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Introduction

Geant4 multi-threading (Geant4 MT) capabilities

— Event-level parallelism

— Available since 10.0

— Status (see Andrea’s talk in Plenary 7)
Readiness for large-scale computing?
— Validation (not a scope of this talk)

— Performance

Basic performance metrics

— Event throughput (weak scaling)

— Memory reduction

Scopes of this talk

— MT performance on different hardware platforms
— Profiling results



Performance Profiling Experiments

 Application : a standalone CMS detector simulation
— the CMS geometry (gdml)
— a volume based magnetic field map excerpted from CMSSW
— single particle samples (50 GeV pi-,e-) and PYTHIAH - ZZ
— cmsExp (sequential) and cmsExpMT (multi-threading)

* Platform tested for this talk
— Intel Xeon X5650: dual-socket 6-core (total 12 cores), 12GB
— AMD Opertron 6128: quad-socket 8-core (total 32 cores), 64GB
— Intel Xeon Phi 5110P (MIC, Knight’s Corner): 60 cores, 8GB
— Intel Xeon Phi (Knight’s Landing), 64 cores, 96GB+16MCDRAM

 Profiling tools
— OpenlSpeedshop (OSS) v2.2
— Intel VTune Amplifier XE (VTune) 2016



MT Performance on General Purpose CPUs: Intel vs. AMD

» Event throughput = the number of event processed/time

Throughput(Sequential)

Speedup efficiency: e(Nthreads) = Throughput (Nehreads) X Nthreads
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* What to understand (Geant4 10.2.r06)
— MT is (sometimes) faster than sequential
— Degradation as the number of threads increases in AMD



Profiling Comparison: Intel Xeon

* OSS compare: Sequential vs. MT with1 thread (% of time)

— Reported time: 1951 (s1) vs. 1878 (t1) seconds for 1028 events

of 50 GeV pions (10.2.r06)

[openss]: Legend: -c 2 represents db_jntel_pi—_50_3/cmsExpMT—pcsamp.openss
[openss]: Legend: -c 4 represents db_jintel_pi—_s50_g/cmsExp—pcsamp.openss
-c2,% of -c4,% of Function (defining location)
CPU Time CPU Time}j
6.190079 6.168036 G4PhysicsVector::Value(double, unsigned long&) const (
3.899106 3.807265 cmsExpMagneticField::GetVolumeBaseBfield(double constx
3.309547 3.215778 G4Navigator::LocateGlobalPointAndSetup(CLHEP: :Hep3Vect
2.335641 2.266614 _ ieee754_ztan2 (1libm-2.12.s0)
1.707284 1.512450 G4VDlscreteProcess :PostStepGetPhysicallInteractionlLeng
1.568036 1.977405 G4SteppingManager::DefinePhysicalStepLength() (libG4tr
1.484518 1.488923 G4Navigator::ComputeStep(CLHEP: :Hep3Vector const&, CLH
1.404688 1.857006 G4SteppingManager::Stepping() (libG4tracking.so: G4Ste
1.348542 1.255817 G4UniversalFluctuation::SampleFluctuations(G4MaterialC
tl sl

A hint of difference in SteppingManager, but not conclusive
* Need to cross-check the number of steps/tracks (by the
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particle type)




Profiling Comparison: AMD Opertron

« OSS compare: 32 threads vs. 1 thread (% of time)
— Experiment with 1028 events of 50 GeV pions (10.2.r06)

[openss]: Legend: -c 2 represents db amd pi- 50 32/cmsExpMT-pcsamp.openss
[openss]: Legend: -c 4 represents db amd pi- 50 1/cmsExpMT-pcsamp.openss

-c 2, % -c 4, % Function (defining location)
CPU Time CPU Time

t32 tl

5.996050 6.249268 G4PhysicsVector::Value(double, unsigned long&) const
3.835966 3.081700 G4Navigator::LocateGlobalPointAndSetup (CLHEP: :Hep3Vec|
3.777269 4.086459 cmsExpMagneticField: :GetVolumeBaseBfield(double const’
2.354695 0.528181 G4ParticleChangeForTransport::UpdateStepForAlongStep |
2.338718 2.512992 ieee/54 atan2 (libm-2.12.s0)
2.100942 1.179980 G4Navigator::ComputeStep(CLHEP::Hep3Vector const&, CL}
1.708470 1.828667 G4SteppingManager::DefinePhysicalSteplLength() (1ibG4t)
1.639153 1.369797 G4CrossSectionDataStore::GetCrossSection(G4DynamicPar?
1.464572 1.437773 G4VoxelNavigation::ComputeStep(CLHEP: :Hep3Vector cons®
1.423322 1.427549 G4SteppingManager: :Stepping() (libG4tracking.so: G4St¢

 Clear signs of difference in G4Navigator and
ParticleChangesForTransport::UpdateStepForAlongsStep



H-> ZZ: Intel vs. AMD

« Speedup efficiency (e) as the number of threads (10.2.r06)
— The number of events processed = 50 x Nthreads
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Profiling Comparison: Intel Xeon

« OSS compare: Intel sequential vs. MT 1 thread (% of time)
— Experiments with 50 eventsof H > ZZ (10.2.r06)

[openss]: Legend:

[openss]: Legend:

-c2,% of -c4,% of
CPU Time CPU Time
6.315451 6.463411
2.718451 2.977623
2.489600 2.606530
2.327372 2.049718
2.047615 1.520584
1.754896 1.365109
1.731395 1.863428
1.641349 1.640354
1.615017 1.691205
1.563666 1.831518

-C 2 represents db_intel higgs O/cmsExp-pcsamp.openss
-C 4 represents db_intel higgs 1/cmsExpMT-pcsamp.openss

Function (defining location)

G4PhysicsVector::Value(double, unsigned long&) const |
G4Navigator::LocateGlobalPointAndSetup (CLHEP: :Hep3Veci
cmsExpMagneticField: :GetVolumeBaseBfield(double const?
G4SteppingManager: :DefinePhysicalSteplLength() (l1ibG4t:
G4SteppingManager: :Stepping() (libG4tracking.so: G4S5te
G4Transportation::AlongStepGetPhysicallInteractionlLengi
G4UniversalFluctuation: :SampleFluctuations(G4Material(
G4Mag UsualEgRhs::EvaluateRhsGivenB(double const*, dot
G4PolyconeSide: :DistanceAway(CLHEP: :Hep3Vector consté,
G4VDiscreteProcess: :PostStepGetPhysicallInteractionLenc



Profiling Comparison: AMD Opertron

* OSS compare: MT 2 threads vs. MT 32 thread (% of time)
— Experiments with 50xNthreads events of H->ZZ (10.2.r06)

[openss]: Legend:

[openss]: Legend:

-c2,% of -c4,% of
CPU Time CPU Time
6.487911 6.162949
2.878457 3.341192
2.781600 2.523859
1.973615 1.997436
1.961492 1.804446
1.177427 1.735634
0.872323 1.318057
0.749323 1.228093
0.711796 1.712017
0.691357 0.665238

-C 2 represents db _amd higgs 2/cmsExpMT-pcsamp.openss
-C 4 represents db amd higgs 32/cmsExpMT-pcsamp.openss

Function (defining location)

G4PhysicsVector: :Value(double, unsigned long&) const
G4Navigator::LocateGlobalPointAndSetup (CLHEP: :Hep3Ve«
cmsExpMagneticField: :GetVolumeBaseBfield(double consf
G4SteppingManager: :DefinePhysicalStepLength() (1ibG41
G4PolyconeSide: :DistanceAway(CLHEP: :Hep3Vector const{

G4Navigator: :ComputeStep(CLHEP: :Hep3Vector const&, C
G4TouchableHistory: :GetVolume(int) const (libG4digity

G4Navigator::LocateGlobalPointWithinVolume (CLHEP: :Hej
G4ParticleChangeForTransport: :UpdateStepForAlongStep

CLHEP: :RanecuEngine::flatArray(int, double*) (1ibG4cl

» Again hints of difference: adding counters for the number of
steps tracks by the particle type for MT



MT performance: Xeon Phi 5110 (MIC, Knight’s Corner)
« cmsExp on MIC: 5 GeV pi- (Events = 1028 x N-threads)

— 60 cores (4 way hyper-threading), 1.03 GHz, 7.8 GB memory

— Significant scalability loss from N threads = 2 to N threads =4
— Hit memory limit (~7.3 GB available) @ 120 threads

— Need to re-measure throughput with physics samples (threshold for

the memory limit and the maximal cores to utilize)
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MT Performance on KNL

» Performance on Intel Xeon Phi Processor (Knight's Landing )

Number of Events/sec

11

— Developer Edition: Single Socket 1.30 GHz, 64 core

— MEMORY::96GB, 2133MHz DDR4, 16GB MCDRAM memory

— Geant4 10.2.p02 with -xMIC-AVX512

— Experiment with N-threads x1028 Events of 5 GeV pi- (10.2.r06)
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Profiling Results: KNL

* Hotspots with N-threads = 256

Am

<no current project> - Intel VTune Amplifier (on mic.fnal.gov)

11} : S @ | welcome hotspot... X

% Basic Hotspots Hotspots by CPU Usage viewpoint (change) @ Intel VTune Amplifier XE 2016
B8 Collection Log| @ Analysis Target Analysis Type +% Bottom-up |+% Caller/Callee| |+% Top-down Tree | | B Platform
CPU Time : 96946.886s
Total Thread Count: 258 -
Paused Time ~: Os

Top Hotspots

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

Function Module CPU Time

G4PhysicsVector::Value libG4global.so  3105.414s

L_unlock 697 libpthread.so.0  2663.291s

G4SteppingManager::DefinePhysicalStepLength libGatracking.so  2447.038s >+ L u n I O C k/I O Ck

L lock 791 libpthread.so.0  2038.181s — — -

G4VoxelNavigation::LevelLocate libG4processes.so  1976.582s

*N/A is applied to non-summable metrics.

CPU Usage Histogram

This histogram displays a percentage of the wall time the specific number of CPUs were running simultaneously. Spin and Overhead time adds to the Idle CPU usage value.

250s+

200s+

Elapsed Time
Target Utilization

1505

Average CPU Usage

f——————— === ==

100s

50s4

Os- T T T T
0 50 100 150 200 250

Simultaneously Utilized Logical CPUs
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Profiling Results: KNL (N threads = 256)

<no current project> - Intel VTune Amplifier (on mic.fnal.gov)

s z b B @ F @ | welome ‘ hotspot... X =
% Basic Hotspots Hotspots by CPU Usage viewpoint (change) ® Intel VTune Amplifier XE 2016
8 Collection Log| | € Analysis Target Analysis Type | | Kt Summary | BR=lIae Bl «% Caller/Callee | +% Top-down Tree | |BE Platform
Grouping: | Function / Call Stack C>‘ ‘L._ ‘?{ |?]
CPU Time v 4
Function / Call Stack Effective Time by Utilization Spin |Ove. Module
@idle @Poor [Ok @ Ideal [Over e s
P G4PhysicsVector::Value 3105.414s [ 0s  Os libG4global.so G4F
~_L_unlock_697 2663.291s [ | 0s libpthread.so.0

P~ G4GeometryWorkspace::InitialiseWorkspace 0.781s| 0s libG4geometry.so
. G4CrossSectionFactoryRegistry::Instance « G4CrossSectionDataSetRegistry::GetCross 0.128s| 0s libG4processes.so G4
P~ G4lonTable::Getlon 0.061s]| 0s  0s libG4particles.so G4l
. G4CrossSectionFactoryRegistry::GetFactory « G4CrossSectionDataSetRegistry::GetCrc 0.049 | 0s  0s libG4processes.so G4C

= G4MTcoutDestination::Receiy

ibG4global.so G4D

V.U | >
= G4NuclearLevelData::GetLewvel 4PhotonE-/ ratl :GgnerafeGamma« G4 m |- o < libG4processes.so G4
L I
~. G4ParticleTable::WorkerG4Parfic 4 ﬁ 3 o o 440 || t I a | IS eWO rke r libG4particles.so  G4F
|

= G4VModularPhysicsList::ConsfructProcess < G4Ri anagerKemeI Initialize Physics « G4 0.010s s libG4run.so G4\J
R G4MTRunManager ThlsWorkerReady G4WorkerRunManager Runinitialization < G4RunN 0.010s]| 0s  0s libG4run.so G4
o - T B Selected 1row(s):| 2662181s  0s 0s B

[ " " >|

QIQHQ-Qe 50s 100s 150s 200s 250s ) 400s 450s 500s 550s 600s 650s Thread ‘C‘
G4MTRunM... o[ Running
G4MTRunM... duk CPU Time
E G4MTRunM... duk Spin and...
£ |G4AMTRunM... []® CPU Sample
CmMSEXpMT ... CPU Usage
G4VisMana... duk CPU Time
duk Spin and...
CPU Usage

»

| Any Thread $ | Any Modt - M Any Utilizz ¢ | Show inline fu ¢

* _L lock: also called by G4LogicalVolume::initialiseWorker




Profiling Results: KNL (N threads = 256)

<no current project> - Intel VTune Amplifier (on mic.fnal.gov)

a

il ; P & @ | welcome LCTELTTS 'l hotspots-t64 || hotspots-tl hotspots-t128
% Basic Hotspots Hotspots by CPU Usage viewpoint (change) @ Intel VTune Amplifier XE 2016
B8 Collection Log| | € Analysis Target | | © Analysis Type | K Summary  ECREE0InBIY % Caller/Callee | | «% Top-down Tree | |BE Platform
Grouping: ‘ Function / Call Stack S ‘ ‘ e | Q, ‘ ‘ *® ‘
CPU Time v
Function / Call Stack Effective Time by Utilization . |overhead Module
Spin Time | "o
@ I!dle @ Poor [JOk @@ !deal @ Over
> G4PhysicsVector::Value 3105.414s [ 0s 0s libG4global.so
P _L_unlock_697 2663.291s [ | 0s 0s libpthread.so.0
> G4SteppingManager:: DefinePhysicalStepLength 2447.038s [ 0s 0s libG4tracking.so
P_L lock_791 0.259s| 2037.922s 0s libpthread.so.0
> G4VoxelNavigation::LevelLocate 1976.582s [ 0s 0s libG4processes.so
DG4NaV|gator ComputeStep 1691.765s | 0s 0s libG4geometry.so
| ~ G4Naviga Lev | 1580.249 S 0s|libG4geometry.so
b G4NavigationHistory::G4NavigationHistory» G4TouchableHistory::G4TouchableHi 1014.289s [N 0s 0s libG4geometry.so
= G4Navigator::ResetHierarchyAndLocate « G4SteppingManager::SetinitialStep«| 288.389s [l 0s 0s libG4geometry.so
P = G4VoxelNavigation::LevelLocate < G4Navigator::LocateGlobalPointAndSetup 156.392s [} 0s 0s libG4processes.so
= G4NavigationHistory::NewLevel < G4Navigator::LocateGlobalPointAndSetup « G¢ 81.221s]) 0s 0s libG4processes.so
P = G4NormalNavigation::LevelLocate « G4Navigator::LocateGlobalPointAndSetup 39.957s| 0s 0s libG4processes.so
P G4SteppingManagerTStepping 1556.8395 0s 0s libG4tracking.so
T ofitation::AlongStep sicallnfjeractionLen 1499.946s 0s 0s libG4processes.so
ANV IBaEONLeVeEl::operator 6 s icsemenne
P G4Navigator::Locate alPointAndSetup 1423.551s 0s 0s libG4geometry.so
P G4CrossSectionDataStore::GetCrossSection 1390.681s [N 0s 0s libG4processes.so
P G4CrossSectionDataStore::GetCrossSection 1372.006s [N 0s 0s libG4processes.so
> G4Transportation::PostStepDolt 1318.793s [ 0s 0s libG4processes.so
> G4TouchableHistory::GetVolume 1120.922s [ 0s 0s libG4geometry.so
b_ZTWN14G4GeomsSplitterl8G4LVDataE6offsetE 1084.336s [N 0s 0s libG4Tree.so
P cmsExpMagneticField::GetFieldValue 1049.469s (D 0s 0s cmsExpMT
P G4VEmProcess::PostStepGetPhysicalinteractionLength 1024.859s [ 0s 0s libG4processes.so
b G4SteppingManager::InvokePSDIP 962.210s [ 0s 0s libG4tracking.so
o o Selected 1 row(s): 1580.249s 0s 0s '
(< ] [> )| < ] [

| Any Modt © Any Utilizz ¢ | Show inline fu ©

Also seen with N threads = 198 and 128



Geant4MT: Profiling Result ( N threads =128)

<no current project> - Intel VTune Amplifier (on mic.fnal.gov)

® | Welcome hotspot... X =

Intel VTune Amplifier XE 2016

hotspots-t192 || hotspots-t240 | hotspots-t32

#5 Basic Hotspots Hotspots by CPU Usage viewpoint (change) @

B8 Collection Log| | @ Analysis Target| | * Analysis Type| K Summary [R:lIaddnEVl % Caller/Callee |  +% Top-down Tree |BE Platform

Grouping: ‘ Function / Call Stack C‘ "*' ‘ o ‘ \x ‘
CPU Time v i) E
Function / Call Stack Effective Time by Utilization Spin |Ove. Module
@idle @ Poor Ok @ Ideal @ Over e
P G4PhysicsVector::Value 3390.163s (N 0s  Os libG4global.so G4PhysicsVector::Value(double, unsigned long&) ce
P G4VoxelNavigation::LevelLocate 2152.214s [ 0s  0s libG4processes.so G4VoxelNavigation::LevelLocate(G4NavigationHist
P G4SteppingManager::DefinePhysicalStepLer 1982.425s (D 0s  0s libG4tracking.so  G4SteppingManager::DefinePhysicalStepLength(vi
> G4Navigator::ComputeStep 1729.079s (D 0s 0s libG4geometry.so G4Navigator::ComputeStep(CLHEP::Hep3Vector ¢
P G4Navigator::LocateGlobalPointAndSetup | 1611.797s (D 0s  0s libG4geometry.so G4Navigator::LocateGlobalPointAndSetup(CLHEP:
> G4VoxelNavigation::ComputeStep 1539.468s (D 0s  0s libG4geometry.so G4VoxelNavigation::ComputeStep(CLHEP::Hep3Ve
> G4SteppingManager::Stepping 1534.654s (D 0s  Os libG4tracking.so  G4SteppingManager::Stepping(void)
P G4Transportation::AlongStepGetPhysicalinte 1345.532s (D 0s  0s libG4processes.so G4Transportation::AlongStepGetPhysicalinteractio
P G4CrossSectionDataStore::GetCrossSectior 1335.156s (NN 0s  0s libG4processes.so G4CrossSectionDataStore::GetCrossSection(G4Dy
P cmsExpMagneticField::GetFieldValue 1286.392s (D 0s  0s cmsExpMT cmsExpMagneticField:: GetFieldValue(double const
P G4CrossSectionDataStore::GetCrossSectior 1188.682s (D 0s  0s libG4processes.so G4CrossSectionDataStore::GetCrossSection(G4Dy
P G4Transportation::PostStepDolt 1186.3265 (D 0s  0s libG4processes.so G4Transportation::PostStepDolt(G4Track const&, ¢
P G4ParticleChange::Checklt 1156.319s (N 0s  Os libGatrack.so G4ParticleChange::ChecklIt(G4Track const&)
| P G4NavigationLevel::operator= ‘l 1152.856s (D 0s  0s libG4geometry.so G4NavigationLevel::operator=(G4NavigationLevel
D G4SteppingManager:: InvokeAlongStepDoltP| 963.024s (D 0s  0s libG4tracking.so  G4SteppingManager::InvokeAlongStepDoltProcs(vi
P G4SteppingManager::InvokePSDIP 946.570s (D 0s  0s libG4tracking.so  G4SteppingManager::InvokePSDIP(unsigned long)
P G4TouchableHistory::GetVolume 933.528s (D 0s  0s libG4geometry.so G4TouchableHistory::GetVolume(int) const
P G4VEmMProcess::PostStepGetPhysicalintera  889.363s (D 0s  0s libG4processes.so G4VEmProcess::PostStepGetPhysicallnteractionL
P G4VDiscreteProcess::PostStepGetPhysicall  851.415s (NN 0s  0s libG4processes.so G4VDiscreteProcess::PostStepGetPhysicallnterad
P G4NavigationLevel::G4NavigationLevel 796.861s (D) 0s  0s libG4geometry.so G4NavigationLevel::G4NavigationLevel(G4VPhysic:
b_ZTWN14G4GeomsSplitterl8G4LvDataE6offs)  786.461s (D 0s  0s libG4Tree.so _ZTWN14G4GeomSplitterl8G4LVDataE6offsetE
P G4NormalNavigation::ComputeStep 782.302s (D 0s  0s libG4geometry.so G4NormalNavigation::ComputeStep(CLHEP::Hep3)
P G4PropagatorinField::ComputeStep 728.193s (D) 0s  0s libG4geometry.so G4PropagatorinField::ComputeStep(G4FieldTrack&,
P CLHEP::RanecuEngine::flat 726.891s (D) 0s  0s libG4aclhep.so CLHEP::RanecuEngine::flat(void)
. Selected 1 row(s): 3390.163s 0s O0s B ' ' (v
(< R D)< [>)
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Summary

16

Reviewed Geant4 MT performance
— standalone CMS detector simulation (single particle, H>ZZ)

Performance on different systems and profiling results
— No major issues on Intel Xeon

— Degradation seen on AMD as the number of threads is partially
understood

— Xeon Phi (KNC) shows problems at N-threads > 120
— Xeon Phi (KNL) shows stable performance
More tests to understand results of AMD/KNL profiling data

— Examine stepping information on AMD and KNL
(sequential vs. 1-threads and 1-thread vs. N-threads)

— Test H—> ZZ on KNL (scalability and memory)
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Intel Xeon vs. AMD Opteron

 NUMA memory nodes, sockets, shared caches cores
Opteron 6128HE

Xeon X5650

Machine (12GB)

Machine (63GB)

| NUMANode #0 (6029MB)

Socket #0

I L3 #0 (12MB)

I L2 #0 (256KB)| I L2 #1 (256KB)I I L2 #2 (256KB)I | L2 #3 (256KB)| | L2 #4 (zsexa)l I L2 #5 (256KB)|

I L1 #0 (32KB) | I L1 #1(32KB) | | L1 #2 (32KB) | | L1 #3 (32KB) | | L1 #4 (32KB) | | L1 #5 (32KB) |

Core #0

Core #1

Core #2

Core #3

Core #4

Core #5

| PU 20 |

| PU 21 |

| PU 22 |

| PU 23 |

I PU 24 |

I PU #5 |

| NUMANode #1 (6060MB)

Socket #1

I L3 #1 (12MB)

I L2 26 (256KB)| I L2 #7 (256KB)| | L2 #8 (256KB)| | L2 #9 (256KB)| | L2 #£10 (256KB| | L2 #11 (256KBI

I L1 #6 (32KB) | I L1 #7 (32KB) | | L1 #8 (32KB) | | L1 #9 (32KB) | | L1 £10 (32KB)| | L1 #11 (32KB)|

Core #6

Core #7

Core #8

Core #9

Core #10

Core #11

| PU £6 |

| PU 7 I

| PU #8 I

I PU #9 I

I PU £10 |

I PU 11 |

Socket #0 (16GB)

Socket #1 (16GB)

| NUMANode #0 (8190MB) |

| NUMANode #2 (8192MB)

L3 #0 (5118KB) I

L3 #2 (5118K8B)

| L2 %0 (512KB)I | L2 #l(S]ZKB)I | L2 #2 (512KB)I | L1243 (SIZKB)I

L1 0 (64KB) I I L1 #1 (64K8B) I I L1 #2 (64KB) I I L1 #3 (64KB) I

| L2 #8 (512KB)I | L2 #9 (5]2KB)I | L2 £10 (SIZKBI | L2 #11 (5]2KBI

L1 #8 (64KB) ” L1 #9 (64KB) ” [} ﬂo(sAKa)” L1 #11 (64KEB)

Core #0 Core #1 Core #2 Core #3

Core #8 Core #9 Core £10 Core #11

IPU30 I IPU#l I IPU#Z I IPU#E I

IPU#S I IPU#S I IPU}IOI IPU}]] I

NUMANode #1 (8192MB) |

NUMANode #3 (8192MB)

L3 #1 (5118KB) I

L3 #3 (5118K8B)

I L2 #4 (512KE)| I L2 #S(SJZKB)I I L2 #6 (512KB)I | L2 #7 (512KB)I

L1 #4 (64KB) I I L1 #5 (64KEB) I I L1 #6 (64KB) I I L1 #7 (64KB) I

| L2 #12 (512KBI | L2 #£13 (512KBI | L2 £14 (512KEI | L2 £15 (SJZKBI

[} 812(64KB)I I [} #JB(GAKB)I I L1#14 (64KB)I I L1 #15 (64KEB)

Core #4 Core #5 Core #6 Core #7

Core #12 Core #£13 Core £14 Core #15

IPU#4 I IPU#S I IPU#G I IPU#7 I

I PU £12 I I PU £13 I I PU £14 I I PU £15 I
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Socket #2 (16GB)

Socket #3 (15G8)

NUMANode #4 (8192MB) | NUMANode #6 (8192MB) |
I L3 £4 (5118KB) I I L3 £6 (5118KB) I
| L2 #16 (SIZKSI | L2 #17 (SIZKBI | L2 #18 (SJZKBI | L2 #19 (SlZKBI | L2 #24 (S]ZKE| | L2 #25 (SIZKBI | L2 #26 (S]ZKE| | L2 #27 (S]ZKEI
| L1 #16 (64K5)| | L1 #17 (64K5)| | L1 #18 (64KB)| | L1 #19 (64KB)| | L1 #24 (64KE)| | L1 #25 (64KB)| | L1 #26 (64KE)| | L1 #27 (64KB)I

Core £16 Core £17 Core #£18 Core #£19 Core #24 Core #25 Core #26 Core #27

| PU £16 I I PU £17 I I PU £18 I I PU £19 I I PU £24 I I PU £25 I I PU £26 I I PU £27 I

NUMANode #5 (8192MB)

NUMANode #7 (7552MB)

L3 #5 (5118KB)

L3 #7 (5118KE)

| L2 #20 (SIZKBl | L2 #21 (5]2KBI | L2 #22 (SIZKB} | L2 #23 (SIZKB}

L1#20 (64KB)| I 5] tz](saKB)I I L1#22 (64KB)| I L1 #23 (64KB)

| L2 #28 (SJZKEI | L2 #29 (SIZKEI | L2 #30 (5]2KEI | L2 #31 (SIZKBI

[} «23(64;(5)] I [} «zs(saka)l | [} #30(64KB)I | L1 #31 (64KB)

Core £20 Core #21 Core £22 Core £23

Core #£28 Core £29 Core £30 Core #31

| PU £20 | | PU £21 | | PU £22 | | PU £23 |

| PU #£28 | | PU £29 | | PU #£30 | | PU £31 |




Exclusive time: Intel Xeon

« OSS compare: 1 threads vs. 12 thread (% of time)
— Experiment with1028 events of 50 GeV pions (10.2.r06)

[openss]:
[openss]:

-c 2, %
CPU Time

.238938
.018038
.537249
.378695
. 735548
.607452
.531425
.474424
.456177
.410107

t12

o ENWRs O

Legend: -c 2 represents db intel pi- 50 12/cmsExXpMT-pcsamp.openss

Legend: -c 4 represents db intel pi- 50 1/cmsExpMT-pcsamp.openss
-c 4, % Function (defining location)

CPU Time

.190079 G4PhysicsVector::Value(double, unsigned long&) const (1:
.899106 cmsExpMagneticField: :GetVolumeBaseBfield(double const*,
.309547 G4Navigator::LocateGlobalPointAndSetup(CLHEP: :Hep3Vecto|
.335641 = ieee754 atan2 (libm-2.12.s0)

.707284 G4VDiscreteProcess::PostStepGetPhysicallInteractionLengtl
.568036 G4SteppingManager::DefinePhysicalSteplLength() (libG4trat
.484518 G4Navigator::ComputeStep(CLHEP: :Hep3Vector const&, CLHEI
.404688 G4SteppingManager::Stepping() (libG4tracking.so: G4Step
.420893 G4VoxelNavigation::ComputeStep(CLHEP: :Hep3Vector const&
.336284 G4VEmProcess::PostStepGetPhysicallInteractionLength(G4Tr:

tl

o e = N W WO

* No changes in call paths
* No significant timing perturbation (a good sanity check!)
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AMD

* OSS compare: AMD 32 threads vs. 1 thread (% of time)

— Persistency in difference (by version, by different samples)?
— Experiments with 1028 events of 50 GeV e- and pi- (10.2.r07)

Speedup Efficiency - 50 GeV e Speedup Efficiency - 50 GeV =
(0] T T T T T LN L L | ' ! _ C T T T T T T T T 17 T T ]
2 i QBJ : T T ]
% 1.1 —®— cmsExp/emsExpMT L - % 1.1 —®— cmsExp/cmsExpMT | ....................................... -
2 APP: :
LL/{ L e — -4 W 105 :_ __________________________________________________________________________________________________________ =
) & C ]
E s 1
= =
> = -
S % 0.95F
Vv Vv -
© © S -
g, .g 0-9 n
© © -
0 - 7 T DD QUBE [ —]

0.8 et 0.8 '
1 10 1 10
N Core N Core
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Degradation on AMD: Persistency

* OSS compare: AMD 32 threads vs. 1 thread (% of time)
— Experiment with 1028 events of 50 GeV pi- (10.2.r07)

[openss]: Legend: -c 2 represents db amd pi- 50 32/cmsExpMT-pcsamp.openss
[openss]: Legend: -c 4 represents db amd pi- 50 1/cmsExpMT-pcsamp.openss
-C 2, % -c 4, % Function (defining location)
CPU Time CPU Time
6.003521 5.902264 G4PhysicsVector::Value(double, unsigned long&) const
3.952595 3.383990 G4Navigator::LocateGlobalPointAndSetup(CLHEP: :Hep3Vec
3.684048 3.856901 cmsExpMagneticField: :GetVolumeBaseBfield(double const
2.421680 2.385093  ieee754 atan2 (libm-2.12.s0)
2.024112 1.030340 G4TouchableHistory::GetVolume(int) const (1ibG4digits
1.877350 1.926192 G4SteppingManager::DefinePhysicalStepLength() (1ibG4t
1.762748 1.557561 G4VoxelNavigation::ComputeStep(CLHEP: :Hep3Vector cons
1.583220 1.659335 G4VEmProcess::PostStepGetPhysicallInteractionLength(G4
1.533902 1.411287 G4SteppingManager::Stepping() (libG4tracking.so: G4S5t
1.375139 1.416721 G4SteppingManager::InvokePSDIP(unsigned long) (libG4t

« (G4Navigator::LocateGloalPointAndSetup is perturbative
(consistent with 10.2.r06)




Degradation on AMD: Persistency

* OSS compare: AMD 32 threads vs. 1 thread (% of time)
— Experiment with 1028 events of 50 GeV e- (10.2.r07)

[openss]: Legend: -c 2 represents db amd e- 50 32/cmsEXpMT-pcsamp.openss
[openss]: Legend: -c 4 represents db amd e- 50 1/cmsExXpMT-pcsamp.openss
-c 2, % -c 4, % Function (defining location)

CPU Time CPU Time

6.164769 6.643990 cmsExpMagneticField: :GetVolumeBaseBfield(double const
5.847023 6.061244 G4PhysicsVector::Value(double, unsigned long&) const
3.995152 3.008473 G4Navigator::LocateGlobalPointAndSetup(CLHEP: :Hep3Ve(
2.851305 2.983996 G4UniversalFluctuation::SampleFluctuations(G4Material
2.551915 1.009077 G4TouchableHistory::GetVolume(int) const (libG4digitg
2.451316 2.591272 GA4VEmProcess::PostStepGetPhysicallInteractionLength (G4
1.982036 2.251656 G4SteppingManager::DefinePhysicalSteplLength() (11ibG4t
1.922636 1.875131 G4UrbanMscModel: :SampleCosineTheta(double, double) (1
1.785764 1.304073 CLHEP::RanecuEngine::flat() (l1ibG4clhep.so: RanecuEnc
1.664950 1.822590 G4PropagatorInField::ComputeStep(G4FieldTrack&, doubl

* G4TouchableHistory::GetVolume

22



Geant4 MT Performance: Xeon Phi (Andrea Dotti)

« CMS geometry, uniform (4T) B-filed (10.2.r06)
« Total number of events processed = 10*(number of threads)
* Intel Xeon Phi 3210A (57 cores), 6GB

CMS geometry (GDML), =~ 50 GeV (FTFP_BERT), B field (4T) - KNL

140

120

100 |

2| Xron Phi (MIC)

50 100 150 200
Num Threads
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Geant4MT: Profiling Result (N threads = 256)

24

5 @ ‘Welcome hotspot...x

% Basic Hotspots Hotspots by CPU Usage viewpoint (change)

B8 Collection Log| | € Analysis Target Analysis Type | | Kt Summary | [SR=ldadoa B

+% Caller/Callee

©)

+% Top-down Tree

<no current project> - Intel VIune Amplifier (on mic.fnal.gov)

Intel VTune Amplifier XE 2016

B Platform

Grouping: ‘ Function / Call Stack

Function / Call Stack

CPU Time v

Effective Time by Utilization
@ Idle @ Poor [JOk @ Ideal @ Over

Spin Time

Overhead
Time

G4epp|ng Mane: DefinePhysicalStepLength

3105.414

24470365 RN

0s libG4tracki

v _L_lock_791 0.259s| 2037.922s 0s libpthread.
P~ G4LogicalVolume::InitialiseWorker < G4GeometryWorkspace::Initialise PhysicalVolumes « 0.259s| 2037.032s ¢
P~ G4GeometryWorkspace::InitialiseWorkspace 0s 0.672s
= G4CrossSectionFactoryRegistry::Instance « G4CrossSectionDataSetRegistry::GetCross 0s 0.118s

P~ G4lonTable::Getlon 0 0.070s 0
= G4VModularPhysicsList::ConstructProcess « G4RunManagerKernel::Initialize Physics « G4 0 0.02(
= G4CrossSectionFactoryRegistry::GetFactory « G4CrossSectionDataSetRegistry::GetCr¢ 0s 0.010s

P G4VoxelNavigation::LevelLocate 1976.582s | 0s

P G4Navigator::ComputeStep 1691.765s | 0s

T ' ' Selected 1 row(s): R 2663.291s 65
m > || < | >)

150s 200s 250s 300s 35

QQFQ-Qe | 0s
G4MTRunM...
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G4MTRunM...
G4MTRunM...
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Thread

CPU Usage

(< |

Q 1000% Cany Process )
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[ Thread ™~
- @9 Running
ik CPU Time
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CPU Usage
duk CPU Time
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Geant4MT: Profiling Result (Sequential)

<no current project> - Intel VTune Amplifier (on mic.fnal.gov)

~

o =

® Welcome

hotspots-t192

hotspots-t240 | hotspots-t32

% Basic Hotspots Hotspots by CPU Usage viewpoint (change) @

B8 Collection Log| | € Analysis Target

" Analysis Type

TN ETAl & Bottom-up

+% Caller/Callee

hotspots-t128

hotspots-t64

hotspot... X
Intel VTune Amplifier XE 2016

+% Top-down Tree | | BB Platform

Grouping: ‘ Function / Call Stack

CPU Time v H
Function / Call Stack Effective Time by Utilization Spin |Ove. Module
@ idle @ Poor Ok @ Ideal @Over Tim. | Tim.
P G4PhysicsVector::Value 70.091s (N 05 Os libG4global.so G4PhysicsVector::Value(double, unsigned long&) cc
> G4hPairProductionModel::ComputeDMicrosc| 34.189s [N 0s  0s libG4processes.so G4hPairProductionModel::ComputeDMicroscopicCr
> G4VoxelNavigation::LevelLocate 33.574s (D 0s  0s libG4processes.so G4VoxelNavigation::LevelLocate(G4NavigationHist
P G4Navigator::ComputeStep 31.555s (D 0s  0s libG4geometry.so G4Navigator::ComputeStep(CLHEP::Hep3Vector ¢
P G4ProductionCutsTable::ScanAndSetCouple | 29.580s (N 0s  0s libG4processes.so G4ProductionCutsTable::ScanAndSetCouple(G4Log
> G4SteppingManager:: DefinePhysicalStepLer| 28.937s (NG 0s  0s libG4tracking.so  G4SteppingManager::DefinePhysicalStepLength(ve
> G4Navigator::LocateGlobalPointAndSetup | 26.359s (D 0s  0s libG4geometry.so G4Navigator::LocateGlobalPointAndSetup(CLHEP:
b cmsExpMagneticField::GetFieldValue 24.983s [ 0s  0s cmsExp cmsExpMagneticField::GetFieldValue(double const
P G4SteppingManager::Stepping 23.890s (D 0s  0s libG4tracking.so  G4SteppingManager::Stepping(void)
b G4Transportation::AlongStepGetPhysicalinte| 23.5965 ([ EENNND 0s  0s libG4processes.so G4Transportation::AlongStepGetPhysicalinteractio
P G4VoxelNavigation::ComputeStep 23.266s [ 0s  0s libG4geometry.so G4VoxelNavigation::ComputeStep(CLHEP::Hep3Ve
D G4ParticleChange::Checkit 21.818s [ 0s  0s libG4track.so G4ParticleChange::Checklt(G4Track const&)
P G4CrossSectionDataStore::GetCrossSectior 19.950s [ NN 0s  0s libG4processes.so G4CrossSectionDataStore::GetCrossSection(G4Dy
> G4CrossSectionDataStore::GetCrossSectior 17.159s ([N 0s  0s libG4processes.so G4CrossSectionDataStore::GetCrossSection(G4Dy
P G4ElasticHadrNucleusHE::HadrNucDifferCrs( 16.653s (I 0s  0s libG4processes.so G4ElasticHadrNucleusHE::HadrNucDifferCrSec(int,
P G4Transportation::PostStepDolt 16.114s (D 0s  0s libG4processes.so G4Transportation::PostStepDolt(G4Track consté&, ¢
> G4VDiscreteProcess::PostStepGetPhysicall 15.755s (D 0s  0s libG4processes.so G4VDiscreteProcess::PostStepGetPhysicalinterac
> G4SteppingManager::InvokeAlongStepDoltP| 14.614s (D 0s  0s libG4tracking.so  G4SteppingManager::InvokeAlongStepDoltProcs(vi
P G4SteppingManager::InvokePSDIP 13.975s [ 0s  0s libG4tracking.so  G4SteppingManager::InvokePSDIP(unsigned long)
P G4NormalNavigation::ComputeStep 13.742s D 0s  0s libG4geometry.so G4NormalNavigation::ComputeStep(CLHEP::Hep3!
P G4NavigationLevel::operator= 13.270s (D 0s  0s libG4geometry.so G4NavigationLevel::operator=(G4NavigationLevel
P G4PropagatorinField::ComputeStep 12.788s (D 0s  0s libG4geometry.so G4PropagatorinField::ComputeStep(G4FieldTrack&,
> G4MuPairProductionModel::ComputeDMicro| 12.655s (D 0s  0s libG4processes.so G4MuPairProductionModel::ComputeDMicroscopict
D G4VEmMProcess::PostStepGetPhysicalintera| 12.600s (D 0s  0s libG4processes.so G4VEmMProcess::PostStepGetPhysicalinteractionL
o " Selected 1 row(s): 70.091s 0s Os ' o - ' ' v
@ > n B

Q) 100.0%

[ Any Process o

Any Threac ¢ Any Module < Any Utilizatic ¢ User functions +1 ¢ Show inline funci = I Functions only ¢




Geant4MT: Profiling Result ( N thread = 1)

<no current project> - Intel VIune Amplifier (on mic.fnal.gov)
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il; = @ | welcome hotspots-t256 || hotspots-t64 || hotspots-t128 |MITAE] L1 P 4
® Basic Hotspots Hotspots by CPU Usage viewpoint (change) @
B Collection Log| @ Analysis Target| * Analysis Type | K Summary ESRatInBV % Caller/Callee| |+% Top-down Tree | B Platform
Grouping: | Function / Call Stack Sl (o] o] [%]
CPU Time v B
Function / Call Stack Effective Time by Utilization Spin |Ove. Module
| @idle @Poor MOk @ Ideal @§Over L] L1 _
P G4PhysicsVector::Value 72.154s [ 05 Os libG4global.so GA4PhysicsVeq
P G4ProductionCutsTable::ScanAndSetCouple | 63.835s [N 0s  0s libG4processes.so G4Production
P G4hPairProductionModel::ComputeDMicrosc  34.360s [N 0s  Os libG4processes.so G4hPairProdu;
P G4VoxelNavigation::LevelLocate 34.091s (D 0s  0s libG4processes.so G4VoxelNavig
P G4Navigator::ComputeStep 31.475s [ 0s  0s libG4geometry.so G4Navigator:
P G4SteppingManager:: DefinePhysicalStepLer  31.467s (NN 0s  Os libG4tracking.so  G4SteppingM
P G4Navigator::LocateGlobalPointAndSetup | 28.692s (D 0s  0s libG4geometry.so G4Navigator:
P G4VoxelNavigation::ComputeStep 26.701s [ 0s  0s libG4geometry.so G4VoxelNavig
PcmsExpMagneticField::GetFieldValue 25.348s (D 0s  0s cmsExpMT cmsExpMagn
P G4SteppingManager::Stepping 23.170s (D 0s  0Os libG4tracking.so  G4SteppingM
P G4Transportation::AlongStepGetPhysicalinte  23.151s ([N 0s  Os libG4processes.so G4Transporta
P G4ParticleChange::Checklt 22.266s (D 0s  0s libG4track.so G4ParticleCh;
P G4CrossSectionDataStore::GetCrossSectior 20.126s (NN 0s  0s libG4processes.so G4CrossSecti
P G4Transportation::PostStepDolt 19.837s (D 0s  0s libG4processes.so G4Transporta
P G4SteppingManager::InvokeAlongStepDoltP| 17.275s (D 0s  0s libG4tracking.so  G4SteppingM
PG4CrossSectionDataStore::GetCrossSectior 16.537s ([ D 0s  0s libG4processes.so G4CrossSect
P G4ElasticHadrNucleusHE::HadrNucDifferCrs 16.175s [ NN 0s  0s libG4processes.so G4ElasticHad
P G4VDiscreteProcess::PostStepGetPhysicall| 15.896s (D 0s  0Os libG4processes.so G4VDiscrete
P G4SteppingManager::InvokePSDIP 14.812s (D 0s  Os libG4tracking.so  G4SteppingM
P G4NormalNavigation::ComputeStep 14.620s [ 0s  0s libG4geometry.so G4NormalNay
P_ZTWN14G4GeomsSplitterl8G4LVDataE6offs| 14.233s (D 0s 0s libG4Tree.so _ZTWN14G4C-;
P G4VEmMProcess::PostStepGetPhysicalintera) 14.225s (D 0s  0s libG4processes.so G4VEmProce{
P G4NavigationLevel::G4NavigationLevel 14.125s (D 0s  0s libG4geometry.so G4Navigation\
P G4NavigationLevel::operator= 14.098s (D 0s  0s libG4geometry.so G4Navigation\
o Selected 1 row(s): - 721545 0s 0s E]
@ B m )
Q) 1000% [ Any Process ¢ [ Any Thread |

Intel VTune Amplifier XE 2016

| CPU Time <

Viewing ¢ 1of 48 p selected stac...
23.8% (17.207s of 72.154s)
libG4global so!G4PhysicsVector::Va...

libG4processes.so!G4NeutronCaptu...
libG4processes.so!G4CrossSection...

libG4processes.so!G4CrossSection...
libG4processes.so!G4HadronicProc...
libG4processes.so!G4VDiscreteProc...
libG4tracking.so!G4SteppingManag...
libG4tracking.so!G4SteppingManag...

libG4tracking.so!G4TrackingManage...
libG4event.so!G4EventManager::D...

libG4run.so!G4WorkerRunManager:: ...

libG4run.so!G4WorkerRunManager:: ...
libG4run.so!G4RunManager::Beam...

libG4run.so!G4WorkerRunManager:: ...

libG4run.so!G4MTRunManagerkerne...
libpthread.so.0!start_thread+0xc4 -...
libc.s0.6!

clone+0x6¢ - [unknown ...




Geant4MT: Profiling Result (N threads = 32)

<no current project> - Intel VTune Amplifier (on mic.fnal.gov)
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= @ | welcome

hotspots-t192

hotspots-t240 |ELTIE T 9 ¢

% Basic Hotspots Hotspots by CPU Usage viewpoint (change) @

B8 Collection Log| | € Analysis Target| | * Analysis Type

TN &3 Bottom-up

+% Caller/Callee

Intel VTune Amplifier XE 2016

+% Top-down Tree | | B Platform

[ Any Process &

Any Modl ¢ Anv Utiliza ¢

Grouping: ’ Function / Call Stack :;| L ‘ o, ‘ ‘5( ’
CPU Time v
Function / Call Stack Effective Time by Utilization . |overhead Module
Spin Time | =" 0
@ !dle @ Poor [JOk (@ !deal @ Over
| » G4PhysicsVector::Value | 2205880 s s|libG4global.so
> G4VoxelNavigation::LevelLocate 1265.234s (D 0s 0s libG4processes.so
> G4Navigator::ComputeStep 1039.628s (D 0s 0s libG4geometry.so
P G4SteppingManager:: DefinePhysicalStepLength 1025.788s (D 0s 0s libG4tracking.so
> G4Navigator::LocateGlobalPointAndSetup 956.609s (D 0s 0s libG4geometry.so
P G4VoxelNavigation::ComputeStep 906.709s (N 0s 0s libG4geometry.so
PcmsExpMagneticField:: GetFieldValue 853.327s (D 0s 0s cmsExpMT
P G4Transportation::AlongStepGetPhysicalinteractionLength 770.904s (D 0s 0s libG4processes.so
P G4SteppingManager::Stepping 759.489s (D 0s 0s libG4tracking.so
P G4CrossSectionDataStore::GetCrossSection 726.539s (D 0s 0s libG4processes.so
> G4ParticleChange::Checklt 725.542s (D 0s 0s libG4track.so
P G4Transportation::PostStepDolt 660.977s (D 0s 0s libG4processes.so
P G4CrossSectionDataStore::GetCrossSection 568.154s (D 0s 0s libG4processes.so
P G4SteppingManager::InvokeAlongStepDoltProcs 535.923s ([ 0s 0s libG4tracking.so
P G4VDiscreteProcess::PostStepGetPhysicalinteractionLength 526.171s (D 0s 0s libG4processes.so
P G4NavigationLevel::operator= 519.924s (D 0s 0s libG4geometry.so
P G4NormalNavigation::ComputeStep 489.584s [ 0s 0s libG4geometry.so
P G4SteppingManager::InvokePSDIP 481.878s (D 0s 0s libG4tracking.so
P G4VEmMProcess::PostStepGetPhysicalinteractionLength 464.903s (D 0s 0s libG4processes.so
P G4PropagatorinField::ComputeStep 459.010s [ 0s 0s libG4geometry.so
P G4NavigationLevel::G4NavigationLevel 453.453s [ 0s 0s libG4geometry.so
P G4TouchableHistory::GetVolume 442.766s (D) 0s 0s libG4geometry.so
> G4UniversalFluctuation::SampleFluctuations 439.680s (D 0s 0s libG4processes.so
> G4VoxelNavigation::LocateNextVoxel 434.751s [ 0s 0s libG4geometry.so
o ' Selected 1 row(s): 2205.880s 0s 0s '

\ w [>) < [ B

[ Show inline fu ©




Geant4MT: Profiling Result (N threads = 64)

<no current project> - Intel VTune Amplifier (on mic.fnal.gov)
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% Basic Hotspots

B8 Collection Log| | € Analysis Target

@ Welcome

“ Analysis Type

hotspots-t192

ST ETRAl & Bottom-up

hotspots-t240 || hotspots-t32
Hotspots by CPU Usage viewpoint (change) @

% Caller/Callee

hotspots-t128 EITIET-T-1 9 ¢

Intel VTune Amplifier XE 2016

+% Top-down Tree | | B Platform

Grouping: ‘ Function / Call Stack

CPUTime v
Function / Call Stack Effective Time by Utilization Spin |Ove. Module
@ !dle @ Poor [JOk @ !deal @ Over e s
P G4PhysicsVector::Value 3871.220s [ 0s  Os libG4global.so G4PhysicsVector::Value(double, unsigned long&) cc
> G4VoxelNavigation::LevelLocate 2190.669s (NN 0s  Os libG4processes.so G4VoxelNavigation::LevelLocate(G4NavigationHist
> G4Navigator::ComputeStep 1838.447s (D 0s  0s libG4geometry.so G4Navigator::ComputeStep(CLHEP::Hep3Vector d
> G4SteppingManager::DefinePhysicalStepLer 1825.080s (D 0s  Os libG4tracking.so  G4SteppingManager::DefinePhysicalStepLength(vi
P G4Navigator::LocateGlobalPointAndSetup | 1690.782s (NN 0s  0s libG4geometry.so G4Navigator::LocateGlobalPointAndSetup(CLHEP:|
P G4VoxelNavigation::ComputeStep 1623.032s (D 0s  0s libG4geometry.so G4VoxelNavigation::ComputeStep(CLHEP::Hep3Ve
P cmsExpMagneticField::GetFieldValue 1526.110s (D 0s  0s cmsExpMT cmsExpMagneticField::GetFieldValue(double const
P G4Transportation::AlongStepGetPhysicalinte  1391.231s (D 0s  0s libG4processes.so G4Transportation::AlongStepGetPhysicallnteractio
D G4SteppingManager::Stepping 1362.393s (D 0s  Os libG4tracking.so  G4SteppingManager::Stepping(void)
P G4CrossSectionDataStore::GetCrossSectior 1346.887s (D 0s  0s libG4processes.so G4CrossSectionDataStore::GetCrossSection(G4Dy
D G4ParticleChange::Checklt 1290.853s (D 0s  0s libG4track.so G4ParticleChange::Checklt(G4Track const&)
P G4Transportation::PostStepDolt 1171.614s (D 0s  0s libG4processes.so G4Transportation::PostStepDolt(G4Track const&, ¢
P G4CrossSectionDataStore::GetCrossSectior 1038.698s (NN 0s  0s libG4processes.so G4CrossSectionDataStore::GetCrossSection(G4Dy
> G4SteppingManager::InvokeAlongStepDoltP|  961.736s (D 0s  0s libGatracking.so  G4SteppingManager::InvokeAlongStepDoltProcs(vi
P G4NavigationLevel::operator= 932.751s (D 0s  0s libG4geometry.so G4NavigationLevel::operator=(G4NavigationLevel
P G4VDiscreteProcess::PostStepGetPhysicalll  932.585s (D 0s  0s libG4processes.so G4VDiscreteProcess::PostStepGetPhysicalinterac
P G4NormalNavigation::ComputeStep 865.091s (D 0s  0s libG4geometry.so G4NormalNavigation::ComputeStep(CLHEP::Hep3!
P G4SteppingManager::InvokePSDIP 856.726s (D 0s  0s libGatracking.so  G4SteppingManager::InvokePSDIP(unsigned long)
D G4VEmProcess::PostStepGetPhysicalintera)  821.535s (D 0s  0s libG4processes.so G4VEmProcess::PostStepGetPhysicallnteractionL
P G4PropagatorinField::ComputeStep 810.505s (D 0s  0s libG4geometry.so G4PropagatorinField::ComputeStep(G4FieldTrack&,
P G4NavigationLevel::G4NavigationLevel 809.357s (D 0s  0s libG4geometry.so G4NavigationLevel::G4NavigationLevel(G4VPhysic:
P> G4UniversalFluctuation::SampleFluctuations|  803.147s [ 0s  0s libG4processes.so G4UniversalFluctuation::SampleFluctuations(G4Ma
P G4TouchableHistory::GetVolume 789.134s (D 0s  0s libG4geometry.so G4TouchableHistory::GetVolume(int) const
P G4VoxelNavigation::LocateNextVoxel 768.308s (D) 0s  0s libG4geometry.so G4VoxelNavigation::LocateNextVoxel(CLHEP::Hep
o Selectedirow(s): - 3871.220s 0s 0s ' o . .
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Geant4MT: Profiling Result (N threads = 192)

@ <no current project> - Intel VTune Amplifier (on mic.fnal.gov)

s & ® =

@ Welcome hotspot... X =

Intel VTune Amplifier XE 2016

% Basic Hotspots Hotspots by CPU Usage viewpoint (change) @

@ Analysis Target| | © Analysis Type | M Summary | [-R=10dudnBil «% Caller/Callee | |«% Top-down Tree| BE Platform

H Collection Log

Grouping: | Function / Call Stack

29

CPU Time v | H
Function / Call Stack Effective Time by Utilization Spin Time Overhead Module
@dle @Poor Ok [ Ideal [§Over 1Lz
P G4PhysicsVector::Value 3240.628s| |‘ 0s Os‘IibG4gIobaI.so
P G4SteppingManager:: DefinePhysicalStepLength 2226.605s | ] 0s 0s libG4tracking.so
P G4VoxelNavigation::LevelLocate 2071.113s| | 0s 0s libG4processes.so
P G4Navigator::ComputeStep 17242825 ] 0s 0s libG4geometry.so
P G4SteppingManager::Stepping 1499.533s[_ ] 0s 0s libG4tracking.so
P G4VoxelNavigation::ComputeStep 1487.940s[___ | 0s 0s libG4geometry.so
> G4Navigator::LocateGlobalPointAndSetup 1478423s[_ ] 0s 0s libG4geometry.so
> G4NavigationLevel::operator= 14674025 | 0s 0s libG4geometry.so
P G4Transportation::AlongStepGetPhysicalinteractionLength 1430.266s[__ ] 0s 0s libG4processes.so
P G4CrossSectionDataStore::GetCrossSection 1364.171s[__ | 0s 0s libG4processes.so
P G4CrossSectionDataStore::GetCrossSection 1351.919s[ ] 0s 0s libG4processes.so | |
P G4Transportation::PostStepDolt 1243881s[__ ] 0s 0s libG4processes.so
b_L_unlock_697 1214.472s [ 0s 0s libpthread.so0.0
P cmsExpMagneticField::GetFieldValue 1123487s[_ | 0s 0s cmsExpMT
P G4VEmProcess::PostStepGetPhysicalinteractionLength 980.554s | 0s 0s libG4processes.so
> G4TouchableHistory::GetVolume 980.103s[___ ] 0s 0s libG4geometry.so
b_ZTWN14G4GeomSplitterl8G4LVDataE6offsetE 978.336s___ | 0s 0s libG4Tree.so
P> G4ParticleChange::Checkit 975.724s | 0s 0s libG4track.so
P G4SteppingManager::InvokePSDIP 954.782s[ | 0s 0s libG4tracking.so
> G4steppingManager:: InvokeAlongStepDoltProcs 930.626s[__ | 0s 0s libG4tracking.so
> G4NavigationLevel::G4NavigationLevel 883.123s___ | 0s 0s libG4geometry.so
P_L_lock_791 0.119s| 858.867s 0s libpthread.so.0
P G4VDiscreteProcess::PostStepGetPhysicallnteractionLength 856.845s | 0s 0s libG4processes.so
P CLHEP::RanecuEngine::flat 815.359s[__ ] 0s 0s libG4clhep.so
- Selected 1 row(s): 3240.628s 0s 0s C
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Geant4MT Performance on KNL: icc (16.0.3) vs. gcc (4.9.1)

» Performance on Intel Xeon Phi Processor (Knight's Landing )

— KNL triples both scalar and vector performance compared with
KNC and offers, up to 3.0 TFlop/sec (double) per processor.

1 1| Time/Evt Ratio: ICC/GCC -5 GeV «°
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Time(ICC)/Time(GCC)/
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