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1. Optimization of simulation and new version of reconstruction in BmnRoot.
2. First experience with PROOF.
3. QA porting on JSROOT.
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Optimization of simulation and new version of
reconstruction in BmnRoot




Analysis and parallelization of simulation

Analysis Cc ion Collection Log Summary Bottom-up | Caller/Callee  Top-down Tree  Platform

Grouping:| Function / Call Stack "‘S\H .0|| =».|

Function / Call Stack CPU Time ¥ * Module Function (Full)

145.867s | libMathCore.s0.6.16.00 | TRandom::Gaus(double, double)
DeadZoneOfStripLayer::Isinside 137.187s libGem.so0.0 DeadZoneOfStripLayer::Isinside(double, double)
__cos_fma 98.153s libm.so.6 __cos_fma
TRandom3::Rndm 80.814s libMathCore.50.6.16.00  TRandom3::Rndm(void)
__sin_fma 77.566s libm.so.6 __sin_fma
deflate 74.185s libz.so.1 deflate
FairMCApplication::Stepping 67.573s libBase.s0.18.2.0 FairMCApplication:: Stepping(void)
BmnGemStripModule::AddReal PointF 46.391s | libGem.so.0 BmnGemStripModule::AddRealPointFull{double, double, double, double, dc
BmnGemStripLayer::ConvertPointToS 43.867s  libGem.s0.0 BmnGemStripLayer::ConvertPointToStripPosition(double, double)
std::map<std::pair<int, int>, int, std::les 41.465s libBmnData.s0.0 std::map<std::pair<int, int=, int, std::less<std::pair<int, int>>, std::allocator<s
StripCluster::AddStrip 41.270s libGem.so.0 StripCluster::AddStrip{int, double)
BmnGemStripLayer::IsPointinside Strip 31.419s libGem.so.0 BmnGemsStripLayer::IsPointinsideStripLayer(double, double)
BmnGemStripLayer.:ConvertNormalP 27.492s libGem.so.0 BmnGemStripLayer::ConvertNormalPointToStripX (double, double)
std::map<std::pair<int, int>, int, std::les 20.336s libBmnData.so.0 std::map<std::pair<int, int>, int, std::less<std::pair<int, int>>, std::allocator<s
std::operator<<int, int> 18.805s libBmnData.s0.0 bool std::operator<<int, int>(std::pair<int, int> const&, std::pair<int, int> cons
BmnGemSitripLayer::IsPointinsideDea 18.630s libGem.s0.0 BmnGemStripLayer::IsPointinsideDeadZones(double, double)
BmnNewFieldMap::Fieldinterpolate 18.493s libBmnField.s0.0 BmnNewFieldMap::Fieldinterpolate(TArrayF*, double, double, double)
std::_Rb_tree_iterator<std::pair<int col 16.267s libBase.s0.18.2.0 std::_Rb_tree_iterator<std::pair<int const, FairVolume*>>::operator++(int)
TArrayF: At 14.695s libBmnField.s0.0 TArrayF:At(int) const
BmnNewFieldMap::Isinside 13.857s libBmnField.s0.0 BmnNewFieldMap::Isinside(double, double, double, int&, int&, int&, doubled
std::map<int, bool, std:less<int>, std:: 12.740s libBmnData.s0.0 stdz:map<int, bool, std::less<int>, std::allocator<std::pair<int const, bool>>>
BmnFieldMap::Interpolate 12.701s libBmnField.s0.0 BmnFieldMap::Interpolate(double, double, double)
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Dynamic analysis displays hotspots
of the BmnRoot simulation modules.
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OpenMP parallelization. DGSM generator, 1000 events. Testbench: IntelXeonE-2136 @
4.5GHzTurbo (6 cores with HT). RAM: 32 Gigabytes. OS: Ubuntu. Not committed to git.

bmnroot/gem/BmnGemStripDigitizer.cxx

void BmnGemStripDigitizer::ProcessMCPoints () % 200 51.7

{ E 850 é‘ 1.6

FairMCPoint* GemStripPoint; s

Int_t NNotPrimaries = 0; s L

#pragma omp parallel 14

#pragma omp for schedule (dynamic) L 1.3

for (UInt_t ipoint = 0; ipoint < = 1.2

fBmnGemStripPointsArray—->GetEntriesFast () ; e L1

ipoint++) 350 |

{ 500 ! ! ! L ! L ] 1 1 ! ] ! ! 1 ! ]
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Number of threads Number of threads
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Analysis and parallelization of reconstruction

OpenMP parallelization. Reconstruction. 10000 events. Experimental data. Testbench Intel
Xeon CPU E5-2650 v3 @ 2.30 GHz chips (24 cores, no hyperthreading), 128 GB of RAM, 4 x
GKI110BGL, OS Debian 10.2. Commited to git.

bmnroot /gem/BmnCellAutotracking.cxx

200000 events

Time [m]

Number of threads Number of threads




Analysis Configuration  Callection Log.

Elapsed Time : 824.217s
CPU Time :
Total T1 i
Paused Time : os

(~) Top Hotspots

This section lists the most active functions in your application. Optimizing these hotspot functions typically resuits in improving overall application

performance.
Funcion Module

clock libc.s0.6
BmnKalmanFilter.:RK4Order libBmnData.s0.0.0.0
Bmnl : $0.0.0.0
TAmayF: At libBmnField.s0.0.0.0
inflate tibz.s0.1

NI I5 0pped 10 AGO-SUmmable Mt

Effective CPU Utilization Histogram

Summary |[{BGtomAp

CPU Time
66.450s
34.481s
231245
22,9505
20673

CalleriCallee  Top-down Tree  Platform

Hotspots Insights
If you see significant hotspots in the Top Hotspots list, switch to the
Bottom-up view for in-depth analysis per function. Otherwise, use the
Caller/Callee view to track critical paths for these hotspots.

Explore Additional Insights
Parallefism 123

Microarchitecture Usage

Use @ Threading to explore more opportunities 1o increase
paralelism in your applcation.

: 420% R~
Use @ Microarchitecture Exploration to explore how efficiently your
application runs on the used hardware.

This histogram displays a percentage of the wall ime the specific number of CPUs were running simulaneously. Spin and Overhead tine adds to the Idie CPU utlization value.

Target Utiization

Analysis Configuration
Grouping: Function / Call Stack

Collection Log Summary = Bottom-up

Caller/Callee  Top-down Tree  Platform

Function / Call Stack

BmnNewFieldMap::Fieldinterpolate
func@0x7ec0

__libc_malloc

func@0x7fds0
TGeoVoxelFinder::GetNextCandidates
BmnKalmanFilter:RK40rder

[Kernel dynamic code]
BmnFieldMap::Interpolate
TGeoVoxelFinder::GetCheckList
func@0x81b80
BmninnerTrackingRun7::MatchHit
__logf_finite

BmnKalmanFilter: RK4TrackF xtranolate

O: <+

root.exe (TID: 16365)

k=]
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CPU Time ¥ Instructions Retired Microarchitecture Usage *
34,4665 | 8,907,300,000 17.0% |
12.549s 123,796,200,000 55.5%

9.843s 58,119,600,000 33.9%
8.255s @ 69,270,300,000 48.7%
7.212s @@ 60,776,100,000 45.5%
6.5385 62,492,100,000 51.6%
6.290s @@ 55,677,600,000 53.8%
6.094s @@ 4,973,100,000 14.0%
5.693s @ 80,873,100,000 86.1%
5.147s @ 45,177,000,000 455%
40275 @ 20,552,400,000 31.0%
3.4925 @ 18,539,400,000 30.2%
3.2655 24,987,600,000 51.0%
32525 A 20.898.900.000 50.1%

40s

B0s 100s 120s

140s
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Dynamic analysis displays hotspots
of the BmnRoot reconstruction
modules.

Optimization is in progress.

Analysis Configuration  CollectionLog Summary Bottom-up  Caller/Callee  Top-down Tree  Platform  BmnKalmanFiltercxx x  BmnNewFieldMap.cxxc

Assembly LI .
Source ¥ CPU Time: Totas | CPU Time: Self
eturn KFALS
o iy
9 R el
70 dx
1 KTRUE
77| Double_t BanNewFieldwap::FieldInterpolate(TarrayF* fcomp, Double_t x, Double_t y, Double_t z) { 0.2% 12425
Kl Int_t ix = 0; 0.0% 03125
79 Int_t iy = o; 0.0°
80 Int_t iz = 0; 0.0°
81 Double_t dx 0.0% 0. s
82 double_t dy 0.0 00565
83 Double_t dz 0.0% 02805
84
85 if (IsInside(x, y, 2, ix, iy, iz, dx, dy, d2)) { 0.3% 23685
86 fHa[0][0](0) = foomp->At(ix * fNy * fNz + iy * fNz + iz); 0.3% 21525
87 fHa(1) (0] () = feomp->At{(ix + 1) * fly * fiiz + iy * fiz + iz); 0.2% 18245
88 fHa[0][1](0) = fcomp->At(ix * fNy * fNz + (iy + 1) * fNz + iz); 0.2% 16908
89 fHa(1](1](0) = feomp->AT((ix + 1) * fNy * fliz + (iy + 1) * fhz + iz); 0.2% 19005
90 fHa[@](e][1) = fcomp->At(ix * fNy * fNz + iy * fNz + (iz + 1)); 0.2% 1.4225
a1 fHa[1][0]1(1] = foomp->At((ix + 1) * fNy * fliz + iy * fiiz + (iz + 1)); 0.2% 17325
92 fHa[6][11(1) = foomp->At(ix * fiy * fiiz + (iy + 1) * fiz + (iz + 1)); 0.2% 1.6685
93 | fHa[1][1][1) = fcomp->At{(ix + 1) * fNy * flNz + (iy + 1) * fiz + (iz + 1));
91
95 return Interpolate(dx, dy, dz); 0.2% 14645
£
97 return 0.; 0.1% 06435
0.2% 13225
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First experience with PROOF
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PROOF (Parallel ROOT) — distributed [ == | —
parallel analysis framework based on e e

ROOT.

1000000000 events (0.00 ME)
;200996180 evis'sec (0.0 MB'sac)

I Close dialog when processing ks compieto

Show Logs Periormanca plot Ensble speadomelsr

PROOF-Lite is a version of PROOF
optimized for multicore desktops and
laptops.

In progress.
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QA porting on JSROOT
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¢ @ D fle:momessnemnyuginbmnrosUmacro/run/QARracking_qa htmi

Number of events: 461
Mean multiplicity: 132

Development and implementation of ——————

Monte Carlo track with at least 4 Monte Carlo points in GEM

modified version of QA (Quality Assurance).

ith at least 4 hits in GEM and 60% of them corrosponded the same MC-track

Clon

Twe or more reconstructed tracks with reforence te the same MC track. The number of clancs is subtracted from number of goad tracks before efficiency calculation.

Previous version of QA is based on static e TR R

Average time of Vertex Finder: 34.7 ms/event

html_pages . tracking_ga: DI of Impact and

Impact parameter Muttiplicity Impact_Mult

il

New version is based on more functional and
convenient JSROOT.

Counter
LamamEa s

vQARracking_qa.html

JSROOT (JavaScript ROOT). The JSROOT
project intends to implement ROOT graphics
for web browsers. Reading of binary ROOT
files is supported. Successor of the JSRootIO
project.

Source and short User Guide are available.
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2 ing_ga: D stion of MC-tracks. reco-tracks, fakes and clones vs P_sim per ew - a x
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Thank you

for attention!

Sergei Nemnyugin

snemnyugin@mail.ru




