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Rice University’s HPCToolkit Performance Tools

Measure and analyze performance of CPU and GPU-accelerated applications

Easy: profile unmodified application binaries

Fast: low-overhead measurement

Informative: understand where an application spends its time and why
— call path profiles associate metrics with application source code contexts
— optional traces to understand execution dynamics

Broad audience

— application developers

— framework developers

— runtime and tool developers

Not affiliated with:
IBM HPC Toolkit
ECP 55 Intel oneAPI HPC Toolkit




HPCToolkit Capabilities

 Employs binary-level measurement and analysis
- Observes executions of fully optimized, statically-linked or dynamically-linked applications
- Supports multi-lingual codes with external binary-only libraries
* Measures CPU activity using sampling
— Controllable overhead
- Minimizes systematic error and avoid blind spots
- Enables data collection for large-scale parallelism
* Measures GPU performance
— Function wrapping or callbacks monitor launch of GPU operations
— Monitoring thread records information about asynchronous operations on GPU devices
» Associates metrics with both static and dynamic context
- Loop nests, procedures, inlined code, calling context on both CPU and GPU
» Computes derived CPU and GPU performance metrics of your choosing
- Diagnosis may require more than one species of metric
» Supports top-down performance analysis
- Identify costs of interest and drill down to causes: up and down call chains, over time

o~
\\ EXASCARLE
) COMPUTING
\ PROJECT




HPCToolkit's Workflow for CPU Applications

hpcrun

> Profile execution on > Profile
CPUs Files
~—

p———
So_urce Opt.imized N Tr.ace
Files | Binary Files
—

Compile & Link
hpcstruct Pr———
Analyze CPU Program
>
program structure Structure |}

hpcviewer hpcprof/hpcprof-mpi I

Present trace view and Interpret profile
profile view Database Correlate w/ source

E(C P




HPCToolkit's Workflow for GPU-accelerated Applications

hpcrun

> Profile execution on > Profile
CPUs and GPUs Files
—

So'urce | Opt.lmlzed GPU Binary > Tr.ace
Files Binary Files
—

Compile & Link
hpcstruct e
Analyze CPU/GPU Program
program structure Structure |}
hpcviewer I hpcprof/hpcprof-mpi
Present trace view and Interpret profile
profile view Database Correlate w/ source
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HPCToolkit's Workflow for GPU-accelerated Applications

Step 1:

* Add -g to the host compiler

Profile
Files
—

Trace

hpcrun
. . Profile execution on
* Specify that the GPU compiler record > CPUs and GPUs
line maps, e.g. -lineinfo (NVIDIA)
So'urce | Opt.lmlzed GPU Binary
Files Binary
Compile & Link
hpcstruct

Analyze CPU/GPU

program structure
hpcviewer hpcprof/hpcprof-mpi

profile view

Present trace view and
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HPCToolkit's Workflow for GPU-accelerated Applications

Step 2:

* hpcrun collects call path profiles of

events of interest

Source |
Files

Compile & Link

hpcrun

Profile execution on
CPUs and GPUs

Optimized
Binary

GPU Binary

Profile
Files
—

Trace

hpcstruct

Analyze CPU/GPU
program structure

hpcviewer

Present trace view and

profile view

hpcprof/hpcprof-mpi
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HPCToolkit's Workflow for GPU-accelerated Applications

Step 3:

hpcrun
* hpcstruct recovers program structure : : _
bout Ii I d infined function > Profile execution on > Profile
about lines, loops, and inlined functions CPUs and GPUs Files
—
So'urce | Opt.lmlzed GPU Binary > Tr.ace
Files Binary Files
—
Compile & Link v
hpcstruct e,
Analyze CPU/GPU Program
program structure Structure |}
hpcviewer hpcprof/hpcprof-mpi

Present trace view and Interpret profile »
profile view Database Correlate w/ source




HPCToolkit's Workflow for GPU-accelerated Applications

Step 4:

* hpcprof/hpcprof-mpi combines
profiles from multiple threads and

correlate metrics to static & dynamic

program structure

Source |
Files

Compile & Link

hpcrun

Optimized
Binary

Profile execution on
CPUs and GPUs

> Profile |
Files
—

GPU Binary

Trace

hpcstruct

hpcviewer

Present trace view and
profile view

Analyze CPU/GPU
program structure

hpcprof/hpcprof-mpi
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HPCToolkit's Workflow for GPU-accelerated Applications

Step 4:

* hpcviewer - interactively explore

hpcrun

profile and traces for GPU-accelerated
applications

Source |
Files

Compile & Link

Profile execution on
CPUs and GPUs

Optimized
Binary

GPU Binary

Profile
Files
—

Trace

hpcstruct

Analyze CPU/GPU
program structure

hpcviewer

Present trace view and
profile view

hpcprof/hpcprof-mpi

Interpret profile
Correlate w/ source

Files
w
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y

Program
Structure
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Code-centric Analysis with hpcviewer

000 hpcviewer

Profile: Iulesh—RAJA-parallel,exe1 & Trace: lulesh-RAJA-parallel.exe |

main.c luleshRAJA-parallel.cxx £2 ]forallgeneric.hxx ‘
1183
1184 /: / H H
1185 /* compute the hourglass modes */ L fu nctlon cal Is In fu II context
1186
1187 A::forall<elem_exec_policy>(xdomElemList, [&] (int i2) H H
1188#ifmgf OMg_raiACK -exec_poticy( r 1 ¢ = |n||ned procedures
1189 Real_t hgfx[8], hgfy[8], hgfz[8] ;
1190 #endif H -
source pane * inlined templates
1192
1193 Real_t hourgam@[4], hourgaml([4 hourgam2 [4 hourgam3[4] ; H
1194 Real:t hourgam4{4%: hourgamS {4}: hourgamﬁ{d: hourgam7{4%; L4 Outllned OpenMP IOOpS
1195 Real_t xd1[8], yd1[8], zd1[8] ;
1196
1197 Index_p elemToNode = &nodelist[8xi2]; L4 IOO ps
1198 Index_t i3=8%i2;
GEaTal HETV (1.0) /determli21: »
Top-down view | Bottom-up view | Flat view ‘ﬁ VI eW CO ntrol
e (YRS - Nl
Scope N . REALTIME (usec):Sum (I) v REALTIME (usec):Sum (E)
v 3 Experiment Aggregate Metrics metrlc d Isplay 1.47e+09 100.0% 1.47e+09 100.0%
> <omp idle> 7.95e+08 54.2% 7.95e+08 54.2%
¥ <program root> 6. 69 EpadRummd i
6.69¢ t 3 .0%
¥ loop at luleshRAJA-parallel.cxx: 3526 navi ation an e 6.694 me rl C 0 an e 0%
v E»3528: [I] LagrangelLeapFrog(Domain*) g p 6.69¢€ #J.0%
v E»2715: [I] LagrangeNodal(Domain*) 4,11e+08 28.1%
Vv B»1554: [I] CalcForceForNodes(Domain*) 3.91e+08 26.7%
3.88e+08 26.5% 1.00e+03  0.0%
v B1454: [I] CalcHourglassControlForElems(Domain* double* double 2.43e+08 16.6% 1.00e+03 0.0%
¥ E1399: [I] CalcFBHourglassForceForElems(int* double* double* double* double* double* double* double* double* double* double* double* double* double* double* double* double, RAJA:Index$ 1.55e+08 10.6% 2.01e+03 0.0%
V¥ |521187: [1] void RAJA::forall<RAJA::IndexSet::ExecPolicy<RAJA::seq_segit, RAJA::omp_parallel_for_exec>, RAJA::IndexSet, CalcFBHourglassForceForElems(int* double* double* double* double* doy 1.04e+08 7.1%
v E405: [I] void RAJA::forall<RAJA::omp_parallel_for_exec, CalcFBHourglassForceForElems(int* double* double* double* double* double* double* double* double* double* double* double* do 1.04e+08 7.1% 2.01e+03 0.0%
¥ |oop at forall_seq_any.hxx: 498 1.04e+08 7.1% 2.01e+03  0.0%
B505: [I] void RAJA::foraII<CaIcFBHourIassForceForaems(int*, double* double* double* double* double* double* double* double* double* dotﬁ;le*l double*, double* double* double* df 1.04e+08 7.1% 5.97e+04 0.0%
1.03e+08  7.1% 1.69e+05  0.0%
Vloop at forall_omp_any.hxx: 90 1.03e+08 7.0% 1.04e+05 0.0%
v E91: [I] CaIcFBHourIassForceForaems(int* double* double* double* double* double* double* double* double* double* double* double* double* double* double* double* dg 1.03e+08 7.0% 4.81e+07 3.3%
» E»1300: [I] CalcElemFBHourglassForce(double* double* double* double* double* double* double* double* double* double* double* double, double* double* double* 4,40e+07 3.0% 4.40e+07 3.0%
1.11e+07  0.8% 1.44e+06  0.1%
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Time-centric Analysis with hpcviewer

(X X ) hpcviewer
[ rofie: flash3 | Trace: flashs | A pofi- @axd4 L H.A ME =8
Main view | l Depth: 13 ° 3

Time Range: [69s, 93s]

Rank Range: [Rank 0, Rank 255]

Cross Hair: (86s, Rank 93)
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80s 8ls 82s 83s 8ds 85s 86s 87s 88s 89s 90s 91s

Call stack} isti |

flash
driver_evolveflash
hydro
hy_ppm_sweep
eos_wrapped
eos
eos_helm
_xlddpow

. expinner2

Mini map
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Links and Contact Information

* Project web site: http://hpctoolkit.org

Documentation: http://hpctoolkit.org/documentation.html
Installation: http://hpctoolkit.org/software.htmi
Long format tutorials: http://hpctoolkit.org/training.html

Questions, problems, bug reports: hpctoolkit-forum@rice.edu




