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Monte Carlo simulation, event reconstruction for both simulated and real data, data analysis
and visualization are planned to be performed by an object oriented C++ toolkit SPDroot. It is
based on the FairRoot framework initially developed for the FAIR experiments at GSI Darmstadt
and partially compatible with MPDroot and BM@Nroot software used at MPD and BM@N,
respectively.

The SPD detector description for Monte Carlo simulation is based on the ROOT geometry while
transportation of secondary particles through material of the setup and simulation of detector

Pythia6 and

response is pr y GEANT4 code. The standard multipurpose gene

Pythia8 as well as specialised generators can be used for simulation of primary nucleon-nucleon

collision.

« GIT Repository

SpdRoot - nakeT nporpamMmm, KOTOpbIN cNocobeH
BbINOSTHATb MOAENMpoBaHue cobbiTuin metogom MoHTe-
Kapno, pekoHCTPYKLUMIO, aHanus3 n Bu3yanmsaunio
cobObITUN.

YTBEp)KAAETCS, YTO PEKOHCTPYKLUMNSA paboTaeT
MeaneHHee oXxuagaeMblx ckopocten 06paboTkm
cobbITUS.

AKTyarnbHbIM BONPOCOM 3TOro NpoekTa ABMASIETCS MOMCK
Y3KMX MECT B MICXOAHOM KOAe nporpaMmmbl 1
AarnbHenee NoBblLEeHNe CKOpOCTM 06paboTkm n
9(pbPEKTMBHOCTN NCNONb30BAHNS BbIYNCINTENBHbIX
pecypcos.



Llenb paboThl

Llenb paboTbl: HAaNTK y3Kne MecTa npouecca PEKOHCTPYKUUM CODbITUN B

ncxogHom koge SpdRoot.

3apauu:
ans PYHKUWIA PEKOHCTPYKLNN N3MEPUTD:
e 3aTpadnmBaeMble PeCypChl;

® BpeM4A BbINOJIHEHUA.
|/|3y‘-II/ITb BITMAHNE TUIMa NoJ1A Ha CKOPOCTb PEKOHCTPYKUUMN.



CTek TexHonormm

[alxdid@ncx104 ~]$ perf

usage: perf [--version] [--help] [OPTIONS] COMMAND [ARGS]

The most commonly used perf commands are:
annotate Read perf.data (created by perf record) and display annotated code
archive Create archive with object files with build-ids found in perf.data file
bench General framework for benchmark suites
buildid-cache Manage build-id cache.
buildid-list List the buildids in a perf.data file
c2c Shared Data C2C/HITM Analyzer.
config Get and set variables in a configuration file.
data Data file related processing
diff Read perf.data files and display the differential profile
evlist List the event names in a perf.data file
ftrace simple wrapper for kernel's ftrace functionality
inject Filter to augment the events stream with additional information
kallsyms Searches running kernel for symbols
kmem Tool to trace/measure kernel memory properties
kvm Tool to trace/measure kvm guest os
list List all symbolic event types
lock Analyze lock events
mem Profile memory accesses
record Run a command and record its profile into perf.data
report Read perf.data (created by perf record) and display the profile
sched Tool to trace/measure scheduler properties (latencies)
script Read perf.data (created by perf record) and display trace output
stat Run a command and gather performance counter statistics
test Runs sanity tests.
timechart Tool to visualize total system behavior during a workload
top System profiling tool.
version display the version of perf binary
probe Define new dynamic tracepoints
trace strace inspired tool

See 'perf help COMMAND' for more information on a specific command.

pandasmatpltlib



MeToa noucka - npounmpoBaHme

[MpodhunupoBaHue ncnonb3yerca angd
HabnogeHus 3a BbINONIHEHMEM NPOrpamMmbl
ansa cbopa gaHHbIX O pasfnnYHbIX acnekTtax,
TaKux Kak:

- BpPEMS BbIMOSTHEHUS,;

- 3aTpayvBaeMble PecypChbl.

Llenb npodunmpoBaHna — HanTu y3kue
MecTa unmn obnacTu, rge nporpaMmma MOXeT
ObITb ONTMMU3MpPOBaHA 45 MNOBbILWEHNS €€
9 PEKTMBHOCTU N NPON3BOANTENBLHOCTMW.




perf kak MHCTPYMEHT AN aHanm3a Nnpon3BoaANTENbHOCTY
I_IO [alxdid@ncx104 ~]$ perf

usage: perf [--version] [--help] [OPTIONS] COMMAND [ARGS]

perf - UHCTPYMEHT NpodunupoBaHms,
o The most commonly used perf commands are:
KOTOpblM npeﬂ'Ha3HaL‘|eH ﬂ'nﬂ CnctemM Ha annotzte g Read Eer-F.data (created by perf record) and display annotated code

archive Create archive with object files with build-ids found in perf.data file

6a3e LanX I_IpeMMyLL"eCTBa bench General framework for benchmark suites

buildid-cache Manage build-id cache.

- I'IpOCTOl7I VIHTepCbePIC KOMaHﬂ,HOﬁ buildid-list  List the buildids in a perf.data file

c2c Shared Data C2C/HITM Analyzer.
config Get and set variables in a configuration file.
CTpOKM data Data file related processing
_ \ diff Read perf.data files and display the differential profile
6oraTb|M beHKU.MOHan evlist List the event names in a perf.data file
ftrace simple wrapper for kernel's ftrace functionality
inject Filter to augment the events stream with additional information
kallsyms Searches running kernel for symbols
,D,J'IFI aHaln3ia I'IpOI/I3BO,EI,I/ITeJ'IbHOCTI/I kmem Tool to trace/measure kernel memory properties
kvm Tool to trace/measure kvm guest os
SpdRoot ncnone3osanuck Takmne perf - list List all symbolic event types
Tlock Analyze lock events
KOMaH'D'b| KaK mem Profile memory accesses
record Run a command and record its profile into perf.data
- report Read perf.data (created by perf record) and display the profile
perf record sched Tool to trace/measure scheduler properties (latencies)
_ script Read perf.data (created by perf record) and display trace output
perf report stat Run a command and gather performance counter statistics
test Runs sanity tests.
- perf prObe timechart Tool to visualize total system behavior during a workload

top System profiling tool.

version display the version of perf binary
probe Define new dynamic tracepoints
trace strace inspired tool

See 'perf help COMMAND' for more information on a specific command.



XapakTepucTtuku B criydae nonsa 1/8 obuiero obbema.

SpdFieldMapl 8 *MagField = new SpdFieldMapl 8("full map");
MagField->InitData("field fulll 8.bin");

SpdRegion *reg = MagField->CreateFieldRegion("box") ;
reg->SetBoxRegion (- , , - , , - , )Y, //

(X,Y,Z2) (min,max), cm

run->SetField(MagField) ;



XapakTepucTtuku B criydae nonsa 1/8 obuwero obbema.
3aTpavynBaemMble pecypchl

RKMatrix functions

SpdRoot functions
Root functions

C++ functions

<=0.5% overhead reconstruction functions



SpdRoot functions (27.5%) top CPU users

6.97% genfit::RKTrackRep::RKPropagate - crapein anroputm (2013) 4acTb
GENFIT. Okctpanonsuus metogom PyHre-KyTTa, MHOro onepauuin ¢ MmaTpuuamu.
5.60% SpdFieldMap1_8::Approx_0 - dyHKUMSA COCTOUT N3 NEPEMHOXEHUSA U
CITOXKEHUSI BEKTOPOB U MaTpuy

2.14% SpdFieldMap1_8::FindCell - nonck s4einku B rnosie KOTOPOn NPUHaAONEXNT
TO4YKa

1.61% SpdFieldMap1_8::GetField - Bo3BpallaeT 3HayeHme Nonst B TOUKE

1.52% SpdBoxRegion::IsInside - npoBepka HaxoguUTCA N1 ToYKa BHYTpU
obnacTn BOKpyr ToYKu (r,z)



XapakTepucTtuku B criydae nonsa 1/8 obuwero obbema.
Bpems BbINONTHEHNS

UpdateField 4.14
SymmetryHelper 4.26
Stepper
RKPropagate

QR {0.12

NoiseCoulomb 40.29
IsinsideRegion
Isinside

GetLowlestLimitval Jll1.66
GetFieldVal
GetField
FindNextBoundary

FindCell 4.04

Extrap
EstimateStep
Approx_0

55.1

20.35

8.03

39.29

12.07

87.87|

81.93
3.53

5.0
6.47

20 40
Time, %

60 80

UpdateField
SymmetryHelper
Stepper
RKPropagate

QR

NoiseCoulomb
IsinsideRegion
Isinside
GetLowlestLimitVal
GetFieldVal
GetField
FindNextBoundary
FindCell

Extrap
EstimateStep
Approx_0

1.53

0.0

0.2 0.4 0.6 0.8 1.0
Calls, num (1e6)

1.2 1.4 1.6
le6

Total time = 124,0379 sec
(c y4uéTOM 3aTparT Ha perf)



XapaKTepMCTI/IKI/I B CJiydae KOHCTaHTHOIO MNOJiA

SpdConstField* MagField = new SpdConstField() ;

MagField->SetField (0., , ); // kG

SpdRegion* reg = 0;

reg = MagField->CreateFieldRegion ("tube™) ;
reg->SetTubeRegion (0, , - , ); // (R,Z) (min,max),
cm

run->SetField(MagField) ;



XapaKTepUCTUKN B criydae KOHCTAHTHOrO Morisi.
3aTpavynBaemMble pecypchl

RKMatrix functions

SpdRoot functions

Root functions

C++ functions

<=0.5% overhead reconstruction functions



XapakTepuUCTUKMN B clnyyae KOHCTAaHTHOro nons. Bpems

BbINOJIHEHUA

4.22

UpdateField
4.28

SymmetryHelper
Stepper
RKPropagate
QR 10.12
NoiseCoulomb 0.27
IsinsideRegion
Isinside 8.1
GetLowlestLimitval ll1.67
GetFieldVal
GetField
FindNextBoundary
FindCell 4.08
Extrap
EstimateStep
Approx_0

55.9
89.0

20.59

83.01
74.53

3.01
77.54

12.21

UpdateField
SymmetryHelper
Stepper
RKPropagate

QR

NoiseCoulomb
IsinsideRegion
Isinside
GetLowlestLimitVal
GetFieldVal
GetField
FindNextBoundary
FindCell

Extrap
EstimateStep
Approx_0

0.0

2.5

0.5 1.0 1.5 2.0
Calls, num (1e6) le6

Total time = 205,3638 sec
(c yd4éTom 3atpart Ha perf)



3akrno4dyeHune

e PasHble BMAObLI Nofien oKasbiBalT BIMSHME HA CKOPOCTb PEKOHCTPYKUWUWU, HO
NPOLEHTbl BpeMEHU paboTbl PYHKUMIN OOCTAaTOMHO BIN3KM B pasHbIX cny4vasix.

e HabntogaroTcs pasnnuuns B KONMYECTBE BbI30BOB DYHKLINNA.

e Root - pyHKUMKN 3aHMMalOT BorblLEe PECYPCOB B Cllydae KOHCTAHTHOro nonsi.

[naHbI:
e [lonyuntb 6onblle CTAaTUCTUYECKMX [OdaHHbIX Ha OofnblieM Konm4yecTBe
COObITUM N H Ha APYrMx Buaax MarHUTHbIX MONen.
e Y[OOCTOBEPUTLCH, YTO NAapaMeTpbl MO BNUAIOT HA CKOPOCTb PEKOHCTPYKLNMN.



Cnacunbo 3a BHMMaHue!



