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Talk$outline$

!  Overview&of&measurement&methods&

!  TAU&introduc7on&

!  Example&use&of&TAU:&Geant4&EM&review&

!  Ongoing&work&and&future&direc7ons&
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Performance$measurement$methodologies$
!  Ideally&we&want&a&lowHoverhead&method&that&gives&sufficiently&

accurate&and&detailed&informa7on&

!  Sampling&based&(a.k.a.&sta7s7cal&sampling)&

�  Timer&or&hardware&interrupts&are&used&to&stop&a&thread&of&execu7on&and&

interrogate&the&program&counter,&callstack,&and&other&context&at&run7me&

�  Nonintrusive&–&source&or&binary&not&modified&in&any&way&

�  Usually&(but&not&always)&low&overhead,&can&be&imprecise&

�  Can&capture&fineHgrained&behavior&(small&func7ons&called&frequently)&

!  ProbeHbased&(a.k.a.&direct)&

�  Intrusive&HH&Code&inserted&into&program&(manually&or&through&automated&

instrumenta7on)&

�  Can&have&very&high&overhead&

�  Can&have&very&low&overhead&

�  Precise&for&most&measurements&except&7me&
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Performance$measurement$tools$

! Measurement&and&analysis&tools&(portable)&

�  Sampling:&TAU,&HPCToolkit,&Fast,&IgProf&

�  ProbeHbased&with&binary&instrumenta7on:&Pardyn,&TAU,&

HPCToolkit&

�  ProbeHbased&with&source&instrumenta7on:&TAU,&Scalasca&&

!  MetaHtools&

�  Open|SpeedShop&(based&on&Dyninst,&libmonitor,&PAPI)&

�  PerfExpert&(TACC)&

�  Autoperf&(UO)&

!  Wikipedia&–&apparently&hos7ng&a&quiet&war&among&tools&&
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TAU Performance System® 

!  Tuning and Analysis Utilities (19+ year project) 

!  Comprehensive performance profiling and tracing 
�  Integrated, scalable, flexible, portable 
�  Targets all parallel programming/execution paradigms 

!  Integrated performance toolkit 
�  Instrumentation, measurement, analysis, visualization 
�  Widely-ported performance profiling / tracing system 
�  Performance data management and data mining 
�  Open source (BSD-style license) 

!  Easy to integrate in application frameworks 
hWp://tau.uoregon.edu&
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TAU direct observation: Events 

!  Event types 
�  Interval events (begin/end events) 

◆ Measures exclusive & inclusive durations between events  
◆ Metrics monotonically increase 

�  Atomic events (trigger with data value) 
◆ Used to capture performance data state 
◆ Shows extent of variation of triggered values (min/max/mean) 

!  Code events 
�  Routines, classes, templates 
�  Statement-level blocks, loops 
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TAU$sampling$

!  When&an&interrupt&occurs,&a&TAU&handler&rou7ne&is&ac7vated&and&

performs&the&following&steps:&&

�  Determine&program&counter&where&the&program&was&execu7ng&&

�  Check&if&execu7ng&TAU&code&and&process&sample&accordingly&&

�  Unwind&the&calling&stack&a&certain&unwind%degree%(configurable)&&

!  The&current&program&counter&context&is&provided&by&the&signaling&

mechanism&

!  If&call&stack&informa7on&is&not&required,&a&flat%profile%of&the&7me&

spent&for&each&line&of&code&is&recorded&
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User$op;ons$

!  Probing:&&

�  select&events,&&

�  enable&event&path&profiling&for&a&specified&depth&&

!  Sampling:&&

�  set&7mer&interrupt&period,&&

�  set&depth&call&stack&unwinding&&
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EM$review$performance$study$

!  Focus&on&

�  G4VProcess&and&G4VEMModel&class&hierarchies&

�  G4PhysicsVector&and&G4Physics2DVector&container&classes&and&their&

descendants&&

!  Biggest&challenges&(no&tool&could&do&all&this&when&we&started)&

�  OOHcentric&analysis&

◆  View&and&analyze&performance&based&on&classes&&✓&

◆  Virtual&func7ons&–&aWribu7on&to&concrete&implementa7ons&✓&

�  Inlined&func7ons&✓&

�  Accurately&measure&small&func7ons&that&are&called&a&lot&–&with&limited&

overhead&(s7ll&a&problem)&✗

�  Ability&to&do&analysis&only&on&por7ons&of&the&code&of&interest&(not&

necessarily&the&most&7meHconsuming&parts)&✓✗
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Direct instrumentation options in TAU 

!  Source Code Instrumentation 
�  Automatic instrumentation using pre-processor based on static 

analysis of source code (PDT), creating an instrumented copy 
�  Compiler generates instrumented object code 
�  Manual instrumentation 

!  Library-level instrumentation 
�  Statically or dynamically linked wrapper libraries: MPI, I/O, memory, … 
�  Wrapping external libraries where source is not available 

!  Runtime pre-loading and interception of library calls 
!  Binary Code instrumentation 

�  Rewrite the binary, runtime instrumentation 

!  Virtual Machine, Interpreter, OS level instrumentation 
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EM$review$experiments$
!  Performed&automated&instrumenta7on&of&Geant4&v.&10.0&

�  Sampling&

�  Complete:&all&func7ons&

�  Selec7ve:&only&explicitly&specified&func7ons&

!  HW:&Intel&Xeon&X5650&2.67GHz&12Hcore&dual&processor&nodes&with&

70GB&of&DRAM&(per&node).&Compiler:&gcc&,&RelWithDebInfo&&

!  Collected&two&types&of&profiles&

�  Flat:&perHfunc7on&informa7on&without&any&context&

�  Callpath:&perHfunc7on&informa7on&for&each&calling&context&

!  Types&of&data&collected&

�  WallHclock&7me&

�  CPU&hardware&performance&counters,&e.g.,&instruc7on&counts,&cache&misses&

!  Results:&TAUdb&database:&geant4&at&taudb.nic.uoregon.edu&
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Hardware$counters$
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Tool$overheads$(sampling$only)$

!  SimplifiedCalo&

�  TAU&and&HPCToolkit:&&

◆  callpaths&
◆  sampling&period=10,000μs&
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Tool$ HEP$Event,$$
50$events$

HEP$Event,$
pythia_pp_Jbar$
(1000$events)$

No$profiling$ 241& 458&

FAST$ 237& 452&

HPCToolkit$ 245& 470&

TAU$sampling$ 241& 459&



ProbeQbased$vs$SamplingQbased$

!  Overhead&depends&on&

the&code&structure&

�  In&some&SimplifiedCalo&

experiments,&probeH

based&is&between&2x&and&

200x&slower&than&

samplingHbased.&

�  In&other&codes,&e.g.,&

some&of&the&NAS&Parallel&

Benchmarks&(right),&

probeHbased&can&be&

faster.&
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How$to$compile$Geant4$

!  For&probeHbased&measurement:&

�  For&full&instrumenta7on,&simply&configure&with:&

cmake -DCMAKE_CXX_COMPILER=tau_cxx.sh \
     -DCMAKE_CC_COMPILER=tau_cc.sh …&

�  For&selec7ve&instrumenta7on,&create&a&select.tau&file,&then&
define&the&TAU_OPTIONS&environment&variable&accordingly,&

for&example:&

export TAU_OPTIONS='-optVerbose –optRevert \
-optTauSelectFile="$HOME/Geant4/select.tau"’

!  For&samplingHbased&measurement&

�  Configure&and&compile&as&usual&(ensure&–g&is&used)&
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inclusive 
duration 

exclusive 
duration 

int foo()  
{ 
       int a; 
       a =a + 1; 
 
     bar(); 
 
       a =a + 1; 
       return a; 
} 

Inclusive vs. exclusive measurements 

!  Performance with respect to code regions 
!  Exclusive measurements for region only 
!  Inclusive measurements includes child regions 
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Summary$of$EM$Review$results$
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FLOPQinefficient$func;ons$

!  Func7ons&that&do&a&lot&of&floa7ngHpoint&computa7ons&and&also&

are&responsible&for&a&significant&frac7on&of&the&stall&cycles&(for&any&

reason):&

�  w&is&the&func7on&cycles&(exclusive)&frac7on&of&total&applica7on&cycles&&
�  Insfp is&the&number&of&floa7ngHpoint&instruc7ons&

�  Instotal&is&the&total&number&of&instruc7ons.&&

�  Cyclesstall&are&the&func7on’s&stall&cycles&

�  Cyclestotal&are&the&total&stall&cycles&
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FLOPQinefficient$func;ons$(cont.)$
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Lightweight$func;ons$

!  Lightweight&func7ons:&rela7vely&few&floa7ngHpoint&instruc7ons&

per&call&but&take&a&significant&frac7on&(>&0.5%)&of&the&overall&

execu7on&7me.&&

�  The&FLOPHinefficient&

G4VEmProcess::PostStepGetPhysicalInteractionLength 
is&also&among&the&lightweight&func7ons&because&each&call&does&rela7vely&

few&opera7ons&(but&there&are&many&calls).&&

!  Instrumenta7onHbased&data&(accurate&func7on&call&counts)&
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PostStepDoIt$and$
PostStepGetPhysicalInteractionLength 

!  Which&types&of&objects&invoke&them&most?&

�  PostStepDoIt (G4VEmProcess classes)&&

�  PostStepDoIt (outside&G4VEmProcess hierarchy)&
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PostStepGetPhysicalInteractionLength $

!  Called&in&G4VProcess::PostStepGPIL 
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Impact$of$changes:$10$vs$10xyd$
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!  Improvement = (Tv10 – Txyd) / T v10
�  posi7ve:&improvement&

�  nega7ve:&degrada7on&

!  The&measurements&represent&exclusive&values&(only&for&the&

func7on&indicated)&and&were&obtained&with&lowHoverhead&

sampling&using&a&period&of&1,000&microseconds.&&

!  BeWer&approach&would&be&to&use&hybrid&sampling&(but&it&was&too&

new&and&review&was&done)&



Impact$of$changes:$10$vs$10xyd$
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Impact$of$changes:$10$vs$10xyd$(cont.)$

!  &&
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Different$versions$(10.0$vs$10.02.b01):$Q6.28%$
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Func;on$ Difference$%Total$in.$%$Change$
G4PhysicsVector::SplineInterpola7on(unsigned&l& 6.66E+05& 4.57E+00& 6.68EH02&

G4UniversalFluctua7on::SampleFluctua7ons(G4MaterialC& H1.87E+06& 1.89E+00& H4.24EH01&

G4PhysicsVector::FindBinLoca7on(double)& H3.52E+05& 1.66E+00& H9.34EH02&

G4PhysicsVector::Value(double,&unsigned&long&)& H3.90E+05& 1.25E+00& H1.66EH01&

G4VEmProcess::PostStepGetPhysicalInterac7on& H1.01E+06& 1.19E+00& H4.03EH01&

G4PhysicsVector::FindBin(double,&unsigned&long)& H1.55E+05& 9.27EH01& H9.41EH02&

G4UrbanMscModel::ComputeGeomPathLength(double)& H2.35E+05& 8.75EH01& H1.03EH01&

G4UrbanMscModel::SampleCosineTheta(double,&doub& 1.68E+05& 6.38EH01& 1.08EH01&

G4VMscModel::GetTransportMeanFreePath(G4Par& H3.03E+05& 5.81EH01& H2.69EH01&

G4UrbanMscModel::StartTracking(G4Track*)& H1.07E+06& 4.82EH01&H1.42E+00&

G4VPar7cleChange::CheckIt(G4Track&const&)& H6.87E+05& 4.47EH01& H7.47EH01&

G4VEmProcess::PostStepDoIt(G4Track&const&,&G& H2.15E+07& 4.47EH01&H1.94E+01&

Increases&in&level&1&and&2&cache&

misses,&number&of&instruc7ons&and&

TLB&instruc7on&misses&

SimplifiedCalo,%Standard,%50GeV,%500%events%



Work$in$progress$in$TAUQrelated$tools$

!  Make&performance&experiments&easier,&faster,&and&more&

reproducible&

�  Autoperf&&

◆ mostly&done&for&mul7threaded&code&running&on&mul7cores&

◆  currently&focusing&on&GPUs&and&Intel&MIC&

�  Integra7on&with&IDEs&such&as&Eclipse&as&part&of&the&Roofline&Toolkit&

subproject&in&SUPER&

!  Mul7H&and&many&core&analysis&

!  Automa7on&of&itera7ve&analysis&–&defining&mul7H

experiment&workflows&

�  Right&now&separate,&manually&created&Autoperf&configura7ons&required&

&
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TAU$Commander$
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Autoperf$
!  Simple&tool&for&performance&experiments&and&associated&analysis&

!  Adds&a&layer&of&abstrac7on&over&exis0ng&performance&tools&

!  Automates&tedious&and&errorHprone&tasks&&

�  Selec7ng&performance&counters&(minimize&#&of&experiments&required)&

�  Sesng&up&the&environment&for&each&tool,&managing&batch&jobs&

�  Genera7ng&selec7ve&profiling&configura7on&based&on&sampling&results&

�  Configuring&access&to&databases,&uploading&data&&

�  Reusable&and&extensible&analyses&that&normal&humans&should&be&able&to&

understand;&comparisons&across&mul7ple&code&versions&
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Analyses
⁃ Derived metrics
⁃ Statistics
⁃ ComparisonsDatastore

⁃ TAUdb
⁃ File-based
⁃ ...

Experiment
Definitions

Platforms

Inputs

Application
(binaries, sources)Measurement Tools

(TAU, HPCToolkit, 
Fast, ...) Visualizations

hWps://bitbucket.org/xdai/autoperf&&



Autoperf$example$

!  Base&version:&HO0&

!  Compare&–O2&and&–O3&improvement&
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Xiaoguang&Dai,&Boyana&Norris,&Allen&Malony,&“Autoperf:&Workflow&Support&for&

Performance&Experiments,”&Workshop%on%Challenges%in%Performance%Methods%for%

SoKware%Development%(WOSPOC'15),%Aus0n,%TX,&2015.&



Example:$Effect$of$op;miza;ons$

!  Stalls&per&instruc7on&vs&total&cycles—O2&unexpectedly&increases&

stalls&per&instruc7on&in&two&of&the&func7ons&
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HO2&

HO3&



Example:$Effect$of$op;miza;ons$

!  L1&instruc7on&cache&misses&vs&total&cycles—O3&eliminates&most&

instruc7on&misses,&but&with&liWle&impact&on&stalls,&showing&that&

they&are&not&a&major&contributor&to&stalls&&

&

20th%Geant4%Collabora0on%Mee0ng,%Sept.%28,%2015,%Fermilab%

HO2& HO3&



Example:$Effect$of$op;miza;ons$

!  L1&data&cache&misses&vs&total&cycles—O3&increases&L1&misses&in&

some&func7ons,&but&with&liWle&effect&on&overall&stalls&&
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HO2& HO3&



Summary$

!  TAU&provides&comprehensive&measurement&capabili7es&

!  A&number&of&new&metaHtools&being&developed&to&make&it&easier&to&

create&fully&automated&performance&experiments&

20th%Geant4%Collabora0on%Mee0ng,%Sept.%28,%2015,%Fermilab%


