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An example of code rationalisation

Extrapolator ( Propagator

EXPERIMENT

ERERD

89 virtual comst Neutra

g2 BFER

virtual comst TrackParameterse extrape

virtual const std::vector<const TrackPe

const TrackParameterss pam,

virtual std::pair<const TrackP

const TrackParameterss pam,

virtual comst TrackParsmeterse extrapal

‘o o parameters_t, ‘ propagator_options_t,
T ¢ ) Somcigamt target_aborter_t =
path_aborter_t

irtual const std:ivector< std:ipair< comst Trk:

Result<action_list t result _t<

BoundTrackParameters, ty propagator_options_t::action_list type>>

virtual std::pair<const TrackP

e S R propagate( parameters_t& start, Surface& target,
Lt ot o propagator_options_t& options) -

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


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

Code modernisation

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 jacobianLocalToGlobal;

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

= A[@] * pVector[29] - A[1] * pVector([28];
= A[@] * 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;

EigenStepper, covariance transport



Propagator infrastructure

Propagator<Navigator, Stepper>

|

Mathematical module that ensures
transport of parameters & covariances through

magnetic field (if present)

v

Module that provides next candidate surfaces:

:) new layer initiates new detector surface candidates

Proposal:

Drop the layer concept and simplify to surfaces and volumes only, see tomorrow & detray talks.



if (!state.options.abortList(result, state, m_stepper)) {

Propagation tlow

m_navigator.target(state, m_stepper);
ACTS_VERBOSE("Starting stepping loop.");

terminatedNormally = false;

S;tEBF)F)ir]SJ ‘C)C)F) for;result;steps<state;options.max5teps; ++fesu1tfsteps 

Result<double> res = m_stepper.step(state);
if (res.ok()) {

double s = xkres;
result.pathLength += s;
ACTS_VERBOSE("Step with size = " << s << " performed");
} else {
ACTS_ERROR("Step failed with " << res.error() << ": "
<< res.error().message());

return res.error();

}
Navigator::status: m_navigator.status(state, m_stepper);
state.options.actionList(state, m_stepper, result);
if (state.options.abortList(result, state, m_stepper)) {
. t inatedN lly = true;
Walk through actor list rermnatediornatly = tre

Walk through aborter list }

m_navigator.target(state, m_stepper);

Navigator::target } else

ACTS_VERBOSE("Propagation terminated without going into stepping loop.");
}




~ree/bound state propagation: Stepper
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BoundParameters tO FreeParameters

BoundParameters t0O BoundParameters return { FreeParameters, JacobianBoundToFree, ActsScalar };

return { BoundParameters, JacobianBoundToBound, ActsScalar };

%@

FreeParameters {0 BoundParameters FreeParameters {0 FreeParameters

return { BoundParameters, JacobianFreeToBound, ActsScalar };
return { FreeParameters, JacobianFreeToFree, ActsScalar };



State propagation: Stepper

Standard stepper is 4th order Runge-Kutte-Nystrgm integrator

klzf(tnnyn)
h k1
k2—f(tn+3ayn+h 9 )
h ko
k3_f(tn+§ayn+h 9 )

ks = £ (tn+ By, + hks). Two implementations:

AtlasStepper, transcript in ACTS project

EigenStepper, covariance transport
Yn + hks -

Yn + hka/2 -

yn + hk1/2 m
Yn 7

th t, + h/2 th+h

+ Dedicated covariance transport

Fig. 5 lllustration of the RKN method approximating a first order differential equation. Shown is the . . .
module based on auto-differatiation.

calculation of an estimate y,, | att,, ., = t,, + h, based on the current step (t,,, y,,). Shown are the
four distinct points at which function y(t) is evaluated, and which are blended to form the estimate.




Free/bound state propagation

Similarity Function Scaling with Increasing Matrix Sizes (Using Google Benchmark)

Function 6x6 Time(ns) | 7x7 Time(ns) | 8x8 Time(ns) | 9x9 Time(ns) | 10x10
Name Time(ns)
matrixMultEi | 37.4 94.5 244 303 368
gen

matrixMultFa | 49.6 119 163 234 311
stLoopTheTri

ple

matrixMultFa | 45.6 116 152 229 311
stLoopTriplel

nit

matrixMultFa | 50.5 121 166 238 313
stLoopTripleR

ef

matrixMultFa | 45.6 117 154 230 310
stLoopTripleR

eflnit

sMatrixSimila | 59.1 112 151 362 483

rity

Work by Scott Hurley this summer on
matrix multiplication profiling



GSF: MultiStepper

Multiple components
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<BoundParameters> {0 <BoundParameters>

Gaussian sum filter (multi variant Kalman filter) needs the propagation of several
components for each measurement surface

- Enabled by a dedicated stepper, that allows to transport multiple components in parallel
- All components follow the same navigation stream (otherwise impossible for the fit to converge)
- Demonstrator of the success of component design choice

- Fits into the current design by exchanging the stepper with a multi component stepper
- See talk by Benjamin on GSF




Actor & Aborter design

Propagator is compile-time extendable via Actor/Aborter mechanism
- function call takes templated Options class and hence changes

return type appropriately
- has proven to have a high flexibility

- needs configuration at compile time

// The step length logger for testing & end of world aborter
using MateriallInteractor = Acts::Materiallnteractor;

using SteppinglLogger = Acts::detail::SteppinglLogger;

using EndOfWorld = Acts::EndOfWorldReached;

'/ Action list and abort Llist

using ActionList = Acts::ActionList<SteppinglLogger, Materiallnteractor>;

using AbortList = Acts::AbortList<EndOfWorld>;
using PropagatorOptions =
Acts::DenseStepperPropagatorOptions<ActionList, AbortList>;

PropagatorOptions options(context.geoContext, context.magFieldContext,
Acts::LoggerWrapper{logger()});
options.pathLimit = pathLength;

APoint of Attention

Clients like ATLAS have a large
configuration space to cover

- A pre-compiled instance of every setup?

- A switch on/oft action for Actors
(some have a sterile tlag already) ?
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