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Performance Monitoring

e Benchmarking for new releases

e CPU time per event

 total memory per run

e Profiling
e fraction of CPU (incl/exclusive)
 memory footprint (caller/ee)
e call graph

e Multi-threaded Geant4 applications
 event throughput (scalability)

* memory reduction




Review of Tools and Metrics
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e Many other metrics
added 1n 2013
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Newly added 1 2013 (I)

 Number of tracks and steps: a probe whether changes come
from physics or geometry: 9.6.r08 H —Z7Z — proposed by
Andrea Dott1 and et. al.

‘Name Particle ‘Mean ‘Sigma ‘an ‘1!40!1&11 ‘Median ‘3;‘40!1;111 ‘I—[igh

il INstep e- 11.9778e+07 [5.6091e+05|1.8313e+07 |1.9417e+07 [1.9810e+07 [2.0209e+07 [2.0880e+07
2 INstep e+ 12.5875e+06 (1.3751e+05 |2.2888e+06|2.4932e+06|2.5858e+06 [2.6836e+06 [2.8880e+06
3 INstep gamma [1.7243e+07 [4.4169e+05 |1.6055e+07 [1.6965e+07 [1.7277e+07 [1.7575e+07 (1.8090e+07
4 Nstep N 16.9322e+06|7.3576e+05 |5.0607e+06 |6.5515e+06 (6.9993e+06 |7.4629e+06 [8.2740e+06
5 INstep other |4.5789e+05 [4.8833e+04 |3.2580e+05 [4.3315e+05 [4.6698e+05 [4.9359e+05 [5.5189e+05
6 INstep p 3.2442e+05|3.4520e+04 [2.3436e+05 [3.0640e+05 |3.2843e+05 [3.4824e+05 [3.8762e+05
7 INstep pi- 13.9692e+04 |4.4008e+03 [2.8175e+04 [3.6604e+04 |4.0667e+04 [4.2487e+04 [4.8680e+04
8 INstep pi+ 4.1951e+04 |4.8321e+03 2.8484e+04 [3.9159e+04 [4.2472e+04 |4.5721e+04 (5.1143e+04
9 INtrack e- 11.4937e+07 (3.7792e+405(1.3913e+07 |1.4704e+07 [1.4963e+07 |1.5204e+07 |1.5657e+07
i INtrack e+ 13.4911e+05 (1.4789e+04 3.1472e+05 |3.3933e+05 |3.4963e+05 |3.5965e+05 |3.7989e+05
11 INtrack gamma [4.5984e+06 [1.3902e+05 |4.2423e+06 [4.5084e+06 [4.6067e+06 [4.7058e+06 [4.8740e+06
12 INtrack N 12.2891e+05|2.4509e+04 |1.6608e+05 |2.1592e+05(2.3134e+05 [2.4540e+05 [2.7317e+05
13 INtrack other [3.0140e+05 [3.1920e+04 |2.1909e+05 |2.8400e+05 [3.0490e+05 [3.2287e+05 |3.5925e+05
4 INtrack p 18.7835e+04 (9.3151e+03 [6.3879e+04 [8.3146e+04 [8.8513e+04 [9.4045e+04 [1.0534e+05
115 INtrack pi- [2.8052e+03[3.0957e+02 [2.0320e+03 2.6150e+03 |2.8835e+03 [3.0210e+03 [3.3890e+03
116 INtrack pi+  [3.1007e+03[3.5035e+02[2.1550e+03 [2.8650e+03 [3.1190e+03 |3.3800e+03 [3.7600e+03

T 10% asymmetry?

Sept. 24, 2013 Performance Tools and Results



Newly Added (1I)

e Performance by Physics List for major releases :

1,5, 10, 50 GeV pions (cmsExp) — proposed by A
50 GeV Pion- (cmsExp)

CPU Time Ratio PhysList/FTFP_BERT
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Event Number

Count

New Added 2013 (11I)

 Memory usage: statm (vsize/rss/shared)
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Newly Proposed 1n 2013 (IV)

e Initialization time — proposed by Makoto

e measure performance for the initialization and the event loop separately
 application specific (number of materials, physics list, particle type)

 1nitialization time of SimplifiedCalo (~4 sec) and cmsExp (~100 sec)

Init Time - SimplifiedCalo pi-.FTFP_BERT.50.4 Init Time - cmsExp pi- E50 FTFP_BERT
p— 6 [— I | E—— 1 p— I I I
§ —«—— AMD Opteron 6128 @2.00 GHz § 140 —| —+ AMD Opteron 6128 @2.00GHz |~ o
© "
£ £
= 5 N = 120 —- —
= [
2 ke
© ©
N N
E S 100 : —
R . . S - . : :
3 1
60 (I I —
9.6.107 9.6.r08 9.6.r09 9.6.r06 9.6.107 9.6.r08 9.6.109
Geant4 Version Geant4 Version

Sept. 24, 2013 Performance Tools and Results 7



Preliminary Performance of Geant4MT

| Event Throughput - 50 GeV | Speedup Efficiency - 50 GeV
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Plan to add Xeon Phi1 for benchmarking MT

e The Phi cluster at Fermilab

e 4x12 cores Intel E5-2620
SErvers

e 16 Intel Xeon Phi 5110P
accelerators (4 per server)

« QDR Infiniband e

QDR
Infiniband

 Performance consideration

e c¢vent throughput of MT

* memory requirement FNAL
. i Public Private
e compiler dependency (icc) Ethernet Ethernet

e (TBB application)

Sept. 24, 2013 Performance Tools and Results 9



CPU Time Ratio <9.6.X/9.6>

Sumary: Geant4 9.6 Reference Releases
Toward multi-threading capability since 9.6.ref02
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Geant4 Version Geant4 Version

Compared to the pre-MT releases (H->Z7)
e 5% degradation up to ref-08 (mostly driven by hadron physics)

e 30% improvement of the CPU performance in ref-09 1s mainly driven
by applyCuts in G4EmStandardPhysics

* 1ssues in total memory counts in ref-04, ref-08, ref-09?



Pertormance Tools for Geant4-MT

e Requirements
e Support parallelism and multi-threaded applications
e Transparent instrumentation (applicable on binaries)
e Light time overhead and precision of measurement
* Advanced analysis (tracing, callgraph)
e Metrics for multi-threaded applications
* speedup (event throughput, scalability)
* memory (reduction, instruction/data cache miss, TLB miss)
e [/O (hits)

e Platform dependence: architecture (multicore, MIC) and
memory model

Sept. 24, 2013 Performance Tools and Results
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Pertformance Tools Considered

e Community infrastructures: PAPI

e Open source integrated tool kits reviewed
e HPCToolkit (Rice Univ.)
e Open|SpeedShop (Krell)
 TAU (Univ. of Oregon)
e Licensed tools (not reviewed), but possible used for MIC

e Intel: VTune Amplifer XE, ITAC
e Allinea (DDD and MAP)

Sept. 24, 2013 Performance Tools and Results
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PAPI (Performance API)

e A standard API to access
hardware performance
counters

e Relation between software
performance and processor
events

Vendor HW/
Kernel Extension

OSIKERNEL \ e Event metrics : platform
specific metrics, cache
s R hit/miss, TLB miss, Flops,

CATIONS
L3 s
T

. =
-~

S!muum., " EIIE LA power consumption
' (MuMMI)
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Open|Speedshop

Comprehensive performance analysis for sequential,
multithreaded, and MPI applications

The base functionality includes

sampling experiments

support callstack analysis

hardware performance counters
multi-threaded, MPI profiling and tracing

floating point exception analysis

GUI and CLI (command line instruction)

Almost ready to support MIC

Sept. 24, 2013 Performance Tools and Results
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Detault View and Stats Panel

Open|SpeedShop

File Tools Help
() User Time [1] | A Toolbars — W E =
Process Control 3

Top Functions _
= Run | Cont | Pause 3 Update B Terminate
!Up-date the display with the current information. | *
Status:an:-ce.;s Loaded: Click on the "Run” button to begin the experimgnt.
[ Stats Panel [1] | [ ManageProcessesPanel [1] | B OO x
_ _ View/Display Chojce
T ﬁﬂ@@ﬁﬁﬁ&ﬁbﬁﬁai’ﬁhfimmmmmm {

Executables: /home/syjun/g4p,/test/openss,/cmsExpMT,/bin/cmsExpMT Host: cluck.fnal.gov Pids: 1 Threads: 3V \

y.4 AN ]

% of Total Exclusive CPU Time [ gy cjusive CPU time] Inclusive CPU time| % of Total Exclusive CPU Time i

16171 12855 105. 742855 11.216171 __tls ger_addr (/1ibo4/1c
128103 05485712 05.485712 10.128193 __ieee?54 log (/lib64/libm-2.12.s0)
—56.685713 56.685713 6.012668 __ieee754 exp (/1ib64/libm-2.12.50)
6.012668 —44.771428 62.885713 4.748917 G4HadronCrossSections::CalcScatering Cross3ectio
—30.914285 156.999397 3.279086 G4CrossSectionDataStore: :GerCrossSection (Yhome/s
4748017 — 20, 400000 64.571427 2.163833 G4ElasticHadrNucleusHE: :HadrNucDifferCrSec (/hq
- 16.028571 47514285 1.700155 G4Navigator::LocateGlobalPointAndSetup (/homefsy
3.279086 L 15.400000 15.400000 1.633482 j
—12.571428 62.085713 1.333455
Rl L 11.885714 14.371428 1.260721
|
Command Panel B [ O =
openss= =
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Profiling Output (Text-based)

Open|SpeedShop (osspcsamp)

Geant4.9.6.r07 cmsexpMT

Sample Energy Sequential Multi Thread

5 GeV S1 11 T2 T4 T8 T16 T32
Electrons

50 GeV S1 T1 T2 T4 78 T16 T32

5 GeV Sl [1 T2 T4 T8 T16 132
Pions

50Gev | s1) ( T1 Y2 14 T8 T16{T32)
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CPU time
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140,
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7l.
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.410000
.380000
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78
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850000
550000

E00000
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510000
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690000
510000
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ol e el el i el el el =T =R SR SR N ST I R Y o

of CPU
Time
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579064
935878
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052642
.999893
.829668
. 749397
516484
482846
4016
.390853
. 284845
. 240759
236172
218334
175523
135770
106210
. 003514
.003514
001730
987715

Function (definingAocation)

ieee754 log (libm-2.12.s0)
cnsExpMagneticField: :GetvolumeBase
GiNavigator::LocateGlobalPointAndg
G4CrossSectionDataStore: : GetCrossy

_ leee754_atan2 (libm-2.12.s0)
G4PhysicsVector: :Value (libGdgloba

ieee754 _exp (libm-2.12.s0)
G4PhotolluclearCrossSection: : GetIsg
G45teppingManager: :DefinePhysicalg
CLHEP: :RanecuEngine; :flat (1ibG4c]
GATransportation: :AlongStepGetPhys
G4HadronCrossSections: :(alcScatte
GiNavigator::ComputeStep (l1bG4ged
G4SteppingManager: :Stepping (11ibG4
G4CrossSectionDataStore: : GetIsoCry
G4Voxelllavigation: :ComputeStep (11
G4BGGNucleonInelasticks: : CoulombFy
G4PhysicsLogVector: : FindBinLocatid
GiNavigationLevel: :~G4NavigationLe
GACrossSectionDataStore: : GetCrossy
G4Mag_UsualEqRhs: :EvaluateRhsGiven
G4SteppingManager: : InvokePSDIP (11
G4ClassicalRK4: :DumbStepper (1ibG4

G4EnhancedVecAllocator<G4Navigatiyg
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Time
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Function tdefin:;;~1:5§;3nﬂ4\

__ieee754 log (1libm-2.12.s0)
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__1eee754 _exp (libm-2.12.s0)

__1eee754_atan2 (1ibm-2.12.sd
G45teppingManager: : DefinePhys
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CLHEP: :RanecuEngine: :flat (11
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GiNavigator: :ComputeStep (11h
GiVoxelNavigation: :ComputeSts
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G4CrossSectionDataStore: :Get(
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GiNavigationLevel : : ~G4Navigat
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G4EnhancedVecAllocator<G4Nav]

B
CPU tim

usive % of CPU

seconds,
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4220,
4173,
3324,
2978,
2641,
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410000
2036.
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1787.
.460000
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GIPropagatorInField: : Computed
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Time

455208
. 280722
. 243832
.584449
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Function (defining location)

cmsExpMagneticField: :GetVolumeBaseBfield (cmsExpMT)
GiNavigator::LocateGlobalPointAndSetup (libGAgeometr
__1eee754 log (libm-2.12.s0)
G4CrossSectionDataStore: : GetCrossSection (1ibGdproce
G4PhysicsVector::Value (1ibG4global.so)

_ 1eee754 atan2 (libm-2.12.s0)

_ leee754_exp (libm-2.12.s0)
G4SteppingManager: :DefinePhysicalSteplength (libGdtr
G4PhotoluclearCrossSection: :GetIsoCrossSection (11bC
CLHEP: :RanecuEngine: :flat (libGdclhep.so)
G4VoxelNavigation: :ComputeStep (libGdgeometry.so)
G4CrossSectionDataStore: : GetIsoCrossSection (1ibGdpr
G4HadronCrossSections: :CalcScatteringCrossSections |
G4Transportation: :AlongStepGetPhysicalInteractionLer
G4Navigator::ComputeStep (libG4geometry.so)
G4CrossSectionDataStore: :GetCrossSection (1ibGAproce
G4BGGNucleonInelasticXS: :CoulombFactor (libGAprocess
G4SteppingManager: :Stepping (libGdtracking.so)
G45teppingManager: : InvokePSDIP (1ibG4tracking.so)
G4PhysicsLogVector: :FindBinLocation (1ibG4global.so)
G4Mag UsualEqRhs: :EvaluateRhsGivenB (libG4geometry.s
GiEnhancedVecAllocator<G4NavigationLevel=: allocate
GiNavigationLevel::~G4NavigationLevel (libG4geometry
G4PropagatorInField: :ComputeStep (libGdgeometry.so)
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HPCToolkit

e Overview of HPCTOOLKIT tool’s work flow (from manual)

compile & link

source optimized
code - binary

presentation

[hpcviewer/

hpctraceviewer]

profll_e call path
execution .
profile
[hpcrun]
binary
. program
analysis %@
[hpestruct]
interpret profile <
database correlate w/ source
[hpcprof/hpcprof-mpi] <

e Code centric view, GUI and text-base flat profile

e Supporting performance analysis of heterogeneous architecture

Sept. 24, 2013
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HPCToolkit: hpcviewer

hpcviewer: cmsExpMT

{on cluck.fnal.gov)

File View Window Help
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Thread
" Calling Context View | %, Callers View |}z, Flat View 2 =8
|a = |« 6w W F A A
Scope PAPI_TOT_CYC:Sum (I} | PAPI_TOT_CYC:Sum (E) | PAPI_L2_DCM:Sum (1) | PAPI_L2 DCM:Sum (E) | PAPI_L1_DCM:Sum{l) | PAPI_L1 _DCM:Sum (E) |
VL S Z O] [ 23] CUaU TTOaaIe TG USRS y ar LiomeTIE U%.Us ST ooETUs us o oL ooETUD Tz o 5 rUou o TrusET IO vo o TisoETUT UL ow
P [c:4575][f: 4575] Load module /mnt/diskl/syju 1.51=+12 83.6% T.32e+10  4.1% 8.29=2408 B1.6% 1.45=2+407 1.4% 1.0Z2=+10 94.2% 5.44=408 5.0%
P [€:13376] [f: 13376] Load module /mnt/diskl/sy 5.09=+11 28.2% 3.73=+11 20.7% 4.68=+08 46.1% 4.04=+08 39.7% 3.90=+09 36.0% 3.23=409 29.8%
I [c:17761] [f: 17761] Load module jflib64/libm-2.3; 3.35=+11 18.6% 3.35=+11 18.6% 7.90=407 T.5% 7.90=+07 7.8% 7.51le+08 6.9% 7.51=+08 &.9%
= [c:17951] [f: 17951] Load module /liba4/d-2.12. 2.55=+11 14.1% 2.55=+11 14.1% 8_45=4+07 8. 3% 8.452+07 B8.3% 1.29=4+09 11.9% 1.29=409 11.9%
= [€:17952] [f: 17952] ~unknown-file~ 2.55=2+11 14.1% 2.55=2+11 14.1% 8.45=+07 8.3% 8.45=+07 B.3% 1.29=409 11.9% 1.259=409 11.9%
v [c:96] [f: 17953] __tIs_get_addr L55=+11 .55=+11 1. il
b [c:67948] [f: 17965] _dI_allocate_tls 4.00=+07 0.0%
P [c:17955] [f: 17955] bsearch.c 1.10=+08 0.0% 7.00=+07 0.0% 5.00=+05 0.0%
P [c:17962] [f: 17962] dl-lookup.c 4.00=+07 0.0% 4.00=+07 0.0% 5.00=+05 0.0% 5.00=+05 0.0%
I+ [c:16728][f: 16728] Load module jmnt/diskl/sy 5.21=+10 2.9% 4.01=+10 2.2% 2.752+07 2.7% 2.252+07 2.2% 2.862+08 2.6% 2.43=408 2.2%
I [c:12549] [f: 12549] Load module /mnt/diskl/sy: 4.99=+10 2.8% 3.752+10 2.1% 1.652407 1.6% 1.20=+07 1.2% 6.00=+08 5.5% 4.61=408 4.2%
b Fe memamllE acmmmd a T P Ll 4
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TAU (Tuning Application Utilities)

e Dynamic, compiler based, source based Instrumentation

e Analysis tools

e ParaProf
* PerfExplorer

e Tracer (Jumpshot, vampir)

e Various built-in graphical presentations
» Advantage/disadvantage: compiler/source-based instrumentation

e Direct contact to experts/developers (B. Norris (@Oregon)
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Summary

e Geant4 performance monitoring has been continuously
deployed during the 9.6 release period

e Preliminary performance measurements for multi-threaded
Geant4 applications have been tested

e GPCP task force will continue to look at various tools and
libraries to improve performance profiling and analysis

Your inputs are always welcome!
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