Some little studies



|dea

e On the basis, that probably the hot stuff happens where the CPU time is
spend, | had a look into the timing.



basf2 -n 10000 createSimFille.py]

42 # We might want to have particle gun(s) and EVTGen.
43 # St11ll in that case the ParticleGun modules better come first:
44 param_pGun = {

Setup 45 'pdgCodes’ : [13, -13], # 13 = muon --> negatively charged!
4

6 'nTracks': 20, # 20 tracks is a lot, but we don't use beam background in this sc
47 ' momentumGeneration': 'uniformPt’',

48 ' momentumParams': [0.1, 0.15], # 2 values: [mln, max] in GeV

49 ' thetaGeneration': 'uniform',

50 'thetaParams': [60., 85.], # 2 values: [min, max] in degree
51 ' phiGeneration' : 'uniform',

52 'phiParams': [0., 90.], # [miln, max] in degree

53 'vertexGeneratlon' "uniform',

54 'xVertexParams': [-0.1, 0.1], # 1n cnm...

55 'yVertexParams': [-0.1, 0.1],

56 'zVertexParams': [-0.5, 0.5],

57 F

58

59 partlclegun = regilster_module('ParticleGun')

60 partilclegun.logging.log_level = LogLevel.WARNING
61 particlegun.param(param_pGun)

62 maln.add_module(particlegun)

63

64 # Now we might want to add EvtGen:

65 1f False:

66 evtgenInput = register_module('EvtGenInput')

67 evtgenInput.logging.log_level = LoglLevel.WARNING
68 main.add_module(evtgenInput)

69

70 # Gearbox to access stuff from the data folders, and Geometry:

71 gearbox = register_module(' Cearbox')

72 maln.add_module(gearbox)

73

74 geometry = register_module(' Geometry')

75 geometry.param(' components', ['BeamPipe', 'MagneticFleldConstant4LimitedRSVD', # Important: look at B fileld!
76 'PXD', 'SVD'])



b basf2 -n 19 <4 MyREotFilé+rnot téstHKbTFRelétedMoaules.p_'-,rw

Name | Calls | VMemory(MB) | Time(s) | Time(ms)/Call
RootInput | 10 | 0 | 0.02 | 1.89 +- 0.32
EventInfoPrinter | 10 | 0 | 0.00 | 0.00 +- 0.00
Gearbox | 10 | 0 | 0.00 | 0.00 +- 0.00
Geometry | 10 | 0 | 0.00 | 0.00 +- 0.00
EventCounter | 10 | 0 | 0.00 | 0.05 +- 0.09
SectorMapBootstrap | 10 | 0 | 0.00 | 0.00 +- 0.00
SpacePolntCreatorSVD | 10 | 0 | 0.01 | 1.18 +- 0.29
SpacePolntCreatorPXD | 10 | 0 | 0.00 | 0.21 +- 0.09
SpacePolnt2TrueH1tConnector | 10 | 0 | 0.02 | 1.99 +- 0.81
GFTC2S5PTCConverter | 10 | 0 | 0.02 | 1.52 +- 0.45
SPTCReferee | 10 | 0 | 0.00 | 0.20 +- 0.07
SpacePolnt2TrueHitConnector | 10 | 0 | 0.04 | 4.37 +- 0.65
SecMapTralnerBase | 10 | 0 | 0.01 | 0.96 +- 0.27



b basf2 -n 10 -1 MthotFiLé.root téstHKﬁTFRelétedMoﬂules+pyi

Name | Calls | VMemory(MB) | Time(s) | Time(ms)/Call
o o o e e M e e e i e e e e S e e S e e e S S B e B B e B S e B B B B B o B B o o S B S B B B B B B B B B e B B B o e o B e e B And bad flndlng
RootInput | 10 | 0 | 0.02 | 2.23 +- 0.41 efficiency,
EventInfoPrinter | 10 | 0 | 0.00 | 0.00 +- 0.00 despite the
Gearbox | 10 | 0 | 0.00 | 0.00 +- 0.00
Geometry | 10 | 0 | 0.00 | ©0.00 +- 0.0 Sameeventsare
EventCounter | 10 | 0| 0.00 | 0.14 +- 0.06 usedfor
SectorMapBootstrap | 10 | 0 | 0.00 | 0.00 +- 0.00 training!
SpacePolntCreatorSVD | 10 | 0 | 0.01 | 1.16 +- 0.20
SpacePolntCreatorPXD | 10 | 0 | 0.00 | 0.19 +- 0.03 Segment
SpacePolnt2TrueHltConnector | 10 | 0 | 0.02 | 1.86 +- 0.20 Network
GFTC2SPTCConverter | 10 | 0 | 0.01 | 1.40 +- 0.20 .
SPTCReferee | 10 | 0| 0.00 | 0.21 +- 0.86 Froduceris
SpacePolnt2TrueHitConnector | 10 | 0 | 0.05 | 5.44 +- 1.02 slow, even when
r | 10 1| n_l 0_na | 0.00 4. 0_ne_ there are few

egmentNetworkProducer | 10 | 0 | 13.04 | 1304.29 +- 38?+11|fﬁend

rackr Lnder [ 0 | om| 0.00 | 0.46 +-  0.20 : :
SPTCvirtualIPRemover | 10 | 0 | 0.00 | 0.01 +- 0.00 relationships
QualityEstimatorVXDRandom | 10 | 0 | 0.00 | 0.00 +- 0.p0 Petween sectors
SPTCNetworkProducer | 10 | 0 | 0.00 | 0.08 +- 0.06 (aswe have
TrackSetEvaluatorGreedy | 10 | 0 | 0.00 | 0.11 +- 0.10 usedonly 10
SVDOverlapChecker | 10 | 0 | 0.01 | 0.54 +- 0.09 events for the
TrackSetEvaluatorGreedyDEV | 10 | 0 | 0.00 | 0.20 +- 0.06 training), O(30)
Toackiidaiibiontiver 1 B0 81 8811 38y B8 roycan
Total | 10 | 0 | 13.22 | 1321.69 +- 388.31



Note: There are 10,000 events

¥ basf2 -1 MyRootFile.root testVXDTFRelatedModules.py in the file.

Name | Calls | VMemory(MB) | Time(s) | Time(ms)/Call
RootInput | 10001 | 0 | 20.62 | 2.06 +- 15.31
EventInfoPrinter | 10000 | 0 | 0.02 | 0.00 +- 0.00
Gearbox | 10000 | 0 | 0.01 | 0.00 +- 0.00
Geometry | 10000 | 0 | 0.01 | 0.00 +- 0.00
EventCounter | 10000 | 0 | 0.29 | 0.03 +- 0.04
SectorMapBootstrap | 10000 | 0 | 0.02 | 0.00 +- 0.00
SpacePolntCreatorSvD | 10000 | 0 | 13.04 | 1.30 +- 0.21
SpacePolntCreatorPXD | 10000 | 0 | 1.79 | 0.18 +- 0.02
SpacePolnt2TrueH1tConnector | 10000 | 0 | 17 .46 | 1.75 +- 0.21
GFTC2SPTCConverter | 10000 | 0 | 13.12 | 1.31 +- 0.14
SPTCReferee | 10000 | 0 | 1.86 | 0.19 +- 0.12
SpacePolnt2TrueHitConnector | 10000 | 0 | 42.44 | 4.24 +- 0.67
SecMapTralnerBase | 10000 | 0 | 11.83 | 1.18 +- 1.17



b basf2 -n 10 -1 MyR;:thiLé.root téstvbeFRelétedMoﬂules+pyi

4th event “breaks” my Computer;

b basf2 -1 ﬁbeotFiLé+root--n 3 teétHKDTFReLafedMndhles,py

Name | Calls | VMemory(MB) | Time(s) | Time(ms)/Call

Segment Network Producer

RootInput | 3 | 0 | 0.01 | 1.92 +- 0.18 gets only factor 2 slower, if
EventInfoPrinter I 3 I 0 I 0.00 I 0.00 +- 0.00 there IS a ton Of frlend
Gearbox | 3| 0 | 0.00 | 0.00 +- 0.00 .

Geometry | 3| 0 | 0.00 | 0.00 +- 0.00 relations...

EventCounter | 3| 0 | 0.00 | 0.26 +- 0.17

SectorMapBootstrap | 3| 0 | 0.00 | 0.00 +- 0.00

SpacePolntCreatorsvD | 3| 0 | 0.00 | 1.33 +- 0.34 New modules
SpacePointCreatorPXD | 3| 0 | 0.00 | 0.30 +- 0.13 SVDOverlapChecker and
SpacePoint2TrueHitConnector | 3| 0 | 0.01 | 1.99 +- 0.26 TraCkSetEva|uatorGreedyDEV
GFTC2SPTCConverter | 3] 0 | 0.00 | 1.58 +- 0.17 :

SPTCReferee | 3 | 0 | 0.00 | 0.27 +- 0.0 Scale wellwith large number
SpacePoint2TrueHitConnector | 3| 0 | 0.01 | 4.74 +- 0.51 of TrackCandidates
RawSecMapMerger | 3 | 0 | 000 | 0 00 +-__0.00 (0(10,000));
SegmentNetworkProducer | 3| 0 | 7.68 | 2559.42 +- 260.50

Fesekdindenlopael ot ! o= B

SPTCvirtualIPRemover | 3 | 0 | 0.00 | 0.58 +- 0.26 Let's see for Hopfield, but I'm
QualitvEstimatocVXDRandom | 3.l ol 0.00 1 Ot 002 e timistic
SPTCNetworkProducer | 3| 0 | 49.25 | 16418.10 +-15926.02 )
TrackSetEvaluatorGreedy | 3| 0 | 96.15 | 32050.80 +-30802.89

SVDOverlapChecker | 3| 0 | 3.34 | 1113.93 +- 830.97

TrackSetEvaluatorGreedyDEV | 3| 0 | 0.10 | 32.93 +- 21.72
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isActive, Array Index: 11, QI: 0.825849
1sActive, Array Index: 89, QI: 0.988963

1sActlve, Array Index: 2026, QI: 0.996657 First set comes from Jakob’s Greedy,
1sActilve, Array Index: 4389, QI: 0.997194 second is the result of my Greedy of 3rd
1sActilve, Array Index: 4851, QI: 0.999532 event.

isActlve, Array Index: 6139, QI: 0.99964 They are the same (they differ with the
=LSAC‘|:=I.VE, Array Index: 6256, QI: 0.999548 fitter as QI estimator, as they act
=|.5.ACt=|.VE, AI'I'E}" Index: 63@3, QII 0.773476 differenﬂy’ if there are several
lsActive, Array Index: 7341, QI: 0.958889 candidates with the same QI value).
1sActilve, Array Index: 7389, QI: 0.995538

1sActilve, Array Index: 7447, QI: 0.999933

1sActlve, Array Index: 7499, QI: 0.473606

Array Index: 7447, QI: ©.999933
Array Index: 6139, QI: 0.99964
Array Index: 6256, QI: 0.999548
Array Index: 4851, QI: 0.999532
Array Index: 4389, QI: 0.997194
Array Index: 2026, QI: 0.996657
Array Index: 7389, QI: 0.995538

Array Index: 89, QI: 0.988963
Array Index: 7341, QI: 0.958889
Array Index: 11, QI: 0.825849
Array Index: 6308, QI: 0.773476
Array Index: 7499, QI: 0.473606



Conclusion of Study of differently trained secMaps

e Preliminary, possibly wrong: [Multi-Pass doesn’t solve our problems, as even with sparse secMap,

the SegmentNetworkProducer takes fairly long for a difficult event.]
e Timing strongly dependent on implementation of stuff — Stefano will not get a good intuition on the

real timing with using the new trackFinding setup.



Look into SegmentNetworkProducerModule

e Found a swamp of code, that in some parts looks very optimized, but has as
well tons of pitfalls regarding:
o Branch misprediction (“If-statements”),

o Lack of cache locality (Pointers or vectors of pointers, where vectors of the object itself could

be),
o debugging and supervising information, that isn’t strictly needed, and

o “Keep it save” checks on validity of data, where having non-valid data simply shouldn’t occur
(in this respect, the CDC code is as well not a good example).



Study the Timing of the event loop of SegmentNet...

E wpen v DdiLK w LL"’ rorwdia e v up > 'JFO HEDLIVE U LYULE DELELLION ‘T’ HELDLIVE LD FdlEnL S ® DITOILEN IEINPLELES HISLIULLILIL ] ELL w
Flat Profile © % Belle2::SegmentNetworkProducerModule::event()
Search: (Mo Grouping) v Types | Callers | AllCallers | Callee Map | Source Code
Incl. iself  icalled Function ‘ Location e #® I : Sourcel {unknown) - - -
B 10000 0.00 (0) &l 0x00000000000012d0 d-2.19.50 1 There is no source available For the Following Function:
B oosq 0.00 1 B 0x000000000040d3ac basF2 2 '‘Bellez:SegmenthetworkProducerivodule;:event()'
I 9554 0,00 1 M (below main) libc-2.19.50: libc-start.c 3 This is belacause no debug inFormatiop is present.
N oo 0.00 1 ® main basF2 4 Recommlel source and rledo tlhe proFllle run,
B 0043 0.04 4053 & <cycle 44> libboost_python.so.1.61.0 = Eheln bR e fBe i e R T R
I cs40 000 1 Bl boosk:python:exec_File(boo... libboost_python.so.1.61.0 6 libwxdtFRedesign.so
I o940 000 1 M PyRun_FileExFlags libpython3.5.50.1.0! pykhonrun.c
I o558 0.00 1 Bl boost:python:objects:caller... libframeworlk_pybasf2.so
I o558 0.00 1 M process_overloads:non_void_... libframework_pybasfz.so
I g5 0.00 1 M Belle2::Framework!process(b... libframework_pybasf2.so
I css3 0,00 1 O Belle2::EventProcessoriproc... libframewark.so
I s466  0.00 1 M Bellez: libFramework.so
B 5461 0.00 220 M Bellez: libFramework.so
I 5460  0.00 10 M Belle2: EProcessoriproc... libFramework.so
= 40.85 0.01 10 HE Bellez::SegmentMetworkPro... libvxdtFRedesign.so
| ) 4066  0.07 345913 M Belle2:SkakicSector=Belle2:.., libvxdtFRedesign.so
| ] 33.60 0.00 1 Bl Belle2:EventProcessoriproc... libframework.se
| ] 26.44 0,00 1 Bl Bellez:GeometryModule:init... libgeometry_modules.so
[ ] 26,44 0.00 1 M Belle2:geometryGeomekry... libgeometryso
[ ] 26.40 0.00 1 Bl Belle2igeometry:Geometry... libgeometry.so Ir rpercall - Counkt  Callee
L 2547 0.00 1 H G4GeometryManager:CloseG... libG4geometry.so I 40,85 9707 539 050 10 & Belle2:SegmentMetworkProducerfodulebuildTrackNodeNetwork() (libvxdtFRedesign.so)
¥ 25.47  0.00 1 H G4GeometryManager:Build ... libG4geometry.so 0,40 95834626 10 & Belle2:5egmentMNetworkProduceriModulesbuildSeamentMetwork() (libvxdtFRedesign.so)
x 2547 000 74 M G4smartVoxelHeader!G4Sma... libG4geometry.so 0.01 2145114 10 B Bellez::5egmentMetworkProduceriodule:matchSpacePointToSectors() (libvedtFRedesign.s.
L 25.47  0.00 74 4l G4smartVoxelHeader: Buildvo... libG4geometry.so 0.00 437 427 10 M Belle2:SegmentMetworkProducerivodulebuildActiveSectorMetwork(std:vector<Belle2:: Se
| 2547 0.00 74 Wl G45martVoxelHeader: Buildvo... libG4oeometrv.so AR PRt A Wl Al minkimme rasabis cmuela 49 (1423 418 car Al krarmnalins 51




Belle2::SegmentNetworkProducerModule::buildTrackNodeMetwark()

Types || Callers || AllCallers | Callee bap || Source Code

#ir fSource (unknown)
1 There is no source available For the Following Function:
z '‘Bellez::SegmentMetworkProducertdodule;buildTrackiodeMebwork()'
3 This is because no debug information is present.
4 Recompile source and redo the profile run.
5 The Funckion is locaked in Ehis ELF abjeck:
B 'libvdtFRedesign.so’
r ‘rpercall : Count  Callee
W 4066 279332 245913 M Belle2iStaticSector<Belle2:SpacePoint, Belle2:Filter<Belle2:OperatorAnd, Belle2:Filter<Belle2:0peratorAnd, Belle2:Filker<Belle2:Operatordnd, ...
013 4115 76233 M stdireverse_jterator<__gnu_cx¢i__normal_iterator<Belle2:DirectedMode<Belle2:TrackMode, Belle2iVoidMetalnfo=**, stdivector<Belle2::Direck. ..
0.03 Q007 6778 M Belle2::DirectedModeMetwork=Belle2: TrackMode, Belle2:VaidiekalnFo=linkTheseEntries(Belle2: Trackiodes&, Belle2: TrackMode&) (libvxdtFRedesi...
0.01 292 76233 M Bellez!DirectedmMode<Belle2:TrackMode, Belle2:VoidMetalnfo=addOuterMode(Belle2::DirectedMode=Belle 2. TrackMode, Belle2: WoidMetalnfo=8&) ...
0,01 223 76233 M Belle2:DirectedMode<Belle2: TrackMode, Belle2: Voidietalnfo=addinnerMode(Belle2::DireckedMode<Belle2: TrackMode, Belle2:Voidietalnfo=&) (...
0.01 290 152 466 B __gnu_cxa__normal_iterator<Belle2:Directediode<Belle2:TrackMode, Belle2:VoidMekalnFo=** stdvector=Belle2:DirectedMode<Belle2:Trackm ..,
0.00 38 78714 W BelleZ!LogSysktemisLevelEnabled(Belle2:LogConfig:ELeglevel, ink, char const*) consk {libFramework.sa)
0.00 630 2471 M Belle2::DirectedModeMetwork=Belle2: TrackMode, Belle2:VoidiekalnFo=laddMode(Belle2: Trackiode&) (libvxdtFRedesign.sa)
0.00 360 2471 B __anu_cx<.__normal_iterator<unsigned int®, stdivector=unsigned int, std:allocator=unsigned int> = > stdi:find=__anu_cxa__nermal_iterator=un...
0.00 4 78714 M Bellez:LogSystem:instance() (libframework.sa)
0.00 27 2471 M void stdivector=unsigned int, stdiallocator<unsigned ink= =iemplace_back=unsigned int=(unsigned int&&) (ibRGL.sa)
0.00 25320 2 B _dlruntime_resalve =cycle 1> (ld-2.19.50! dl-trampoline.s)




Belle2::5taticSector<Belle2::SpacePoint, Belle2::Filter<BelleZ::OperatorfAnd, BelleZ::Fi...tk(BelleZ::FullSecID const&, Belle2::SpacePoint const&, BEelle2::5pacePoinkt const&) const

Types || Callers || All Callers | Callee Map | Source Code

#ilr i Seurce (unknown)

There is no source available For Ehe Following Function:
'‘BellezisStakticSector=Belle2;SpacePoint, Belle2: Filter<Belle2::OperatorAnd, Belle2: Filter<Belle2::0OperatorAnd, Belle2::Filter<Belle2;:0OperatorAnd, BelleZ;:Filter=Bell...
This is because no debug information is present.
Recompile source and redo the profile run.
The Funckion is located in this ELF obhjeck:
'libvxdtFRedesign.so’

LA B L =

r “rpercall : Count Callee

F 2234 65257 813545 M Belle2:SeleckionVariable=Belle2::SpacePaoint, double>name() consk (libvxdcFRedesign.sa)

I 9.5 66019 342318 M TTree Fill() (libTree.so)

| 843 58492 342 318 O Belle2:createPuritylnfosVec(std:vector=Belle2::SpacePoint const®, stdiallocator<Belle2::SpacePoint const*> > const&) [clone .constprop.241] (li...
015 217 1627 090 M std:map=std:string, bool®, stdiless=stdistring=, skdiallocator<stdipair<std:string consk, bool*s = =lat(stdiistring const&) (libvxdtFRedesign.sa)
0.04 200 471 227 M sktdimap=stdistring, double® sktdiless<skdistrings, skdiallocator=std:pair<stdiistring consk, double*> > >;ak(skd:skring const&) (libvxdEFRedesi. ..
n.nz 100 813 545 B =tdistrinat Ren? W disnnselztdallacatarschars const&) [elane .nark. 251 flikvwdbFRedesian.sal




OK, Problem is Observer setup

e Jakob told, me the problem are the Observers...
o Next step: using VoidObservers and test the timing again.



diff --git a/tracking/modules/VXDTFHelperTools/src/RawSecMapMargerModule.cc b/tracking/modules/VXDTFHelperTools/src/RawSecMapMergerModule.cc
index 40b842a..0046637 100644

--- aftracking/modules/VXDTFHelperTools/src/RawSecMapMergerModule.cc

+++ b/tracking/modules/VXDTFHelperTools/src/RawSecMapMergerModule.cc

@@ -457,18 +457,19 @@ template <class FilterType> voild RawSecMapMergerModule::add2HitFilters(VXDTFF1ilt

/// JKL Feb 2016 - big workilng example:
-// VXDTFFilters<SpacePoint>::twoHiltFilter_t friendSectorsSegmentFilter =

=ff (

-/ (filterCutsMap.at("Distance3DSquared” ).getMin() <= Distance3DSquared<SpacePolnt>() <=

-/ filterCutsMap.at("Distance3DSquared" ).getMax()).observe(VoildObserver()) &&

-/ (filterCutsMap.at("Distance2DXYSquared" ).getMin() <= Distance2DXYSquared<SpacePolnt>() <=

-/ filterCutsMap.at("Distance2DXYSquared" ).getMax()).observe(VoidObserver()) &&

-/ (filterCutsMap.at("DistancelDZ" ).getMin() <= DistancelDZ<SpacePoint>() <= filterCutsMap.at("DistancelDZ").getMax()).observe(
-/ VoldObserver()) &&

-1/ (filterCutsMap.at("SlopeRZ" ).getMin() <= SlopeRZ<SpacePoilnt>() <= filterCutsMap.at("SlopeRZ").getMax()).observe(VoldObserver()) &&
-/ (filterCutsMap.at("Distance3DNormed" ).getMin() <= Distance3DNormed<SpacePolnt=>() <=

-/ filterCutsMap.at("Distance3DNormed" ).getMax()).observe(VoidObserver())

s bH

+ VXDTFFilters<SpacePolnt>::twoHltFllter_t friendSectorsSegmentFilter =

# (

+ (filterCutsMap.at("Distance3DSquared”).getMin() <= Distance3DSquared<SpacePolnt=() <=

+ filterCutsMap.at("Distance3DSquared").getMax()).observe(VoidObserver()) &&

+ (filterCutsMap.at("Distance2DXYSquared" ).getMin() <= Distance2DXYSquared<SpacePoint>() <=

+ filterCutsMap.at("Distance2DXYSquared" ).getMax()).observe(VoidObserver()) &&

+ (filterCutsMap.at("DistancelDZ" ).getMin() <= DistancelDZ<SpacePoilnt>() <= fillterCutsMap.at("DistancelDZ").getMax()).observe(

+ VoildObserver()) &&

+ (filterCutsMap.at("SLopeRZ" ).getMin() <= SlopeRZ<SpacePoint>() <= filterCutsMap.at("SlopeRZ").getMax()).observe(VoidObserver()) &&
+ (filterCutsMap.at("Distance3DNormed" ).getMin() <= Distance3DNormed<SpacePoint=>() <=

+ filterCutsMap.at("Distance3DNormed" ).getMax()).observe(VoidObserver())

+ );

+;+éé#&ééi&éé#&éé#&éé#4&*#4éé*&éé#&éé#&éé#&é*#l
VXDTFFilters<SpacePolnt>::twoHiltFilter_t friendSectorsSegmentFilter =
(
(
@@ -484,6 +485,7 @@ template <class FilterType> vold RawSecMapMergerModule::add2HitFilters(VXDTFF1lt
filterCutsMap.at("Distance3DNormed" ).getMax()).observe(0ObserverCheckMCPurity())
).observe(ObserverCheckMCPurity())

L
+§4éé#*ééi*éé}&éé*&é*#&éé*&é*#&ééi&éé#&ééi&é*#&*é*&é;



diff --git a/tracking/trackFindingVXD/environment/include/VXDTFFilters.h b/tracking/trackFindingVXD/environment/include/VXDTFFilters.h
index 2306387..11058f4 100644
--- aftracking/trackFindingVXD/environment/include/VXDTFFilters.h
+++ b/ftracking/trackFindingVXD/environment/include/VXDTFFilters.h
@@ -65,7 +65,7 @@ namespace Belle2 {
/// minimal working 2-hits-example used for redesign of VXDTF.
/! typedef decltype((®. <= Distance3DSquared<Belle2::SpacePoint>() <= 0.).observe(ObserverPrintResults())) twoHitFilter_t;

+[*%i*#%i**%i**%i**%i*#%i*#%i**%i**%i**%i**%i**%i**%i**%i*#%i**%i**%i#*%i#*%

/// big working 2-hits-example used for redesign of VXDTF.
typedef decltype(
(
@@ -76,15 476,16 @@ namespace Belle2 {
(0. <= Distance3DNormed<Belle2::SpacePolnt>() <= 0.).observe(ObserverCheckMCPurity())
).observe(ObserverCheckMCPurity())
) twoHltFilter_t;

+§4*4%&%444***4**&4%*44%*44%*4@%*4%%*44*44@%4%&**44**&4**44%*@4%*44%*4%%*4%*4@]

// March9th2016: TODO: we want to use a blg observer observing everything - Working title: MegaObserver.
-// typedef decltype(
-/ ((0. <= Distance3DSquared<Belle2::SpacePoint>() <= 0.).observe(VoldObserver())&&
-/ (0. <= Distance2DXYSquared<Belle2::SpacePolnt>() <= 0.).observe(VoldObserver())&&
-/ (0. <= DistancelDZ<Belle2::SpacePolnt>() <= 0.).observe(VoldObserver())&&
-/ (0. <= SlopeRZ<Belle2::SpacePolnt>() <= 0.).observe(VoldObserver())&&
=/ (0. <= Distance3DNormed<Belle2::SpacePoilnt>() <= 0.).observe(VoidObserver())).observe(VoldObserver())
-// ) twoHitFilter_t;
+ typedef decltype(
+ ((0. <= Distance3DSquared<Belle2::SpacePoint>() <= 0.).observe(VoildObserver())&&
+ (0. <= Distance2DXYSquared<Belle2::SpacePolnt>() <= 0.).observe(VoidObserver())&&
+ (0. <= DistancelDZ<Belle2::SpacePoint>() <= 0.).observe(VoildObserver())&&
+ (0. <= SlopeRZ<Belle2::SpacePolnt>() <= 0.).observe(VoldObserver())&&
+ (0. <= Distance3DNormed<Belle2::SpacePoint>() <= 0.).observe(VoidObserver())).observe(VoidObserver())
+ ) twoHltFilter_t;

/// minimal working example for 3-hits:
[/ typedef decltype((0. <= Angle3DSimple<point_t=>() <= 0.).observe(Observer3HitPrintResults())) threeHitFilter_t;



RootInput | 10 | 0 | 0.02 | 2.05 +- 0.38
EventInfoPrinter | 10 | 0 | 0.00 | 0.00 +- 0.00

Gearbox | 10 | 0 | 0.00 | 0.00 +- 0.00
Geometry | 10 | 0 | 0.00 | 0.00 +- 0.00
EventCounter | 10 | 0 | 0.00 | 0.13 +- 0.05 With “ittle”
SectorMapBootstrap | 10 | 0 | 0.00 | 0.00 +- 0.00 SecMap.
SpacePolntCreatorSVvD | 10 | 0 | 0.01 | 1.04 +- 0.14 Nothing
SpacePolntCreatorPXD | 10 | 0 | 0.00 | 0.19 +- 0.03 relevant...
SpacePolnt2TrueHltConnector | 10 | 0 | 0.02 | 1.84 +- 0.21
GFTC2SPTCConverter | 10 | 0 | 0.01 | 1.40 +- 0.18
SPTCReferee | 10 | 0 | 0.00 | 0.22 +- 0.05
SpacePolnt2TrueH1tConnector | 10 | 0 | 0.05 | 5.32 +- 0.89
RawSecMapMerger | 10 | 0 | 0.00 | 0.00 +- 0.00
SegmentNetworkProducer | 10 | 0 | 0.04 | 4.02 +- 1.75
TrackFinderVXDCellOMat | 10 | 0 | 0.03 | 2.67 +- 7.06
SPTCvirtualIPRemover | 10 | 0 | 0.00 | 0.01 +- 0.00
QualityEstimatorVXDRandom | 10 | 0 | 0.00 | 0.00 +- 0.00
SPTCNetworkProducer | 10 | 0 | 0.00 | 0.08 +- 0.07
TrackSetEvaluatorGreedy | 10 | 0 | 0.00 | 0.10 +- 0.10
SVDOverlapChecker | 10 | 0 | 0.00 | 0.38 +- 0.04
TrackSetEvaluatorGreedyDEV | 10 | 0 | 0.00 | 0.17 +- 0.04
TrackFinderVXDAnalizer | 10 | 0 | 0.03 | 2.80 +- 0.89



Now using the fat SecMap again

b basf2 -1 ﬁthotFilé+rnotrtestHIDfFRelétedMoaules,ﬁy

Name | Calls | VMemory(MB) | Time(s) | Time(ms)/Call
RootInput | 3] 0| 0.01 | 1.94 +- 0.20
EventInfoPrinter | 3 | 0 | 0.00 | 0.00 +- 0.00
Gearbox | 3| 0 | 0.00 | 0.00 +- 0.00
Geometry | 3 | 0 | 0.00 | 0.00 +- 0.00
EventCounter | 3] o | 0.00 | 0.19 +- 0.07
SectorMapBootstrap | 3 | 0 | 0.00 | 0.00 +- 0.00
SpacePointCreatorsSvD | 3 | 0 | 0.00 | 0.97 +- 0.08
SpacePointCreatorPXD | 3 | 0 | 0.00 | 0.20 +- 0.03
SpacePoint2TrueHitConnector | 3 | 0 | 0.01 | 1.81 +- 0.18
GFTC2SPTCConverter | 3 | o | 0.00 | 1.45 +-  0.27
SPTCReferee | 3] 0| 0.00 | 0.25 +- 0.09
SpacePoint2TrueHitConnector | 3 | 0 | 0.01 | 4.69 +- 0.35
RawSecMapMerger | 3] o | 0.00 | 0.00 +- 0.00
SegmentNetworkProducer | 3 | 0 | 0.28 | 92.83 +- 53.59
TrackFinderVXDCellOMat | 3 | o | 0.12 | 40.29 +- 16.80
SPTCvirtualIPRemover | 3 | 0 | 0.00 | 0.55 +- 0.24
QualityEstimatorVXDRandom | 3 | 0 | 0.00 | 0.07 +- 0.02
SPTCNetworkProducer | 3 | 0 | 47.30 | 15765.77 +-15135.49
TrackSetEvaluatorGreedy | 3 | 0 | 93.29 | 31095.64 +-30119.97
SVDOverlapChecker | 3 | 0 | 3.36 | 1120.39 +- 839.42
TrackSetEvaluatorGreedyDEV | 3| 0 | 0.10 | 32.29 +- 21.52
TrackFinderVXDAnallzer | 3 | 0 | 0.01 | 2.61 +- 0.42
Total | 3] 0| 144,53 | 48175.11 +-46135.34

OK, now we are back, that the
OverlapChecker is the

“problem”. Or not, as this

amount of TrackCandidates is
rare, so we know, the redesign
is fast enogh!
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Belle2::5WDOverlapCheckerModule:ievent() W 43,29 %

void stdii__introsort_loop=__gnu_cwxod;_normal_iterakor=unsigned short®, std:vector=unsigned short, std:allocator=unsigned short= = =, long, __gnu_owoc:_ ops!i_lter_less_iter...

void stdi__introsort_loop=__gnu_cwod;_normal_iterator=unsigned short™, std:vector=unsigned short, std:jallocator=unsigned short= = =, long, __gnu_ooc:_ opsii_lter_less_iters({
_ gnu_cxe:_normal_iterakor<unsigned short®, skd:ivector<unsigned short, std:iallocator<unsigned short= ==, gnu_cxx::__normal_iterator<unsigned short®, stdivector=
unsigned short, std:allocator=unsigned short= = =, long, _ gnu_cxx:_ ops:_lter_less_iker) [clone .isra.120]'2 N 12656 %

//sort and erase overlaps
//TODO: Check in realistic situation alternative approach:
//see http://stackoverflow.com/questions/1041620/whats-the-most-efficilent-way-to-erase-duplicates-and-sort-a-vectfir
for (auto 88 overlapTracks : m_overlapMatrix) {
std::sort(overlapTracks.begin(), overlapTracks.end());
overlapTracks.erase(std::unique(overlapTracks.begin(), overlapTracks.end()), overlapTracks.end());

}

return m_overlapMatrix;

| guess it is this piece of code...

Belle2:TrackSetEvaluatorGreedyDEVModule:ievenk()

[ 1267 %

anu_c...

stdireverse
iterators

—lstd::rever...

Ir

W 43.51
0.00
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0.00
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rper call
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‘Count : Callee

78 M Belle?:EventProcessor:callEvent(Belle2:Module®) (libFramework.so)

1 B BelleZ::EventProcessor:processBeginRun(bool) (libframework.so)

4 B Bellez:RandomMumbers:initializeEvent() (libFramewaork.sa)

1 B _ cxa_throw (libstdc++.50.6.0.21)
78 M Belle2:Pathiterator:descendlfNecessary() (libFramework.so)
79 B _ dynamic_cast (libstdc++.50.6,0.21)
10 M _dl_runtime_resolve <cycle 1= (ld-2.19.50: dl-trampoline.s)

1 B Belle?::EventProcessor:StoppedBySignalException:StoppedBySignalException{ink) (libframework.so)
2 I BelleZ::ProcessStatistics:setCounters(double&, double&, double, double) (libFramework.sa)
78 M Bellez:Module:evalCondition() const (libframework.so)

56 M Belle? EvenktiMekaDataoperator==(Belle2 EventMetaData const&) consk (libframework.so)
79 Il Belle?:EventiMetaDatatisEndOFDakal) const (libframewark.so)

4 B Bellez::DBStoreiupdateEvent() (libframework.sa)

1 B _ cxa_allocakte_exception (libstdc++.50,6.0,21)

4 Bl stduskring:assignistd:string const&) (libstdc++.50.6.0.21)

4 B TObjeckloperator=(TObject const&) (libCore.s0)

4 M Bellez:RandomMumbers:useEventDependent() (libframeweork.so)

4 0l Belle2:Ervironment:inskance() (libFramework.sa)

4 M Bellez:DBStoreiinstance() (libframework.so)

1 M Bellez::EventProcessor;processEndRun() (libFramewaork.sa)



Alternative Conclusion

e Pausing work for that long on a badly documented complicated piece of code, is not a great idea.
e Speed is probably a non-issue of the VXD Track finder.
o — Focus on efficiency.
o Look into realistic situation, if then SVDOverlapChecker is still the problem, we can further
think about not sorting...



BackUp



i basf2z -1 MyRootFile.root -n 1000 testVXDTFRelatedModules.py
Ir basf2 -1 MyRootFile.root -n 10 testVXDTFRelatedModules.py

Name | Calls | VMemory(MB) | Time(s) | Time(ms)/Call
RootInput | 10 | 0 | 0.02 | 2.00 +- 0.42
EventInfoPrinter | 10 | 0 | 0.00 | 0.00 +- 0.00
Gearbox | 10 | 0 | 0.00 | 0.00 +- 0.00
Geometry | 10 | 0 | 0.00 | 0.00 +- 0.00
EventCounter | 10 | 0 | 0.00 | 0.14 +- 0.04
SectorMapBootstrap | 10 | 0 | 0.00 | 0.00 +- 0.00
SpacePointCreatorsvD | 10 | 0 | 0.01 | 1.05 +- 0.14
SpacePoilntCreatorPXD | 10 | 0 | 0.00 | 0.19 +- 0.03
SpacePoilnt2TrueHitConnector | 10 | 0 | 0.02 | 1.77 +- 0.17
GFTC2SPTCConverter | 10 | 0 | 0.01 | 1.36 +- 0.18
SPTCReferee | 10 | 0 | 0.00 | 0.21 +- 0.05
SpacePoilnt2TrueHitConnector | 10 | 0 | 0.05 | 5.02 +- 0.87
RawSecMapMerger | 10 | 0 | 0.00 | 0.00 +- 0.00
SegmentNetworkProducer | 10 | 0 | 21.26 | 2125.60 +- 678.76
TrackFinderVXDCellOMat | 10 | 0 | 0.07 | 7.40 +- 5.52
SPTCvirtualIPRemover | 10 | 0 | 0.00 | 0.07 +- 0.06
QualityEstimatorVXDRandom | 10 | 0 | 0.00 | 0.02 +- 0.01
SPTCNetworkProducer | 10 | 0 | 2.20 | 220.46 +- 449.80
TrackSetEvaluatorGreedy | 10 | | 3.74 | 374.24 +- 785.13
SVDOverlapChecker | 10 | 0 | 0.46 | 45.59 +- 77.04
TrackSetEvaluatorGreedyDEV | 10 | 0 | 0.01 | 1.42 +- 1.89
TrackFinderVXDAnalizer | 10 | 0 | 0.02 | 1.96 +- 0.32



With circle Fitter instead of Random

We should spend more

Name I Calls | VMemory(MB) | Time(s) | Time(ms)/call time on the quallty
o o o o o o o o o o o o o o o o o o o o o o e e o e o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 1 1 '
RootInput | 10 | 0| 0.02 | 2.11 +- 0.56 estimation!
EventInfoPrinter | 10 | 0 | 0.00 | 0.00 +- 0.00
Gearbox | 10 | 0 | 0.80 | 0.00 +- 0.00
Geometry | 10 | 0 | 0.00 | 0.00 +- 0.00
EventCounter | 10 | 0 | 0.00 | 0.14 +- 0.03
SectorMapBootstrap | 10 | 0 | 0.00 | 0.00 +- 0.00
SpacePointCreatorsSvD | 10 | 0 | 0.91 | 1.07 +- 0.16
SpacePointCreatorPXD | 10 | 0 | 0.00 | 0.19 +- 0.03
SpacePoint2TrueHiltConnector | 10 | 0 | 0.02 | 1.78 +- 0.20
GFTC2SPTCConverter | 10 | 0| 0.01 | 1.35 +- 0.18
SPTCReferee I 10 | 0| 0.00 | 0.20 +- 0.06
SpacePoint2TrueHitConnector | 10 | 0 | 0.05 | 5.02 +- 0.85
RawSecMapMerger | 10 | 0 | 0.00 | 0.00 +- 0.00
SegmentNetworkProducer | 10 | 0 | 21.46 | 2146.11 +- 694.81
TrackFinderVXDCellOMat | 10 | 0 | 0. | 7. 5.

- r | 10 | 9l [ 0 g
QualityEstimatorVXDCircleFit | 10 | 0 | 0. 6.
SPTCNETWOTRPTodTCeT i o T o
TrackSetEvaluatorGreedy | 10 | 0 | e
SVDOverlapChecker | 10 | 0 | 0.
TrackSetEvaluatorGreedyDEV | 10 | 0 | 0.
TrackFinderVXDAnalizer | 10 | 0 | 0.



