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Outline

« HPCToolkit performance tools for CPU and GPU-accelerated applications
— Overview of HPCToolkit components and their workflow
— HPCToolkit's graphical user interfaces
» Analyzing the performance of GPU-accelerated codes with HPCToolkit
- GAMESS
— Quicksilver
- LAMMPS at Exascale
» Status
 Resources
 Hands-on directions
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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 hierarchical traces to understand execution dynamics

Broad audience
— application developers
— framework developers
— runtime and tool developers

Supported platforms
- CPU: x86_64, Power, ARM
— GPU: NVIDIA, AMD, Intel
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HPCToolkit's Workflow for GPU-accelerated Applications
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—
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HPCToolkit's Workflow for GPU-accelerated Applications

Step 1:
. . . hpcrun
* Ensure that compilers record line mappings , , .
) . > Profile execution on > Profile
* host compiler/hipcc: -g CPUs and GPUs Files
e nvcc: —lineinfo ~—

Source Optimized , Trace
‘ Files Binary \ GPU Binary » Files l
w

Compile & Link
hpcstruct R
Analyze CPU/GPU
>
program structure Structure |}
hpcviewer 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 2:
. hpcrun
* hpcrun collects call path profiles (and : ; .
ionally, traces) of events of interest > Profile execition on > Profile
optionally, CPUs and GPUs Files
—
Source Optimized , Trace
‘ Files Binary \ GPU Binary » Files l
w
Compile & Link
hpcstruct \
Analyze CPU/GPU
>
program structure Structure |}
hpcviewer hpcprof/hpcprof-mpi

Present trace view and Interpret profile »
profile view Database Correlate w/ source
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Measurement of CPU and GPU-accelerated Applications

« Sampling using Linux timers and hardware counter overflows on the CPU
» Callbacks when GPU operations are launched and (sometimes) completed
* Event stream for GPU operations
 Instruction-level measurements

« PC Samples (NVIDIA)

e Binary instrumentation of GPU kernels (Intel)
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Call Stack Unwinding to Attribute Costs in Context

e Unwind when timer or hardware counter overflows
— measurement overhead proportional to sampling frequency rather than call frequency
 Unwind to capture context for events such as GPU kernel launches

Calling context tree

Call path sample

return address
return address
return address

instruction pointer
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hpcrun: Measure CPU and/or GPU activity

» GPU profiling

— hpcrun -e gpu=xxx <app> ... xxx € {nvidia,amd,opencl,level(}

 GPU PC sampling (NVIDIA GPU only)
— hpcrun -e gpu=nvidia,pc <app>

« CPU and GPU Tracing (in addition to profiling)
— hpcrun -e CPUTIME -e gpu=xxx -t <app>

* Use hpcrun with job launchers
— jsrun -n 32 -g 1 -a 1 hpcrun -e gpu=xxx <app>

Argonne Leadership Computing Facility

Profiles
- a calling context tree per thread
- instruction level measurements

CPU traces
- trace of call stack samples

GPU traces
- trace of call stacks that initiate
GPU operations
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HPCToolkit's Workflow for GPU-accelerated Applications

Step 3:
hpcrun
* hpcstruct recovers program structure : : _
bout lines, loops, and inlined functions y| [rofile execution on y| Profile
abou , 100PS, CPUs and GPUs Files
——
So_urce Optlmlzed GPU Binary > Tr.ace
Files Binary Files
w
Compile & Link v
hpcstruct R
Analyze CPU/GPU
>
program structure Structure |}
hpcviewer hpcprof/hpcprof-mpi

Present trace view and Interpret profile »
profile view Database Correlate w/ source
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hpcstruct: Analyze CPU and GPU Binaries Using Multiple Threads

» Usage

hpcstruct [--gpucfg yes] <measurement-directory>

 What it does
* Recover program structure information
 Files, functions, inlined templates or functions, loops, source lines
e Analyze all CPU and GPU binaries that were measured by HPCToolkit using multithreading
« Cache binary analysis results for reuse when analyzing other executions
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HPCToolkit's Workflow for GPU-accelerated Applications

Step 4:

* hpcprof/hpcprof-mpi combines hpcrun
profiles from multiple threads and N Profile execution on ) Brofile
correlate metrics to static & dynamic CPUs and GPUs Files
program structure

Source Optimized , Trace
‘ Files Binary \ GPU Binary » Files l
w

Compile & Link
hpcstruct
Analyze CPU/GPU |
>
program structure Structure
hpcviewer hpcprof/hpcprof-mpi

Present trace view and D Interpret profile »
profile view atabase Correlate w/ source
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hpcprof/hpcprof-mpi: Associate Measurements with Program Structure

» Analyze data from modest executions with multithreading

hpcprof <measurement-directory>

« Analyze data from large executions with distributed-memory parallelism + multithreading

jsrun -n 2 -a 1 -c 18 -b packed hpcprof-mpi <measurement-directory>
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HPCToolkit's Workflow for GPU-accelerated Applications

Step 4:
. hpcv.iewer - interactively explore hpcrun
profl-le a.nd traces for GPU-accelerated N Profile execution on ,[ Profie
applications CPUs and GPUs Files
——
Source Optimized , Trace
‘ Files Binary \ GPU Binary » Files l
w
Compile & Link
hpcstruct
Analyze CPU/GPU |
>
program structure Structure
hpcviewer hpcprof/hpcprof-mpi

Present trace view and E Interpret profile
profile view Correlate w/ source <
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Code-centric Analysis with hpcviewer

e00 hpcviewer
Profile: lulesh-RAJA-parallel.exe | B Trace: lulesh-RAJA-parallel.exe | = 8
|main.c b-luleshRAJA-parallechx 2| forall_generic.hxx I
1183
ey ! e functi lis in full text
{1185 /% compute the hourglass modes */ u nC |On Ca S In u Con ex
1186
11187 RAJA::forall<elem_exec_policy>(*domElemList, [&] (int i2) { H I H d d
11188 #ifndef OMP_HACK L I n I ne p roce u res
{1189 Real_t hgfx[8], hgfy[8], hgfz[8] ;
11190 #endif H I' d t I t
{1191 Real_t coefficient; L In Ine emp a es
{1192
11193 Real_t hourgam@(4), hourgaml(4], hourgam2[4], hourgam3([4] ; tI H d O M P I
{1194 Real_t hourgam4 (4], hourgam5[4], hourgam6([4], hourgam7[4]; ° O u I n e pe n 00 ps
{1195 Real_t xd1[8], yd1(8], zd1[8] ;
11196
1197 Index_p elemToNode = &nodelist [8%i2]; L |OO pS
1198 Index_t i3=8%i2;
s— Ra Al (1.0)/determli2]:
&
Scope REALTIME (usec):Sum () v REALTIME (usec):Sum (E)
v 3 Experiment Aggregate Metrics 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
6.69 0%
6.69: 0%
v E»3528: [I] LagrangeLeapFrog(Domain*) 6.69 O
v E»2715: [1] LagrangeNodal(Domain®) 4.11e+08 28.1%
v E»1554: [I] CalcForceForNodes(Domain®) 3.91e+08 26.7%
B>1469. CalcVolumeForceForElems(Doma 3.88e+08 26.5% 1.00e+03  0.0%
¥ Bb1454: [I] CalcHourglassControlForElems(Domain®, double®, double) | 2.43e+08 16.6% 1.00e+03  0.0%
v E»1399: [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%
¥ 131187: [1] void RAJA::forall<RAJA::IndexSet::ExecPolicy<RAJA::seq_segit, RAJA::omp_parallel_for_exec>, RAJA::IndexSet, CalcFBHourglassForceForElems(int®, double®, double®, double®, double®, dou 1.04e+08 7.1%
¥ BP405: [1] 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 9.0%
¥ loop at forall_seq_any.hxx: 498 1.04e+08 7.1% 2.01e+03  0.0%
v BPS05: [I] void RAJA::forall<CalcFBHourglassForceForElems(int*, double®, double®, double®, double®, double®, double®, double®, double*, double*, double®, double®, double®, double*, double®, d 1.04e+08 7.1% 5.97e+04 9.0%
¥ EP82: outline forall_omp_any.hxx:89 (0x4235b0) 1.03e+08 7.1% 1.69e+05 0.0%
1.03e+08  7.0% 1.04e+05 0.0%
v B»91: [I] CalcFBHourglassForceForElems(int®, double®, double®, double®, double®, double®, double*, double®, double®, double®, double*, double®, double®, double®, double®, double®, do 1.03e+08 7.0% 4,81e+07 3.3%
» B1300: [I] CalcElemFBHourg 4.40e+07  3.0% 4.40e+07 3.0%
» B»1260: [I] CBRT(double) 1.11e+07 0.8% 1.44e+06 0.1%
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Understanding Temporal Behavior

» Profiling compresses out the temporal dimension
— Temporal patterns, e.g. serial sections and dynamic load imbalance are invisible in profiles
 What can we do? Trace call path samples
— N times per second, take a call path sample of each thread
— Organize the samples for each thread along a time line
View how the execution evolves left to right
— What do we view? assign each procedure a color; view a depth slice of an execution

Processes,
threads,
GPU streams

Time
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Time-centric Analysis with hpcviewer

LA K] hpeviewer
[ Profite: flash3 | B Trace: flash3 | B P ep 4l OO HE=0

°
U
3
g
2
H

Call stack pane
shows full calling
context for the
cursor

MPI ranks,OpenMP Threads, GPU streams

Deptl

Depth view showing the history of calling contexts for the thread/GPU stream with the cursor I-

. . ) _ Minimap indicates part of
18  Argonne Leadership ' A multi-level call stack based view of execution over time execution trace shown )




Case Studies

« GAMESS: MPI, Fortran, OpenMP offloading
e Quicksilver: MPI, C++, CUDA
« LAMMPS: MPI, C++, Kokkos at exascale
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Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perlmutter

File View Filter Help
g Profile: gamess.00.x ¥ Trace: gamess.00.x [FProfile: gamess.00.x B Trace: gamess.00.x 3 T I+ 5 v - M=

Main view

Depth: 40 -
Time Range: [0s, 53s] Cross Hair: (29s, RANK O GPUCONTEXT 1 GPUSTREAM 16)

[+

LL1an I8 LU AL Lo RGN | Al LU L R e PR A | TR R LR, AR d L R DR RN LSRR 0 S SRR 10 RN | T B |Call stack Statistics GPU Idleness Blame

l <program root>
main
gamess
brnchx_

energx_

wfn_

rhfcl_

twoel_
ompmod_ompmod_twoei_jk_
gpu_ompmod_twoel_jk_
gpu_rhf_jo5_ppps_

wumi w0 i ™ ! 1™ al N T 4 = , | i __nvomp_target [libnvomp.sol

launchTarget [libnvomp.so]
launchHXTarget [libnvomp.sol
hxtaunch {libnvomp.so]

launchInternal [libnvomp.so]
[I] targetLaunch
launchInternal [libnvomp.so)
nild I<qpu kernel>
11 nvkernel_gpu_rhf_j05_ppps_ F1L575_18_ [30534090¢

s s s s s s EN NN N RN N E s s s s R NN NN NN

os Js 35 45 Ss 65 75 8s 95 10s 11s s 185 18s 28s 235 21s 28s 285 3ds sls 3ds ats 38s s als als 48s aks 50s 525
Depth view Summary view + Mini map
—— —_— ——— —— — ——— — —— —— —— — —. —— —
G S SR (N S S S N S N S S S ——
W gy |, NS AR SRR SR WU RSN G NS W WO TS RO e ——
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‘Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perimutter

: File Vview Filter Help

EProhle: gamess.00.x B Trace: gamess.00.x Eprohle: gamess.00.x B Trace: gamess.00.x Bprohle: gamess.00.x B Trace: gamess.00.x Eprohle: gamess.01.x B Trace: gamess.01.x Eprahle: gamess.00.x  Trace: gamess.00.x

#) Select rank to display

\ i+ [ - M=
Check all Uncheck all Regular expression
Main view 9 P pepth: a0 - g
Time Range: [0s, 53s] Cross Hair: (42s, RANK O THREAD 10)
= X 2 Filter: GPU . 2
(1030 1 L R i e . I 101 0 TUBEERI | NYRII Y Wi | call stack|Statistics GPU Idleness Blame
= | Ranks or threads [ <thresd roors
[]  RANK O GPUCONTEXT 1 GPUSTREAM 16

threadPoolEntryPoint [libnvomp.so]
RANK 1 GPUCONTEXT 2 GPUSTREAM 26

RANK 2 GPUCONTEXT 2 GPUSTREAM 26
RANK 3 GPUCONTEXT 2 GPUSTREAM 26

hxiExecuteHostTreeBarrierwWithTasks [libnvomp.so
[I] executeMostTreeBarrier

[I] waitForNeighborThreads

L] hxAddresswait [libnvomp.so)

syscall [libc-2.31.s0]

(08 T Ll ! 5 f T s 4 \ ’ w L RINT k|| ...

gAY [ Co 1

A AN AsERENSERASNASNANTESESEREES

Cancel | [, | - - -

Bs 25 35 ds Ss 6s 75 8s 95 10s 15 s 185 185 20s 235 2ds 2 28s 3ds 3ls als 38s 3ds ads als als ads  ads  sls 5is
Depth view Summary view i+ Miny map

ymE) E——
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Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perlmutter

File View Filter Help

Fdrrofile: gamess.00.x ¥ Trace: gamess.00.x B/ e i- £33 4 Hemy s =2 0O

[Ma1n view
Time Range: [0s, 53s]

Depth: 40 - 4
Cross Hair: (27s, RANK 3 GPUCONTEXT 2 GPUSTREAM 26) —_—

i Call stack Statistics GPU Idleness Blame|

l <program root>
& main
| gamess
| brachx_
energx_

T win_
rhfcl_
twoel_
ompmod_ompmod_twoel_jk_
. gpu_ompmod_twoel_jk_
gpu_rhf_j06_pppp_
__nvomp_target [libnvomp.so]
launchTarget [libnvomp.so)
launchHXTarget [libnvomp.so]
hxtaunch [libnvomp.so]
launchInternal [libnvomp.so]

i i taunchinterna xunv .50] y .
| i <gpu kernel>
III‘ | ‘ I‘ II I‘ nvkernel_gpu_rhf_j06_pppp_ F1L686_22_ [30534090¢

Bs 25 35 45 55 6%

|Depth view Sumary view

75 8s 9s 10s 9 T 5 o T i o = e - T ——
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Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perlmutter

[®] hpcviewer

File View Filter Help

Eeone: snessonx mrece: saness00 | GPU l0ad imbalance due to triangular iteration spaces 6/ 99hs [edsd B -0 HE -

|Main view

o
‘Depth: 40 - R .

Time Range: [25.28s, 29.73s] Cross Hair: (27.04s, RANK 3 GPUCONTEXT 2 GPUSTREAM 26) O LN e

‘call stackf_statistics_iGPU Idleness Blamel |

F<program root>
| main
gamess
brnchx_
energx_
wfn_
rhfcl_
twoel_
ompmod_ompmod_twoei_jk_
gpu_ompmod_twoei_jk_
gpu_rhf_j06_pppp_
__nvomp_target [libnvomp.so]

launchTarget [libnvomp.so]
launchHXTarget [libnvomp.so]

hxtaunch [libnvomp.so]

launchInternal [libnvomp.so]
[I] targetLaunch
launchInternal [libnvomp.sol

| [
0

5.3 2576s | 25.8s 265 26125 26.4s  26.6s  26.8s 27s 27125 27.4s | 27.6s  27.8s 28125  28'4s  28.6s  28.8s 20725 2045 29.6s

<gpu kernel>
nvkernel_gpu_rhf_j06_pppp_ F1L686_22_ [305a4090¢

Depth viewi Summary viewl

_— ;_E‘
—__I=_l _—-
—— e —ml

ﬁ.', = ‘ Mini map,
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Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perlmutter

File view Filter Help
[ Profile: gamess.00.x B Trace: gamess.00.x [Profile: gamess.00.x B Trace: gamess.00.x [gProfile: gamess.00.x B Trace: gamess.00.x [ Profile: gamess.0l.x B Trace: gamess.0l.x [Profile: gamess.00.x B Trace: gamess.00.x = O
tgpu_ompmod_spd.F90 [Plot graph] gpu_rhf_ils_dppp_: GPUOP (sec) (T) tgpu_ompmod_sp.F90 [Plot graph]l gpu_rhf_j06_pppp_: GPUOP (sec) (I) 8 gamess.F v
[Plot graph] gpu_rhf_j06_pppp_: GPUOP (sec) (I)
1.0E1

8.0E0 -
6,0E0 - -

4,0E0 -

Metric Value

2,0E0 4

0.0E0 -] « & e e e & & & ® ® 8. s e e s * e 6 8 8 s 8 s n 4 s 8 s s ® % o s = 4 s e 8 s s 8 a0 e " e e a0 0e e a0 . . . . . .

Rank.Thread

Top-down view Bottom-up yiew Flat view

TI6 E MEB A A~ Nlvid

GPUDP (sec): Sum (E) GXCOPY (sec): Sum (1) GXCOPY [sec): Sum (E)

4 Experiment Aggregate Metrics 3.48e+03 100.0% 3.48¢+03 100.0% 1.66e+02 100.0% 1.66e+02 100.0% 1.66e+02 100.0% 1.66e+02 100.0% 2.64¢-01 100.0% 2.64¢-01 10
A <program root> 2.04e402 5.9% 1.66e+02 100.6% 1.66e+02 100.0% 2,64¢-01 100.0%
4 » main [gamess.00.x] 2.09e402 5.9% 1.66e+02 100.0% 1.66e+02 100.0% 2.63¢-01 100.0%
4 » gamess 2.04e402 S.9% 1.66e+02 100.0% 1.66e+02 100.0% 2.63¢-01 100.0%
4 772 » brnchx_ 2.03e+02 5.8% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
4 1095 » energx_ 2.03e+02  5.8% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
4 loop at gamess.F: 1316 2.03e+02 5.8% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
4 loop at gamess.F: 1436 1.97e402 S.7% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
4 loop at gamess.F: 1436 1.97e+02 5. 7% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
4 1440 » win_ 1.97e+02 5. 7% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
4 loop at gamess.F: 2645 1.97e+02 5. 7% 1.66e+02 100.0% 1.66e+02 100.6% 2,64e-01 100.0%
4 2568 » rhfcl_ 1.97e+02 5.7% 1.04¢-02 0.0% 1.666+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
4 loop at rhfuhf.f: 2678 1.96e+02 5.7% 5.25¢-03 0.0% 1.66e+02 100.0% 1.66e+02 100.0% 2.64¢-01 100.0%
4 loop at rhfuhf f: 2723 1.96e+02 5.6% 1.66e+02 100.0% 1.66e+02 100.0% 2.64¢-01 100.0%
4 loop at rhfuhf.f: 2723 1.96e+02 5.6% 1.66e+02 100.0% 1.66e+02 100.0% 2.64¢-01 100.0%
4 2859 » twoel_ 1.69e+02 4.9% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
4 3994 » ompmod_ompmod_twoel jk_ 1.69e+02 4.9% 1.66e+02 100.0% 1.66e+02 100.0% 2.64¢-01 100.0%
4 246 » gpu_ompmod_twoel jk_ 1.69e+02 4.9% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
D 656 » gpu_rhf_j16_dppp_ 2.98e+01  0.9% 1.00e-02 0.0% 2.97e+01 17.9% 2.97e+01 17.9% 1.07e-02 4.1%
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Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perlmutter

1File View Filter Help

Profile: gamess.00.x ®§ Trace: gamess.00.x [Profile: gamess.00.x B Trace: gamess.00.x [®Profile: gamess.00.x B Trace: gamess.00.x \ ¥ i+ 5 - | i)

{Main view
Time Range: [@s, 318s] Cross Hair: (260s, NODE 931177797 RANK 19 THREAD 0)

Depth: 42 -

|+

call stack!Statistics GPU Idleness Blame

[ AT

twoel_

ompmod_ompmod _twoer jk_
gpu_ompmod_twoei jk_

W gpu_rhf_jo6_pppp_
__nvomp_target [libnvomp.so]
launchTarget [libnvomp.so]
launchHXTarget [libnvomp.sol
hxLaunch {libnvomp.so)
launchInternal [libnvomp.so]
(1] targetLaunch
launchInternal [labnvomp.sol
11bcuda.s0.515.48.07@0x2e8cab
| Libcuda.s0.515.4 .07@0x134400
l1bcuda.so0.515.48.07@0x48d0dS
libcuda.s0.515.48.07@0x25985b
11bcuda.s0.515.48.07@0x16ebf6
libcuda.s0.515.48.07@0x4b612e
l1bcuda.s0.515.48.07@0x4bd2ee
l1bcuda.s0.515.48.07@0x1501¢cd
libcuda.s0.515.48.07@0x3ce710

® ® ® ® ® ®

@ ®

v v T T . y - v r . y - . . ' - T - T v T v T
s 10s  28s  3bs  ads  s8s  eds  78s  8ds  9ds 100s 110s 120s 130s 1405 150s 16Ds 170s 180s 190s 200s 210s 220s 230s 240s 250s 260s 270s 280s 290s 300s 310s

HDepth view Summary view e Min1 map

BT ‘ iW C

- 1 4 4
d wrmw{nnmw-.ﬂrx

-A"}»..Ax

t j.”‘ RIRESS

o
I S ..
AL
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Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perimutter

File Vview Filter Help

Profile: gamess.00.x [ Trace: galess.oo.xlaprohle: gamess.00.x B Trace: gamess.00.x [gProfile: galess.W.xi.Trau: gamess.00.x
Main view - ) - . - )
Time Range: [os, 318s] Cross Hair: (161s, NODE 931186240 RANK 10 GPUCONTEXT 2 GPUSTREAM 26)

i

il
0 i

1
0
I

I

P =

Hs =0
i

- EhF L BeE-

Depth: 42 -

[call stackﬁtratisrtusjcpu Idleness Blame
poLni_ts_
3ocpeg_dynl
aocptd_dyn_
cpdyn_ambx_
twoel_cphfdyn_amb_
twoel_cphfdyn_omp_twoei_cphfdyn_amb_omp_
gpu_ompmod_tdhf_asb_gpu_twoex_cphfdyn_amb_omp_
gpu_tdhf_amb_j06_pppp_
__nvomp_target [libnvomp.so]
launchTarget [libnvomp.sol
launchHXTarget [libnvomp.sol
hxLaunch [libnvomp.so]
launchInternal [libnvomp.so]
I 1] targetLaunch
launchInternal [libnvomp.sol
<gpu kernel>
nvkernel_gpu_tdhf_amb_j06_pppp_ F1L649_22_ (8317

o
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Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perimutter

Help

s Profile: gamess.00.x B Trace

File View Filter
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mess.01.x B Trace
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: game
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Quicksilver: Detailed analysis within a Kernel using PC Sampling

hp
File View Filter Help

Fdprofile: qs‘ =g
main.cc CollisionEvent.cc X ‘

69 int uniqueNumber = monteCarlo->_materialDatabase->_mat[globalMatIndex]._iso[isoIndex]._gid;

70 int numReacts = monteCarle->_nuclearData->getNumberReactions(uniqueNumber);

71 for (int reactIndex = 0; reactIndex < numReacts; reactIndex++)

12

73 currentCrossSection macroscopicCrossSection(monteCarlo, reactIndex, mc_particle.domain, mc_particle.cell,

74 1soIndex, mc_particle.energy_group);

75 if (currentCrossSection < 0)

76

77 selectedIso = isoIndex; |
78 selectedUniqueNumber = uniqueNumber;

79 selectedReact = reactIndex;

80 break;

81 i

82 iy

83

84  gs_assert(selectedIso != -1);

85

Top-down view|Bottom-up view‘Flat view‘
L6 FE WME A~ ul~vid
Scope GINS: Sum (I) |GINS: Sum (E) |GINS:STL

ANY: Sum (I) |GINS:STL_ANY: Sum (E) |GINS:STL_IFET: Sum (I) |GINS:STL_IFET: Sum (E) |GINS:STL_IDEP:
= 100.0% 2 100.0% | =

414 » 1] cudalLaunchKernel<char> I.3ve+1l 1080.0% I 19e+ll 2/e+09 34ed
4211 » cudalaunchKernel [gs] 1.30e+11 100.0% 1.19e+11 100.0% 5.27e+09 100.0% 9.34e4
4 » =<gpu kernel=> 1.30e+11 100.0% 1.19e+11 100.0% 5.27e+09 100.0% 9.34e4
4 » CycleTrackingKernel(MonteCarlo*, int, ParticleVault*, ParticleVau... 1.30e+11 100.0% 4.08e+07 0.0% 1.19e+11 100.0% 3.62e+07  0.0% 5.27e+09 100.0% 2.11e+07  0.4% 9.34e4
4132 » CycleTrackingGuts(MonteCarlo*, int, ParticleVault*, Particle... §1.30e+11 100.0% 9.03e+09 7.0% 1.19e+11 100.0% 9.01le+09  7.6% 5.24e+09 99.5% 8.98e+06  0.2% 9.32e4
426 » [I] CcycleTrackingFunction(MonteCarlo*, MC_Particle&, int, P... J8.36e+10 64.4% 4.12e+08 0.3% 7.25e+10 61.1% 3.65e+08  0.3% 5.21e+09 98.9% 1.02e+08  1.9% 9.25e4

4 loop at CycleTracking.cc: 118 8.35e+10 64.3% 3.76e+08 0.3% 7.25e+10 61.1% 3.34e+08 0.3% 5.21e+09 98.8% 9.90e+07 1.9% 9.24e4

463 » CollisionEvent(MonteCarlo®*, MC_Particle&, unsigned int) [... §5.20e+10 40.1% 4.99e+09 3.8% 4.44e+10 37.4% 4.02e+09  3.4% 3.85e+09 73.1% 4.89e+08  9.3% 6.37e4

4 loop at CollisionEvent.cc: 67 4.09e+10 31.5% 8.15e+08 0.6% 3.42e+10 28.8% 6.54e+08 0.6% 3.54e+09 67.1% 1.27e+08 2.4% 5.67eq

4 loop at CollisionEvent.cc: 71 3.85e+10 29.6% 2.70e+09 2.1% 3.22e+10 27.1% 2.06e+09 1.7% 3.27e+09 62.0% 2.28e+08 4.3% 5.33eq

441 » NuclearData::getReactionCrossSection(unsigned int, u... §2.09e+10 16.1% 1.09e+10 8.4% 1.79e+10 15.1% 9.42e+09  7.9% 1.26e+09 23.8% 6.68e+08 12.7% 2.19e4

» 253 » [I] NuclearDataReaction::getCrossSection(unsigned 6.89e+09 5.3% 3.77e+09 2.9% 5.86e+09 4.9% 3.32e+09 2.8% 2.25e+08 4.3% 8.24e+07 1.6% 8.86e4
NuclearData.cc: 253 6.28e+09 4.8% 6.28e+09 4.8% 5.66e+09 4.8% 5.66e+09 4.8% 4.76e+08 9.0% 4.76e+08 9.0% 6.11ed

NuclearData.cc: 251 1.85e+09 1.4% 1.85e+09 1.4% 1.64e+09 1.4% 1.64e+09 1.4% 8.12e+07 1.5% 8.12e+07 1.5% 2.47e4

NuclearData.cc: 248 1.61e+09 1.2% 1.61le+09 1.2% 1.18e+09 1.8% 1.18e+089 1.0% 1.10e+08 2.1% 1.10e+08 2.1% 3.62e4

P 252 » [I] gs_vector<NuclearDataSpecies=::operator[](int) 1.29e+09 1.0% 1.29e+09  1.0% 1.14e+09  1.0% 1.14e+09  1.0% 7.37e+04  0.0% 7.37e+04  0.0% 1.24e4
NuclearData.cc: 252 1.12e+09 0.9% 1.12e+09 0.9% 9.48e+08 0.8% 9.48e+08 0.8% 3.44e+05 0.0% 3.44e+05 0.0% 2.50e4

» 252 » [I] gs_vector<NuclearDataReaction=::size() const 9.41e+08 0.7% 9.41e+08 0.7% 8.17e+08  0.7% 8.17e+08 0.7% 4.63e4
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Quicksilver: Detailed analysis within a Kernel using PC Sampling

Scope

4 14 » [1] cudalaunchkernel<=char>

4 211 » cudaLaunchKernel [gs]
4 » =gpu kernel=
4 » CycleTrackingKernel (MonteCarlo*, int, ParticleVault*, ParticleVau...
4132 » CycleTrackingGuts(MonteCarlo*, int, ParticleVault*, Particle...
426 » [I] CycleTrackingFunction(MonteCarlo*, MC_Particle&, int, P...
4 loop at CycleTracking.cc: 118
4 63 » CollisionEvent(MonteCarlo*, MC_Particle&, unsigned int) [...
4 loop at CollisionEvent.cc: 67
4 loop at CollisionEvent.cc: 71
. 473 nmacroscopicCrosssection(MonteCarlo®, int, int, int, i... |
4 41 » NuclearData::getReactionCrossSection(unsigned int, u...
b 253 » [I] NuclearDataReaction::getCrossSection(unsigned
NuclearData.cc: 253
NuclearData.cc: 251
NuclearData.cc: 248
b 252 » [I] gs_vector<=NuclearDataSpecies>::operator[](1int)
NuclearData.cc: 252

b 252 » [I] gs_wvector<=NuclearDataReaction=::size() const

e . 20 o R T WLy (S R L B S L MO TP DR o, | SE e B |
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LAMMPS on Frontier: Executions with Kernel Duration of Milliseconds
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36 S ME Ax M@

UNT: S () | GXCOPY COUN

I pe OUNT Sum () | GXCOPY.COUNT: Sum () | REALTINE (s0c)-Sum () | REALTIM
4 ExpementAggeguieMerics 3 1 30207 10 4 Expeomen 3.460006 100.0%  1.456409

4 srogam oo 3460406 100.0% i 2300007 100.0% 4 <rogam roor- 100,00 1 2300007 100.0%
42 manling 3.466:06 100.0% L.ases0s 100.0% 2300007 100,08 100002 0.1 45 mamlimgd 100,00 i 2.300007 100.0%
4585 LAMMPS NS input ) s 20 2150006 628 Lasecss 090 2000007 9525 s.6ee02 0.1 498 LAMPS.NS Input () (bamms s0 0 2.1 1. 2190007 95.2%
43 LAMMPS NS rput cxscatecommand) 2150008 62.3% Laseess s9.9% 238007 o8 200010 0. 4> LAMMPS.NS Input execste.command) [ 2. 1. 2180007 94.8%
45 LAMMPS.NS fun commnd(it char) Lotecss 29,34 Lasesos 99.9% Lleor 2% 60202 0. 45 LAMMPS.NS Run command(n, chre) 2. Lader0s so.a% 2140007 s2.0%
43 LAMMPS NS Veretkokkos un() . sa2e0s 15,08 Laseess 99.2% 2007 0268 266002 0.1 45 LAMMPS NS Verleokkos rn() 4 1.0 Loaderon 09.2¢ 213007 o2.6%
PSS Commr 503006 2108 3450002 0.{ 4> LAMMPS.NS Commnick forward.c 5030106 21.9%

b » MP1_Wstibmp._gnu_91 01200 3.50801 ¥ > MPLWanlibmpLgn.91 201200 Lsleess T.ox 3.

» LAMMPS.NS Atmoc pack_comm Talecss 3. » LAMMPS. NS AtomVes pack_comm Talees nax 7

> » MPL sy g 9150 1200 Loternz o.f » > MPLreov libmpgn91 50,1200 s 0% 1

Whammpe 50 00 21002 0. Miammps 30 0002323 o002 o.m 2

» 5 LAMMPS NS Modiyokos fnaLnte 2950008 19.6% Lnen o » » LAMMPS NS Modiyokkas.fns e 2.850008 1968 aTzees 258 1

» » LAMMPS.NS AtmVechtomickakbor. 246008 17.0% 725000 0.4 » » LAMMPS.NS AtomVecktomckokkos 2.460008 17.0% 344006 1008 7

P » LAMMPS.NS CommKokkos forward 2.460008 17.0% Gudserol 0.t ¥ > LAMMPS.NS: Commiokkes forward 2.460008 1708 dae06 1.8 6

» 5 LAMMES.NS Neghborkokkos buld_ 5010005 14.5% Lodecss 7.2% 2.200001 » » LAMMPS.N'S Neghborkokkos: bl 5010005 145 Loderos 7.2% Loveess sox 2

» » LAMMPS NS CommKokkos bordars( 116006 5370000 S e T L T Y

30 Argonne Leadership Computing Facility Argonne &

NATIONAL LABORATORY




iseconds

th Kernel Duration of Mill

Executions wi

LAMMPS on Frontier

M=

¢4 3% A~

R o

A

1/

File View Filter Help
[ Profie Imp & Trace Imp

Depth

Main view

NODE 2148185190 RANK 22963 GPUCONTEXT 7 GPUSTREAM 0)

Time Range [401.43s, 409 95s] Cross Hair (405 69s,

= Call stack ' Statistics GPU Idleness Blame

<no activity>

VT

__W___.__,._;:_w_..z___

40 4004 40dm  40): 4076 40m  4084:  A08m 409 4036s

awde  wla  a0dz  le

404 aoles 403z 40dee 4

402

abs

Mini map

Depth view Summary view

i v.-,‘.i:umn'; i

LU

LIt
AR

i

LRLIRRE

YRR T 1

it i

U

i

witi

i;.

SR
R

i

i
Jh

|

i
i

B
Wi

i

AT

LRIELEH LR e SR

SR

it
Wil

NATIONAL LABORATORY

Argonne &

Argonne Lz

31




iseconds

th Kernel Duration of Mill

Executions wi

LAMMPS on Frontier

NATIONAL LABORATORY

Argonne &

File View Filter Help

€d2E Ave

B+ &

B Profie Imp B Trace Imp

Depth

Main view

Time Range: [395.01s, 396 55s] Cross Hair: (395 52s, NODE 2148166756 RANK 22381 GPUCONTEXT 9 GPUSTREAM 0)

W® W Callstack Statistics GPU lIdleness Blame

<no activity>

Na

b

O hei s Banats AR
._-u-,-.”.u.”.”“m”“su..mnw””“””“.“-”.“.”__h. -.-.“.-.-,M.n__-.-._-.-.-.-.

.,-._-_.-u-.-ﬂ..n.-.-,.m.-.h. LS -.-.-.-.m.-.hu-,_-.-.-.-,h- 'y
L Ty -m-,-.-..-.-,..-.-.h. e ANy
LEL Ly ) -m-.-.-.-.-.-n-._-.h,m.-u-__-,-,-m. Ty
n-n-u-m-.h-_.-.n-_i.-._-.-__ -m-.-..-.-.-n-a-m-.h,_-.-_-.m,-s gy
LU ety -.-,-.-,-.-.-.-,-.h,m._-.-.-.-.h. i
-.-.m..-._-u-.-,.-.-.-.-uhs -m-.-‘-.-.-umu-.-sh. U L NN RRELS
m-u-u-a-.-a-.-,-.-u-,-uhs -.-s-.-‘-.-u-m-i-h‘-.-.-._-.-.-mn-_,-u-,-u-.-.-.
Lis -.-.-.-.1-,-9-.-_.% -.-_.-.-.-.-.-nm.-.h. L Ll TR

g N -.hn -.-.ma-al.mu-.-_.-nh.-.-.-.-.-shn -.,-a_-.-_.-,.-.m_m
u-m-s-a-.--n-.-uu.-.--ha TR0 -.l.--n-u-.ha-,-u-n-,ma Hx gy
.-.-..,.__-...-,....,-...Md -.m__m.m.-.-._-.-w-mh.-..-,-fu-.h.-.-.-e..-.-.-.

n-.-n-.-sl.-.- h .-,-.-.-.-u-.-. -._-_.-__-u-nhnumq,-.-m-n-.-,
N1 --ann [ 4

n.-,..-q_-,.-.-«-_m_-u-..-m_-,.-.hn-.-.m,-,-_. -.-.-.-.hv-.-.-.-,-..l__. L
u-n-uI-u-n-m IHIi-u-u-n -nI-m-um.-u-n-s-nhn-._lm -nlu-n --n-n-u .n---
a-.-_....,-u.u-u....-.-.hs -.---‘W-N-.-_.-_h._,-_ﬂ-mg-,_-,..-._-,-_n R rRALLN

L]
3 ®
Ed

W,

o 5 2

E1EY E1EY »las »lw Bl ®in Bl »los e £ 15 B 6 B Bl

Bl

Mini map

bic3

Depth view Summary view

e
s

e
(0]
e
(]
(11

32 Argonne L¢




LAMMPS on Frontier: Executions with Kernel Duration of Milliseconds

File View Filter Help

[ Profie Imp #§ Trace Imp SEm

[Plot graph] MPI_Send: REALTIME (sec) (1) [Sorted plot graph] MPI_Send: REALTIME (sec) (1) X
[Sorted plot graph] MPI_Send: REALTIME (sec) (I)

1.5E2

1.0E2

5061 r_—-—

2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 32000 34000 36000 38000 40000 42000 44000 46000 48000 S0000 52000 54000 S6000 58000 60000 62000 64000
Rank in Sorted Order

Metric Value

Top-down view  Bottom-up view ' Flat view

226 E ME A~ nlvid

Scope {E) | GMSET.COUNT Sum (1) |GMSET.COUNT: Sum (E) | GXCOPY.COUNT Sum (I) |GXCOPY.COUNT.Sum (E) |REALTIME (sec) Sum (1) | REALTIME (sec) Sum (E

4 Experiment Aggregate Metrics p.o% 3.46e+06 100.0% 3.46e+06 100.0% 1.45e+09 100.0% 1.45e+09 100.0% 2.30e+07 100.0% 2.30e+07 100."
4 <program root> 3.46e+06 100.0% 1.45e+09 100.0% 2.30e+07 100.0%

4 » main [Imp] 3.46e+06 100.0% 1.45e+09 100.0% 2.30e+07 100.0% 1.00e-02 0.t

4 98» LAMMPS_NS Input fie() [liblammps.so.0] 2.15e+06 62.1% 1.45e+09 99.9% 2.19e+07 95.2% 5.66e-02 0.1

4 » LAMMPS_NS Input execute_command() [li 2.15e+06 62.1% 1.45e+09 99.9% 2.18e+07 94.8% 2.02e-01 0.1

4 » LAMMPS_NS Run:command(int, char**) 1.0le+06 29.3% 1.44e+09 99.4% 2.14e+07 92.9% 6.02e-02 0.¢

4 » LAMMPS_NS Verletkokkos:run(int) [libl 5.33e+05 15.4% 1.44e+09 99.2% 2.13e+07 92.6% 2.66e+02 0.1

4 » LAMMPS_NS CommBrick: forward_c 5.03e+06 21.9% 3.49e+02 0.1

» » MPI_Wait[libmpi_gnu_91.50.120.0] 1.81e+06  7.9% 3.60e+01 0.1

» LAMMPS_NS AtomVec pack_comm 7.11e+05 3.1% 7.11e+05 3.

» » MPI_Irecy [libmpi_gnu_91 s0 120.0} 6.16e+04 0.3% 1.91e+02 0.1

liblammps so.0@0x425b2c3 2.61e-02 0.0% 2.61e-02 0.!

P » LAMMPS_NS ModifyKokkos: final_inte. 2.85e+08 19.6% 4.72e+06 20.5% 1.13e+02 0.1

P » LAMMPS_NS AtomVecAtomicKokkos. 2.46e+08 17.0% 3.44e+06 14.9% 7.25e+01 0.t

P » LAMMPS_NS CommKokkos: forward 2.46e+08 17.0% 3.42e+06 14.8% 6.48e+01 0.1

P » LAMMPS_NS NeighborKokkos: build_ 5.01e+05 14.5% 1.064e+08 7.2% 1.59e+06 6.9% 2.29e+01 0.4

P » LAMMPS_NS CommKokkos. borders( 1.10e+06 4.8% 8.37e+00 0.1
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LAMMPS on Frontier: Executions with Kernel Duration of Milliseconds
) hocviewer e ©'|

I File view Filter Help
f—
| Profie Imp B Trace Imp A<

[Plot graph] MP1_Send: REALTIME (sec) (1) [Sorted plot graph] MPI_Send: REALTIME (sec) (1) [Histogram graph] MPI_Send: REALTIME (sec) (1) X
[Histogram graph] MP1_Send: REALTIME (sec) (1)

10000 ~

Fi

2561 3E1 351 461 4SE1 SE1 5561 6E1 6561 7E1 7561  8E1  8S5E1 91 9SE1  1E2 1052 11E2 1.1SE2 1262 1.2562 1362 13562 14E2 14562 152
Metric Value

Top-down view Bottom-up view Flatview

{1 #326 & MB A x~ M~

Scope | GMSET:COUNT: Sum (1) | GMSET:COUNT: Sum (E) | GXCOPY.COUNT: Sum (1) | GXCOPY:COUNT: Sum (E) | REALTIME (sec): Sum (1) ‘ REALTIME (sec). Sum (E

4 Experiment Aggregate Metrics p.o% 3.46e+06 100.0% 3.46e+06 100.0% 1.45e+09 100,0% 1.45e+09 100.0% 2.30e+07 100.0% 2.30e+07 100. |
4 <program root> 3.46e+06 100.0% 1.45e+09 100.0% 2.30e+07 100.0%

4 » main [imp] 3.46e+06 100.0% 1.45e+69 100.0% 2.30e+07 100.0% 1.00e-062 0.1

4 98» LAMMPS_NS Input fie() [liblammps so.0] 2.15e+06 62.1% 1.45e+09 99.9% 2.19e+07 95.2% 5.66e-62 0.t

4 » LAMMPS_NS Input execute_command() [ 2.15e+06 62.1% 1.45e+09 99.9% 2.18e+07 94.8% 2.02e-01 0.1

4 » LAMMPS_NS Run.command(int, char**) 1.0le+06 29.3% 1.44e+09 99.4% 2.14e+07 92.9% 6.02e-02 0.1

4 » LAMMPS_NS: VerletKokkos run(int) [libl 5.33e+05 15.4% 1.44e+09 99.2% 2.13e+07 92.6% 2.66e+02 0.4

4 » LAMMPS_NS CommBrick: forward_c 5.03e+06 21.9% 3.49e+02 0.1

» » MPI_Wait [libmpi_gnu_91.s0120.0] 1.81e+06 7.9% 3.60e+01 0.1

» LAMMPS_NS AtomVec pack_comm 7.1le+05 3.1% 7.11e+05 3.

» » MPI_lrecv [libmpi_gnu_91 50.120.0] 6.16e+04 0.3% 1.91e+02 0.1

liblammps so. 0@0x425b2c3 2.6le-02 0.0% 2.6le-02 0.4

P » LAMMPS_NS ModifyKokkos: final_inte 2.85e+08 19.6% 4.72e+06 20.5% 1.13e+02 0.1

P » LAMMPS_NS: AtomVecAtomicKokkos 2.46e+08 17.0% 3.44e+06 14.9% 7.25e+01 0.4

P » LAMMPS_NS: CommKokkos: forward 2.46e+08 17.0% 3.42e+06 14.8% 6.48e+01 0.4

P » LAMMPS_NS NeighborKokkos: build_ 5.0le+05 14.5% 1.04e+08 7.2% 1.59e+06 6.9% 2.29e+01 0.1

P » LAMMPS_NS CommKokkos: borders( 1.10e+06 4.8% 8.37e+00 0.4
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HPCToolkit Status on AMD, Intel, NVIDIA GPUs

» Heterogeneous profiles

 GPU operation traces

 Hardware counters to measure GPU kernels

* Instruction-level measurement within GPU kernels
* NVIDIA: PC sampling
* Intel: binary instrumentation
e AMD: PC sampling coming soon!
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HPCToolkit Documentation and Training

* User Manual

* http://www.hpctoolkit.org/manual/HPCToolkit-users-manual.pdf
* Installing HPCToolkit’s hpcviewer on your Laptop

* http://'www.hpctoolkit.org/download.html
» Training slides and videos: http://www.hpctoolkit.org/training.html

— Introduction to HPCToolkit [Youtube (13:22)] [Slides]
Sampling-based Performance Analysis with HPCToolkit [Youtube (23:09)] [Slides]
Identifying Scalability Bottlenecks with HPCToolkit [Youtube (19:27)] [Slides]
Analyzing GPU-accelerated Applications with HPCToolkit [Youtube (23:59)] [Slides]
Using HPCToolkit to Analyze the Performance of GPU-accelerated Applications [Youtube (1:27:35)] [Slides]
Analyzing GPU-accelerated Applications Using HPCToolkit [Youtube (34:02)] [Slides]
HPCToolkit Graphical User Interface [Youtube (35:03)] [Slides]
Analyzing CPU Applications with HPCToolkit [Youtube (2:24:30)] [Slides]
* Downloading and Installing HPCToolkit

* http://www.hpctoolkit.org/software-instructions.html
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http://www.hpctoolkit.org/download.html
http://www.hpctoolkit.org/training.html
https://youtu.be/nPc5PdiI-vk
http://www.hpctoolkit.org/pubs/2021-11-SC21-Tutorial-HPCToolkit-Intro.pdf
https://youtu.be/WKQrGX60GAI
http://www.hpctoolkit.org/pubs/2021-11-SC21-Tutorial-HPCToolkit-Sampling.pdf
https://youtu.be/17aWzzp6ntg
http://www.hpctoolkit.org/pubs/2021-11-SC21-Tutorial-HPCToolkit-Scalability.pdf
https://youtu.be/vixa3hGDuGg
http://www.hpctoolkit.org/pubs/2021-11-SC21-Tutorial-HPCToolkit-GPU.pdf
https://youtu.be/HqiJb9Q1XFQ
https://www.nersc.gov/assets/Uploads/HPCToolkit-NERSC-Tutorial-GPU-Tools-Overview.pdf
https://youtu.be/k8s5pocs94M
https://www.nersc.gov/assets/Uploads/HPCToolkit-NERSC-Tutorial-GPU-Examples.pdf
https://youtu.be/c1lablPBLEg
https://www.nersc.gov/assets/Uploads/HPCToolkit-GUI.pdf
https://youtu.be/PZ0b1dRx6-w
https://www.nersc.gov/assets/Uploads/HPCToolkit-NERSC-Tutorial-CPU-Potpourri.pdf
http://www.hpctoolkit.org/software-instructions.html

Want Some Help?

e Join our hpctoolkit-ECP Slack workspace

— https://join.slack.com/t/hpctoolkit-ecp/shared _invite/
zt-24rtkvwma-4HNYe~TiwFwEiJpH~RqUuw

« Send email to our mailing list
— hpctoolkit-forum@rice.edu
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https://join.slack.com/t/hpctoolkit-ecp/shared_invite/zt-24rtkvwma-4HNYe~TiwFwEiJpH~RqUuw
https://join.slack.com/t/hpctoolkit-ecp/shared_invite/zt-24rtkvwma-4HNYe~TiwFwEiJpH~RqUuw
mailto:hpctoolkit-forum@rice.edu

Hands-on Directions

* Log into Polaris with X11 forwarding for hpcviewer
— ssh -Y <username>@polaris.alcf.anl.gov
 Download example programs to measure and analyze
— git clone https://github.com/hpctoolkit-tutorial-examples
* Load HPCToolkit into your environment
— module use /soft/perftools/hpctoolkit/polaris/modulefiles
— module load hpctoolkit
e Set up environment variables for running HPCToolkit examples at the workshop
— export HPCTOOLKIT TUTORIAL PROJECTID=fallwkshp23
— export HPCTOOLKIT TUTORIAL RESERVATION=fallws23single
— export HPCTOOLKIT HPCSTRUCT CACHE=$HOME/.hpctoolkit/hpcstruct-cache
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https://github.com/hpctoolkit-tutorial-examples

Working with HPCToolkit’s Tutorial Examples

« Examples in hpctoolkit-tutorial-examples/examples/gpu
— Quicksilver (highly recommended)
- LAGHOS
- MiniQMC
- PeleC
LAMMPS
* Working with an example

e cd <example-name>
*» source setup-env/polaris.sh
e make build
* make # enumerates commands for running jobs and inspecting their results
* Pro tip
« watch 1ls -1 # wait until a done file appears, e.g. log.run-pc.done to indicate your data is ready
 also look at the 1og. *.stderr and log*.out logs
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