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Chapter One Yesterday & loday



Motivation AILAS Tracking SV

Common set of Tools and interfaces

Event Data Calibration,

Geometry Extrapolation Fitting Alignment

(TrkDetDescr) Model (TrkExtrapolation) (TrkFitter) general (TrkAlignment)
(TrkEvent) (TrkTools)

Detector specific extension

InnerDetector Calorimeter

FpDM | Geometry | 150)s Geometry EDM | Geometry | 1oq)s

(InDetRecEvent) (InDetTraei?rl;l;ngeom (InDetRecTools) (CaloTrackingGeometry) (MuonRecEvent) (I\/IuonTr:tcrl;l)ngGeom (MuonRecTools)

MuonSpectrometer

Fast track simulation extension

ISF_Fatras

EDM Geometry Tools

(ISF_Fatraskvent) | (ISF_FatrasDetDescrTools) | (ISF_FatrasRecoTools)



Evolution From ATLAS 10 ActS

Review

- code usage, code gualty, memory usage and execution speed
- check for readiness for concurrent code execution

Update, documentation, integration & testing
- Update to C++17 standard,

- simplity, documentation
- Integration In Acts
- Unit tests and regression tests against AILAS code

const-correct B Geometry

Tools stateless & caller state -
(InDetRecTools) bare_ptr to unique/shared_ptr W EventData
C++17, optimisation B Propagator




Review AlLAS [racking oW

ATLAS Tracking modules

Event Data CrapelEien i Calibration,

Geometry

(TrkDetDescr) Model (TrkExtrapolation) (TrkFitter) general (TrkAlignment)
(TrkEvent) (TrkTools)

Alignment

O Type safety throughout the code

O Top level agnostic code for EDM, tools and conditions
O Fast simulation capability

Highly configurable

Partly dynamic size EDM

Deep level of virtual interfacing

|azily initialised (mostly removed in LS-1)

O 0d g agd



Review AlLAS [racking oW

ATLAS Tracking modules

Event Data e e Fitting Calibration,

Geometry

(TrkDetDescr) Model (TrkExtrapolation) (TrkFitter) general (TrkAlignment)
(TrkEvent) (TrkTools)

Alignment

™ Type safety throughout the code

™ Top level agnostic code for EDM, tools and conditions
M Fast simulation capabillity

™ Highly configurable

H-Eda




Code from ATLAS 10 Acts

ATLAS Tracking modules

Event Data Calibration,

Geometry Extrapolation Fitting Alignment

(TrkDetDescr) Model (TrkExtrapolation) (TrkFitter) general (TrkAlignment)
(TrkEvent) (TrkTools)

1
acts-core acts-fatras

I.‘.
a :_tS lightweight MT framework
\ 4

to test integration
acts-framework



Renaming from AILAS tO Acts

ATLAS Tracking modules to Acts modules

Event Data Calibration,

Geometry Extrapolation Fitting Alignment

(TrkDetDescr) Model (TrkExtrapolation) (TrkFitter) general (TrkAlignment)

(TrkEvent) (TrkTools)

acts-core

Surfaces Material || EventData || Propagator Fitter Vertexing Utilities

Geometry | MagneticField || Seeding




Chapter Two design choices & modules



Design choices

Compiling vs. Interfacing

template <typename T>

B Ezﬂggggrw iE3 Ei kw{}éicjear;<)r«”>/ HK)TE&YS/ using step_size_t = decltype(std::declval<T>().stepSize);
. e // clang-format off
- shifted some of the Iiting from template <typenane S>
constexpr bool StepperStateConcept
irwtearf&i(jeggs tc) C)C)TTWK)HEB—TJTTWEB CDYW€9<DL<ES = require<has_member<S, cov_transport_t, bool>,
has_member<S, cov_t, BoundSymMatrix>,
! ' has_member<S, nav_dir_t, NavigationDirection>,
07Z€9[ﬁ3(:69 IS (j/?E?C)kEQCj via <;¥%_% has_member<S, path_accumulated_t, double>,
(3()/7(%5%3Z’(3k35%3€%3 éi ty%DE? U?Eﬁ'éﬁéiS%?fﬁS has_member<S, step_size_t, detail::ConstrainedStep>

// clang-format on

// clang-format off
template <typename S, typename state = typename S::State>
struct StepperConcept {

- TIFTWEB (DrTUCDEaJ C)C)FTWK)C)(WEEVWTES EirE} constexpr static bool state_exists = exists<state_t, S>;
, , static_assert(state_exists, "State type not found");
rEBESCDM/E}Cj (D(DrTWF)HEB—i]rTWGE constexpr static bool jacobian_exists = exists<jacobian_t, S>;
static_assert(jacobian_exists, "Jacobian type not found");
ﬂjﬂ\gjgﬂj%((jC)ffMSW%gg;ﬂf)63 ﬁgV@//77”7L/RSE§ constexpr static bool covariance_exists = exists<covariance_t, S>;
static_assert(covariance_exists, "Covariance type not found");
/7()? /77C>V%9Cj are 53”7@}k9_<353ﬂ [77C)Cjtﬁk9£;/ constexpr static bool bound_state_exists = exists<bound_state_t, S>;

static_assert(bound_state_exists, "BoundState type not found");

e.g. geometry building

Some level of dispatching will be necessary
- Pre-complled modules ready for usage

10



Design & development choices

Heavily relying on Cl checks & code review convention
- Configuration Is done by a nested Config struct
- Re-entrance is done Dy a nested State struct

- Huntime options are done by a Options siruct

namespace Acts {
class WorkHorse {
struct Config {

horseNumber = 0;
¥

struct State {
accumulatedPath = 0.;
};

struct Options {
runBackwards = true;
Y

RunResult run(State& hState, const Vector3D& coords, const Options& opts)

11



Geometry

Geometry
(TrkDetDescr)

™ Proxy mechanism for GeoModel sensitive elements
(allows for alignment following)

™ TrackingGeometry with intrinsic navigation

™ Detector agnostic geometry description

™ Surface based description for Propagation

™ Surface and Volume based material description

—E' -Wa A - - Wa WY aWau e -aWa - aWa aVeaa N\ O avVaVaVa avWa aVea WA aWa ol

-
W, _ \J V'V CA \_ \_ U C U C JVV
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Proxy mechanism

Geometry binding via DetectorElementBase

namespace Acts {
class DetectorElementBase {

virtual const Surface& associatedSurface() const = 0;

};

}

class MyDetectorElement {

const PlaneSurface& associatedSurface() const;

b

- N N omom gy
--- -y
- -
- -~
- -
- ~

DetectorElement

Y 4
Surfg'ce
Y 4

Detailed 3D detector geometry ACTS Tracking geometry

13



Geometry data locality

Geometry building ATLAS:

DetectorElement

L4
Surface
4

\ build earlier in program flow jk wrapped around j

Detailed 3D detector geometry ACTS Tracking geometry

Tests showed that many cache misses in transform() lookup

- as surfaces are bult as proxies and forward the positioning information
the transform() call points to different memory
- In a multi-threaded application this Is particularly tricky (see later)

14



Acts Surface classes

ACTS documentation Geometry module

Surface classes are largely

= = transcribed from ATLAS SW
\ : / | / \ | - code simplified

M :/ - memory structure updated

<& h)(‘

[ pyrin
ACTS documentation Geometry module
RadialBounds RadialBounds (sectoral) DiscTrapezoidalBounds D D | Stl n n betwee n
y y y

A¢half

gs b % /;%\ free and non=

/
[
X | [ | | %
: Imin | { "X min | ]
Tmax \ /
I'max \\rmax /

ACTS documentation Geometry module

e surfaces

CylinderBounds CylinderBounds (sectoral)

y

2hy

SurfaceBounds for
CylinderSurface
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// Constructor with local arguments - uses global <-> local for parameters

template<int DIM,class T,class S>
ParametersT<DIM,T,S>::ParametersT(double locl, I
double loc2, TraCklng

double phi,

double theta,
double gop, memory management

const S& surface, |n ATI_AS “by hand”

AmgSymMatrix(DIM)* cov):
ParametersBase<DIM,T>(), A
m_parameters(),
m_covariance(cov),
m_position(),
m_momentum(),
m_surface(nullptr),
m_chargeDef (sgn(gop))

m_surface.reset((surface.isFree() ? surface.clone() : &surface));
// check qoverp 1s physical
double p = 0.;
if(gop != 0)
p = fabs(l./qop);
else public:

{ /// Destructor
// gop is unphysical. No momentum meas virtual ~Surface(); ACtS
p = INVALID P;

= INVALID QOP; . .
} aop —Q0F; /// Factory for producing memory managed instances of Surface.

/// Will forward all parameters and will attempt to find a suitable

™

/// constructor.
template <class T, typename... Args>

geome’[ry ObjeCtS can __—7 static std::shared_ptr<T> makeShared(Args&&... args) {

return std::shared_ptr<T>(new T(std::forward<Args>(args)...));

only be constructed at }
Shared_ptr /// Retrieve a @c std::shared_ptr for this surface (non-const version)

///

/// @note Will error if this was not created through the @c makeShared factory
()k)jE}()tE; can f]Eir](j /// since it needs access to the original reference. In C++14 this is

. /// undefined behavior (but most likely implemented as a @c bad_weak_ptr

kDEiCﬂ< tr163|r /// exception), in C++17 it is defined as that exception.
Shared_ptr /// @note Only call this if you need shared ownership of this object.

///

/// @return The shared pointer
std::shared_ptr<Surface> getSharedPtr();

16



Geometry memory management

namespace Acts {

class DetectorElementBase;
class SurfaceBounds;
class ISurfaceMaterial;

class Layer;

class TrackingVolume;

///
/17
/17
///
/17
/17
///
/17
/17
/77
/17

class Surface : public virtual GeometryObject,
public std::enable_shared_from_this<Surface> {

@class Surface

@brief Abstract Base Class for tracking surfaces

The Surface class builds the core of the Acts Tracking Geom
All other geometrical objects are either extending the surf

are built from it.

Surfaces are either owned by Detector elements or the Track
in which case they are not copied within the data model obj

public:

/// @enum SurfaceType

/77

/// This enumerator simplifies the persistency & calculations,
/// by saving a dynamic_cast, e.g. for persistency
enum SurfaceType {

};

Cone = 0,

Cylinder = 1,

Disc = 2,
Perigee = 3,

Plane = 4,
Straw = 5,
Curvilinear
Other = 7

C++ Utilities library Dynamic memory management std::enable_shared_from_this

std::enable_shared from_this

Defined in header <memory>
template< class T > class enable_shared_from_this; (since C++11)

std::enable shared from this allows an object t that is currently managed by a std: :shared ptr named pt to
safely generate additional std: :shared ptr instances ptl, pt2, ... that all share ownership of t with pt.

Publicly inheriting from std: :enable_shared from_this<T> provides the type T with a member function
shared from_this. If an object t of type T is managed by a std::shared ptr<T> named pt, then calling
T::shared_from_this will return a new std::shared ptr<T> that shares ownership of t with pt.

Member functions
constructs an enable_shared from_ this object

(constructor) (protected member function)
(destructor) destroys an enable_shared from_ this object
estructor (protected member function)
return reference to thi
operator= eturns a reference to S

(protected member function)
returns a shared ptr which shares ownership of *this
(public member function)

returns the weak ptr which shares ownership of *this
(public member function)

shared_from_this

weak_from_this (c++17)

"

C++11 feature allowing

shared ptr access from
plain pointers, solved
geometry/event data
binding

Access for calculations via
const objecté

In order to optimise access

speed

17



TrackingGeometry

Most concepts from ATLAS TrackingGeometry adopted in ACTS
— Volumes with static layer configuration

- Volumes w!m dense maltera! —1  Not fully implemented yet
-\Volumes witn ﬂOaUﬂg ObJ@CJ[S ............................................................................

Solenoid
_—1
Inner Detector Calorimeter Muon System
ATLAS ID support for a
setup with STEP extension
very similar (see later) and
navigation new cell

navigation



Event Data Model

Event Data

Model
(TrkEvent)

™ Fixed size vector/matrix operations

™ Top level detector agnostic geometry description
™ Type safety

™ Surface/EDM binding

M Measurement/Calibrated measurement

19



Review ATLAS Tracking Lincar Algeora liorary

Initial ATLAS (Tracking) code was based on CLHEP

- change during LS1 to Eigen
after extensive tests

Achieved speed-up w.r.t. CLHEP in 5x5 matrix
multiplication testbed

CLHEP MKL SMatrix Eigen

Starting from LS1 EDM

- Blgen dependency fully extended to geometry model as wel
- ATLAS GeoModel based on Eigen to be integrated easily

Projects using Eigen

Feel free to add yourself! If you don't have access to the wiki or if you are not sure about the relevance of your project, ask at the #Mailing list.
Extensions, numerical computation

« Google's TensorFlow & is an Open Source Software Library for Machine Intelligence
« Google's Ceres solver is a portable C++ library that allows for modeling and solving large complicated nonlinear least squares problems.

20



Review ATLAS Tracking tvent Data Mode! (1)

TrackParameters

ATLAS Tracking EDM was heavily typed

- extremely complicated EDM innerttance structure
- massive code duplication (maintenance)

starting point
for Acts EDM

- problematic for persistency l
Run-1 EDM (x charge, x DIM) Run-2 EDM
PlaneSurface p—— AtaPlane [« MeasuredAtaPlane
’? CylinderSurface =—— AtaCylinder [+ MeasuredAtaCylinder template
<class Surface,
Surface «— ConeSurface p— AtaCone < MeasuredAtaCone class Charge,
\ size_t DIM>
DiskSurface ¢ AtaDisk [+ MeasuredAtaDisk AtaSurface;
PerigeeSurface =——— Perigee |* MeasuredPerigee
StraightLineSurface f— AtaStraightLine [+— MeasuredAtaStraightLine

21



Review ATLAS Tracking

—vent Data Model (2)

TrackParameters

LS cleanup reduced number of lines massively
- keeping the same functionality & type safety

Package

TrkParameterBase
TrkParameters
TrkNeutralParameters
ExtendedTrkParameterBase
ExtendedTrkParameters
ExtendedTrkNeutralParameters

Total

C++ | C/C++ |C++| C/C++

63
1715
1425

0
1412
1416

6031

Header
561

602
663
295
514
514

3149

Contributed Lines of Code

Header
214

52
48
0

1

0
0

O O O oo o -~

11 266




Event Data Model [rack Parameaters

TrackParameters

SingleBoundParameters SingleCurvilinearParameters

local position on surface

momentum
charge

x q— (llal27¢797Q/p ;t)

Introduction of time component

It you want the 5-parameterisation, you just write
auto pars = perigee.parameters () .block<h,1>();



Event Data Model [rack Parameaters

TrackParameters

SingleBoundParameters

SingleCurvilinearParameters

Extension for Multt Component representation

- avold copying of Extrapolator (as done in ATLAS) and Hitter infrastructure

for multi-variant fitters (MultiTrackHitter, GSH)

act as single track parameters in navigation, but will be
propagated as multivle components in between

MultivariantTrackParameters

MultivariantBoundParameters

MultivariantCurvilinearParameters

24



Event Data Model \easurements

Fixed size matrix operations are
evidently faster

Eigen-3.2.7, gcc-4.9.2, -02, 4xi5-5200U @ 2.2GHz, Ubuntu-64bit

1000
- Acts EDM uses fixed-size é
- needs container for heterogenous § mvessze
measurements: ° 10
e.qg. PxelCluster (2D), StrpCiuster (1D),
Segment (4D), how to combine them 1

M(2,5)x v(5) M(5,2) x M(2,5)

N a track class or containers 7

l. __________________________________________________________________________________________________________________

currently using std: :variant<>

\

Investigating a more ATLAS xAOD type storage in the background
(MR open for testing)

25



Event Data Model \easurements & calibration

fitting
MeasurementBase
f
I
RIO_OnTrack| |Segment| |SpacePoint
T
SiClusterOnTrack
t
PixelClusterOnTrack calibration

fitting calibration

contains . .
Measurementp Sourcelink| (e.g. PixelCluster)




predicted
filtered
smoothed

Xinc?
pathlength

measured:

uncalibrated
calibrated

.
o*
.
.
.
.
3
.
.
.
.
.
.
.
*
.
.
.
.
.
(3
A
.
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Uncalibrated / calibrated measurement

Acts
/// The parameter part

/// This is all the information that concerns the ACtSTrackState

/// the track parameterisation and the jacobian
/// It 1s enough to to run the track smoothing

struct {
/// The predicted state
boost::optional<Parameters> predicted{boost::none}; « will become
/// The filtered state std: :optional<>

boost::optional<Parameters> filtered{boost::none};
/// The smoothed state
boost::optional<Parameters> smoothed{boost::none};
/// The transport jacobian matrix
boost::optional<Jlacobian> jacobian{boost::none};
/// The path length along the track - will help sorting
double pathLength = 0.;
/// chisquare
double chi2 = 0;
} parameter;

/// @brief Nested measurement part

/// This 1is the uncalibrated and calibrated measurement Llnk to Orlglnal deteCtor
/// (in case the latter is different) Measuremeﬂt

struct { PrepRawData

/// The optionall(uncalibrated) measurement
boost::optional<SourceLink> uncalibrated{boost::none};
/// The optional calibrabed measurement

boost::optional<FittableMeasurement<SourceLink>> calibrated{boost::none}; H ete rOg enous
} measurement; 4 measurement
RIO OnTrack

private:
/// The surface of this TrackState
const Surfacex m_surface = nullptr;

28



Extrapolation

Extrapolation
(TrkExtrapolation)

M Support for different stepping methods

™ Support for Layer / Dense volume / floating object navigation
™ Support for Surface based & Volume based material

™ STEP propagator extension of RK4
Distirction-between-Propagatorand-Extrapoltator

(Aotof)d . ) .

nRuln

u
)
P
3

@
D
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Magnetic field field caching

Magnetic field caching found to reduce CPU time in
- Simulation (up to 20%)
- Reconstruction (around few %)

locks the field cell in the
magnetic field service

- not ideal for concurrent usage » /
(field cell is not exposed to propagator,

needs to be secured within FieldSvc) /

fleld service provides
a field cell to be cached by

the caller (see propagation)
- C++ concept for field cel

Field look up in Runge-Kutta integration

30



Magnetic field

Tests using different magnetic field inputs within Acts
- ATLAS map (currently converted from ATLAS root fle),

direct use of AITLAS MagneticHeldsve possible (template parameter)
- FCC-hh field map

Magnetic Field Magnetic Field

j—y
o

o —_ N w H 6y} (o] ~ (0] ©

-10
10 -8 -6 -4 -2 0 2 4 6 8X[m1]0 z [m]

ATLAS magnetic field map in ACTS
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Propagation | Extrapolation

ATLAS Tracking SW -
- distinction between propagation (transport)

and extrapolation (fransport, navigation & material effects integration)

start parameters

destination surface destination parameters
|IExtrapolator R
Extrapolator é/ ouT

IPropagator IMaterialEffectsUpdator
StraightLinePropagator MaterialEffectsUpdator

INavigator

HelixPropagator

| RungeKuttaPropagator

IMultipleScatteringUpdator
STEP_Propagator MultipleScatteringUpdator

IMagneticField Tool

MagneticFieldTool |IEnergyLossUpdator
EnergyLossUpdator

MagneticFieldTool xk

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
AN
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Propagation | Extrapolation ATLAS

=xtrapolator Tool interface was expanded to do more & more
- hole search, jacobian colection, material collection
- fast simulation, track-to-cal, track-througnh-calo, etc. ...

— k. a ParametersBase object as well, 0 if the extrapolation did not succeed
L7777 T T T T T TTTTTTTTTT T T T T T T T T T T T T T T T T T T T T AT T 77777 . <l AlgTool extrapolation method</b> of § 7)1,
2/ IExtrapolator.h, (c) ATLAS Detector software 258 virtual std::pair<const TrackParsmoterse,const Layere> ext: teTovexthct iveLayest(
e irtuat comst . e = comat. Trackzecamatarst parm,
4 260 Propbirection d:
5 1##nde! TRKEXTNTERYACES_TEXTRAPLATOR N const Susfacek of, _ f== poundarycheck behack,
§ #dofine TRKEXINTERFACES _IEXTRAPGLATOR B Prophiraction dirmanyDizection, |—= st svector<oonst, Trks
BoundaryCheck boheck = truc) const = 0 —=
264
i 265
11 #isclude “IrkEventPrimitives/Propbirection.h virtusl const =apol 7 virtual std::pair<const > extrapolateToNextStation(
12 #include "IrkEventPrimitives/Particlemypothesis.h 1 268 const Trackparemotersé pam,
#include "m rialon . — 269 Propbirection dirmanyi:
14 #include "TrkExUtils/MaterialUpdateMode.h 270 BoundaryCheck beoheck = ©
5 #include “TrkExUtils/ExtrapolationCache.h’ 271 ParticleHypothesis particlewpion
- #include “TrkSurfaces/BoundaryCheck.h const TrackParameterse pam, a7 Haterialupdatevode matupmodemaddioie) const:
7 #include “TrkParameters/TrackParameters.h const Surfaces of, 273
g #include "TrieutralParameters/NeutralParameters.h PropDirection dirmanyDi 274 ** C9) <b
0 #include “TrkParametersBase/ParametersBase.h’ BoundaryCheck beheck = true, - 75 virtual const
) /7 xaoD ParticleBypothesis particlemp: the extra) 276 1
MaterialUpdateMode matupmodemaddioise) const = O 77 n,
» —o7m perticlewpion) const0;
/7 s rapol — 79
4 Hinclude <utility> 280 -
5 | 281 betwee:
5 | 0 if the ext: 282 -
7 nancspace Txk ¢ vireual const st vestos 283 virtual conet seds ol mmter
3 4 const surfaces sf,
const TPropagatars prop, 284
static const =apol =, 1, 03 ckpezemotesse pamm, 285 i
6 Boundarycheck beheck,
287 ParticleRypothe:
) 288 Ee—
289
290
291
202 -
3 virtual const stds somoter
204 const Surfaces sf,
205 Propbirection d
206 Boundasycheck beheck,
297 stdisvectorate; £foctoonTrack> &material,
const Surfaces s, 208 stdi vector<Trks iTransportJacoblant> &3acs,
PropDirection direanyDirecti Prop! n dirmanyl 299 ParticleBypothesis particlewpion,
BoundaryCheck boheck = BoundaryCheck beheck = true, 300 Trk:iExtrapolationCaches cache = 0) const =
Bypothesis particlempion, Particlehypothesis particlewpion, 301
pdateMode natupmodemaddloise) const = 0 MaterialUpdateMode matupmodemaddvoise, 302
Trk:1ExtrapolationCaches cache = 0 ) comst = 0; 303 virtual const Trk: Fapol
4 conse Trk::TrackParamctersé pam,
. - & 2) POt e 305 doubles pathiin,
jaes Treckingdemery virtual const ats svecton Trackaraneter : == pamm, 306 Zckispropbizection dix
class TransportJacobian; ooast. Surfaces sf, 307 Trk:iParticleBypothesis particle,
ackatatedoRariace) . rropD: rection 308 stds rvector<const Trk::TrackParameterse>ek pammOnSt,
class Layer 1 1 - N : 309 stde o 'kt mate:
Lass Volume; virtual const = N il 310 const Trk:iTrackingvolunes boundaryVol
const Trackparametersé pam, ewpion ) const = 0;
xtrapolator : virtual public IAlgTool { const Surfacek of,
Propbirection dirmanyDizection, ++ ¢ 3) @>Contigured AlgTool ex tion method</b> of 5 3)1*
BoundaryCheck boheck = true, 227 virtual const TrackParameterse extrapolate(const Trackk trk,
ParticloRypothesis particlewpion) const = O 228 const Surfaces
PropDi ion dirmanyDirection, .
- virtual comst std:ivector< std::pair< comst Trk: v int > > rapol
conse Trk:iTrackparanctersé pam,
» { L }
virtual const std: = 2 2 . prop,
kparameterse pam, o <
oction direanyDizect: virtusl const rapol e,
sapola & xaaDs 8 - BoundaryCheck boheck = true, ++ Roturn the ingGeas
const Surfacck sf, Rypo part: irecti any! virtual const TrackingGeometr
PropDirection dirmanyDirection, const Volumes boundaryVol BoundaryCheck beheck = true,
Boundarycheck beheck = truc) const = 20 ciiypothesis particlewpion) comst =
2l 155 5 241
7 o to the next lay 4 **C5) b o */
73 243 virtual const stds . Trackparancter Lateslindly(const
74 ** XAC tral xa *, 244 PropDirection dirmanyl
75 virtual const TrackParamcter L 0D 3 1cl virtual stdsipa Jconst Layes+> oxtrapol 5 BoundaryCheck beheck = tr
76 const Surfacck of, const Propagators prop, ParticloRypothesis particlewpion,
7 PropDirection dirmanyDirection, const Volumes boundaryVole0) const = 0 I—
78 BoundaryCheck beheck = true,
79 i i igured thox of 5 6)2*,
80 virtual std::pair<const TrackParameterse,comst Layers> extrapolateToNextActiveLayes( const Tzk ek * Fapol
= oot TrockParmmteres pats, 338 const Trk:iTrackParsmetorss /+parme/,
- . . 339 doublos / /s
82 Proppizection dirmanyDirection, —3
8 ** [NeutralParam d - virtual stdr i ,const Layers> rapol iveLayer, L Y
84 const IPropagatork prop, 254
255

~ 360 lines interface in IExtrapolator.h
~ 4700 lines of code in Extrapolator.cxx
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Extrapolator to Fropagator

start parameters

>

destination surface Extrapolator — destination parameters

2 parameters
on next surface

(1) nextsurface,
layer,
vy volume

MaterialEffectsUpdator

: : Runge-Kutta integration with expensive getField () calls,
I\/Iagnetlc Field step estimation to next surface

(3) material effects
integration

Propagator

34



Propagator in Acts

Navigator  DirectNavigator

ConstantBField BFieldMap

start parameters l v

> Extendable<>
destination surface ERHEfeleLleFEI0Id Stepper RV ElelalsilonsIc]lo bl N =1V (o =1(0] 5 result

AtlasStepper EigenStepper MultiComponentStepper StraightLineStepper
_|_

DenseExtension (STEP)
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Stepper Timing | Examples

#steps

#steps

time [a.u.]

time [a.u.]

10° . , —y
+ line
. * eigen
e atlas
Q
102+ .
W
) 'S
W
10! ° * |
Q
® ° -
+ + o+ + + [
100 el ol N
10! 10° 10! 102
pr [GeV]
10° : : —
+ line
* * eigen
® %
® o e atlas
! W
102}
)
101
+ + 4+ + + +
100 1 1 1
10! 10° 10! 102
pr [GeV]

Stepper comparison: Constant Field

10° ————— S
W
10! ]
[ ]
r
W
) W
107 o * ]
W
[ ]
o+ + : L ;
10-3 N | | N |
107! 10° 10! 102
pr [GeV]
Stepper comparison: Realstic Field
10° ————— N ——
Q
® o
W - o
W
10t} o °
i W
1072 | ]
+ + + + +- +
107 ' ' 1
107 10° 10! 102
pr [GeV]

time/steps [a.u.]

time/steps [a.u.]

107 . : -
o + - - ®
° [ ] g
107 ° |
I e *
b N *
; :
10'4 aaal aaal gl
10! 10° 10! 102
pr [GeV]
107 - . -
i -+ + B + + +
[ ]
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adaptive step estimation drives maximal

step size according to

final step size determined by
target aborter

navigation object set
navigation step size

start parameters

—x{rapolator 1o Propagator

adaptive Navigator
step
estimation l

> Extendable<>
destination surface ERHfeleEIEI0IE Stepper RV Elelalsiilonlc]lo b\ =1V (o =1(0] 5 result
............................... : é

T

v

Options<Aborters, Actors>

Extendable<SurfaceReached> Aborter Extendable<> Actors
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Propagation | Extrapolation

track
sensor module

disc layer with
¢ binning
cylindrical layers

O projection of the normal vector onto track direction
f inter linking of layers

J  binning

ATLAS: at every step new dynamic memory allocation (TrackParameters)
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Propagator with material integration

start parameters

adaptive Navigator
step
estimation l

> Extendable<>
destination surface ERHfeleEIEI0IE Stepper RV Elelalsiilonlc]lo b\ =1V (o =1(0] 5 result
............................... : 4

T

v

Options<Aborters, Actors>

Extendable<SurfaceReached> Aborter Extendable<Materialinteractor> Actors
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Propagation [ime component

Internal representation expanded from 7x7 description to 8x8

- full time covariance transport developed (and numerically tested)
- pOSItive Impact on execution speed
q = (llv l27 ¢7 6)7 Q/p

-~
N

Tracking

@ Fabian Klimpel @fklimpel - 1 week ago Developer (@

Resolved by Fabian Klimpel 4 days ago

T - could be better
F vectorisation
o not confirmed et

0
Propagation distance [mm]

Comparison in EigenStepperBenchmark between the master branch at the end of the 15.05.2019 (commit:
05fel34a) in black and this branch with PropagatorOptions::propagateTime = true; inred. Thisis just the result,
but | have no clue how it is possible

g
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Propagation Interface

/17
/17
/17
/17
/17
/17
/17
/17
/17
/17
/17
/17
/17
/17
/17
/17
/17
/17

Result<action_list_t_result_t< «

@brief Propagate track parameters

This function performs the propagation of the track parameters using the
internal stepper implementation, until at least one abort condition 1is
fulfilled or the maximum number of steps/path length provided in the
propagation options 1s reached.

@tparam parameters_t Type of initial track parameters to propagate
@tparam action_list_t Type list of actions, type ActionList<>

@tparam aborter_list_t Type list of abort conditions, type AbortList<>
@tparam propagator_options_t Type of the propagator options

@param [in] start initial track parameters to propagate
@param [in] options Propagation options, type Options<,>

@return Propagation result containing the propagation status, final
track parameters, and output of actions (1f they produce any)

template <typename parameters_t, typename action_list_t,

typename aborter_list_t,
template <typename, typename> class propagator_options_t,
typename path_aborter_t = detail::PathLimitReached>

... defines result

typename stepper_t::template return_parameter_type<parameters_t>,
action_list_t>>

Input

propagate( v

const parameters_t& start,

const propagator_options_t<action_list_t, aborter_list_t>& options) const;
A

Options




Track Fitting

Fitting

(TrkFitter)

™ Top level detector agnostic geometry description

@ Calibration structure (PrepRawData -> RIO OnTrack)
G-Measurementsorting-

Y o et
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Fitting modules Kaiman Hiter prototype

start parameters

S
adaptive Navigator
step
estimation l

> Extendable<>
destination surface ERHfeleEIEI0IE Stepper RV Elelalsiilonlc]lo b\ =1V (o =1(0] 5 result
............................... : 4

T

v

Extendable<SurfaceReached> Aborter

Options<Aborters, Actors>

Extendable<Materiallnteractor,

KalmanActor> Actors
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e 4

'4
‘ﬁ
'4
@

KalmanActor

KalmanActor can/and should
change the direction but thus invalidates the navigation

Options<Aborters, Actors>

v

Extendable<Materialinteractor,
Extendable<SurfaceReached> Aborter

KalmanActOr> ACtOrS enemmnsmannnnd
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KalmanFitter ~rototype status

Kalman Filter in Acts

m Kalman Filter is implemented as an extension to
the propagator®

B Gets called automatically during regular
propagation

®m Can update direction, uncertainties after filtering
step

B Aim to minimize heap allocation

® Runtime performance: So far no direct
comparison, comparable test setup is not trivial

®m Study of numerical performance (see here and
here by Xiaocong Ali)

6 Actor

Entries

pull of LOCO

=& prediction

- filtering
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Pattern recognition

Event Data

Geometry Extrapolation Fitting

(TrkDetDescr) Model (TrkExtrapolation) (TrkFitter)
(TrkEvent)

InnerDetector

Tools

(InDetRecTools)
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Pattern recognition Strategy

Transcribe ATLAS pattern recognition code into ACTS code pattem

namespace Acts {

template <typename iterator_type>
class PatternReco {

struct Cache {
someCacheStore:
F;

Result seedFinder (
const Config& pConfig,
Cache& pCache,
iterator_type start
iterator_type end)
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Pattern recognition Strategy (1)

blue thread red thread
v v
blueCache redCache

seedFinder(const Config& pConfig, bR
Cache& hCache, iterator_type start, iterator_type end)

I

SeedContainer

Overlapping regions ? Result merging ? Data pre-dividing ? Thread pools 7



Pattern recognition Strategy (2)

electron

cluster
blue thread red thread
electron
configuration
\4 \ 4
blueCache redCache

seedFinder(const Config& pConfig, bR
Cache& hCache, iterator_type start, iterator_type end)

I

SeedContailner

Overlapping regions ? Result merging ? Data pre-dividing ? Thread pools 7
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Seeding Status

Seeding was first module integrated from ATLAS pattermn recognition
- al 'magic numbpers’ documented
- ATLAS gpeciiics have been encapsulated

template <typename SpacePoint>

! float ATLASCuts<SpacePoint>::seedWeight (
T@Sted and runS |n Athenal\/lT const InternalSpacePoint<SpacePoint>& bottom,
const InternalSpacePoint<SpacePoint>§,
const InternalSpacePoint<SpacePoint>& top) const {

- gves comparable results to float weight = 0;

if (bottom.radius() > 150) {

/S;TW—JZXEES Eseaegcjir)gg ifwjijp.r:diu;Z) < 50
. weight = 200;
- drop-In replacement Not o
. . I
ESTrEanJyﬁTt TC)r\A/Eir(j, EiES 636969<j|rw€} template <typename SpacePoint>
bool ATLASCuts<SpacePoint>::singleSeedCut (

irw /C{I_L_/CXEES iES K}Eﬁfi: C)f 651 k}iggr“KEEF ‘E}\/E}‘ float weight, const InternalSpacePoint<SpacePoint>& b,

const InternalSpacePoint<SpacePoint>§&,

const InternalSpacePoint<SpacePoint>&) const {

| return !(b.radius() > 150. && weight < 380.);
algortm }

Define a seeding module in ATLAS
- Would also alow ML seeders to be deployed
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Vertexing New to the family

Vertexing
(TrkFitter)

™ Support for various finder and fitters
3-Strictdivisiond o o F
™ Tracking / Analysis data model support
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Vertexing otatus

acts > afs acts-core > Merge Requests > 1635

Opened 2 months ago by 6 Bastian Schlag Edit Report abuse

lterative vertex finder

Implements the Iterative Vertex Finder together with the ZScanVertexFinder used as the vertex seeding algorithm. Already adapted to
4D vertexing, ready to be merged after !576 (merged).

i) | Request to merge iterative_vertex_finder (® intomaster @~
acts > als acts-core > Merge Requests > !566
m Opened 1 month ago by e Bastian Schlag Edit Close merge request | ¥

WIP: Multi adaptive vertex fitter

Implements the multi adaptive vertex fitter, depends on some features from !535 (merged)

Request to merge MultiAdaptiveVertexF.. (® intomaster _
Iy} q 9 _ g _ _ Open in Web IDE Check out branch @ ~
The source branch is 62 commits behind the target branch

Now iterating
on the design
v and optimising
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Chapter Three Configuration & integration



Status SBinding to detector software & framework

Acts designed to have minimal overnead when being integrated in detector
software

Algebra library Is Eigen but dependencies are minimal
- may change to a template iImplementation (if beneficial)

No dependency on ldentifier
- Detector calloration is resclved In detector geometry

Screen logging can be replaced by Id pre-loading
- Needs a smple struct on the detector framework side that provides
a logger() method.
- tested with different loggers:
- Acts logger In acts-framework
- Gaudi logger within FOCSW
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Status Binding to framework configuration

ACTS tools have a nested configuration struct:

namespace Acts {
class WorkHorse {

struct Config {
coatColor;
maxPath;
b
b

}

These structs are then configured by the detector framework,
e.g. through Gaudi/Athena

declareProperty(“CoatColor”, m_cfg.coatColor);
declareProperty(“MaxPath”, m_cfg.maxPath);

tested with Gaudi for FCCSW & AthenaMT



Configuration Straiegy

Nested configuration struct by convention

namespace Acts |
class SomeComponent |
struct Config {

run_faster = false;
b

SomeComponent (Config& cfg);
&
¥

Inside the framework Wrapper

#include “ACTS/Package/SomeComponent.hpp”

Acts::SomeComponent::Config scConfig;

declareProperty(“RunFastVersion”, scConfig.run_faster);
Acts::SomeComponent sc(scConfig);
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Chapter four mult-threading



Concurrency Strategy

CcoNst-correctness

Remove every use of "mutable" in ACTS v) 1 91 ®,9
1265 - opened 3 days ago by Hadrien Grasland updated 3 days ago

statelessness engines
- cache visitor pattern for calls that need to run concurrently

namespace Acts {
class WorkHorse {

struct State {
accumulatedPath = 0.
F;

RunResult run(State& hState, const Vector3D& coords) ;
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Concurrency [ests * P
.~‘ g

AcCts test framework runs with TBB “ o

multithreaded mode CERN openlab

- running extrapolations througn a test detector Intel Xeon 65-2698 v3. 2 sockets
- test programs are run using a single threadeo 32 Cores, 2 threads per core
| | 64 Processors(cpu's)
setup vs. multi-threaded event processing
- this consistency check s part of
the acts-framework Cl

almost optimal
CPU Usage Histogram usage

This histogram displays a percentage of the wall time the specific number of CPUs were running simultaneously. Spin and Overhead time adds to the Idle CPU usage value.

2.554

25

Elapsed Time

initialization,
1.5+ geometry building

Target Utilization

Average CPU Usage

1s 4

0.55 l /
0Os - — — T — ; r —— — . a—

0 10 20 30 40

E_E_]
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ACTS with Context

Introduced context objects in acts—core & testes in acts—framework

- nomen est omen

/// Aggregated information to run one algorithm over one event.

struct AlgorithmContext

{
size_t algorithmNumber;
size_t eventNumber;
WhiteBoard& eventStore;
Acts: :GeometryContext geoContext;
Acts::MagneticFieldContext magFieldContext;
Acts::CalibrationContext calibContext;

s

///< Unique algorithm identifier

///<
///<
///<
///<
///<

Unique event identifier
Per—-event data store

Per—event geometry context
Per—-event magnetic Field context
Per-event calibration context

While they are untouched in acts—core and simply defined as

#pragma once

/// Set the identifier PLUGIN

can even be

#ifdef ACTS_CORE_GEOMETRYCONTEXT_PLUGIN <
#include ACTS_CORE_GEOMETRYCONTEXT_PLUGIN
#else

#include <any>

namespace Acts {

std::any;
GeometryContext;

using GeometryContext
using DefaultGeometryContext

} // namespace Acts

#endif

overloaded
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Contextual Detector he ‘clean” solution

field Configuration
conditions ‘

alignment :‘ .:

EventContext

fit(hits)

B R R :
within context
\ 4 vl » DataHandle\ 4 EventContext

{
TrackFitter —
track Alaorit ,

-
- -
.
....
. -
e ..
""""
---------

EventContext

Algorithm 4




Parallelism testbed

Test with different alignment every single event

salzburg$ export ACTSFW_NUM_THREADS=1 salzburg$ export ACTSFW_NUM_THREADS=4

salzburg$ ./ACTFWAlignablePropagationExample -n1@ —-—prop-ntests 1000 —-bf-values @ @ 2 ——output-root 1
12:49:10 Sequencer INFO Added context decorator GeometryRotationDecorator

12:49:10 Sequencer INFO Added service RandomNumbersSvc

12:49:10 Sequencer INFO Appended algorithm PropagationAlgorithm

12:49:11 Sequencer INFO Added writer RootPropagationStepsWriter

12:49:11 Sequencer INFO Starting event loop for

12:49:11 Sequencer INFO 1 services

12:49:11 Sequencer INFO 0@ readers

12:49:11 Sequencer INFO 1 writers

12:49:11 Sequencer INFO 1 algorithms

12:49:11 Sequencer INFO Run the event loop

12:49:11 Sequencer INFO start event 0 12:51:19 Sequencer INFO start event 0
12:49:12 Sequencer INFO event 0 done 12:51:19 Sequencer INFO start event 5
12:49:12 Sequencer INFO start event 1 12:51:19 Sequencer INFO start event 8
12:49:13 Sequencer INFO event 1 done 12:51:19 Sequencer INFO start event 7/
12:49:13 Sequencer INFO start event 2 12:51:20 Sequencer INFO event 7 done
12:49:14 Sequencer INFO event 2 done 12:51:20 Sequencer INFO start event 2
12:49:14 Sequencer INFO start event 3 12:51:21 Sequencer INFO event 8 done
12:49:15 Sequencer INFO event 3 done 12:51:21 Sequencer INFO start event 9
12:49:15 Sequencer INFO start event 4 12:51:21 Sequencer INFO event 5 done
12:49:16 Sequencer INFO event 4 done 12:51:21 Sequencer INFO start event 6
12:49:16 Sequencer INFO start event 5 12:51:21 Sequencer INFO event @ done
12:49:17 Sequencer INFO event 5 done 12:51:21 Sequencer INFO start event 1
12:49:17 Sequencer INFO start event 6 12:51:22 Sequencer INFO event 2 done
12:49:19 Sequencer INFO event 6 done 12:51:22 Sequencer INFO start event 3
12:49:19 Sequencer INFO start event 7 12:51:23 Sequencer INFO event 9 done
12:49:19 Sequencer INFO event 7 done 12:51:23 Sequencer INFO start event 4
12:49:19 Sequencer INFO start event 8 12:51:23 Sequencer INFO event 6 done
12:49:20 Sequencer INFO event 8 done 12:51:23 Sequencer INFO event 1 done
12:49:20 Sequencer INFO start event 9 12:51:23 Sequencer INFO event 3 done
12:49:22 Sequencer INFO event 9 done 12:51:24 Sequencer INFO event 4 done
12:49:22 Sequencer INFO Running end-of-run hooks of writers and services

v
12 seconds > 5 seconds



GeometryContext Comparing the two

9000

8000

7000

6000

5000

4000

3000

2000

1000

Total comparison:

Per event comparison:

@g_x->size():event_nr

50
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45

@g_x->size()

40

35

30

25

® @

20

15

10
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salzburg$ export ACTSFW_NUM_THREADS=1
salzburg$ export ACTSFW_NUM_THREADS=4

0 -

10
avent_nr
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GeometryContext In Action

<animated slide>
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MagneticFieldContext In Action
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Detectors & Framework Current support

FCC-hh detector

- via DD4Hep geometry description
- In Gaudl event processing framework

ACTS generic detector (TML)
- Via python Input
- IN acts-framework

ATLAS Pixels and ITK detector

- currently via GDML input
- N acts-framework

Geometry Plugins availlable
- DD4Hep plugin
- 1Geo plugin

Tracking ML detector with 1000 events
ACTS fast simulation
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TrackML Aftermatn

Started to port first TrackML algorithms into acts—framework
- l[dea s to create a testoed for algorthm development and templating
- provide several detectors to test on

Calorimeter
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Examples Detectors In Acts

Contributions and developments

150
125

o 100

m Contributions mostly from ATLAS so far, § 7 X

but from outside too: Belle-2, FCC-hh = Sm— oo
® TrackML challenge phase 2 completed? _ . s
® OpenDataDetector for open dataset under development Bepﬂ:).né CDC )

modue gap Sensor

400
350

o DRSS 22 5 g L e
300 .i % s
. 20

position_Y
-

15

10

?Grand Finale in July 2019
3Talk by N. Braun

*CERN-THESIS-2019-136, J. Hrdinka FCC-hh tracker
°A. Salzburger

position_X 3
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OpenData Detector

TrackML Pixel

. OpenData Pixel

. detector g

Features:
described in DD4Hep
realistic material budget
non-symmetric in azimuthal angle

- full (G4) and fast (ACTS) simulation

misalignment possibility

69



Chapter five ARV

acCls

POWERED BY

Raspberry Pi
soAAAANAANAAAA

A. Salzburger

.




ACTS documentation pi-acts test




ACTS documentation pi-acts test

Building

Scanning dependencies of target LayerCreatorTests

[ 99%]
[ 99%] Linking OXX executable LayerCreatorTests

[ 99%] Built target LayerCreatorTests
[ 99%] Linking OXX executable ClusterizationTests
[100%] Built target ClusterizationTests

acts-core builds w/o problem* after Eigen and boost installation

*only if you create a swap space:

pi@raspberrypi:~ $ sudo dd if=/dev/zero of=/home/swap1 bs=1024
count=1024000

1024000+0 records in

1024000+0 records out

1048576000 bytes (1.0 GB, 1000 MiB) copied, 52.8363 s, 19.8 MB/s
pi@raspberrypi:~ $ sudo chown root:root /nome/swap1
pi@raspberrypi:~ $ sudo chmod 0600 /home/swap
pi@raspberrypi:~ $ sudo mkswap /home/swap

Setting up swapspace version 1, size = 1000 MiB (1048571904 bytes)
no label, UUID=a475a383-c63d-403d-b8b4-c8134773ebd0
pi@raspberrypi:~ $ sudo swapon /home/swap1



ACTS documentation pi-acts test

Running

pi€raspberrypi:~/acts/core-build/Tests/Extrapolator $ time ./MaterialCollectionTests
Running 10 test cases...

*** No errors detected

real om4 . 298s
user om4.278s
sys om@ .020s

acts-core/Tests runs w/o problems*

*if you switch off Eigen vectorization:

if (ACTS_BUILD_DD4HEP_PLUGIN)
set (ACTS_BUILD_TGEO_PLUGIN ON)
endif()

# required packages

find_package(Boost 1.62 REQUIRED COMPONENTS program_options unit_test_framework)
find_package(Eigen 3.2.9 REQUIRED)

# Eigen adaptions for ARM (DO NOT IMPORT!!!)
add_definitions(-DEIGEN_DONT_VECTORIZE=1)
add_definitions(-DEIGEN_DISABLE_UNALIGNED_ARRAY_ASSERT=1)




ACTS documentation pi-acts test

Comparing

pi€raspberrypi :~/acts/core-build/Tests/Extrapolator $ time ./MaterialCollectionTests
Running 10 test cases...

*** No errors detected POWERED BY

Raspberry Pi
real Om4.298s \/\/\/\/\/\ft
user om4.278s
Sys om@ .020s

andimacbookpro:bin salzburg$ time ./MaterialCollectionTests
Running 10 test cases...

*** No errors detected

real omd . 089s
user omd.039s
Sys om@.016s




Chapter six algortnm development



