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Introduction

* Necessity of performance analysis

* benchmarking/monitoring
» efficient use of resources

« optimization and tuning
 Emerging parallelism

« parallel applications
* heterogeneous systems

e Performance tools are essential

» complexity of applications

o diversity of architectures
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Problem Statement
» Search tools and libraries for parallel applications

 profiling multithreaded applications of Geant4
« performance evaluation for GPGPU codes

* A user application: cmsExpMT (cms geom + b-field map)
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eview of Geant4 Performance Profiling

e Tools

 FAST (CPU)
* |IgProf (memory)

e Metrics
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Metrics for Parallel Applications

 Multithreaded applications

* speedup, scalability .

* memory (cache miss, .

TLB miss, coherence)

e communication
e |/O

« Platform dependence

« NUMA

 distributed memory models
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 GPU applications

memory throughput
arithmetic intensity
occupancy vs. latency
ILP vs. TLP

locality (spatial/temporal)
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Performance Tool Requirement

e Support parallelism and multi-threaded applications

* Open source (support Linux)

* Transparent instrumentation (applicable on binaries)
 Light time overhead and precision of measurement

 Advanced analysis (tracing, callgraph)

 Easy to use, but extensible

 Documentation and support
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Performance Tools: A Short List

« Community infrastructures:

« PAPI and MuMMI (UTK)

» Paradyn (Dyninst, MRNet) (UW, UMD)
* Integrated tool Kits:

« HPCToolkit (Rice)
* Open|SpeedShop (Krell)
 TAU (Oregon)
* nvvp (NVIDIA)
e Tracing tools:

* Jumpshot (ANL)
e Scalasca (Julich)
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PAPI (Performance API)

A standard API to access
hardware performance
counters

* Relation between
software performance
and processor events

\1 1%
Vendor HW/
Kernel Extension

 Event metrics : platform
\ specific metrics, cache
hit/miss, Flops, power

i\‘* consumption (MuMMI)
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Open|Speedshop
 Comprehensive performance analysis for sequential,

multithreaded, and MPI applications
* The base functionality includes

e 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 GPU (95%) and MIC (if funded)
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Default 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&ﬁﬁﬁai’e%immmmmm {

Executables: /home/syjun/g4p,/test/openss,/cmsExpMT,/bin/cmsExpMT Host: cluck.fnal.gov Pids: 1 Threads: 33/ \

y.4 AN ]

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

16171 05.742855 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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HPCToolkit

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

call path
profile

] ] profile
compile & link execution
[hpcrun]
source optimized
code - binary .
binary
analysis
[hpestruct]

presentation

[hpcviewer/

hpctraceviewer]

E program
structure

interpret profile <

correlate w/ source
[hpcprof/hpcprof-mpi] |€—

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

e Supporting performance analysis of heterogeneous
architecture (hybrid CPU/GPU)

Feb. 5, 2013
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HPCToolkit: hpcviewer

hpcviewer: cmsExpMT (on cluck.fnal.gov)

File View Window Help

[+ {Plot graph] my_slave thread(void*): PAPI TOT CYC (I} : 52 @5 G4MTParTopC.icc s G4FlasticHadrNucleusHE.cc [+ [Plot graph] G4Elastic HadrNucleusHE::HadrNucDifferCrSec(int, double... =8
[Plot graph] my_slave_thread(void*): PAPI_TOT_CYC (I)
L ]
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Thread
" Calling Context View | %, Callers View |}z, Flat View 2 =8
|lza s |® 0 & W & 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 1.51l=e+12 B832.6% 7.32=+10  4.1% 8.29=408 Bl.6% 1.45=+07 1.4% 1.02=+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 .55=+11 14. .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

H 150M0f2#5M |ﬁJ
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TAU (Tuning Application Utilities)

 Dynamic, compiler based, source based Instrumentation
e Analysis tools

 ParaProf
» PerfExplorer
e Tracer (Jumpshot, vampir)

e Various built-in graphical presentations

e Capable to measure performance of GPU with
cuda/openCL

» Disadvantage: compiler/source-based instrumentation
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TAU for CUDA/openCL?

e Test tau with cupti on a Runga-Kutta stepping algorithm

T TAU: ParaProf Manager E]@E] T TAU: ParaProf: Mean Call Graph - prufile_nE]@E]
File Options Help File Options WWindows Help
@ fpplications : TrialField Walue .... ........
% [ Standard Applications Naml_e i profile_datascallpath.ppk -
Default & Application 1D a
? ?ﬁ Defaur:pExp Experiment 1D 5 TAU al|cat|on
¢ @ profile_data/callpath.ppk Trial 1D o
@ TAUGFU_TIME Gl SIS 2
- CPU MH=z =200.000
CPU Type AMD Opteronitm) Processor 5136 |~
CPU Vendor AuthenticAMD
CWD fhomefsyjunfgpgpuftau-opt
Cache Size 512 KB
Command Line Jhinfstepper 1
Executable fhomessyjunfgpgpustau-optibings... |
File Tvpe Index o
File Type Mame FaraProf Facked Frofile
T TAU: ParaProf: profile_data/callp|—|[0][x]| [GFU Name ] Tesla M2090
Fila Options Windows Help Sl ComputeCapab!l!tyMgJor 2
GPU computeCapabilityMinar o
Metric: TAUGPU_TIME GFU constantMemorySize 65536
Yalue: Exclusive GPU coreClockRate 1301000
GPU globalMemoryBandwidth 177403000
Std. Dev. s e GFPU globalMemorySize 5636554752
Mean [ e Bl GPU [2CacheSize 7854352
Max [ el maxBlocksPerMultiprocessor |8
B — | maxlPo 2
node O, thread 0 000000 i maxRegistersPerBlock S2768
node 0, thread 1 T R T maxSharedMemoryPerBlock (498152
maxThreadsFerBlack 1024 |
maxWarpsPerMultiprocessor |48 52

T A ParaPro » 3 pro data/callpa pp ! (B} TimeLine : tau.slog2 <Thread View> E]@E]
File Options Windows Help
@ Triangle Meash I — - .
Lowesty Max. Depth|4|Zoam Level Global Min Time'view In|=; COUMT [
) Bar Plot os0 : 4] 0.00 5 70.00 Row Count
CurnulativeEs... ————————— TimeaLinas - 2.0
© Tepolagy Plat =L I |
Height Metric — ﬁ | |
= 4 »
Exclusive |v| |TAUGPU_TIME |v| @ ModelD <] L e ]
@ ThreadID [ R I Y I |
Calor Meatric | 0.0040.50.20 . 66.02 46 5@ 2.8, &,ﬁ
A 4] | *] Tirne iseconds) | g T »

Provides general profiling information (H2D, kernel, D2H),
but no details for ‘inside’ device codes
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NVIDIA GPU Tools

« CUPTI, NVML, occupancy calculator

* nvvp (nvprof) : timeline, kernel analysis with source

NVIDIA Visual Profiler NVIDIA Visual Profiler
Fle Vview Run Help

File View Help
ErtEERee ——— EED
& #New Session 22 / \ o= Pmpemes Detail Grap &2 = § *New Session ( GXTransportation.cu 3 [z tracking_kemel.cu W@ util_kernel.cu w =8|3 Prupemes Detail Grap 2 =g
19,5 ms /2129 ms 21205 ms 2121 ms 21215 ms \212g ms 21 Max: 386 GB/s (A=
=] Process 57798 AVQ: 2.26 GBJs // Update the safety starting from the end-point, R Max: 9.326 ms
= Thread -232388832 i 17,83 MEys j; if it will begome negative at the end-point. Avg: 1814 ms
LD Throughput 3 if{ currentsafety < This-sendpointDistance ) Duratio: 960 s
Max: 22.004 MB i
Profiling Overhead if( particlecharge != 0.0 ) Max: 22.004 MB
[=1{0] Tesla M2090 Avg: 143.619 KB
[= Context 1 (CUDA) Min: 64 bytes G4double endSafety = AVG: 143619 KB
 MemCpy (HroD) H Size GPNavigator_ComputeSafety(This->fLinearNavigator, sizain: 64 bytes
7 MemCpy (DtoH) Max: 96.48 ms DBL v T?}li->fT.ranspnrtEndPnslnnn,
[= compute rac... tracking_... RECIS QLIS SIS ] (ST Cracking_electron_kemel(c... | ‘acki [Av 39512 1 X, false) ; Max: 3.73 GB/s
T 79.3% [258] tracking_electron tracking_electron kemel(cu.. ISEEAN R G Aol (BTSN e e currentSafet - endsafety AVg: 243 GBIS
¥ 17.8% [258] tracking_photon_k rac...tracking_... Duration This->fPrevigusSftOrigin = This->fTransportEndPosition ; Min: 18.34 MB/s
T 2.9% [20] curand_setup_kernel This->fPrevigusSafety = currentSafety ; Throughput
= Streams
Stream 2 // Because the Stepping Manager assumes it is from the start point,
Stream 7 ] tracking_electron_kemel(cu. i ;; add the teplength
tracking_....
Stream & = cracking 1T} currentSafet, 4= This->endpointDistance ;
(] N ] 4 D)
- [ Details| E Con w. =0
[ Analysis 22 . [ Deta\ls} a Cunsu\e}t@ Settmqs} K / w. =0
N Results
scop Result e c~— Analyze Entire Applicati
o - alizelsisianplcaly Divergent Branches
@ [Analyze Entire Application J Low Compute Utilization [ 550.663 ms / 13.873s =4%] ‘ L sel ‘ 5 : have high level of d eading t ficant instruct head "
Analyze Kemel (select in timeline “\Branches have high level of divergence, leading to significant instruction issue overhea ore
© Analyze Kernel (select in timeline) The multiprocessors of one or more GPUs are mostly idie 4 6Ty ¢ ! elect from the table below to see the source code which generates the divergent branches.
Stag & Low Memcpy Throughput [ 1.96 GB/s avg, for memcpys accounting for 75.7% of all memcpy time ] Stag

‘ Luc‘tmn Description
The memory copies are not fully using the available host to device bandwidth. More... il
4| Reset All | |14y Analyze Al 1Y Cop ¥ using #/Reset All || iy Analyze Al

Low Memcpy Overlap [ 0 ns/ 21.379 ms = 0% ]

Uncoalesced Global Memory [ Line: 594 Divergence = 12.62135922330097% [ 13 divergent executions out of 103 total executions ]
The percentage of time when two memory copies are being perfermed in parallel is low. More... le: util kernel.cu

v Fle: GXTransportation;

Line: 68 Divergence = 51.45631067961165% [ 53 divergent executions out of 103 total executions ]
— Line: 71 Divergence = 51.45631067961165% [ 53 divergent executions out of 103 total executions ]
Kernel Memory @‘

Kernel Instruction @ o /
i

 No good way to measure exclusive time for each device
function
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Other Tools: Another Short List

« Community Infrastructure and libraries

 CBTF (Component Based Tool Framework) (Krell)
 GPTL (General Purpose Timing Library) (ORNL)
» gperftools (Google Peformance Tools)

* Integrated Tools
 Intel: VTune Amplifer, Cluster/Parallel Studio (License)
 AMD: CodeAnalyst, APP Profiler/Kernel Analyzer (openCL)
* |IBM: HPMToolkit

* Tracing Tools

 KOJAK (OPARI,EPILOG,EARL,EXPERT/CUBE)
 Vampir (License)

Feb. 5,2013 Performance Measurement Tools
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Summary

* Profiling serial and parallel codes is a critical step in
assessing the efficiency of software development

* Various tools and libraries are available for performance
profiling and analysis

» Performance analysis is domain specific

(domain knowledge, architecture, programing models)

e Collaborating with ASCR institutes

* Bob Lucas, Pedro Diniz (I1SI)
* Rob Fowler, Paul Ruth (RENCI)
* Boyana Norris (ANL)
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