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A high level overview



A Common Tracking Software

A standalone C++ software library for tracking

Minimal dependencies
Sharable between experiments
Not bound to experiment 
schedule

You call us,
we don’t call you

Geometry &Navigation
Propagation
Track finding & fitting
Vertexing
...



Parallelization is necessary



Goals and guidelines

Retain/improve physics 
performance
Increase maintainability
Increase usability
Allow parallelization/ 
vectorization

Base on established code 
(ATLAS), but with simplified 
design
Use modern C++ (14/17), e.g.

● std::shared_ptr et. al.
● strict const-correctness



Maintainability

+ >1k more lines

vs

ATLAS Stepper implementation ACTS Eigen Stepper implementation



Testing strategy

Unit tests for Core tools
● Interfaces & invariants

Larger core integration tests
● Tool combinations

Full examples

Example Unit Test



Continuous integration

Run tests for every change
(pull request)

● LCG93, LCG94
● SLC6, CentOS7
● GCC, clang

Additional (static) analyses



Continous integration / coverage



Concurrency tests H. Grasland

Intel Xeon e5-2698
32 cores
64 threads

Run full example chain parallelized
Check possible bottlenecks
Check access violations bottlenecks
Check serial/parallized consistency



https://gitlab.cern.ch/acts


Timeline

2016
Q1 Q2 Q3 Q4

Jun 2016 - 0.01.00

prototype version, 
f rst geometry functionality

prototype Kalman fl ter, 
ROOT geometry plugin

Sep 2016 - 0.02.00 Nov 2016 - 0.03.00

message service, 
magnetic f eld, CI, 
Gaudi wrapping

2017

Apr 2017 - 0.04.00

const-correct release 
multithreaded tests

Aug 2017 - 0.05.00

work horse release for 
f tter development 
new propagation

Apr 2018 - 0.06.00

ATLAS InnerDetector
- geometry building
- extrapolation ID

2018

RC 01.00.00

Tracking feature (in-)complete 
track seeding 
track f nding
track f tting

Q3/4 2017 - 0.05.0X

bugf x releases 
- FCC testbeds
- Tracking ML

Sep 2018 - 0.07.00

New Propagation
- KF track f tting
- ATLAS seeding

- track seeding 
- track f nding
- calorimeter 

extrapolation
support

Oct 2018 - 0.08.00



https://sites.google.com/site/trackmlparticle/


ACTS components



Structure on disk

Core w/ 
minimal 
dependencies



(Tracking) Geometry



Geometry Layout

Organized by
● Volume
● Layer
● Module

Generic example detector (TrackML)



(Minimal) event data model

Tracks
● Acts::TrackParameter
● Acts::SingleBoundParameter
● Acts::SingleCurvilinearParameter

Measurements
● Acts::Measurement
● Acts::CalibratedMeasurement

Based on Eigen library
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CLHEP MKL SMatrix Eigen

ATLAS LS1 performance comparison
Speed 5x5 matrix multiplication



Magnetic fields

Interpolated field maps
Different examples available

Example: ATLAS field



Magnetic field cell caching

Cache local extrapolation cell
Performance improvements

● 20% in simulation
● Few % in reconstruction

Localizes field access



ACTS documentation Propagator module

Propagator < Stepper>
start parameters

<Stepper <Magnetic Field>,
Extendable<> 

result

Options<Aborters, Actors>

Extendable<> Actors

Navigator>destination surface

Extendable<SurfaceReached> Aborter

VoidNavigator (no geometry) = defaultadaptive 
step 

estimation

Stepping & Target
adaptive step estimation drives maximal 
step size according to accuracy

f nal step size determined by 
target aborter 



ACTS documentation Propagator module

Propagator < Stepper>
start parameters

<Stepper <Magnetic Field>,
Extendable<> 

result

Options<Aborters, Actors>

Extendable<> Actors

Navigator>destination surface

Extendable<SurfaceReached> Aborter

Navigatoradaptive 
step 

estimation

adaptive step estimation drives maximal 
step size according to accuracy

f nal step size determined by 
target aborter 

navigation object set 
navigation step size

Stepping, Target & Navigation



ACTS documentation Propagator module

adaptive step estimation drives maximal 
step size according to accuracy

f nal step size determined by 
target aborter 

navigation object set 
navigation step size 

user can 
overwrite

Propagator < Stepper>
start parameters

<Stepper <Magnetic Field>,
Extendable<> 

result

Options<Aborters, Actors>

Extendable<UserStep> Actors

Navigator>destination surface

Extendable<SurfaceReached> Aborter

Navigatoradaptive 
step 

estimation

Stepping, Target, Navigation & User





ACTS documentation Propagator module

Propagator < Stepper>
start parameters

<Stepper <Magnetic Field>,
Extendable<> 

result

Options<Aborters, Actors>

Extendable<MaterialInteractor> Actors

Navigator>destination surface

Extendable<SurfaceReached> Aborter

Navigatoradaptive 
step 

estimation

Propagation & Material integration



ACTS documentation Propagator module

Propagator < Stepper>
start parameters

<Stepper <Magnetic Field>,
Extendable<> 

result

Options<Aborters, Actors>

Extendable<MaterialInteractor,
KalmanFilter> Actors

Navigator>destination surface

Extendable<SurfaceReached> Aborter

Navigatoradaptive 
step 

estimation

Propagation, Material integration & Kalman fl ter



Beyond the (ATLAS) inner tracking detector

Inner Detector

Solenoid

Calorimeter Muon System

Toroid

Mostly covered Requires STEP 
propagator 
(prototype in 0.8.0)
Requires geometry 
support

Not yet covered



Open questions

Tools
Non-silicon detectors
Track follower
Global χ2 track fitter (ATLAS)
Vertex finder
Vertex fitter (in-progress)
...

Design
Vectorizable DEM, AoS vs. SoA
Parallelizable conditions 
handling (Paul)
Detector alignment



29Summary

A standalone C++ software 
library for tracking

● Derived from ATLAS code
● Basic functionality available

Progressing towards full 
tracking solution

http://cern.ch/acts

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29

