AS, Conclusion of the TrackML Challenge, ICHEP2020

27


https://indico.cern.ch/event/868940/contributions/3814673/
https://indico.cern.ch/event/868940/contributions/3814673/

a:té, project -

» Standalone examples allow for novel (ML) algorithm R&D

» Example: track seeding using
approximate nearest neighbourhood

ATLAS Simulation Preliminary
ITk layout - Tracks in buckets

These tracks are brought to you by (=3

[ S. Amrouche, T. Golling, M. Kiehn, AS: Music, Neighbours & Tracking ]
[ S. Amrouche, N. Calace, T. Golling, M. Kiehm. AS : Hashing & similarity learning ]

Fast Trained Index on GPU

O
_ (@)
eciency

0 2000 4000 6000 8000
Nb queries

To find a bucket with at least 4/hits of the track contained <

1.0

0.8

o
A
e

0.2

-0.0

Il

(good enough for track seeding)
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https://indico.cern.ch/event/831165/contributions/3717122/attachments/2022757/3382937/20200400-msmk-hashing_tracking-v4.pdf

>
a(IS./ project- R&D for ML

» Standalone examples allow for novel (ML) algorithm R&D

> track seeding using
approximate nearest neichbourhood

4 O

4
\
» Aim to have a way of these R&D a -\t§’
projects into the ACTS code base _ proect
- eventually even production code

machine learning,
accelerators, etc.

. how to integrate external non-HEP
software into HEP reconstruction code

d

ﬁ
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>
ai,/i[slproject -R&D for accelerators

* Dedicated sub-group for parallelisation (acts-parallelization@cern.ch)

» Evolving code to run on different hardware

¥ master ~  acts/Plugins/ Go to file Add file ~
ﬂ l‘ 3 authors feat: SYCL plugin docs and improvements (#470) .. v ca513ea 5daysago (V) History
—— [0 Cuda build!: ensure consistent CMake options and target names (#406) 28 days ago
W Sycl feat: SYCL plugin docs and improvements (#470) 5 days ago

— » Native CUDA modules (Seeding, Propagation, Fitting)

0.0
> » SYCL/onAPI module (Seeding) -.- *l. CERN
Ty openlab /(N tel)

project


https://digital.library.unt.edu/ark:/67531/metadc1063974/
https://digital.library.unt.edu/ark:/67531/metadc1063974/
https://doi.org/10.1016/0010-4655(94)90217-8
https://doi.org/10.1016/0010-4655(94)90217-8
https://cds.cern.ch/record/973401?ln=en
https://cds.cern.ch/record/973401?ln=en
mailto:acts-parallelization@cern.ch
mailto:acts-parallelization@cern.ch

>
ai,/i[slproject -R&D for accelerators

» Example: SYCL/oneAPI implementation of track seeding algorithm

» Reference to CPU implementation (ATLAS implementation)

CPU and SYCL (GPU) algorithm runtime Speed-up factor of SYCL (GPU) seed finding algorithm Percentage of matched seeds
20.0 1 Algorithm o® e 5108, (OO 100.00 -
s CPU e 8 1 L R
7 -
99.98 -
15.0
6 -
12.5 S 285 S
% 5 - o £ 99.96 -
@ L v
S— m
v 10.0 i 2
2 5 47 S
= ® 5 99.94 -
7.5 4 = 3 g_
5.0 - @
2 1 8 99.92 -
&
2.5 -
1 -
e ) (@) 8% 4
0.0 { e ecees 6&33:::(1 cueeni@)Eee) W@ .‘0 99.90 -
0 -
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
number of space points (thousand) number of space points (thousand) number of space points (thousand)

» Valuable lessons/feedback to ACTS core project wrt EDM/algorithm design
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i
aiLS, project-R&D for new SW technologies

» Stand-alone character of the repository eases R&D
» Even larger scale inclusions, tests, expansions are simplified

» Testbeds allow for rapid feedback on development

* Example: ACTS auto-diff within propagation

» auto-diff is a rather recent development coming from the ML sector
- relies on the fact that machine instructions are per definition differentiable

» Test implementation in track propagation for derivative/jacobian calculation done
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>
a‘-/IS./ project - infrastructure & workflows

 HEP SW has/had sometimes a bad reputation in being “aged”

» Same for workflows & technology

» Some of it is rooted in the long lifetime & necessity of coherent data processing

* We need to stay attractive to the best technical students
» Deploy modern development workflows
» Be open to move with technology, new standards

» A path to publish the work

- OpenDataDetector project (backup)
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>
a(IS./ project - worktlow ecosystem

4
I
Read the Docs
_Doxygen Depioy

% Merged

| , , semantic versioning / \
feat: SYCL plugin docs and improvements #4 /0 @ (for stable API)

O
== Travis C| @ clang-tidy clang-format ﬁ ”

codecov
|—f Human code

Continuous Integration Pipeline review

docker



/'S

\../'/

2D

* High level of unit testing & CI (coverage steadily increasing)

aqjust doc cmakelists
ﬁ paulgessinger 15 days ago v Cl Passed
o 276fa27 i #96 7 61a6078

) Diff

M Files

L.

Files

i Core
i Fatras
i Plugins

Project Totals (350 files)

79 Build
= n
14256 6,615
448 332
2,000 253
16,704 7,200

e
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4,503

42

267

4,812

43.10%

3,138

74

1,480

4,692

&= Graphs

Coverage

project - testing, code review & CI

46.40%

74.11%

12.65%

43.10%


https://digital.library.unt.edu/ark:/67531/metadc1063974/
https://digital.library.unt.edu/ark:/67531/metadc1063974/
https://doi.org/10.1016/0010-4655(94)90217-8
https://doi.org/10.1016/0010-4655(94)90217-8
https://cds.cern.ch/record/973401?ln=en
https://cds.cern.ch/record/973401?ln=en

e : . ,
a\,i[§! project - testing, code review & CI

* Directly benefits to involved experiments
» Highly tested code deployed

» Experienced developers that eventually co-authored the deployed code

* ATLAS example:
» Migration to git/Cl setup pioneered by ACTS developers
» Vertexing speed-up by 40% being re-deployed to AthenaMT
» ATLAS phase-2 I'TK reconstruction planned with ACTS implementation
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7w : :
a\Ls, project - experienced workforce

>

* Modern programming, language, a(i[.sl project - workflow ecosystem

conceptual skills & experience in

industry standard workflows I

» Facilitates change between M‘i DJIO ‘
experiments - -

» Facilitates careers outside : S e for stable AP /N
the field Y Travis Cl @ clang-tidy clang-format 'ﬁ

codecov

docker = |
- open source access make

contribution traceable

t Human code
Continuous Integration Pipeline review

That is an impressive skillset even/particularly outside HEP.

37


https://digital.library.unt.edu/ark:/67531/metadc1063974/
https://digital.library.unt.edu/ark:/67531/metadc1063974/
https://doi.org/10.1016/0010-4655(94)90217-8
https://doi.org/10.1016/0010-4655(94)90217-8
https://cds.cern.ch/record/973401?ln=en
https://cds.cern.ch/record/973401?ln=en

4 : ,
ails, project- foster collaboration

» Currently 42 forks of the acts-project

» Individuals (in HEP, students) or experiment forks (e.g. sPhenix)

* 10-15 active developers on Core project

» Still quite ATLAS heavy, though increasing contribution
from SPHENIX, Belle-2 or non-associated individuals
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..... ® whit2333 / acts

..... @ XiaocongAi / acts-core
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>
a(IS./ project - community, friend & family

* ACTS as one project in a new ecosystem of community driven SW

» We walk and we learn together
- interaction between SW projects under the umbrella of HSF is key
- Example: ACTS report on Eigen compilation restrictions/issues in HSF WG#2
similar issues seen by other Eigen clients (CMS), follow up by HSF

» We should play together
- Encouragement to put modules together, build systems
- Example: can ACTS run within on top of PataTrack, within ALLEN, etc...

» Finally, we should work together
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Summary

* ACTS project quite matured in the last 4 years
- version vo1.00.00 released in Sep 2020 with particle frozen API

* Encapsulation from experiment SW stack comes with a price tag
- however, it did what we strived for: enabled R&D in many areas
- starting to pay off (e.g. vertex reconstruction in ATLAS)

) O

GitHub  Mattermost

B acts-developers@cern.ch

G4 E
a‘I.S/ Read the Docs 4 acts-users@cern.ch

7 acts-parallelization@cern.ch
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Open Data Detector - Status & Release

AV A. Salzburger (CERN)




[he dataset for current algorithm R&D
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CHEP2018 - announcement

Reference detector&aataset

Common dataset for develop Ny within the community
- detector used for 1\.-,:._:;:

- dataset produced with ACTS fast simulation
- proposal: iron out the few features we discovered &

dataset (LHC/HL-LHC), publish on Qpendata
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VWhere's the right working point”

Simulation Reconstruction
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—Ull tracker view
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Pixel barrel system

~1000 mm
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INnnermost layer detinition

Support cylinder

tilt angle

X
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Module board l
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~ull pixel system
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PIxel end cap example

Outer ring

Overlapping modules

Support disk Inner ring
with cooling rings
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