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Shared pointers in the geometry
module




Evidence of overhead

A 15-18% overhead is directly caused by the use of shared pointers in the
geometry code. It's all described in the Gitlab issue below:
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https://gitlab.iap.kit.edu/AirShowerPhysics/corsika/-/issues/703

Evidence of overhead

Reversed call stack for a hadronic shower:

«cB_air_shower » complet
Total (échantillons) Individuel
18% 3716 3716 J [ stdlz_Sp_counted_base<(__gnu_cxx::_Lock_policy)2>:: M_release /home/Fa
15% 3063 3063 ¥ Il boostzmathzinterpelators:detail:cardinal_cubic_b_spline_imp<double>zoperator()
40% 800 800 >
33% 657 657 > Just/lib/xB6_64-linux-gnu/libm-2.31.50
32% 653 653 ¥ [1|_ZNKcorsika18NudearComposition14getWeightedSumlZNS_7CascadelNS_24tracking_leapfrog_curved8TrackingENS_15Process
2,8% 569 569 P 17 stdz_shared_ptrecorsikazCoordinateSystem const, (__gnu_oxx:_Lock pol\cy)Z:.. shared_ptr /home;faure; sikab
23% 461 461 »
2,0% 395 395 >  air_shower
18% 352 352 > ombinedStad Vect
17% 335 335 » I Eigentinternalzhinary_evaluator<Eige nternalzscalar_conj_product_op<double, double> Figen:Matrix<
16% 326 326 > int:getCoordinates /home 0103/bin/c8_air_shower
15% 300 300 > perator+ /home/faure/CORSIKA/c
14% 274 274 » icubicSplines<double>revaluate




Use cases

Hadronic shower:

./c8_air_shower --pdg 2212 -E 1e3 --emcut 1e3 -z 30

Electromagnetic shower (EM):

./c8_air_shower --pdg 22 -E 1e3 -z 30



Problematic cases

1. The root CS
The root CS is unique and lives throughout the whole application.
e For a 1 TeV EM shower, 289M objects are associated to the root CS

e For a 1 TeV hadronic shower, 60M objects are associated to the root
CS

All these objects carry a copy of the shared pointer to the root CS !



Problematic cases

2. Short-lived CS

For a 1 TeV EM shower, 24 temporary CS are created, at 3 different
addresses so probably 3 CS coexisting at the same time max. Each
CS is associated to less than 10 objects (2, 4 or 6 in this case).

For a 1 TeV hadronic shower, 224 temporary CS are created, at the
same address, so none of them coexist. Each CS is associated to less
than 100 objects (3, 6, 9, 36, 39 or 51 in this case).

These creations of temporary CS have been greatly reduced by Rui
Cesista’s MR but there are still some left.


https://gitlab.iap.kit.edu/AirShowerPhysics/corsika/-/merge_requests/701
https://gitlab.iap.kit.edu/AirShowerPhysics/corsika/-/merge_requests/701

Avenues for improvement




BaseVector.hpp

e

¥ Common base class for Vector and Point.

*

* This holds a QuantityVector and a CoordinateSystem. The
* BaseVector manages resources for many geometry objects.
*/

template <typename TDimension>

class BaseVector {

public:
BaseVector (CoordinateSystemPtr const& pCS,
QuantityVector <TDimension> const& pQVector)
quantityVector_(pQVector),
cs_(pCs) {}

private:
QuantityVector <TDimension> quantityVector_;
CoordinateSystemPtr cs_;



A Coordinate System manager

e Remove the CoordinateSystemPtr from all geometrical objects

e Instead, store the coordinates in the root CS in all geometrical
objects

e Conversions from one CS to another are made on-the-fly, only at
boundaries

1 class Vector {
2 Eigen::Vector3d coords; // in root CS

4 Eigen::Vector3d GetIn(const CoordinateSystem& toCS) const;

1 class CoordinateSystem {
2 const CoordinateSystem* parentCS;
3 Matrix rotationToParent;
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A Coordinate System manager

We need object counting to keep CoordinateSystem objects alive in a
"manager” until they are not used further, and this has to be thread-safe.

Implementation proposition:

e A single Registry manages all CoordinateSystem objects

e Thread-safe: shared_mutex allows concurrent reads, exclusive writes

1 class CoordinateSystemRegistry {
2 vector<CoordinateSystem> systems; // Contiguous storage
3 std::shared_mutex mutex; // For thread-safety

This means a change of API for the geometry module !
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