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TAU: Quickstart Guide

Setup:
* % module load tau [ on Theta, use aprun instead of mpirun, and on ThetaGPU please use:]

. % module use ~sameer/modulefiles; module load tau

Profiling with an un-instrumented application:

° MPI: % srun -n 64 tau exec -ebs ./a.out
* MPI+OpenMP with Intel 19+: % export TAU OMPT_ SUPPORT LEVEL=full;
% srun -n 64 tau_exec -T ompt,mpi -ompt ./a.out
e Pthread: % srun -n 64 tau_exec -T mpi,pthread -ebs ./a.out
* Python+MPI+Sampling: % srun -n 64 tau python -ebs ./a.py
e Python+MPI+OpenCL: % srun -n 64 tau python -opencl ./a.py
e DPC++/SYCL (no MPI): % tau_exec -T level zero,serial -10 ./a.out
e CUDA+MPI % srun -n 64 tau_exec -T cupti -ebs -cupti ./a.out
Analysis: % pprof -a -m | more; % paraprof (GUI)
Tracing:
°* Vampir: MPI: % export TAU TRACE=1l; export TAU TRACE FORMAT=otf2
% srun -n 64 tau exec ./a.out; vampir traces.otf2 &
* Chrome: % export TAU TRACE=1l; srun -n 64 tau exec ./a.out; tau_ treemerge.pl;
% tau_trace2json tau.trc tau.edf -chrome -ignoreatomic -o app.]json
Chrome browser: chrome://tracing (Load -> app.]json) or Perfetto.dev
* Jumpshot: % export TAU TRACE=1l; srun -n 64 tau exec ./a.out; tau_ treemerge.pl;

% tau2slog2 tau.trc tau.edf -o app.slog2; jumpshot app.slog2 &
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Setup: Installing TAU on Laptops

Prerequisites: Java in your path

Microsoft Windows

* Install Java from Oracle.com
» http://tau.uoregon.edu/tau.exe
« Install, click on a ppk file to launch paraprof

macOS (x86_64)
* Install Java 11.0.3:

Download and install http://tau.uoreqgon.edu/java.dmqg
If you have multiple Java installations, add to your

~/.zshrc (or ~/.bashrc as appropriate):
* export PATH=/Library/Java/JavaVirtualMachines/jdk-11.0.3.jdk/Contents/Home/bin:$PATH

- java -version
* Download and install TAU (copy to /Applications from dmg):

http://tau.uoregon.edu/tau.dmg
export PATH=/Applications/TAU/tau/apple/bin:$PATH
paraprof app.ppk &

macOS (arm64, M1)
http://tau.uoregon.edu/java_arm64.dmg
http://tau.uoregon.edu/tau_arm64.dmg

Linux (http://tau.uoregon.edu/tau.tgz)

* /configure; make install; export PATH=<taudir>/x86_64/bin:$PATH; paraprof app.ppk &



http://tau.uoregon.edu/tau.exe
http://tau.uoregon.edu/java.dmg
http://tau.uoregon.edu/java_arm64.dmg

Challenges

. With growing hardware complexity, it is getting harder to

accurately measure and optimize the performance of our
HPC and Al/ML workloads.

. As our software gets more complex, it is getting harder to
install tools and libraries correctly in an integrated and
interoperable software stack.




Motivation: Improving Productivity

. TAU Performance System®:

Deliver a scalable, portable, performance evaluation toolkit for HPC and
Al/ML workloads

. Extreme-scale Scientific Software Stack (E4S):

Delivering a modular, interoperable, and deployable software stack

Deliver expanded and vertically integrated software stacks to achieve full
potential of extreme-scale computing

Lower barrier to using software technology (ST) products from ECP
Enable uniform APIs where possible
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TAU Performance System®

Parallel performance framework and toolkit

Supports all HPC platforms, compilers, runtime system
Provides portable instrumentation, measurement, analysis

Tuning and Analysis Utilities

. TAU Architecture |




TAU Performance System

Instrumentation
Fortran, C++, C, UPC, Java, Python, Chapel, Spark
Automatic instrumentation

Map manual instrumentation APls from other tools to TAU
NVTX, ROCTx
CAMTimers, PerfStubs, PETSc, Caliper, Kokkos API

Measurement and analysis support
MPI, OpenSHMEM, ARMCI, PGAS, DMAPP
pthreads, OpenMP, OMPT interface, hybrid, other thread models
GPU: Intel oneAPI DPC++/SYCL, AMD ROCm (RocProfiler and RocTracer), CUDA,
OpenCL, OpenACC, Kokkos
Parallel profiling and tracing
Analysis
Parallel profile analysis (ParaProf), data mining (PerfExplorer)
Performance database technology (TAUdb)
3D profile browser




Application Performance Engineering using TAU

How much time is spent in each application routine and outer loops? Within loops, what is the
contribution of each statement? What is the time spent in OpenMP loops? In kernels on GPUs. How
long did it take to transfer data between host and device (GPU)?

How many instructions are executed in these code regions?
Floating point, Level 1 and 2 data cache misses, hits, branches taken? What is the extent of
vectorization for loops?

How much time did my application spend waiting at a barrier in MPI collective operations?
How can | use my app multi-node GPU systems? With unmodified binary on all 3 vendor GPUs?

What is the memory usage of the code? When and where is memory allocated/de-allocated? Are there
any memory leaks? What is the memory footprint of the application? What is the memory high water
mark?

How much energy does the application use in Joules? What is the peak power usage?

What are the |/O characteristics of the code? What is the peak read and write bandwidth of individual
calls, total volume?

How does the application scale? What is the efficiency, runtime breakdown of performance across
different core counts?




Instrumentation

« Source instrumentation using a preprocessor
— Add timer start/stop calls in a copy of the source code.
— Use Program Database Toolkit (PDT) for parsing source code.
— Requires recompiling the code using TAU shell scripts (tau_cc.sh, tau_f90.sh)

— Selective instrumentation (filter file) can reduce runtime overhead and narrow instrumentation
focus.

« Compiler-based instrumentation
— Use system compiler to add a special flag to insert hooks at routine entry/exit.
— Requires recompiling using TAU compiler scripts (tau_cc.sh, tau_f90.sh...)

 Runtime preloading of TAU’s Dynamic Shared Object (DSO)
— No need to recompile code! Use aprun tau_exec ./app with options.




Profiling and Tracing

Profiling Tracing

ece TAU: ParaProf: node 0 - fun3d_d19.ppk TimeLine : Helmsolve_Trace.slog2 <ldentity Map>
Metric: TIME

[ ] [ ]
Vel esching a7 e =] [<][>|[e][a][m2]a]n] [B]s]® W%W

Lowest / Max. Depth * Zoom Level Global Min Time _ View Init Time _ Zoom Focus Time _ View Final Time _ Global Max Time _ Time Per Pixel ST Row
43.640 [ Loop: POINT_SOLVER::POINT_SOLVE_S [{point_solver.FO} {2757,5}-(2017,19}] 0/12 14 Jo.0o 316712742385 | 31.6739037714 | 31.6803407627 |135.690375 0.0000132552 |8 Row Count
36231 | Loop JACOBIAN.VISCOUS “EDGEIP [(lacobian.viscous.f90} (440, 71-(1584.3211 Comuiatie 2] TimeLines -
27.473 L Loop: FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.f90} {397,5}-{597,20}]
10688 [ | FILL JACOBIANS::FILL JACOBIAN [{fill_jacobians.f90} {19,3}-{341,30}] | SLOG-2

16.273 [ PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.f90} {1641,14}]

13.381 [ | GRADIENT_DRIVER::GRAD_VARIABLE [{gradient_driver.f90} {110,3}-{508,30}] o
10.059 | MPI_WaitallQ

9.954 [___| MPI_Reduce(

1 15
8.04 [Loo] FLUX_PERFGAS::VISRHS_TET [{flux_perfgas.f90} {3023,14}]
7.319 [l TURB_SPALART::SA_RESID [{turb_spalart.f90} {219,14}] 2
3.78 [_] FLUX_TURB::TURBULENT_GRADIENTS [{flux_turb.fS0} {796,3}-(899,363]
3.562 [_] TIMESTEP::DELTAT2 [{timestep.f90} {20,3}-{331,24) 3 -13
3.384 [l POINT_SOLVER::POINT_SOLVE_1 [{point_solver.F90} {1083,3}-{1206,30}]
2300 [ TURD, SPALART.EDCE ASSEMBLY. RS, CONV. DIFF lturb. spaiarc 001 (3048, 141 4
1.086 [] MPI_Bcast s o
0977 B TURG. SPALART:EDGE ASSEMBLY JAC_CONV.DIFF liturspalare 190 5209, 1]
0.668 [ PPARTY_MIXED_ELEMENT::EDGE_POINTER_DRIVER [{pparty_mixed_element.f90} {74,3}-(502,36}] pe
5:66 | UPDATE MEANT UPDATE Q [fupdate. mean Fo0! (725,31 (803,351]
0.637 [ POINT_LU_DDQ::LU_5 [{point_lu_ddg.f20} {1566,3}{1636,21}] 7 s
0.624 | SOLUTION::WREST_INTERLEAF [{solution.F90} {3214,14}] - -
0.586 | DUAL_NUMBERING::FMATRIX_TO_GRID [{dual_numbering.f90} {122,3}-{143,32}] 8
0.565 [| GRID_METRICS::DUALMETRIC [{grid_metrics.fG0} {2289,3}-{2791,27}] = = — 5 4
0.524 | TURB_SPALART::SA_JACOB [{turb_spalart.fS0} {757, 14}] 9 1= -7
0.49 | MPI_BarrierO < S e
%575 | DA ke upoare vauues 1o apaste o 190 (854,31 1677.39) 10 - [/
0.41 | DUAL_NUMBERING::FGRID_TO_MATRIX [{dual_numbering.f90} {94,3}-{115,32}] A A
0.371 | LMPI_APP::SINGLE_START_MATRIX_XFER [{Impi_app.F90} {7907,3}{8132,41}] 11 =5
0.36 | TURB_SPALART::JACOBIAN_SA [{turb_spalart.fS0} {88, 14}] 2 _
0.352 | TIMEACC::TIME_DIAG_NC [{timeacc.f90} {1067,3}-{1330,29)1 12 B \1_
0.336 | MPLInit
0.285 | LMPI_APP::SINGLE_MATRIX_COMPLETE_XFER [{Impi_app.F0} {11520,3}-{11626,44}] 13 -3
0283 | PPARTY. METIS::MY_METIS [ipparey_metls 90} {116.34{545, 243
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. Profiling shows you how muc . TraC|ng shows you When the events take
(total) time was spent in each routine place on a timeline

«  Profiling and tracing
Profiling shows you how much (total) time was spent in each routine
Tracing shows you when the events take place on a timeline
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Instrumentation

Direct and indirect performance observation
Instrumentation invokes performance measurement

Direct measurement with probes

Indirect measurement with periodic sampling or hardware performance
counter overflow interrupts

Events measure performance data, metadata, context, etc.

User-defined events
- Interval (start/stop) events to measure exclusive & inclusive duration
- Atomic events take measurements at a single point

- Measures total, samples, min/max/mean/std. deviation statistics

- Context events are atomic events with executing context
- Measures above statistics for a given calling path




Inclusive vs. Exclusive values

= Inclusive
= Information of all sub-elements aggregated into single value

s EXclusive
s Information cannot be subdivided further

int foo ()

~ {
int a;
4 a =1+ 1;
Inclusive < Exclusive < bar () ;
return a;
\
}




Inclusive Measurements

ECP

oD@
Metric: TIME

TAU: ParaProf: node 0 - fun3d_d18.ppk

Value: Inclusive
Units: seconds

221,305 | RN _.TAU application
221304 [E——
197989 0 | FLOW:ITERATE [{flow.F90} {1692,14}]
195.577 e FLOW::STEP_SOLVER [{flow.F90} {1845,14}]
195.569 RELAX_STEADY::RELAX [{relax_steady.f90} {30,3}-{307,22}]

NODET [{main.f90} {4,1}-{35,17}]

EXASCARLE
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61.927

61.28

UPDATE_MEAN::UPDATE_JACOBIAN [{update_mean.F90} {513,3}-{588,32}]
61.258 [ | FILL_JACOBIANS::FILL_JACOBIAN [{fill_jacobians.f90} {19,3}-{341,30}]
50.068 [ | GCR_SOLVE::GCR_SOLVER_QSET [{gcr_solve.f90} {47,3}-{415,32}]

57.635 [ GCR_SOLVE_UTIL::GCR_PRECONDITIONER_QSET [{gcr_solve_util.f90} {40,3}-{131,40}]
57.152 [ | POINT_SOLVER::POINT_SOLVE [{point_solver.F90} {31,3}-{214,28}]

56.882 [Emsss] UPDATE_MEAN::UPDATE_RHS_MEAN [{update_mean.F90} {102,3}-{185,32}]

54.402 [l RELAX_MEAN::RELAX [{relax_mean.f90} {22,3}-{84,22}]

53.103 LINEARSOLVE_NODIVCHECK::NODIVCHECK_RELAX_Q [{linearsolve_nodivcheck.F90} {56,14}]
52.867 [ ] UPDATE_MEAN::RESIDUAL_S [{update_mean.F90} {42,3}-{94,27}]

52.866 FUN3D_RES_FLOW::RES_FLOW [{fun3d_res_flow.f90} {27,3}-{279,25}]

52.756 [ FLUX::RESIDUAL_COMPRESSIBLE [{flux.f90} {25,3}-{592,38}]

52.747 [

POINT_SOLVER::POINT_SOLVE_5 [{point_solver.F90} {2700,3}-{2921,30}]
52.744 [ ] Loop: POINT_SOLVER::POINT_SOLVE_5 [{point_solver.F90} {2757,5}-{2917,19}]

36.232 [ JACOBIAN_VISCOUS::VISCOUS_JACOBIAN [{jacobian_viscous.f90} {20,14}]
36.231 [ JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {324,14}]
36.231 [ ] Loop: JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {440,7}-{1584,22}]
27.474 [ FLUX_PERFGAS::INVISCID_FLUX_DRIVER [{flux_perfgas.f90} {37,14}]

27.474 [ FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.f90} {236,14}]

27.473 [_] Loop: FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.f90} {397,5}-{597,20}]
22.707 [__] FLOW::INITIALIZE_DATA [{flow.F90} {465,14}]
22.694 [__| FLOW::INITIALIZE_DATA?2 [{flow.F90} {663,14}]

20.916 [__]| PPARTY_PREPROCESSOR::PPARTY_PREPROCESS [{pparty_preprocessor.f90} {28,14}]
16.726 [&] PPARTY_PREPROCESSOR::PPARTY_READ_GRID [{pparty_preprocessor.f90} {735,14}]
16.726 i PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N [{puns3d_io_c2n.f90} {1543,14}]
=
0
O

16.657 PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.f90} {1641,14}]
14.159 GRADIENT_DRIVER::GRAD_VARIABLE [{gradient_driver.f90} {110,3}-{508,30}]
13.852 UPDATE_TURB::UPDATE_RHS_TURB [{update_turb.f90} {742,3}-{845,32}]

PROJECT

UPDATE_MEAN::UPDATE_LINEAR_SYSTEM_MEAN [{update_mean.F90} {195,3}-{275,42}]
| UPDATE_MEAN::UPDATE_JACOBIAN_DRIVER_MEAN [{update_mean.F90} {460,3}-{505,44}]
61.275 [l




Exclusive Time

ECP
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TAU: ParaProf: node 0 - fun3d_d18.ppk

Metric: TIME

Value: Exclusive
Units: seconds

43.649 | Loop: POINT_SOLVER::POINT_SOLVE_5 [{point_solver.F90} {2757,5}-{2917,19}]
36.231 | Loop: JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {440,7}-{1584,22}]
27.473 | Loop: FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.f90} {397,5}-{597,20}]

19.688 [ | FILL_JACOBIANS::FILL_JACOBIAN [{fill_jacobians.f90} {19,3}-{341,30}]
16.273 [l PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.f90} {1641,14}]
13.381 [ | GRADIENT_DRIVER::GRAD_VARIABLE [{gradient_driver.f90} {110,3}-{508,30}]
10.059 [l MPI_Waitall()
9.954 [ | MPI_Reduce()
8.04 [E] FLUX_PERFGAS::VISRHS_TET [{flux_perfgas.fo0} {3023,14}]
7.319 [ESa] TURB_SPALART::SA_RESID [{turb_spalart.fo0} {219,14}]
3.78 [_] FLUX_TURB::TURBULENT_GRADIENTS [{flux_turb.f90} {796,3}-{899,36}]
3.562 [_| TIMESTEP::DELTAT2 [{timestep.f90} {20,3}-{331,24}]
3.384 [@ POINT_SOLVER::POINT_SOLVE_1 [{point_solver.F90} {1083,3}-{1206,30}]
1.309 [] TURB_SPALART::EDGE_ASSEMBLY_RES_CONV_DIFF [{turb_spalart.f90} {5048,14}]
1.086 [] MPI_Bcast()
0.977 [ TURB_SPALART::EDGE_ASSEMBLY_JAC_CONV_DIFF [{turb_spalart.f90} {5209,14}]
0.668 || PPARTY_MIXED_ELEMENT::EDGE_POINTER_DRIVER [{pparty_mixed_element.f90} {74,3}-{502,36}]
0.66 | UPDATE_MEAN::UPDATE_Q [{update_mean.F90} {723,3}-{803,25}]
0.637 || POINT_LU_DDQ::LU_5 [{point_lu_ddq.f90} {1566,3}-{1636,21}]
0.624 || SOLUTION::WREST_INTERLEAF [{solution.F90} {3214,14}]
0.586 | DUAL_NUMBERING::FMATRIX_TO_GRID [{dual_numbering.f90} {122,3}-{143,32}]
0.565 | GRID_METRICS::DUALMETRIC [{grid_metrics.f90} {2289,3}-{2791,27}]
0.524 | TURB_SPALART::SA_JACOB [{turb_spalart.f90} {757,14}]
0.49 | MPI_Barrier()
0.479 | UPDATE_TURB::UPDATE_VALUES_TURB [{update_turb.f90} {854,3}-{877,35}]
0.41 | DUAL_NUMBERING::FGRID_TO_MATRIX [{dual_numbering.f90} {94,3}-{115,32}]
0.371 | LMPI_APP::SINGLE_START_MATRIX_XFER [{Impi_app.F90} {7907,3}-{8132,41}]
0.36 | TURB_SPALART::JACOBIAN_SA [{turb_spalart.f90} {88,14}]
0.352 | TIMEACC::TIME_DIAG_NC [{timeacc.f90} {1067,3}-{1330,29}]
0.336 | MPLInit()
0.285 | LMPI_APP::SINGLE_MATRIX_COMPLETE_XFER [{Impi_app.F90} {11520,3}-{11626,44}]
0.283 | PPARTY_METIS::MY_METIS [{pparty_metis.F90} {116,3}-{545,24}]
0.275 | PPARTY::NODE_CELL_CHOPPER [{pparty.f90} {41,3}-{453,33}]
0.269 | FLUX_UTIL::L2NORM [{flux_util.f90} {31,3}-{249,23}]




How much data do you want?

Limited Loop Callpath
Profile Profile Profile

O(KB

Flat Callsite
Profile Profile

Trace

O(TB)




Performance Data Measurement

A S(t)

Call START (‘potential’) , T !

// code T

Call STOP(‘potential’) e N v e e e

 Exact  No code modification
measurement «  Minimal effort

* Fine-grain control . Relies on debug

« (Callsinserted symbols (-g)
Into code




Event-Based Sampling (EBS)

t t
i

—I B
[ matn |

I S B B S
| [[ 18 | |
foo(0) [ESOEN | oo (2)

Running program is periodically interrupted to take

measurement

Timer interrupt, OS signal, or HWC overflow

Service routine examines return-address stack

Addresses are mapped to routines using symbol table

information

Statistical inference of program behavior
Not very detailed information on highly volatile metrics

Requires long-running applications

Works with unmodified executables (tau_exec —ebs)
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40

SRVE HPS TUNING WORKSHOP (LRZ, GERMANY, 14-18 JUNE 2021) -

ONLINE

Time

int main ()

{

int 1i;

for (i=0; 1 < 3; 1i++)
foo (1) ;

return 0;

}

volid foo(int 1)

{

if (1 > 0)
foo(i - 1);

v




Instrumentation

b b

f00(0) | |foo(1) | | foo(2) int main ()

{

[

Time

t, t
{ f
— |
| main |

Measurement code is inserted such that every event of 'Jl_'lriicl_é'i;['ART (“main”) ;
interest is captured directly for (1=0; 1 < 3; 1++)

Can be done in various ways TAthOg'Zé'(l))P;(“main") ;

Advantage: return 0;
Much more detailed information }

Disadvantage: void foo (int 1)
Processing of source-code / executable { .

necessary E?UT;?TIQR'OT)( foot)

Large relative overheads for small functions foo(i - 1);

TAU STOP (“foo”) ;
\ i

—
\ EXASCALE
) CCCCCCCCC
PROJECT

40TH.VI=HPS TUNING WORKSHOP (LRZ, GERMANY, 14-18 JUNE 2021) - ONLINE




Using TAU’s Runtime Preloading Tool: tau_exec

Preload a wrapper that intercepts the runtime system call and substitutes with another

MPI

OpenMP

POSIX I/O

Memory allocation/deallocation routines

Wrapper library for an external package

No modification to the binary executable!

Enable other TAU options (communication matrix, OTF2, event-based sampling)




TAU Execution Command (tau_exec)

Uninstrumented execution
% srun -n 256 ./a.out
Track GPU operations
% srun -n 256 tau_exec -T rocprofiler —rocm ./a.out
% srun -n 256 tau exec —I0 ./a.out
% srun -n 256 tau_exec —cupti -um ./a.out (CUDA with Uniform memory)
% srun -n 256 tau_ exec —opencl ./a.out
% srun -n 256 tau exec —openacc ./a.out
Track MPI performance
% srun -n 256 tau_exec ./a.out
Track 1/0O, and MPI performance (MPI enabled by default)
% srun -n 256 tau exec -io ./a.out
Track OpenMP and MPI execution (using OMPT )
% export TAU_OMPT_SUPPORT _LEVEL=full;
% srun -n 256 tau exec —T ompt,intel,mpi -ompt ./a.out
Track memory operations
% export TAU_TRACK _MEMORY_LEAKS=1
% srun -n 256 tau_exec —memory_debug ./a.out (bounds check)
Use event based sampling (compile with —g)
% srun -n 256 tau_exec —ebs ./a.out
,\ Also -ebs source=<PAPI_COUNTER> -ebs_period=<overflow _count> -ebs_resolution=<file | function | line>




Configuring TAU and choosing a configuration in tau_exec

o°

cd /soft/perftools/tau/tau-2.31.1; cat .all configs

./configure -ompt -mpi -bfd=download -unwind=download -iowrapper -dwarf=download
—-papi=<dir> -pdt=<dir> -pdt c++=g++ -otf=download

% make install

% module load tau/2.31.1

% ls $TAU/Makefile*

/soft/perftools/tau/tau-2.31.1/craycnl/lib/Makefile. tau-intel-papi-mpi-pdt

/soft/perftools/tau/tau-2.31.1/craycnl/lib/Makefile.tau-intel-papi-mpi-pthread-pdt

/soft/perftools/tau/tau-2.31.1/craycnl/lib/Makefile.tau-intel-papi-ompt-mpi-pdt-openmp

/soft/perftools/tau/tau-2.31.1/craycnl/lib/Makefile.tau-intel-papi-pthread-pdt

$ aprun -n 4 tau exec -T ompt,papi -ebs ./a.out
Will preload 1ibTAU.so from
/soft/perftools/tau/tau-2.31.1/craycnl/lib/shared-intel-papi-ompt-mpi-pdt-openmp/

Corresponding to
/soft/perftools/tau/tau-2.31.1/craycnl/lib/Makefile.tau-intel-papi-ompt-mpi-pdt-openmp

-T mpi is chosen by default. Please use -T serial for non-mpi cases.




RUNTIME PRELOADING

Injects TAU DSO in the executing application
Requires dynamic executables
We must compile with —dynamic —g

Use tau_exec while launching the application




ParaProf Profile Browser

File Options Windows Help
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ParaProf Profile Browser
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ParaProf Profile Browser

Metric: TAUGPU_TIME
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ParaProf Profile Browser: Choose Thread Statistics Window

[ NON ) TAU: ParaProf: ge68_exp1.ppk

Metric: TIME
Value: Exclusive

Std. Dev. [ —— -

S ——— — W

Max =————— SRR

Min

node O, thread 0 | 0] B

node 0, thread 1

node 0, thread 2 L |
node 0, thread 3
node 0, thread 4 Lo | Tl TR
node 0, thread 5 [ a1 [T TS
node O, thread 6 Lo (il | Bl [T
node 1, thread 0 [l |||~
node 1, threac Show Thread Bar Chart
node 1, threac Show Thread Statistics Text Window
node 1, threat  show Thread Statistics Table
node 1, threat g\ Thread Call Graph
:ggz i’ t:izz Show Thread Call Path Relations
’ Show User Event Bar Chart
Show User Event Statistics Window
Show Context Event Window
Show Metadata for Thread

Add Thread to Comparison Window
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ParaProf Thread Statistics Table

® e TAU: ParaProf: Statistics for: node 0, thread O - qe68_exp1.ppk
INRERRE _ENNRNNNENNENNEREN e U ]
Name A Exclusive TIME Inclusive TIME Calls Child Calls
v [l .TAU application 26,524
g |[CONTEXT] .TAU application 396 0
» H MPI_Allreduce() ¥ ,816 0
v Hl MPI_Alltoall() 0.262 0.271 1,011 105
v I [CONTEXT] MPI_Alltoall() 0 0.27 8 0
B [SAMPLE] .annobin_pthread_spin_lock.c [{pthread_spin_lock.c} {0}] 0.03 0.03 1 0
B [SAMPLE] PAMI_Context_trylock_advancev [{/m100/prod/opt/comj| 0.09 0.09 2 0
Il [SAMPLE] _ZN4PAMI8Protocol3Get13CompositeRGetINS1_4RGetES3 0.03 0.03 1 0
M [SAMPLE] __memcpy_power7 [{} {O}] 0.09 0.09 3 0
B [SAMPLE] opal_datatype_copy_content_same_ddt [{/m100/prod/of 0.03 0.03 1 0
» H MPI_Barrier() 0.043 0.043 3,992 0
B MPI_Bcast() 0.004 0.004 875 5
B MPI_Comm_free() 0 0 11 0
B MPI_Comm_rank() 0.002 0.002 4,221 0
B MPI_Comm_size() 0.004 0.004 4,954 0
Bl MPI_Comm_split() 0.008 0.009 13 26
B MPI_Finalize() 0.399 0.416 1 37
B MPI_Gather() 0 0 3 0
Bl MPI_Get_count() 0 0 12 0
B MPI_Get_processor_name() 0 0 1 0
B MPL_Init_thread() 0.128 0.16 1 909
B MPI_lrecv() 0.002 0.002 1,212 0
> E MPI_Isend() 0.024 0.024 1,212 4
H MPI_Recv() 0.001 0.001 24 0

B FTTTTITLD madiiTa Tand +aAn

E\(.C\\}l: COMPUTING Using sampling, TAU can explain 11.971 seconds out of 12.111 seconds using 396 samples.
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ParaProf Thread Statistics Table

[ NON ) TAU: ParaProf: Statistics for: node 0, thread 0 - ge68_exp1.ppk
INNREERRRE T HEERRNNNEERNNNNERENNEE BN e L
Name Exclusive ... v Calls Child Calls

v M .TAU application 12.111 13.341 1 26,524

ML_[[CONTEXT] .TAU application| 0 11.971 396 0

» [ [SUMMARY] gradh_ [{/m100_scratch/userinternal/mippolit/QE-code/NEW/qge_test_openacc/CPV/src/exch_corr.f90}] 1.68 1.68 56 0

[ [SAMPLE] UNRESOLVED /usr/lib64/power9/libc-2.28.s0 1.481 1.481 49 0

O [SAMPLE] UNRESOLVED /usr/lib64/libcuda.s0.450.51.06 1.466 1.466 49 0

» B [SUMMARY] fft_scatter_2d_fft_scatter_ [{/m100_scratch/userinternal/mippolit/QE-code/NEW/qge_test_openacc/FFTXlib/fft_s 0.749 0.749 24 0

B [SAMPLE] t3bv_8 [{t3bv_8.c} {0}] 0.719 0.719 24 0

M [SAMPLE] __c_mcopy8 [{/m100/prod/opt/compilers/hpc-sdk/2021/binary/Linux_ppc64le/21.5/compilers/lib/libnvc.so} {0}] 0.629 0.629 21 0

M [SAMPLE] n1bv_9 [{n1bv_9.c} {0}] 0.6 0.6 20 0

B [SAMPLE] t3fv_8 [{t3fv_8.c} {O}] 0.539 0.539 18 0

B [SAMPLE] n1fv_9 [{n1fv_9.c} {O}] 0.51 0.51 16 0

B [SAMPLE] fft_scalar_fftw3_cft_1z_ [{/m100_scratch/userinternal/mippolit/QE-code/NEW/ge_test_openacc/FFTXlib/fft_scalai 0.3 0.3 9 0

M [SAMPLE] __nv_exch_corr_cp__F1L518_1_ [{/m100_scratch/userinternal/ mippolit/QE-code/NEW/qe_test_openacc/CPV/src/¢ 0.27 0.27 9 0

> B [SUMMARY] xc_gcx__ [{/m100_scratch/userinternal/ mippolit/QE-code/NEW/qge_test_openacc/XClib/xc_wrapper_gga.fo0}] 0.21 0.21 7 0

Il [SAMPLE] __memcpy_power7 [{} {O}] 0.21 0.21 7 0

B [SAMPLE] fftw_cpy2d [{/m100/prod/opt/libraries /fftw/3.3.8/gnu--8.4.0/lib/libfftw3.s0.3.5.8} {0}] 0.21 0.21 7 0

M [SAMPLE] fft_scalar_fftw3_cft_2xy_ [{/m100_scratch/userinternal/mippolit/QE-code/NEW/qe_test_openacc/FFTXlib/fft_scal: 0.18 0.18 6 0

» [l [SUMMARY] fft_gradient_g2r_ [{/m100_scratch/userinternal/mippolit/QE-code/NEW/qe_test_openacc/Modules/gradutils.f90 0.15 0.15 5 0

I [SAMPLE] UNRESOLVED [vdso] 0.15 0.15 5 0

M [SAMPLE] __Gl___pthread_mutex_lock [{} {0}] 0.15 0.15 5 0

M [SAMPLE] exch_corr_h_ [{/m100_scratch/userinternal/ mippolit/QE-code/NEW/qe_test_openacc/CPV/src/exch_corr.f90} {144 0.12 0.12 4 0

M [SAMPLE] __memset_power8 [{} {0}] 0.119 0.119 4 0

M [SAMPLE] __calloc [{} {O}] 0.09 0.09 3 0

M [SAMPLE] fftw_cpy2d_pair [{/m100/prod/opt/libraries /fftw/3.3.8/gnu--8.4.0/lib/libfftw3.s0.3.5.8} {0}] 0.09 0.09 3 0

B [SAMPLE] __nv_drhov__F1L651_1_ [{/m100_scratch/userinternal/mippolit/QE-code/NEW/qge_test_openacc/CPV/src/charged: 0.09 0.09 3 0
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ParaProf Thread Statistics Table

TAU: ParaProf: Statistics for: node O, thread O - ge68_exp1.ppk

I‘l_!.l_l!lj!!!lll | A EEENNARNNDENNRNNENNNENN o EEECEEEEEENNNEENEEEEEEENEEENEEER
Name _Excluswe 'Inclusive ...V Calls ' Child Calls

v [l .TAU application 12.111 13.341 1 26,524

v [l [CONTEXT] .TAU application 0 11.971 396 0

v O [SUMMARY] gradh_ [{/m100_scratch/userinternal/mippolit/QE-code/NEW/qge_test_openacc/CPV/src/exch_corr.f90}] 1.68 1.68 56 0

[ |[SAMPLE] gradh_ [{/m100_scratch/userinternal/mippolit/QE-code/NEW/qge_test_openacc/CPV/src/exch_corr.f90} {339}] 0.66 0.66 22 0

B [SAMPLE] gradh_ [{/m100_scratch/userinternal/mippolit/QE-code/NEW/qe_test_openacc/CPV/src/exch_corr.f90} {315}] 0.6 0.6 20 0

M [SAMPLE] gradh_ [{/m100_scratch/userinternal/mippolit/QE-code/NEW/qe_test_openacc/CPV/src/exch_corr.f90} {344}] 0.18 0.18 6 0

M [SAMPLE] gradh_ [{/m100_scratch/userinternal/mippolit/QE-code/NEW/qe_test_openacc/CPV/src/exch_corr.f90} {308}] 0.06 0.06 2 0

M [SAMPLE] gradh_ [{/m100_scratch/userinternal/mippolit/QE-code/NEW/qe_test_openacc/CPV/src/exch_corr.f90} {353}] 0.06 0.06 2 0

B [SAMPLE] gradh_ [{/m100_scratch/userinternal/mippolit/QE-code/NEW/qe_test_openacc/CPV/src/exch_corr.f90} {320}] 0.03 0.03 1 0

M [SAMPLE] gradh_ [{/m100_scratch/userinternal/mippolit/QE-code/NEW/qe_test_openacc/CPV/src/exch_corr.f90} {325}] 0.03 0.03 1 0

M [SAMPLE] gradh_ [{/m100_scratch/userinternal/mippolit/QE-code/NEW/qe_test_openacc/CPV/src/exch_corr.f90} {331}] 0.03 0.03 1 0

B [SAMPLE] gradh_ [{/m100_scratch/userinternal/mippolit/QE-code/NEW/qe_test_openacc/CPV/src/exch_corr.f90} {303}] 0.03 0.03 1 0

I [SAMPLE] UNRESOLVED /usr/lib64/power9/libc-2.28.s0 1.481 1.481 49 0

EI [SAMPLE] UNRESOLVED /usr/lib64/libcuda.s0.450.51.06 1.466 1.466 49 0

» B [SUMMARY] fft_scatter_2d_fft_scatter_ [{/m100_scratch/userinternal/mippolit/QE-code/NEW/qe_test_openacc/FFTXlib/fft_s 0.749 0.749 24 0

M [SAMPLE] t3bv_8 [{t3bv_8.c} {0}] 0.719 0.719 24 0

B [SAMPLE] __c_mcopy8 [{/m100/prod/opt/compilers /hpc-sdk /2021 /binary/Linux_ppc64le/21.5/compilers/lib/libnvc.so} {0}] 0.629 0.629 21 0

M [SAMPLE] nlbv_9 [{n1lbv_9.c} {0}] 0.6 0.6 20 0

B [SAMPLE] t3fv_8 [{t3fv_8.c} {0}] 0.539 0.539 18 0

M [SAMPLE] n1fv_9 [{n1fv_9.c} {O}] 0.51 0.51 16 0

B [SAMPLE] fft_scalar_fftw3_cft_1z_ [{/m100_scratch/userinternal/mippolit/QE-code/NEW/qge_test_openacc/FFTXlib/fft_scalai 0.3 0.3 9 0

B [SAMPLE] __nv_exch_corr_cp__F1L518_1_ [{/m100_scratch/userinternal/mippolit/QE-code/NEW/qge_test_openacc/CPV/src/e¢ 0.27 0.27 9 0

» [ [SUMMARY] xc_gcx__ [{/m100_scratch/userinternal/mippolit/QE-code/NEW/qe_test_openacc/XClib/xc_wrapper_gga.f90}] 0.21 0.21 7 0

M [SAMPLE] __memcpy_power7 [{} {0}] 0.21 0.21 7 0

M [SAMPLE] fftw_cpy2d [{/m100/prod/opt/libraries /fftw/3.3.8/gnu--8.4.0/lib/libfftw3.s0.3.5.8} {0}] 0.21 0.21 74 0
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TAU supports Python, MPI, and CUDA

Without any modification to the source code or DSOs or interpreter, it instruments and
samples the application using Python, MPI, and CUDA instrumentation.

@ ® TAU: ParaProf: Statistics for: node O, thread 2 - exafel1_230cores.ppk
[ | | [ [ ] (SR D ~ [[FfFFNNFEFEEEEEEEEER
Name 2 Exclusive ... |Inclusive T... Calls Child Calls
B . TAU application 79.623 89.93 1 2,480
B Memory copy Device to Host 8.216 8.216 425 0]
B Memory copy Host to Device 0.807 0.807 1,970 0]

L_lnanoBraggSpotsCUDAKernel(int, int, int, int, int,

1.284 1.284 85 0

P
Kernel on GPU

% aprun —np 230 tau_python =T cupti,mpi,pdt —ebs —cupti ./exafel.py
Instead of:

% aprun —np 230 python ./exafel.py
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TAU Thread Statistics Table

HANNNNRREREERET SRS 1] ] LT s N NN NENENENENNENNNENEEEER
Name Exclusive... vV Inclusive ... Calls Child Calls

» @__init__ [{from_scatterers_fft.py{13}] 20.036 20.362 303 10,914
» Brun_sim2smyv [{step5_pad.py{138}] 16.78 134.9 1 1,066
»El__init__ [{__init__.pyH{150}] 11.669 15.909 101 1,010
ML _Ichannel_pixels [{step5_pad.pyH{79}] 11.029 107.657 100 13,358
v BM[CONTEXT] channel_pixels [{step5_pad.pyH{79}] (6] 9.345 312 (¢}
B [SAMPLE] nanoBraggSpotsCUDA [{/autofs/nccs-svm1l_homel/iris/adsel3_161/psana-legion/simtbx/sun 4.755 4.755 159 0
B [SAMPLE] simtbx::nanoBragg::nanoBragg::add_nanoBragg_spots_cuda() [{/autofs/nccs-svm1l_homel/iris/ 4.08 4.08 136 0
B [SAMPLE] __memset_power8 [{} {0}] 0.3 0.3 10 0
M [SAMPLE] UNRESOLVED /usr/lib64/libc-2.17.so 0.181 0.181 6 0
» B [SUMMARY] Tau_handle_driver_api_memcpy(void*, CUpti_CallbackDomain, unsigned int, CUpti_CallbackDz 0.03 0.03 7 0
» B cuMemcpyDtoH_v2 9.483 9.483 500 0
» Mexpand_to_p1l_iselection [{__init__.pyH1376}] 7.349 7.35 101 606
» Mload 7.004 7.009 2 2,251
» Mreset_wavelength [{util_fmodel.py}{121}] 6.197 6.553 100 47,550
» Mis_unique_set_under_symmetry [{__init__.pyH790}] 5.913 5.915 202 808
» @ __import__ 5.782 15.766 382 78
» Bfp_fdp_at_wavelength [{fdp_plot.py}{44}] 5.616 5.723 800 1,600
B MPI_Init_thread() 4.987 4.987 1 0
» B cuDevicePrimaryCtxRetain 4.735 4.735 2 0
» O <module> [{__init__.pyH1}] 4.255 23.888 85 756
B MPI_Finalize() 3.829 3.829 1 1
» Ematch_bijvoet_mates [{__init__.pyH{1032}] 3.146 3.684 101 707
» Mbcast 3.073 3.448 1 9
» B __init__ [{__init__.pyH20}] 3.011 3.399 101 149,196
» Bcompute_f_mask [{__init__.pyH299}] 2.897 18.853 101 707

Python, MPI, CUDA, and samples from DSOs are all integrated in a single view
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ParaProf

Click on Columns:
to sort by incl time

Open binvcrhs
Click on Sample
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File Options Windows Help

L[] [ [ ] RERRRRRERERRERERENR ([ ]|
Name | Exclusive TIME

¢ Il .TAU application 9.167

¢ Il [CONTEXT] .TAU application 0

o [ [SUMMARY] binverhs_ [{/rwthfs/rz/clusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ, 2.89

o [0 [SUMMARY] matmul_sub_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPE3. 3-MZ-MPI/BT 1.27

o [ [SUMMARY] %_solve_ [{/rwthfsirz/clusteriwork/hpelabl 7/NPB3. 3-MZ-MPI/BT-MZx 1.16

o [0 [SUMMARY] z_solve_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPB3.3-MZ-MPI/ET-MZ/2 1.08

o [0 [SUMMARY] y_solve_ [{/rwthfsirz/clusteriwork/hpclabl 7/NPE3. 3-MZ-MPI/BT-MZ/y 1.08

o [l [SUMMARY] compute_rhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPB3. 3-MZ-MPI/E 0.83

o [l [SUMMARY] matvec_sub_ [{/rwthfs/rz/clusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT- 0.49

o= [l [SUMMARY] Ihsinit_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPE3. 3-MZ-MPI/BT-MZ/in 0.08

M [SAMPLE] add_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/add.f} 0.05

o [l [SUMMARY] binvrhs_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPE3. 3-MZ-MPI/BT-MZ /< 0.04

o [l [SUMMARY] exact_solution_ [{/mwthfs/rz/clusteriwork/hpclabl 7/NPB3. 3-MZ-MPI/ 0.02

M [SAMPLE] copy x face [{/rwthfsirziclusteriwork/hpelabl 7/NPE3. 3-MZ-MPI/BT-MZ 0.01

o- [l [SUMMARY] exact_rhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPE3. 3-MZ-MPI/ET-M; 0.01

B [SAMPLE) initialize_ [{/rwthfs/rzfclusteriwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ{in 0.009

o [ MPI_Init_thread() 0.155

[ | MPI_Finalize() 0.022

o- [l MPI_waitall() 0.018

o [l MP_Irecu() 0.004

W P _Isend() 0.001

W P1_Comnm_split() 0

W MPI_Bcast() 0

W PI_Reduce() 0

W MPI_Barrier() 0

W PI_Comm_size() ]

W MPI_Comm_rank() ]

|X| TAU: ParaProf: Statistics for: node O - /rwthfs/rz/cluster/work/hpclab17/NPB3.3-MZ-MPI/bin

ERRNNRRRERRENR

Inclusive TIME 7 Calls Child Calls
=l ls] 1 2,432
9.019 801 0
2.89 288 0
1.27 127 0
1.16 116 0
1.08 108 0
1.08 108 0
0.83 a3 0
0.49 49 o}
0.08 a o}
0.05 5 0
0.04 4 0
0.02 2 0
0.01 1 0
0.01 1 0
0.008 1 0
0.155 1 0
0.022 1 0
0.018 804 0
0.004 804 0
0.001 804 0
0 1 0
0 <] 0
0 3 0
0 2 0
0 1 0
0 2 0




ParaProf

[ NON ) |X| TAU: ParaProf: Statistics for: node O - [rwthfs/rz/cluster/work/hpclab17/NPB3.3-MZ-MPI/bin
File Options Windows Help
ERRERRRRRRRRNRE NN RRRNRRRNRRRAAR O R EEEEFENEEAEEREEREAEEAEENENENE
Name | Exclusive TIME | Inclusive TIME ¥ Calls Child Calls
o H.TAU application 9.167 9,368 1 2,432\~
¢ I [CONTEXT] .TAU application 0 98.019 901 0
¢ [ [SUMMARY] binverhs_ [{/rwthfs/rziclusteriwork/hpelabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f}] 2.89 2.89 288 0
M [SAMPLE] binverhs_ [{/rwthfs/rz/clusteriwork/hpelabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {2287] 0.14 0.14 14 0=
W [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPE3. 3-MZ-MPI/BT-MZ/solve_subs.f}| Show Source Code 0.09 0.09 9 0
W [SAMPLE] binverhs_ [ {/rwthfs/rziclusteriwork/hpelabl 7/NPB3. 3-MZ-MPIBT-MZ/solve_subs.f}| Show In Statistics Table 0.09 0.09 ¢] (0] g
M [SAMPLE] binverhs_ [{/rwthfs/rziclusterswork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/solve_subs.f}| Show Function Histogram | 0.06 0.06 6 0
W [SAMPLE] binverhs_ [{/rwthfs/rz/clusteriwork/hpelabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f}| Show Function Bar Chart 0.06 0.06 6 0
M [SAMPLE] binverhs_ [{/rwthfs/rziclusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} Assign Function Color 0.06 0.06 6 0
B [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPB3.3-MZ-MPIBT-MZ/solve_subs.f} Reset to Default Color 0.06 0.06 6 0
M [SAMPLE] binverhs_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/solve_subs.f} 1zaa7] 0.05 0.05 5 0
W [SAMPLE] binverhs_ [{/rwthfsfrziclusteriwork/hpclabl 7/NPB3.3-MZ-MPIBT-MZ/solve_subs.f} {332}] 0.05 0.05 5 0
W [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPBE3. 3-MZ-MPI/BT-MZ/solve_subs.f} {2753] 0.05 0.05 5 0
W [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {3313] 0.04 0.04 4 0
W [SAMPLE] binverhs_ [{/rwthfs/rz/iclusteriwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {4453] 0.04 0.04 4 0
Wl [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpelabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {2543] 0.04 0.04 4 0
Ml [SAMPLE] binverhs_ [{/rwthfs/rz/clusteriwork/hpelabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {3143] 0.04 0.04 4 0
W [SAMPLE] binverhs_ [{/rwthfsfrziclusteriwork/hpelabl 7/NPB3.3-MZ-MPIBT-MZ/solve_subs.f} {3431) 0.04 0.04 4 0
M [SAMPLE] binverhs_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/solve_subs.f} {403}] 0.04 0.04 4 0
W [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/solve_subs.f} {389}] 0.03 0.03 3 0
W [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {4153] 0.03 0.03 3 0
[l [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {2473] 0.03 0.03 3 0
W [SAMPLE] binverhs_ [{/rwthfs/rz/clusteriwork/hpelabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {3003] 0.03 0.03 3 0
W [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpelabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {309}] 0.03 0.03 3 0
Il [SAMPLE] binverhs_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {4443] 0.03 0.03 3 0
W [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPB3.3-MZ-MPIBT-MZ/s0lve_subs.f} {4681] 0.03 0.03 3 0
W [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPBE3. 3-MZ-MPI/BT-MZ/solve_subs.f} {2421] 0.03 0.03 3 0
W [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPBE3. 3-MZ-MPI/BT-MZ/solve_subs.f} {4073] 0.03 0.03 3 ol |
i -MZ-MPI/RT-MZ{salve subs.fl 41211 0.03 0.03 3 al .2
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TAU Context Event Window

® =

TAU: ParaProf: Context Events for: node O, thread O - exafel1_230cores.ppk

Name 2
v <module> [{step5_batch.py}{1}]
v tst_one [{step5_batch.pyX23}]
¥ run_sim2smv [{step5_pad.pyH{138}]
v channel_pixels [{step5_pad.pyH{79}]
¥ cudaMemcpy
Bytes copied from Device to Host
Bytes copied from Host to Device
¥ cuMemcpyHtoD_v2
Bytes copied from Host to Device
v
Bytes copied from Device to Host
Bytes copied from Device to Host
Bytes copied from Host to Device
Message size for broadcast

Total

15,300,000,000
15,423,816,000

15,423,816,000

15,300,000,000
30,600,000,000
30,847,632,000

827,971,798

NumSamples

500
2,300

2,300

500
1,000
4,600

2

TAU tracks the data transfers between the host and the GPU.
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MaxValue

36,000,000
36,000,000

36,000,000

36,000,000
36,000,000
36,000,000
827,971,794

MinValue
9,000,000
8
8
9,000,000
9,000,000
8
4

MeanValue

30,600,000
6,706,006.957

6,706,006.957

30,600,000
30,600,000
6,706,006.957
413,985,899

Std. Dev.

10,800,000
13,564,989.185

13,564,989.185

10,800,000
10,800,000
13,564,989.185
413,985,895




TAU'’s tracking of Python and MPI

[ [ [ ][] ] LIS L ENEENENEERDRET ~  LEEEENENNNNENNENEENEEREEDENR
Name Exclusive...V Inclusive ... Calls Child ...
» @ __init__ [{from_scatterers_fft.py{13}] 19.845 20.166 303 10,914
» Orun_sim2smv [{step5_pad.py}{138}] 16.672 133.715 1 1,066
Ml IMPI_Bcast() 12.263 12.263 2 0
v M [CONTEXT] MPI_Bcast() 0 12.21 407 0
B [SAMPLE] PAMI_Context_lock [{/autofs/nccs-svm1_sw/summit/.swci/l-compute/opt/spac 3.27 3.27 109 0
B [SAMPLE] pthread_spin_lock [{/usr/lib64/libpthread-2.17.s0} {0}] 2.34 2.34 78 0
B [SAMPLE] start_libcoll_blocking_collective [{/autofs/nccs-svm1_sw/summit/.swci/l-compt 1.89 1.89 63 0
B [SAMPLE] PAMI::Device::IBV::Device::advance() [{/autofs/nccs-svm1l_sw/summit/.swci/l-cc 1.56 1.56 52 0
B [SAMPLE] PAMI_Context_advancev [{/autofs/nccs-svm1_sw/summit/.swci/l-compute/opt 0.69 0.69 23 0
B [SAMPLE] UNRESOLVED /usr/lib64/libmix5.5s0.1.0.0 0.51 0.51 17 0
v M[SUMMARY] LIBCOLL_Advance_pami [{/__SMPI_build_dir /ibmsrc/r 0.42 0.42 14 0
B [SAMPLE] LIBCOLL_Advance_pami [{/__SMPI_build_dir /ibmsrc/n 0.42 0.42 14 0
B [SAMPLE] PAMI_Context_unlock [{/autofs/nccs-svm1_sw/summit/.swci/l-compute/opt/s| 0.39 0.39 13 0
B [SAMPLE] pthread_spin_unlock [{/usr/lib64/libpthread-2.17.s0} {0}] 0.36 0.36 12 0
B [SAMPLE] __memcpy_power?7 [{} {0}] 0.33 0.33 151 0
H [SAMPLE] 0000003d.plt_call.PAMI_Context_lock [{} {O}] 0.15 0.15 5 0
M [SAMPLE] verbs_get_exp_ctx [{pami.cc} {0}] 0.09 0.09 3 0
B [SAMPLE] PAMI_Context_trylock_advancev [{/autofs/nccs-svm1l_sw/summit/.swci/l-comp 0.06 0.06 2 0
B [SAMPLE] 0000003d.plt_call.PAMI_Context_unlock [{} {0}] 0.06 0.06 2 0
B [SAMPLE] opal_progress [{/autofs/nccs-svm1_sw/summit/.swci/l-compute/opt/spack/2C 0.03 0.03 1 0
B [SAMPLE] 00000052.plt_call.PAMI_Context_advancev [{} {0}] 0.03 0.03 1 0
v B[SUMMARY] CCMI::Executor::ShmemBroadcastT <false, CCMI::Executor::ShmemAtomicBarrie 0.03 0.03 1 0
B [SAMPLE] CCMI::Executor::ShmemBroadcastT <false, CCMI::Executor::ShmemAtomicBarrie 0.03 0.03 il 0
» B __init__ [{__init__.pyK{150}] 11.518 15.698 101 1,010
» Ochannel_pixels [{step5_pad.pyX79}] 10.949 106.61 100 13,358
> B cuMemcpyDtoH_v2 9.433 9.433 500 0

TAU can observe events in closed-source vendor libraries (e.g., in MPIl_Bcast)!
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Callstack Sampllng in TAU

TAU: ParaProf: Statistics for: n,c;t 2,0,0 - gamess_unw_call_ebs.ppk

llIlIIIlIIIlIElE_‘ DEEEHENERENERNED NN NENENEEEEEEENEENR
Name Inclusive TIME v Calls

| v l.TAU application 79.592 1

| v B MPI_Recv() 75.607 6,870

v [ [CONTEXT] MPI_Recv() 74.848 1,497

» CJ[UNWIND] /gpfs/mira-home/sameer/gamess-theta-tau/object/unport.f.410 [@] MAIN__ [{/gpfs/mira-home/sameer/gamess-theta-1 26.196 524

LU [UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_fortran.c.67 [@] beging_ [{/gpfs/mira-home/sameer/g P4 K 434

» CJ[UNWIND] /gpfs/mira-home/sameer/gamess-theta-tau/object/gamess.f.538 [@] main [{/gpfs/mira-home/sameer/gamess-theta-tal 11.85 237

» CJ[UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_init.c.113 [@] ddi_init_ [{/gpfs/mira-home/yuri/dist/Gi 8.701 174

» [ [UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_server.c.99 [@] DDI_Init [{/gpfs/mira-home/yuri/dist/C 5.75 115

» M [UNWIND] /lib64 /libc-2.22.s0.0 [@] _start [{/home/abuild/rpmbuild/BUILD/glibc-2.22 /csu/../sysdeps/x86_64/start.S} {118}] 0.2 4

Il [SAMPLE] GNII_DlaProgress [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1__ge7db4a2.ari/lib64/libugni.so0.0.6.0} {0}] 0.2 4

» I [UNWIND] [/opt/cray/ugni/6.0.14-6.0.4.0_14.1__ge7db4a2.ari/lib64/libugni.s0.0.6.0.0] [@] UNRESOLVED UNKNOWN 0.15 3

[l [SAMPLE] GNI_CqGetEvent [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1__ge7db4a2.ari/lib64/libugni.s0.0.6.0} {0}] 0.051 1

» [ [UNWIND] /opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.s0.3.0.1.0 [@] MPIDI_CH3I_Progress [{/opt/cray/pe/mpt/7 0.05 1

B MPI_Finalize() 3.601 1

» M MPI_Send() 0.122 6,866

» EMPI_Init_thread() 0.112 1

» [ [CONTEXT] .TAU application 0.05 1

» EMPI_Bcast() 0.014 6

Bl MPI_Allgather() 0.004 3

[l MPI_Barrier() 0.003 7

[l MPI_Comm_create() 0.002 4

B MPI_Gather() 0.002 1

B MPI_Comm_split() 0.002 1

[l MPI_Group_intersection() 0.001 1

B MPI_Comm_group() 0.001 1

B MPI_Group_incl() 0 3

B MPI_Comm_rank() 0 6

B MPI_Comm_size() 0 2

% export TAU_SAMPLING=1; export TAU_EBS_UNWIND=1
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UNWINDING CALLSTACKS

TAU: ParaProf: Statistics for: n,c,t 2,0,0 - gamess_unw_call_ebs.ppk

lIlIIlIIIIIII J JEENEENENENED [ OFEFENEENEENNNNEREERRENEER
Name Inclusive TIME V Calls
| v l.TAU application 79.592 1
v @ MPI_Recv() 75.607 6,870
v l[CONTEXT] MPI_Recv() 74.848 1,497
» CJ[UNWIND] /gpfs/mira-home/sameer/gamess-theta-tau/object/unport.f.410 [@] MAIN__ [{/gpfs/mira-home/sameer/gamess-theta- 26.196 524
v l[UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_fortran.c.67 [@] beging_ [{/gpfs/mira-home/sameer/g 21.7 434
v I [UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_init.c.113 [@] ddi_init_ [{/gpfs/mira-home/yuri/dist 21.7 434
v l[UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_server.c.99 [@] DDI_Init [{/gpfs/mira-home/yuri/ 21.7 434
v l[UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_recv.c.65 [@] DDI_Server [{/gpfs/mira-home/y 21.7 434
v [ [UNWIND] /lus/theta-fsO/software/perftools/tau/tau-2.26.3/src/Profile/TauMpi.c.2371 [@] DDI_Recv_request [{/gpfs/mira 21.7 434
v I [UNWIND] /opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.s0.3.0.1.0 [@] MPI_Recv [{/lus/theta-fs0/sof 21.7 434
v M [UNWIND] /opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.s0.3.0.1.0 [@] PMPI_Recv [{/opt/cray/pe/n 21.7 434
v M [UNWIND] /opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.s0.3.0.1.0 [@] MPIDI_CH3I_Progress [{/« 21.45 429
v I [UNWIND] /opt/cray/ugni/6.0.14-6.0.4.0_14.1__ge7db4a2.ari/lib64/libugni.s0.0.6.0.0 [@] MPID_nem_gni_poll [{/ 15.95 319
(M|[SAMPLE] GNI_SmsgGetNextWTag [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1__ge7db4a2.ari/lib64/libugni.so.0.6.0} 10.349 207
E [SAMPLE] GNI_CqGetEvent [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1__ge7db4a2.ari/lib64/libugni.s0.0.6.0} {0}] 5.6 112
» [l [UNWIND] gni_poll.c.0 [@] MPID_nem_gni_poll [{/opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_inte 5.25 105
» M [UNWIND] /opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.s0.3.0.1.0 [@] MPID_nem_gni_poll [{/ 0.25 5
» I [UNWIND] UNRESOLVED [@] MPIDI_CH3I_Progress [{/opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_int 0.25 5
» CJ[UNWIND] /gpfs/mira-home/sameer/gamess-theta-tau/object/gamess.f.538 [@] main [{/gpfs/mira-home/sameer/gamess-theta-ta 11.85 237
» O [UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_init.c.113 [@] ddi_init_ [{/gpfs/mira-home/yuri/dist/G 8.701 174
» M [UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_server.c.99 [@] DDI_Init [{/gpfs/mira-home/yuri/dist/ 5.75 115
» H[UNWIND] /lib64/libc-2.22.50.0 [@] _start [{/home/abuild/rpmbuild/BUILD/glibc-2.22/csu/../sysdeps/x86_64/start.S} {118}] 0.2 4
[l [SAMPLE] GNII_DIlaProgress [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1_ _ge7db4a2.ari/lib64/libugni.s0.0.6.0} {0}] 0.2 4
» M [UNWIND] [/opt/cray/ugni/6.0.14-6.0.4.0_14.1__ge7db4a2.ari/lib64/libugni.s0.0.6.0.0] [@] UNRESOLVED UNKNOWN 0.15 3
[l [SAMPLE] GNI_CqGetEvent [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1__ge7db4a2.ari/lib64/libugni.s0.0.6.0} {0}] 0.051 1
» I [UNWIND] /opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.s0.3.0.1.0 [@] MPIDI_CH3I_Progress [{/opt/cray/pe/mpt/. 0.05 1
B MPI_Finalize() 3.601 1
» EMPI_Send() 0.122 6,866
» EMPL_Init_thread() 0.112 1
» M [CONTEXT] .TAU application 0.05 1

% export TAU_SAMPLING=1; export TAU_EBS_UNWIND=1
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Deep Learning: Tensorflow

@ @ TAU: ParaProf: Statistics for: node O, thread 8 - nt3_baseline_keras2.ppk

LU L L LU RN NN NNEEEEEEEEEEEE

| Name Inclusiv... Calls v |

v l . TAU application 519.211 1

\ v B[CONTEXT] .TAU application 509.222 50,915
BI[SAMPLE] Eigen::internal::gebp_kernel<float, float, long, Eigen::.internal::blas_data_mapper<float, long, 0, 0>, 240.632 24,089

‘ O [SAMPLE] __pthread_cond_wait [{} {O}] 86.384 8,634
E[SAMPLE] Eigen::internal::gemm_pack_rhs<float, long, Eigen::internal::TensorContractionSubMapper<float, lor 51.345 5,135

‘ B [SAMPLE] Eigen::internal::gemm_pack_rhs<float, long, Eigen::internal::TensorContractionSubMapper<float, lor 24.375 2,416
B [SAMPLE] void tensorflow::SpatialMaxPoolWithArgMaxHelper<Eigen::ThreadPoolDevice, float>(tensorflow::OpK 16.301 1,630

| B [SAMPLE] __memset_sse2 [{} {0}] 13.446 1,336
B [SAMPLE] Eigen::TensorEvaluator<Eigen::TensorContractionOp<Eigen::array<Eigen::IndexPair<long>, lul> co 5.99 599

‘ B [SAMPLE] long Eigen::internal::operator/<long, false>(long const&, Eigen::internal::TensorintDivisor<long, fals 5.843 585
B [SAMPLE] std::_Function_handler<void (long, long), Eigen::internal::TensorExecutor<Eigen::TensorAssignOp<lI 5.377 538

‘ B [SAMPLE] float __vector Eigen::TensorEvaluator<Eigen::TensorBroadcastingOp<Eigen::IndexList<int, Eigen::tyg 4.862 487
B [SAMPLE] Eigen::TensorEvaluator<Eigen::TensorContractionOp<Eigen::array<Eigen::IndexPair<long>, lul> co 4.775 478

\ B [SAMPLE] Eigen::TensorEvaluator<Eigen::TensorAssignOp<Eigen::TensorMap<Eigen::Tensor<float, 1, 1, long> 4.037 404
B [SAMPLE] Eigen::internal::gemm_pack_lhs<float, long, Eigen::internal::TensorContractionSubMapper<float, lon 3.679 367

‘ B [SAMPLE] Eigen::internal::EvalRange <Eigen::TensorEvaluator<Eigen::TensorAssignOp<Eigen::TensorMap<Eigel 2.981 298
B [SAMPLE] tensorflow::MaxPoolingOp<Eigen::ThreadPoolDevice, float>::SpatialMaxPool(tensorflow::OpKernelCgc 2.915 295

\ B [SAMPLE] std::_Function_handler<void (long, long), Eigen::internal::TensorExecutor<Eigen::TensorAssignOp<I 2.91 291

B [SAMPLE] std::_Function_handler<void (long, long), Eigen::internal::TensorExecutor<Eigen::TensorAssignOp<lI 2.772 277
‘ B [SAMPLE] Eigen::internal::gemm_pack_lhs <float, long, Eigen::internal::TensorContractionSubMapper<float, lon 2.481 248
B [SAMPLE] std::_Function_handler<void (long, long), Eigen::internal::TensorExecutor<Eigen::TensorAssignOp<I 2.148 215
\ B [SAMPLE] void Eigen::internal::call_dense_assignment_loop<Eigen::Map<Eigen::Matrix<float, -1, -1, O, -1, -1 2.008 197
B [SAMPLE] Eigen::NonBlockingThreadPoolTempl<tensorflow::thread::EigenEnvironment>::WorkerLoop(int) [{/hao 1.999 200
‘ B [SAMPLE] Eigen::internal::ptranspose(Eigen::internal::PacketBlock<float __vector, 4>&) [{crtstuff.c} {0}] 1.919 192
B [SAMPLE] Eigen::internal::gemm_pack_rhs<float, long, Eigen::internal::TensorContractionSubMapper<float, lor 1.607 160
‘ B [SAMPLE] Eigen::TensorEvaluator<Eigen::TensorContractionOp<Eigen::array<Eigen::IndexPair<long>, lul> co 1.518 152

% tau_python —ebs nt3_baseline_keras2.py (CANDLE)
E(CP zEe




Sampling Tensorflow

@ @ TAU: ParaProf: Function Data Window: nt3_baseline_keras2.ppk

Name: .TAU application => [CONTEXT] .TAU application => [SAMPLE]
Eigen::internal::gemm_pack_rhs <float, long,
Eigen:internal::TensorContractionSubMapper<float, long, O,
Eigen::TensorEvaluator<Eigen::TensorMap<Eigen::Tensor<float const, 2, 1, long>, 0O,
Eigen::MakePointer> const, Eigen::ThreadPoolDevice>, Eigen::array<long, 1lul>,
Eigen::array<long, 1ul>, 8, false, false, 0, Eigen::MakePointer>, 4, 0, false,
false>::operator()(float*, Eigen::internal::TensorContractionSubMapper<float, long, O,
Eigen::TensorEvaluator<Eigen::TensorMap<Eigen::Tensor<float const, 2, 1, long>, O,
Eigen::MakePointer> const, Eigen::ThreadPoolDevice>, Eigen::array<long, 1ul>,
Eigen::array<long, lul>, 8, false, false, 0, Eigen::MakePointer> const&, long, long, long,
long) [{crtstuff.c} {0}]

Metric Name: TIME

Value: Exclusive

Units: seconds

15.44 | | std. dev.
5.144 [_] mean

53.463 | ] max
0.02 | min
50.094 | node O, thread 1
53.463 | node O, thread 2
50.193 | node O, thread 3
52.872 | node O, thread 4
51.145 | node O, thread 5
52.442 node O, thread 6
52.618 node O, thread 7
51.345 | node O, thread 8
0.05 | node O, thread 47
0.14 | node O, thread 48
0.2 | node O, thread 50
0.16 | node O, thread 51
0.02 | node O, thread 52
0.03 | node O, thread 54
0.11 | node O, thread 55
N 11 node O thread 57
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Event Based Sampling (EBS)

TAU: ParaProf: Function Data Window: fun3d_ebs_50iter.ppk

Name: [SAMPLE] point_solver_mp_point_solve_5_
[{/p/home/nchaimov/fun3d-13.3-5dad7cc/LibF90/point_solver.F90} {2705}]
Metric Name: TIME

Value: Exclusive percent

0.145% H std. dev.
mean
max
min
node O
node 1
node 2
node 3
node 4
node 5
node 6
node 7
node 8
node 9
node 10
node 11
node 12
3.97% node 13
4.582% node 14

4.692% ] node 15

4.931%

6.682%

3.852%
4.135%

5.413%

6.682%
4.911%

5.057%

5.732%

5.194%

5.732%

4.947%

3.852%

5.139%
4.618%
4.235%

% aprun -n 16 tau exec —ebs a.out
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Callsite Profiling and Tracing

TAU: ParaProf: n,c,t 0,0,0 - lu_callsite.ppk

Metric: TIME
Value: Exclusive
Units: seconds

14.695
12.627

ECP

EXASCARLE
COMPUTING
PROJECT

0.063

N
o
v
w

—— ] ] 5]

MPI_Recv()

[CALLSITE] MPI_Recv() [@] [exchange_1_] [{/lus/theta-fsO/projects/Tools /tau/workshop/NPB3.1/LU/exchange_1.f} {68}]
.TAU application

MPI_Send()

[CALLSITE] MPI_Recv() [@] [exchange_1_] [{/lus /theta-fsO/projects/Tools /tau/workshop/NPB3.1/LU/exchange_1.f} {86}]
[CALLSITE] MPI_Send() [@] [exchange_1_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_1.f} {113}]
[CALLSITE] MPI_Send() [@] [exchange_1_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_1.f} {130}]
MPI_Finalize()

[CALLSITE] MPI_Finalize() [@] [MAIN__] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/lu.f} {161}]

MPI_Init()

[CALLSITE] MPI_Init() [@] [init_comm_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/init_comm.f} {31}]
MPI_Wait()

[CALLSITE] MPI_Wait() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {152}]
[CALLSITE] MPI_Wait() [@] [exchange_3_] [{/lus /theta-fsO/projects/Tools /tau/workshop/NPB3.1/LU/exchange_3.f} {288}]
[CALLSITE] MPI_Send() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {209}
MPI_Irecv()

[CALLSITE] MPI_Send() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1 /LU/exchange_3.f} {73}]
[CALLSITE] MPI_Irecv() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools /tau/workshop/NPB3.1/LU/exchange_3.f} {108}]
[CALLSITE] MPI_Irecv() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {244}]
MPI_Bcast()

[CALLSITE] MPI_Bcast() [@] [bcast_inputs_] [{/lus/theta-fs0/projects/Tools/tau/workshop/NPB3.1/LU/bcast_inputs.f} {28}]
MPI_Allreduce()

[CALLSITE] MPI_Allreduce() [@] [I2norm_] [{/lus /theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/I2norm.f} {55}
[CALLSITE] MPI_Bcast() [@] [bcast_inputs_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/bcast_inputs.f} {33}]
[CALLSITE] MPI_Allreduce() [@] [ssor_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/ssor.f} {205}]

[CALLSITE] MPI_Wait() [@] [exchange_4_] [{/lus/theta-fsO/projects/Tools /tau/workshop/NPB3.1/LU/exchange_4.f} {59}]
[CALLSITE] MPI_Wait() [@] [exchange_6_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_6.f} {54}]
[CALLSITE] MPI_Wait() [@] [exchange_5_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_5.f} {54}]
[CALLSITE] MPI_Wait() [@] [exchange_4_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_4.f} {104}]
[CALLSITE] MPI_Irecv() [@] [exchange_4_] [{/lus/theta-fsO/projects/Tools /tau/workshop/NPB3.1/LU/exchange_4.f} {SO}
MPI_Barrier()

[CALLSITE] MPI_Barrier() [@] [ssor_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/ssor.f} {70}]

[CALLSITE] MPI_Allreduce() [@] [error_] [{/lus /theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/error.f} {S3}]
MPI_Comm_size()

[CALLSITE] MPI_Comm_size() [@] [read_input_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/read_input.f} {78}]
MPI_Comm_rank()

[CALLSITE] MPI_Allreduce() [@] [pintgr_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/pintgr.f} {272}]
[CALLSITE] MPI_Comm_rank() [@] [init_comm_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/init_comm.f} {36}]

% export TAU_CALLSITE=1




ldentifying Collective Wait States: Thread Callpath Relations Window

@ ® TAU: ParaProf: Call Path Data n,c,t, 118,0,0 - 128_d3d.ppk

Metric Name: TIME
Sorted By: Exclusive
Units: seconds

Exclusive Inclusive Calls/Tot.Calls Name [id]
1099.614 1191.772 1/1 1:SETUP
- 1099.614 1191.772 1 i:LOAD
0.006 92.158 3/9543 MPI_Allreduce()
9.8E-4 9.8E-4 11/15177 MPI_Gatherv()
1.448 1.448 43/15177 MPI_Gather()
15.353 15.353 46/15177 MPI_Alltoall()
89.821 89.821 4311/15177 MPI_Bcast()
6.777 6.777 195/15177 MPI_Allgather()
68.678 68.678 991/15177 MPI_Reduce()
9.179 9.179 12/15177 MPI_Comm_dup()
0.125 0.125 25/15177 MPI_Allgatherv()
382.861 382.861 9543/15177 MPI_Allreduce()
- 574.243 574.243 15177 MPI Collective Sync
2.507 2.508 10/186 DISTRIBUTE_F@G
2.433 2.434 10/186 F_UPD_F@_SP
5.156 5.158 20/186 FO_CHARGE_SEARCH_INDEX
5.505 5.507 22/186 PULLBACK_WEIGHT
24.86 24.872 102/186 UPDATE_PTL_WEIGHT
0.473 0.473 2/186 MAIN_LOOP
4,975 4,977 20/186 DIAG_f@_PORT1_PTL
-— 45,91 45.93 186 copy_ptl_to_device
0.02 0.02 186/272 Kokkos::parallel_for set_buffer_particles_d [type = Cuda, device = 0]

MPI Collective Sync is the time spent in a barrier operation inside a collective
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ParaProf Thread Comparison Window

Comparing Rank 118 with 22.
Right click on “node 118” -> Add node to comparison window

r

& L ] ParaProf: Comparison Window
Metric: TIME [ 128_d3d.ppk - node 118, thread 0
Value: Exclusive M 128_d3d.ppk - node 22, thread 0

Units: seconds

1099.614 | . - " -
1126.533 (102.445%) e ——] i:LOAD <= i:SETUP <= INIT <= TOTAL <= .TAU application
1099.614 [
126,533 (102.448%) e 00
574.243 [—
187.769 (32.699%) [

285.185 [l
40.299 (14.131%) §

MP1 Collective Sync
MPI Collective Sync <= MPI_Allreduce() <= F_COLL_MULT_RED2 <= F_COLL_MULT_CONV_IO <= F_COLLISON <= F_SOURCE <= FO_GRID <= MAIN_LOOP <= TOTAL <= .TAU application
95.339 COL_F_SOLVER_TOTAL <= COL_F_PICARD_STEP <= Kokkos::parallel_for picard [type = OpenMP, device = 0] <= COL_F_CORE_M_LOOP <= COL_F_CORE_M <= F_COL_MULTI_SP <= F_COLLISON <= F_SOURCE <= FO_GRID <= MAIN_LOOP

95.339 COL_F_SOLVER_TOTAL

92.152 =& ? - - - -
65.543 (71.125%) @ MPI Collective Sync <= MPI_Allreduce() <= i:LOAD <= i:SETUP <= INIT <= TOTAL <= .TAU application

66.539 . Kokkos::parallel_for picard [type = OpenMP, device = 0] <= COL_F_CORE_M_LOOP <= COL_F_CORE_M <= F_COL_MULTI_SP <= F_COLLISON <= F_SOURCE <= FO_GRID <= MAIN_LOOP <= TOTAL <= .TAU application

66.539 B Kokkos::parallel_for picard [type = OpenMP, device = 0]

4591 @
43,996 (95.832%) [§ COPY-PHl-to-device

41.968 [
42.36 (100.934% @

41.968 [
42,36 (100.934%) @

i:SETUP_GET_VOLUME <= i:SETUP <= INIT <= TOTAL <= .TAU application
i:SETUP_GET_VOLUME
29.166 i
38.101 (130.942% B P
36.286 ]
34.687 (95.592%) . copy_ptl_from_device
25.643 |
33.824 (131.901%) § t_prf <= TOTAL <= .TAU application

30,361 § Kokkos:parallel_for check [type = OpenMP, device = 0] <= COL_F_CORE_M_LOOP <= COL_F_CORE M <= F_COL_MULTLSP <= F_COLLISON <= F_SOURCE <= F0_GRID <= MAIN_LOOP <= TOTAL <= .TAU application

30.361 § Kokkos::parallel_for check [type = OpenMP, device = 0]

8.482 |
29.867 (352.114%) [§ TOISSONSIMPLE

25.504
5.708 (34.144%) | MP1_Barrier()

24.86

.861 [ . " N .
24.707 (99.378%) ' ©ZINIT_POL_SMOOTH_MAT <= iINIT_GRID <= i.SETUP <= INIT <= TOTAL <= .TAU application

24.861 ] .
24,707 (99.378% § "NIT-POL_SMOOTH_MAT

23.78 I 7 _ - y
24.621 (103.535%) ' swi:LOCAL_WTS_EVAL_ELEC <= SET_WEIGHTS_F <= FIRST <= TOTAL <= .TAU application

23.78 I 3
24.621 (103.535%) § swi:LOCAL_WTS_EVAL_ELEC

23.71

’_-‘\ \ 04 1 swi:LOCAL_WTS_EVAL_ION <= SET_WEIGHTS_F <= FIRST <= TOTAL <= .TAU application
\ EXASCALE 24543 (103.54%) § 7 S EVAS - = .
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TAU — Context Events

Name =7 ] w Tot - MeanValu — NumSamples | MinValue MaxValue Std. Dev.
v .TAU application
» read()
» fopen64() . 'd h f'I
 fesed Write bandwidth per file
¥ OurMain()
malloc size 25,235 1,097.174 23 11 12,032 2,851.143
free size 22,707 1,746.692 13 11 12,032 3,660.642
¥ OurMain [{wrapper.pyH3}
» read()
malloc size 3,877 323.083 12 32 981 252.72
free size 1.536 219.429 7 32 464 148.122
» fopen64() . .
Bytes written to each fil
v <module> [{obe_py}{s}] y eS er en 0 eaC I e
v writeRestartData [{samarcinterface.py}{145}]
¥ samarcWriteRestartData
v write()
WRITE Bandwidth (MB/s) <fi|e="samarc/restore.00002/nodes¥0004/proc.00001"> 74.565 14T 0 2,156.889 246.386
WRITE Bandwidth (MB/s) <file="samarc/restore.00001/nodes.00004 /proc.00001"> 77.594 117 0 1,941.2 228.366
WRITE Bandwidth (MB/s) 76.08 234 0 2,156.889 237.551
Bytes Written <file="samarc/restore.00002/nodes.00004 /proc.00001"> 2,097,552 17,927.795 117 1 1,048,576 133,362.946
Bytes Written <file="samarc/restore.00001/nodes.00004 /proc.00001"> 2,097,552 17,927.795 117 1 1,048,576 133,362.946
Bytes Written 4,195,104 17,927.795 234 1 1,048,576 133,362.946
» open64() =

—_— \
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ParaProt 3D Profile Browser: Triangle Mesh

cmod.128x128.128DC.ppk

8/aorsa2d/taudata/rs/

File Options Windows Help

+) Triangle Mesh
Bar Plot

Scatter Plot

Height Metric
Exclusive v| |GET_TIME_OF_DAY |+
Color Metric

Exclusive v |GET_TIME_OF_DAY |+

SIGMAD_CQL3D
Function

200:0:0
Thread

Height value 321.68 seconds

Color value 321.68 seconds

Mesh Plot Axes ColorScale L
Plot Width O—
Plot Depth B O —
Plot Height A D——
__| Transparency ' & WS




ParaProf 3D Profile Browser: Bar Plot

File Options Windows Help

TAU: ParaProf: 3D Visualizer: demo.ppk

]
»

Triangle Mesh
= Bar Plot

Scatter Plot

Topology Plot
Height Metric

| Exclusive ~| |GET_TIME_OF... ~
Color Metric

| Exclusive ~| |IGET_TIME_OF...|>
Eunetion Loop: AORSA2D_STI
Thread 199

Height value 129.549 seconds

Color value 129.549 seconds

lles | Plot | Axes | Color | Render

Auto-Rotate Speed

Reverse Video

AA Lines Full Screen AA
Separation L
Aperture .

GL Info




TAU — ParaProf 3D Visualization: Bar Plot using cross-hairs to zoom
into a location (function, thread)

Triangle Mesh
=) Bar Plot
Scatter Plot

| Topology Plot

Height Metric
Exclusive - TIME -
Color Metric

Exclusive | - TIME -

. void shmem_barrier_all_Q
Function

13
Thread

Height value 15.697 seconds

Color value 15.697 seconds

| - Axes Color

Auto-Rotate

Reverse Video

AA Lines v Full Screen AA
Separation emm(
Aperture e

% paraprof app.ppk
Windows -> 3D Visualization -> Bar Plot (right pane)




TAU: ParaProf Topology Plot Window

TAU: ParaProf: 3D Visualizer: gball/gball_512cores.ppk

p Triangle Mesh
Bar Plot
Scatter Plot

© Topology Plot

Exclusive v TIME
event2 Timer [
[SAMPLE] fftwi_no_twiddle_15 [{/opt/cray/pe/fftw/2.1.5.9/lib

Exclusive - TIME

event3 (Color) Timer [© |

MPI_Allreduce()

Exclusive v TIME

ScatterPlot Axes ColorScale id-il-ay

Speed
Auto-Rotate

Reverse Video Stereo

AA Lines Full Screen AA
Separation
Aperture

GL Info




TAU 3D Communication Window

TAU: ParaProf: 3D Communication Matrix: lu.comm.ppk

Display Options
Callpath:

All Paths >
Height vValue:

Max message size (bytes) -~

Color value:

Message volume (bytes) -~
8
A Sender
@
g
Fal
= ) 9
@ Receiver
5
=
» £ Height value 106080
@ w
E Color value 3.9996E7
BEY Render
'3.9997E7
W & Show Color...
Font Size
© Rainbow Gra...
Inverse Gra... Blue...
[ Blue-White...
3.5916E7

Message volume (bytes)

% export TAU_COMM_MATRIX=1; aprun ... tau_exec ./a.out

Windows -> 3D Communication Matrix

% paraprof ;




Using TAU on GPUs




TAU: Intel oneAPI DPC++ on an Intel Gen12LP or DG1 GPU

Metric: TAUGPU_TIME
Value: Exclusive
Units: seconds

277.624 | zeModuleCreate
22.676 [ zeCommandQueueSynchronize
10.048 [ zeCommandQueueExecuteCommandLists

LN )
Metric: TAUGPU_TIME

Value: Exclusive
Units: seconds

16.751
1.755

1.482
1.425
1.103

0.657
0.335
0.313

0.3
0.277
0.222
0.213
0.212
0.211
0.206
0.191

0.19
0.186
0.178
0.168
0.161

0.15
0.138
0.111
0.108
0.091
0.091
0.091
0.076
0.066
0.061
0.056
0.055
0.051
0.051
0.048

0.03

0.03
0.027
0.027
0.025
0.024
0.023

5.083 § .TAU application
0.254 | zeCommandListReset
0.248 | zeCommandListAppendLaunchKernel
0.148 | zeMemAllocShared
0.135 | zeC: dListAppendM yCopy
0.13 | zeMemAllocHost
0.063 | zeFenceReset
0.059 | zeEventCreate
0.023 | zeMemFree
0.021 | zeFenceQueryStatus
0.02 | zeCommandListClose
0.019 | zeKernelSetGroupSize
0.019 | zeEventDestroy
0.015 | zeKernelSetArgumentValue [THROTTLED]
0.013 | zeKernelCreate
0.011 | zeCommandListAppendWaitOnEvents
0.01 | zeCommandListCreate
0.008 | zeMemGetAllocProperties
0.002 | zeC dListCr | diat
0.002 | zeCommandQueueCreate
0.002 | zeMemAllocDevice
4,2E-4 | zeFenceDestroy
3.3E-4 | zeFenceCreate
2.4E-4 | zeEventPoolCreate
3.4E-5 | zeKernelSetindirectAccess
3.3E-5 | zeModuleGetKernelNames
7.0E-6 | zeCommandQueueDestroy
3.0E-6 | zelnit
1.3E-6 | zeDeviceGetCommandQueueGroupProperties
1.3E-6 | zeDeviceGetModuleProperties
1.3E-6 | zeDriverGetExtensionProperties
1.3E-6 | zeKernelSuggestGroupSize
1.0E-6 | zeDeviceGetMemoryProperties
7.5E-7 | zeContextCreate
7.5E-7 | zeContextDestroy
7.5E-7 | zeDeviceGetProperties
7.5E-7 | zeDriverGetProperties
5.0E-7 | zeDeviceGet
S.0E-7 | zeDeviceGetSubDevices
2.5E-7 | zeDeviceGetComputeProperties
2.5E-7 | zeDeviceGetlmageProperties
2.5e-7 | zeDriverGet
2.5E-7 | zeDriverGetApiVersion
2.5E-7 | zeKernelGetProperties
™
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.TAU application

7.36] [ typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex::ParallelFor<int, int, godunov::compute_fluxes(int, amrex::Box const&, int, amrex::Array4 <double> const&, amrex::Array4 <double> const&, amrex::Array4<¢
typeinfo name for amrex::
typeinfo name for amrex::
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex::
typeinfo name for amrex::
typeinfo name for amrex:

TAU: ParaProf: node 0, thread 1 - amr-wind_I0_ex1.ppk

:MLPoisson::Fsmooth(int, int, amrex::MultiFab&, amrex::MultiFab const&, int) const::{lambda(cl::sycl::handler&)#3}::operator()(cl::sycl::handler&) const::{lambc
:ParallelFor<int, godunov::compute_fluxes(int, amrex::Box const&, int, amrex::Array4 <double> const&, amrex::Array4 <double> const&, amrex::Array4 <dout
:launch<amrex::experimental::detail::ParallelFor<256, amrex::MultiFab, amrex::MLABecLaplacian::Fsmooth(int, int, amrex::MultiFab&, amrex::MultiFab const&
:ParallelFor<int, godunov::predict_ppm(int, amrex::Box const&, int, amrex::Array4<double> const&, amrex::Array4<double> const&, amrex::Array4<double>
launch<amrex::experimental::detail::ParallelFor<256, amrex::MultiFab, amrex::MLNodeLaplacian::Fsmooth(int, int, amrex::MultiFab&, amrex::MultiFab const&
:ParallelFor<int, amrex::MLTensorOp::applyBCTensor(int, int, amrex::MultiFab&, amrex::MLLinOp::BCMode, amrex::MLLinOp::StateMode, amrex::MLMGBndry ¢
:ParallelFor<int, int, godunov::compute_fluxes(int, amrex::Box const&, int, amrex::Array4 <double> const&, amrex::Array4 <double> const&, amrex::Array4 <t

launch<amrex::experimental::detail::ParallelFor<256, amrex::FabArray <amrex::FArrayBox>, amrex::Copy<amrex::FArrayBox, void>(amrex::FabArray <amrex:
launch<amrex::detail::ParallelFor_doit <amrex::Array4CopyTag<double>, amrex::detail::fab_to_fab<double, amrex::detail::CellAtomicAdd <double> >(amrex:

:launch<amrex::detail::ParallelFor_doit <amrex::Array4CopyTag<double>, amrex: detail::fab_to_fab<double, amrex::detail::CellStore<double> >(amrex::Vectc
launch<amrex::experimental::detail::ParallelFor<256, amrex::FabArray<amrex::FArrayBox>, amrex::FabArray<amrex::FArrayBox>::setVal<amrex::FArrayBox,
:MLTensorOp::apply(int, int, amrex::MultiFab&, amrex::MultiFab&, amrex::MLLinOp::BCMode, amrex::MLLinOp::StateMode, amrex::MLMGBndry const*) const::
:ParallelFor <amrex::mindlap_bc_doit <double>(amrex::Box const&, amrex::Array4 <double> const&, amrex::Box const&, amrex::GpuArray<bool, 3u> const&,
launch<amrex::experimental::detail::ParallelFor <256, amrex::MultiFab, amrex::MLABecLaplacian::Fapply(int, int, amrex::MultiFab&, amrex::MultiFab const&) ¢
:launch<amrex::detail::ParallelFor_doit <amrex::(anonymous namespace)::ABCTag, amrex::ParallelFor<amrex::(anonymous namespace)::ABCTag, amrex::MLCe
launch<amrex::experimental::detail::ParallelFor<256, amrex::MultiFab, amrex::MultiFab::Xpay(amrex::MultiFab&, double, amrex::MultiFab const&, int, int, int,

ParallelFor<int, godunov::compute_fluxes(int, amrex::Box const&, int, amrex::Array4 <double> const&, amrex::Array4 <double> const&, amrex::Array4 <dout
ParallelFor<int, godunov::compute_fluxes(int, amrex::Box const&, int, amrex::Array4 <double> const&, amrex::Array4 <double> const&, amrex::Array4 <dout

:ParallelFor<int, godunov::compute_fluxes(int, amrex::Box const&, int, amrex::Array4 <double> const&, amrex::Array4 <double> const&, amrex::Array4 <dout

zeCommandListAppendMemoryCopy

typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex::
typeinfo name for amrex:
typeinfo name for amrex::
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex::ParallelFor<int, int, int, godunov::predict_godunov(int, amrex::Box const&, int, amrex::Box const&, amrex::Box const&, amrex::Box const&, amrex::Array4<c
typeinfo name for amrex::
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex::
typeinfo name for amrex:
typeinfo name for amrex::
typeinfo name for amrex:
typeinfo name for amrex:
typeinfo name for amrex:
0.022 | typeinfo name for amrex::

% tau_exec —T level_zero,serial

‘launch<amrex::experimental::detail::ParallelFor<256, amrex::MultiFab, amrex::MLNodeLaplacian::Fapply(int, int, amrex::MultiFab&, amrex::MultiFab const&) ¢
‘ParallelFor<int, int, godunov::compute_fluxes(int, amrex::Box const&, int, amrex::Array4 <double> const&, amrex::Array4<double> const&, amrex::Array4 <
:MLTensorOp::apply(int, int, amrex::MultiFab&, amrex::MultiFab&, amrex::MLLinOp::BCMode, amrex::MLLinOp::StateMode, amrex::MLMGBndry const*) const::
:ParallelFor<amrex::GpuBndryFuncFab<amr_wind::DirichletOp<amr_wind::ConstDirichlet, amr_wind::ConstDirichlet> >::ccfcdoit<amrex::FilccCell>(amrex::Bc
launch<amrex::experimental::detail::ParallelFor<256, amrex::FabArray <amrex::FArrayBox>, amrex::Add <amrex::FArrayBox, void>(amrex::FabArray<amrex::|

launch<amrex:: experimental::detail::ParallelFor <256, amrex::FabArray <amrex::FArrayBox>, amrex::OverrideSync_nowait<amrex::FArrayBox, amrex::IArrayBc

:ParallelFor<int, int, int, godunov::compute_fluxes(int, amrex::Box const&, int, amrex::Array4 <double> const&, amrex::Array4 <double> const&, amrex::Arra)

launch<amrex::ReduceOps <amrex::ReduceOpMax>::eval_mf<amrex::Reduce::detail::iterate_box, amrex::FabArray<amrex::FArrayBox>, amrex::ReduceData«<

launch<amrex::experimental::detail::ParallelFor <256, amrex::MultiFab, amrex::MLPoisson::Fapply(int, int, amrex::MultiFab&, amrex::MultiFab const&) const::{
:launch<amrex::experimental::detail::ParallelFor<256, amrex::MultiFab, amrex::MLCellLinOp::interpolation(int, int, amrex::MultiFab&, amrex::MultiFab const&)
:ParallelFor<int, amrex::MLABecLaplacian::Fsmooth(int, int, amrex::MultiFab&, amrex::MultiFab const&, int) const::{lambda(int, int, int, int)#3}, void>(amrex::(

:launch<amrex::experimental::detail::ParallelFor<256, amrex::FabArray <amrex::FArrayBox>, amrex::Multiply <amrex::FArrayBox, void>(amrex::FabArray<amr
‘launch<amrex::experimental::detail::ParallelFor<256, amrex::MultiFab, amrex::MLNodeLaplacian::interpolation(int, int, amrex::MultiFab&, amrex::MultiFab cor
:ParallelFor<int, amrex::experimental::detail::ParallelFor<256, amrex::MultiFab, amrex::MLNodeLaplacian::Fsmooth(int, int, amrex::MultiFab&, amrex::MultiFab
:launch<amrex::ReduceOps <amrex::ReduceOpSum>::eval_mf<amrex::Reduce::detail::iterate_box, amrex::FabArray<amrex::FArrayBox>, amrex::ReduceData«
:launch<amrex::experimental::detail::ParallelFor<256, amrex::FabArray<amrex::FArrayBox>, amrex::FabArray <amrex::FArrayBox>::plus <amrex::FArrayBox, C
:ParallelFor<int, amrex::MLNodeLinOp::solutionResidual(int, amrex::MultiFab&, amrex::MultiFab&, amrex::MultiFab const&, amrex::MultiFab const*)::{lambda(i

launch<amrex::experimental::detail::ParallelFor<256, amrex::MultiFab, amrex::average_down(amrex::MultiFab const&, amrex::MultiFabg&, int, int, amrex::IntV

:ParallelFor<int, godunov::compute_advection(int, amrex::Box const&, int, amrex::Array4 <double> const&, amrex::Array4<double> const&, amrex::Array4<c
:ParallelFor<amr_wind::FPlaneAveraging<amr_wind::Field>::compute_averages <DirectionSelector<2> >(DirectionSelector<2> const&, amrex::MultiFab const¢
:launch<amrex::ReduceOps <amrex::ReduceOpSum>::eval_mf <amrex::Reduce::detail::iterate_box, amrex::FabArray <amrex::FArrayBox>, amrex::ReduceData«
launch<amrex::experimental::detail::ParallelFor<256, amrex::MultiFab, amrex::average_cellcenter_to_face(std::array <amrex::MultiFab*, 3ul> const&, amrex::
launch<amrex::experimental::detail::ParallelFor<256, amrex::MultiFab, amrex::MLNodeLaplacian::restriction(int, int, amrex::MultiFab&, amrex::MultiFab&) cor

ParallelFor<int, amrex::Copy<amrex::FArrayBox, void>(amrex::FabArray <amrex::FArrayBox>&, amrex::FabArray <amrex::FArrayBox> const&, int, int, int, am

—10 ./a.out




TAU: Intel oneAPI DPC++ on an Intel Gen12LP or DG1 GPU

INNERRNNRNRRERRREC JRNANERURNNNERENERRDNRREENERENNERRRRRRENEY RuREn NEENEEREEN
Name - Exclusive TAUGPU_TI... Inclusive TAUGPU_TIME Calls Child Calls
| |.TAU application 0.18 22.279 1 10,002
01_ZTSZZ13Iso3dfdDeviceRN2cl4syclSqueueEPfS3_S3_S3_mmmmmmmjENKUIRT_E313_16clINSO_7handlerEEEDaSS5_EUIS4_E399_58 11.063 11.063 5,000 0
[J_ZT52Z131s03dfdDeviceRN2cl4syclSqueueEPfS3_S3_S3_mmmmmmmjENKUIRT_E313_16clINSO_7handlerEEEDaSS_EUIS4_E407_58 11.033 11.033 5,000 0
W zeCor dListAppend yCopy 0.003 0.003 2 0
INERNRNERRRERNEENS FEERNENNCENNENEENERERUNNEURNRRRRANNN FRANRERRRRERENEN

Name Exclusive TAUGPU_...

Inclusive TAUGPU_... Calls Child Calls

M pthread_create 0 0 1 0
+ B .TAU application 22.73 22.73 1 1
* BM[CONTEXT] .TAU application 0 22.71 729 0
M [SAMPLE] std::_Sp_counted_ptr_inplace<cl::sycl:detail::event_impl, std::allocator<cl::sycl::detail::event_impl>, (__gnu_cxx::_Lock_policy)2 0.03 0.03 1 0

W [SAMPLE] cl::sycl::detail::pi:: dTrace( d long, char const*) [{crtstuff.c} {0}] 0.09 0.09 2 0

W [SAMPLE] cl::sycl::detail::Scheduler::GraphBuilder::cl pCommandsForRecord(cl::sycl::detail::MemObjRecord*) [{crtstuff.c} {0}] 0.03 0.03 1 0

M [SAMPLE] cl::sycl::detail::LeavesCollection::push_back(cl::sycl::detail::Command*) [{crtstuff.c} {0}] 0.03 0.03 1 0
|_l[SAMPLE] cl::sycl::detail::ExecCGCommand::enqueuelmp() [{crtstuff.c} {0}] 0.03 0.03 1 0

M [SAMPLE] cl::sycl::detail::ExecCGCommand::SetKernelParamsAndLaunch(cl::sycl::detail::CGExecKernel*, _pi_kernel*, cl::sycl::detail::NDRDes: 0.03 0.03 1 0

M [SAMPLE] cl::sycl::detail::Command::addDep(cl::sycl::detail::DepDesc) [{crtstuff.c} {0}] 0.03 0.03 1 0

W [SAMPLE] _pi_device::g labl dList(_pi_queue*, _ze_command_list_handle_t**, _ze_fence_handle_t**) [{crtstuff.c} {0}] 0.03 0.03 1 0

M [SAMPLE] __gnu_cxx::__atomic_add(int volatile*, int) [{/usr/lib/gcc/x86_64-linux-gnu/9/../../../../include/c++ /9 /ext/atomicity.h} {53}] 0.03 0.03 1 0

W [SAMPLE] UNRESOLVED UNKNOWN 0.06 0.06 2 0

M [SAMPLE] UNRESOLVED /usr/lib/x86_64-linux-gnu/libze_intel_gpu.so.1.0.18513 0.509 0.509 17 0

B [SAMPLE] UNRESOLVED /usr/lib/x86_64-linux-gnu/libstdc++.50.6.0.28 0.03 0.03 1 0

B [SAMPLE] UNRESOLVED /usr/lib/x86_64-linux-gnu/libpthread-2.31.s0 0.06 0.06 2 0

B [SAMPLE] UNRESOLVED /usr/lib/x86_64-linux-gnu/libigc.s0.1.0.5585 0.18 0.18 6 0

B [SAMPLE] UNRESOLVED /usr/lib/x86_64-linux-gnu/libc-2.31.50 20.852 20.852 669 0

M [SAMPLE] UNRESOLVED /usr/lib/x86_64-linux-gnu/ld-2.31.s0 0.15 0.15 5 4]

W [SAMPLE] UNRESOLVED /home/shende/tau2 /x86_64/lib/libTAUsh-level_zero-pthread.so 0.479 0.479 15 0

M [SAMPLE] Initialize(float*, float*, float*, unsigned long, unsigned long, unsigned long) [{/home/users/sameer/samples/iso3dfd_dpcpp/src 0.03 0.03 1 0

AREREEEREERREERECC RN NIRRT ENREREA ESRNECERNENENNNNRNRERE
Name Exclusive TAUGPU_TIME Inclusive TAUGPU_TIME © Calls Child Calls

B _TAU application 2.738 22.592 1 290,467
| “|zeCommandQueueExecuteCommandLists 19.073 19.073 10,002 0
W zeModuleCreate 0.272 0.272 1 0
M zeCommandListReset 0.165 0.165 10,002 0
W zeEventHostSynchronize 0.118 0.118 22 0
W zeCommandListAppendLaunchKernel 0.073 0.073 10,000 0
M zeKernelSetArgumentValue [THROTTLED] 0.043 0.043 100,001 0
M zeFenceQueryStatus [THROTTLED] 0.03 0.03 100,001 0
W zeMemAllocHost 0.019 0.019 4 0
W zeKernelSetGroupSize 0.012 0.012 10,000 0
W zeCommandListClose 0.011 0.011 10,002 0
W zeKernelGetProperties 0.01 0.01 10,000 0
W zeEventCreate 0.007 0.007 10,002 0
W zeMemFree 0.006 0.006 4 0
M zeFenceReset 0.004 0.004 10,002 0
M zeEventPoolDestroy 0.003 0.003 39 0
W zeCommandListCreate 0.003 0.003 78 0
WzeC dListAppendM yCopy 0.002 0.002 2 0
M zeEventPoolCreate 0.001 0.001 40 0
M zeEventDestroy 0.001 0.001 10,002 0

% tau_exec —T level zero,serial —I0 ./a.out
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Intel Level Zero (TigerLake Gen12LP integrated CPUs or DG1

30,283,630
29,877,963
29,905,688
25,765,719
4,139,969
186,203
98,896
1,410

321

137

128

96

89

82

71

43

38

35

30

30

28

26

20

20

17

15

13

12

11

11

5

EEEEREERRRRRDC T LT
Name Exclusive TAUGPU_T... Inclusive TAUGPU_TI..."

» B.TAU application 117,876
~ mzeCommandQueueSynchronize 29,877,963
* B[CONTEXT] zeCommandQueueSynchronize 0
H[SAMPLE] __GI___sched_yield [{/lib64/libc-2.26.s0} 25,765,719
D[SAMPLE] UNRESOLVED /soft/libraries/intel-level-z: 4,139,969
» mzeCommandQueueExecuteCommandLists 186,203
» mzeModuleCreate 98,896
mzeCommandListAppendMemoryCopy 1,410
mzeCommandQueueDestroy 321
mzeDriverAllocDeviceMem 137
WzeEventPoolDestroy 128
mzeDriverFreeMem 96
mzeCommandListCreate 89
mzeCommandQueueCreate 82
mzeCommandListDestroy 71
mzeKernelSetArgumentValue 43
mzeDeviceGetProperties 38
mzeCommandListClose 35
mzeEventCreate 30
HzeEventDestroy 30
HzeEventGetTimestamp 28
Epthread_create 26
mzeEventPoolCreate 20
mzeKernelDestroy 20
mzeModuleDestroy 17
mzeCommandListAppendLaunchKernel 15
mzeCommandListAppendBarrier 13
mzeKernelSuggestGroupSize 12
WzeEventQueryStatus 11
mzeKernelCreate 11
mzeKernelSetGroupSize 5
WzeDeviceGet 2
Wzelnit 2
mzeDriverGet 0
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Units: microseconds

2
2
0

1
4
997
859
138

N
N =N DB = O D 00D = = 5 = 0

@ 2
CNEERANNNNANNRENNNNERRNNRRRRRRNRRNND  RENEEEEERDOC

N
wvi
()]
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TAU: ParaProf: Statistics for: node 0, thread 2 - ze_gemm_4096.ppk

ANNNDRRRERNENRNNARERED L LNRNNNNNNENNEERERRREREREENN

Name Exclusive TAU... Inclusive TAUG... Child Calls
B.TAU application 0.131 29.88 1 24
W <Barrier> 0 0 8 0
B <MemoryCopy> 0.049 0.049 12 0
BGEMM 29.7 29.7 4 0

Units: seconds

Time spent in GEMM kernel

% mpirun —np 64 tau_exec -0 ./a.out




TAU and Vampir [TU Dresden]: Intel oneAPI OpenCL with MPI

SRALER 0T ERLEIS B 2 | =T

00s 02s 04s 06s

¥ Rank:0
CPU thread 01:0
CPU thread 02:0
CPU thread 03:0
¥ Rank:1
CPU thread 0011
CPU thread 01:1
CPU thread 02:1
¥ Rank:2
CPU thread 03:2
CPU thread 00:2
CPU thread 01:2
¥ Rank:3
CPU thread 02:3
CPU thread 03:3

CPU thread 00:3
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otf2 - Vampir

i 11876's

J

NEO::DrmGemCloseWorker::worker(void*) [(} {0, 0}]

AR AR R 1

"Wl

NEO::DrmGemCloseWorker::worker(void*) ({} (0, 0}]

kvs server init{void®) [(} {0, 0}}

18s 18s Al Processes, Accumulated Exclusive Time per Function
7s 6s 5s 4s 3s 2s 1s
7421's

Parent  Rank:0
kvs_serverinit{void®) [() (0, 0)]

f! . '.TAU application
NEO:

loseWorker::worker(void*) {{} {0, 0}]

kvs secvec init(void*] [{} {0, 0}

| . ]IAU‘aopliulion

NEO::DrmGemCloseWorker::worker(void*) [{} {0, 0}]

NEA-N Al Varlunid®\ [ 10 M1
M ca’e's

vs_servec init(void®) [{) (0, 0))

TAU application (1)

Find Function:

% export TAU_TRACE=1; export TAU_TRACE_FORMAT=0tf2
% mpirun —np 4 tau_exec —T level zero —opencl ./a.out

0s

NEO:DrmGemClo...*) [{} {0, 0}}
TAU application

kvs_server_init(void*) [{} {0, 0}]

5936s ccl_worker_funcl...ker.cpp} {0, 0]
,btm; MPI_Test()
04515 MPI_Isend()
0238s MPI_Init()
01115 [ cLint ciGetPlatf..d *, cl_uint *) C
47808 ms | MPL_irecv()
. . . - " Context View
- X A Wam... 5= Master Tim... +
Property Value
Display Master Timeline
Type  Process
Name  CPU thread 01:0
i Function Legend
. Monitor
B vel
v ™ TAU_DEFAULT
. ccl_worker_func(void*) [{worker.cpp} {0, 0}
I kvs_servec init(void*) [{(} {0, 0})
1 NEO:DrmGemCloseWorker::worker(vaid*) [{} {0, 0}]
Call Tree
All Processes
Functions ¥ | Min Accum Incl Time Max Accum Incl Time
v TAU application 1726s 1874 s
pthread_create 69.000 us 9.049 ms
18558 1855s

Previous Next




Tracing
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ECP

[ NEN ]
W File Edit Chart Filter Window Help

ErRLwER 3

0.4560s

0.4565s

v Master thread 0
CPU thread 00  [PTHI
GPUO Queue0
GPUO Queued
GPUO Queue0

_TAU application

“TAU application

D]_ZN4rocr20s16ThreadTrampolineEPv T{} {0, 0771

11.TAU application
“TAU application

support uses RocTracer

2692

0 1 T e e

Each device has 2-3 virtual threads:
1) kernels,

2) memory transfers

3) synchronization

(prevents overlapping timers)

= = Master Timeline X

Property Value
Display Master Timeline
Type Function

Master thread 0
[T hipFree
Function Group []TAU_USER
0.45586s
0.455955s
Duration 95 ps

Set Zoom

Location
Function

Interval Begin
Interval End

Time Range

q
0.45598s

[ Monitor
TAU_DEFAULT
» [¥] TAU_USER

| Trace View - 10/wor r_rocms5.0. .otf2 * - Vampir
[EHEHE)
. = q ) 0.4565 - 0.459s
i E A= 15 a‘:ﬂ' s L " 3.034 rl.\s!
Timeline Ax Function Summary
0.4570s 0.4575s 0.4580s 0.4585s Accumulated Exclusive Time per Function
. . i = 15ms 5.0 ms 2.5 ms 0.0 ms
) /8.245 ms .TAU application
i ms [PTHREAD] _ZN4rocr20s16Th...TrampolineEPv [{} {0, 0}]

241 ps[% hipFree

161 ps | CopyHostToDevice

126 ps|§ Ker ution void mul<d...e>(double*, double const*)
126 psff KernelExecution void copy<...e>(double const*, double*)
122 usf§ KemelExecution void add<d...*, double const*, double*)

116 ps i KernelExecution void triad<...uble const*, double const*)
47 psf; CopyDeviceToHost
18 ps§ hipGetLastError

Context View

Function Legend

TAU output shown in Vampir




Tracing: Jumpshot (ships with TAU)

O @ TimeLine : clover.slog2 <ldentity Map>

[rlv]7]a w[es [<[>|a]aa]n B8 < a6

Lowest / Max. Depth: Zoom Level Global Min Time View Init Time Zoom Focus Time View Final Time Global Max Time Time Per Pixel e : | Row
[ 0/10 Il 18 |[0.00 |1.8542052923 |1.8542206753 |[1.8542360495 |[9.782368 | 0.0000000338 | L;\!ﬂ

| cumulati.. 3 | TimeLines - 13.0

[ SLOG-2

0

1

10

=il

11

LinelD Fit All F
@ i i i [ [ [ i i i [ [ '

354205 1.8542075 1.85421 1.8542125 1.854215 1.8542175 1.85422 1.8542225 1.854225 1.8542275 1.85423 1.8542325 1.8542]
Time (seconds) | | &=

Jrawabple INnTo BOoX rawable

void shmem_put64_nb_(void *, void *, int *, int *, void *) - void shmem_barrier_all_() - void shmem_put64_(void *, void *, int *, int *)

duration = 63.00 usec duration = 0.273 msec duration = 1.00 usec
[0]: time = 2.062137, LinelD = 6 [0]: time = 2.062396, LinelD = 5 [0]: time = 2.062534, LinelD = 1
[1]: time = 2.062200, LinelD = 6 [1]: time = 2.062669, LinelD = 5 [1]: time = 2.062535, LinelD = 1

| close | | close |

| close |

o
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Tracing: Chrome Browser

& chrome:/jtracing = 57

® Chrome | chrome://tracing

Q. * O

(0]

Record = Save Load  matmult.json Processes ” View Options ” I h [ - ”Z] E
| |380 ms |385 ms |390 ms
~ Process 0 X
~ 0 .TAU application
MAIN [{matmult.fo0} {39,7}{132,22}]
MPI_Recv() M... MPL.. MPL.. MPI_Recv() MPI_Recv() M.. MPL.. MPI_Re... MPI_Recv() MPI_Recv() M.. M. MPI_Recv() MPI_Recv() MPI_Recv() M.. M.. MPI_Recv() MPIL..
~ Process 1 X
= @ N R _TAU application
MAIN [{matmult.f90} {39,7}<132,22}]
MULTIPLY_MATRICES [{matmult.fo0} {25,7}{37,38}] MULTIPLY_MATRICES [{matmult.fo0} {25,7}{37,38}] MULTIPLY_MATRICES [{matmuit.f90} {25,7}37,38}] MULTIPLY_MATRICES [{matmult.f90} {25,7}{37,38}]
~ Process 2 X
~ 0
MAIN [{matmult.f90} {39,7}132,22}]
MULTIPLY_MATRICES [{matmult.f90} ... MULTIPLY_MATRICES [{matmult.f90} {25,7}{37,38}] MULTIPLY_MATRICES [{matmult.f90} {25,7}+{37,38}] MULTIPLY_MATRICES [{matmult.f90} {25,7}+{37,38}] MUL...
~ Process 3 X
~ 0 I
MAIN [{matmult.f90} {39,7}132,22}] X
MULTIPLY_MATRICES [{matmult.fo0} {25,7}37,38}] MULTIPLY_MATRICES [{matmuit.fo0} {25,7}{37,38}] MULTIPLY_MATRICES [{matmuit.f90} {25,7}{37,38}] MULTIPLY_MATRICES [{matmult.f¢ s 7)437,38})]
~ Process 4 X
~ 0 E3
MAIN [{matmult.f90} {39,7}+132,22}]
MULTIPLY_MAT... MULTIPLY_MATRICES [{matmult.f90} {25,7}-{37,38}] MULTIPLY_MATRICES [{matmult.f90} {25,7}-{37,38}] MULTIPLY_MATRICES [{matmult.f90} {25,7}{37,38}] MULTIP ‘_" TRICES...

SN SIBIS 825 a4

ejeq awel

Aousje induj

Slices (79)

79 items selected.

Name Wall Duration -~ Selftime —~ Average Wall Duration -~ Occurrences - Event(s) Link
MULTIPLY MATRICES [{matmult.f90} {25,7}-{37,38}]_ X 114.459 ms 114.459 ms 4.239 ms 27 Incoming flow MPI1
MPI_Send()_ SN 0.157 ms 0.157 ms 0.007 ms 23 Incoming flow MPI
MPI_Recv(). “ 0.994 ms 0.994 ms 0.043 ms 23 Incoming flow MPI
.TAU application B 2,274.680 ms 0.174 ms 758.227 ms 3 Incoming flow MPI
MAIN {matmult.i90} {39.7)(132,22)]. = 2274506 ms  13.845ms 758.169 ms 3 Incoming flow MPI
Incoming flow MPI

Totals 4,664.796 ms 129.629 ms 59.048 ms 79 &
Incoming flow MPI
Incoming flow MPI
Selection start 0.196 ms Incoming flow MPI
Selection extent 759.696 ms Incoming flow MPI
Incoming flow MPI
Incoming flow MPI
SnapzEront Incoming flow MPI

% export TAU_TRACE=1
% mpirun —np 256 tau_exec ./a.out
% tau_treemerge.pl; tau_trace2json tau.trc tau.edf —-chrome —ignoreatomic —o app.json

Chrome browser: chrome://tracing (Load -> app.json)
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Perfetto.dev Trace Browser: Kokkos Example

(e

7 trace_events.0.json.gz (1MB) X +

& C @ ui.perfetto.dev,

5D Perfetto =

Navigation —
[ Opentra
X | |
~
A Process 00

Current Trace
CPUThread 00

trace_events.0.json.gz (1 MB)

hipMemcpyToSymbol | |} hi..
i

GPU: Bytes Allocated value L

GPU: Bytes Freed value

GPU: CopyDeviceToHost Bytes value

GPU: CopyHostToDevice Bytes value

h v »P:

APEX MAIN
Main Thread: APEX main thread

GPU: FillBuffer Bytes value ¢

GPU: Host Bytes Alloc
GPU: Total Bytes Occuy
value

GPU: Total Bytes Occupied on Host 25M

on Device 100M

Convert trace

LD [ y L CPU Thread 33

CPU Thread 4 4

CPU Thread 55

Current Selection | Flow Events.

Slice Details

Name 08 Thread: APEX pth
& Re Category CcPU

Start time 487ms 53us 3%4ns
Duration 37ms 130us
Thread duration 0s
Slice ID 57
args.GUID
args.Parent GUID

m (51 type

Sample queries

EXRASCARLE
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PROJECT

0S Thread: APEX pthread wrapper
addr=<0x7efe007e2dd0>
Kokkos:parallel_for [Type:HIP, Device: 0] initialize

Kokkos::parallel_reduce [Type:HIP, Dev...
hipHostMalloc h. hi

08 Thread: APEX pthread wrapper
addr=<0x7efe007¢2dd0>
Kokkos::parallel_for [Type:HIF, Device: 0] Initialize

hipMalloc Kokkos:parallel_reduce [Type:HIP, D..

08 Thread: APEX pthread wrapper
addr=<0x7efe007¢2dd0>
Kokkos::parallel_for [Type:HIP, Device: 0] Initialize

Kokkos::parallel_reduce [Type:HIP, D...

h.
ol
) 1 I A (B (TRIR1I] esc @

=
<




Perfetto.dev Trace Browser

7 trace_svents.Ojsongz (IME| X +

€« C @ uiperfetto.dev » T
{7 Perfetto = an
Navigation 3
N |
=
.'.‘ " rd NEW U3CE : — B—— 1! — - z -
LT e s — WJ L - i
cw | Nk ulw WTTIIN T —— --«-ti!-? . ;l “\Elll{l { T
Hhi! , | ;|||' i] wi N
1] I
CUDA Flow Events
streams
Sample queries !
|
Flow Cveets l T =~
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Vampir [TU Dresden] Timeline: Kokkos

ECP

N\ Trace View - g lesh-2 imal

1;4. Edt Chart Fiter Window Help
‘ETILIOSEI& asL

Timeline
69.15680 s 69.15681 s 69.15682 5 69.15683 5 6915684 5 69.15685 s 69.15686 5 6915687 s 69.15688 s

L]
;
i
i
|
:
:

-

Functions Min Inclusive Time Max Inclusive Time
94.527 us

94.527 us

OpenMP_PARALLEL_REGION: os:impk:ParalielFor< INTERNAL 9 lulesh_cc_caaSd6cS:CalcEnergyFor... 79.000 s 79.000 ps |
w T Onend IMPLCTT TAGK: Kakkoe imnk Darsllalfare IMTEOMAL 8 Rilach 7¢ 7aaSdke S C aleEnarmEnrs 72000 e 72 000 e

Callers  Callees
M OpenMP_PARALLEL REGION: Kokkos:impk:Parallelifor< INTERNAL § lulesh cc_caaSdécS:CalcEnergyforElems(double®, double®, double®, double®, double*, double®, double*, double*, doubls

Find Function: Previous Next

% export TAU_TRACE=1; export TAU_TRACE_FORMAT=

% tau_exec —T serial,ompt -ompt ./a.out
% vampir traces.otf2 &

EXASCALE
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otf2 * - Vampie

x
#  Kokkos:pa...

Open....0)] [465 ps (11.36%)]

[1.109 ms (27.1%)]

o Function Summary
All Processes, Accumulated Inclusive Time per Function

[device=0] [87 s (2.13%)]

= ® Function Summary ]

Property
Display
Filter
Function

12,269 ms (55.43%)

Context View
+
Value —
Function Summary
All Processes
MKokkos::parallel_for CalcEnergyForElems E (device=0) -

Function Legend

~ W TAU KOIXOS

otf2

arallel_for CalcKinematicsForElems [device=0]
arallel ’or CalcMonotonicQGradientsForElems [device=0]
arallelfor CalcMonotonicQRegionForElems [device=0)
arallel_for CalcPositionForNodes (device=0)]

ams
“for Cnlcvalocntyﬁomodu ldmu-m
_for EvalEOSForElems A (device=0]
'ov EvalEOSForElems B (device=0]
for EvalEOSForElems C [device=0]

60




Kokkos

. Provides abstractions for node level parallelism (X in MP1+X)

. Productive, portable, and performant shared-memory programming model
. Helps you create single source performance portable codes

. Provides data abstractions

. C++ API for expressing parallelism in your program

. Aggressive compiler transformations using C++ templates

. Low level code targets backends such as OpenMP, Pthread, CUDA

. Creates a problem for performance evaluation tools

. Gap: performance data and higher-level abstractions

. Solution: Kokkos profiling API for mapping performance data

RASCAH

PROJECT




Kokkos API use in ExaMiniMD

void CommMPI: :update_halo() {

Kokkos: :Profiling: :pushRegion("Comm: :update_halo"); < push Reglon(“Commupdate_halo”)

N_ghost = 0;
s=*system;

pack_buffer_update = t_buffer_update((T_X_FLOAT*)pack_buffer.data(),pack_indicies_all.extent(1l));
unpack_buffer_update = t_buffer_update((T_X_FLOAT*)unpack_buffer.data(),pack_indicies_all.extent(1l));

for(phase = ©; phase<6; phase++) {
pack_indicies = Kokkos: :subview(pack_indicies_all,phase,Kokkos::ALL());
if(proc_grid[phase/27]>1) {

Kokkos: :parallel_for("CommMPI: :halo_update_pack",
Kokkos: :RangePolicy<TagHaloUpdatePack, Kokkos::IndexType<T_INT> >(0,proc_num_send[phase]),
*this);
MPI_Request request;
MPI_Status status;
MPI_Irecv(Cunpack_buffer.data(),proc_num_recv[phasel]*sizeof(T_X_FLOAT)*3/sizeof(int),MPI_INT, proc_neighbors_recv[phase], 100002 ,MPI_COMM_WORLD,&request);
MPI_Send (pack_buffer.data(),proc_num_send[phase]*sizeof(T_X_FLOAT)*3/sizeof(int),MPI_INT, proc_neighbors_send[phase], 100002 ,MPI_COMM_WORLD);

s = *system;
MPI_Wait(&request,&status);
const int count = proc_num_recv[phase];

ifCunpack_buffer_update.extent(®@)<count) {
unpack_buffer_update = t_buffer_update((T_X_FLOAT*)unpack_buffer.data(),count);

4 ..
Kokkos: :parallel_for("CommMPI: :halo_update_unpack", < KOkkOS . para”el fOf'
Kokkos: :RangePolicy<TagHaloUpdateUnpack, Kokkos::IndexType<T_INT> >(0,proc_num_recv[phase]), -
*this);
} else {

//printf("HaloUpdateCopy: %i %i %i\n",phase,proc_num_send[phase],pack_indicies.extent(Q));
Kokkos: :parallel_for("CommMPI: :halo_update_self",
Kokkos: :RangePolicy<TagHaloUpdateSelf, Kokkos::IndexType<T_INT> >(0,proc_num_send[phase]),
xthis);
} .
N_ghost += proc_num_recv[phase]; ( pOpReglon

}

Kokkos: :Profiling: :popRegion();
}s
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ExaMiniMD: TAU Phase

INNEERRERREREEEETT NN NN NN NENENEEEEOT] NN EEEEEEENEEEEEEEEENEEEEEEEE
Name ~ Exclusive TIME Inclusive TIME Calls Child Calls
» B.TAU application 0.143 96.743 1 832
> BComm:exchange 0.001 0.967 6 142
» BComm::exchange_halo 0.001 4.702 6 184
_IComm::update_halo| 0.004 31.347 95 1,330
B Kokkos::parallel_for CommMPI::halo_update_pack [device=0] 0.002 0.506 190 190
B Kokkos::parallel_for CommMPI::halo_update_self [device=0] 0.003 0.597 380 380
B Kokkos::parallel_for CommMPI::halo_update_unpack [device=0] 0.002 0.97 190 190
B MPI_Irecv() 0.001 0.001 190 (0]
EMPI_Send( 29.268 29.268 190 (o}
| MPI_Wait() 0.001 0.001 190 (o}
B OpenMP_Implicit_Task 0.041 1.985 760 760
B OpenMP_Parallel_Region parallel_for<Kokkos::RangePolicy<CommMPI::Ta (0] 0.504 190 190
B OpenMP_Parallel_Region parallel_for<Kokkos::RangePolicy<CommMPI::Ta 0.08 0.968 190 190
B OpenMP_Parallel_Region void Kokkos::parallel_for<Kokkos::RangePolicy<t( 0.001 0.594 380 380
B OpenMP_Sync_Region_Barrier parallel_for<Kokkos::RangePolicy<CommMF 0.489 0.489 190 (0]
B OpenMP_Sync_Region_Barrier parallel_for<Kokkos::RangePolicy<CommMF 0.875 0.875 190 (0]
B OpenMP_Sync_Region_Barrier void Kokkos::parallel_for<Kokkos::RangePol 0.58 0.58 380 (0]

Comm::.update halo phase in TAU ParaProf’'s Thread Statistics Table
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ExaMiniMD: ParaProf Node Window

ECP

Phase: Comm::update_halo
Metric: TIME

Value: Exclusive

Units: seconds

29.268 IEeesssssssssssssss—— MPI_Send()
0.875 [] OpenMP_Sync_Region_Barrier parallel_for<Kokkos::RangePolicy<CommMPI::TagHaloUpdateUnpack, Kokkos::IndexType<int> >, CommMPI> [{/home/u

0.58
0.489

0.08
0.041
0.004
0.003
0.002
0.002
E-4
E-4
4

7.8
7.2
6.9E-
4.4E-4
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OpenMP_Sync_Region_Barrier void Kokkos::parallel_for<Kokkos::RangePolicy<CommMPIl::TagHaloUpdateSelf, Kokkos::IndexType<int> >, CommMPI>(}
OpenMP_Sync_Region_Barrier parallel_for<Kokkos::RangePolicy<CommMPI::TagHaloUpdatePack, Kokkos::IndexType<int> >, CommMPI> [{/home/user

OpenMP_Parallel_Region parallel_for<Kokkos::RangePolicy<CommMPIl::TagHaloUpdateUnpack, Kokkos::IndexType<int> >, CommMPI> [{/home/users/
OpenMP_Implicit_Task

Comm::update_halo

Kokkos::parallel_for CommMPI::halo_update_self [device=0]
Kokkos::parallel_for CommMPI::halo_update_unpack [device=0]
Kokkos::parallel_for CommMPI::halo_update_pack [device=0]
MPI_Wait()

MPI_lrecv()

OpenMP_Parallel_Region void Kokkos::parallel_for<Kokkos::RangePolicy<CommMPI::TagHaloUpdateSelf, Kokkos::IndexType<int> >, CommMPI>(Kokk«
OpenMP_Parallel_Region parallel_for<Kokkos::RangePolicy<CommMPI::TagHaloUpdatePack, Kokkos::IndexType<int> >, CommMPI> [{/home/users/sail




Event-based Sampling (EBS):
CabanaMD on an IBM AC922 with NVIDIA V100 GPUs

HENNNEEREEEEECTT NN EEEEEL NN EEEEENEENEEEEEENNEEEEEEEEER

Name Exclusive... Inclusive...v Calls Child Calls
v [.TAU application -~ - 0.655 5.132 1 2,424
~ M Comm::update_halo / Kokkos sample within Comm::update_halo 0.129 1.634 95 21,755
v Il [CONTEXT] Comm::update_halo - 0 0.12 3 0
I [SAMPLE] __strlen_power8 [{} {O}] 0.09 0.09 2 o
Il [SAMPLE] Kokkos::Impl::SharedAllocationRecord <void, void>::increment(Kokkos::Impl::SharedAllocationRecord <void, void>*) [{/g/g20/reeve5/bin/CabanaMD} 0.03 0.03 1 o
» [ cudaDeviceSynchronize 0.991 0.991 3,043 o
v I [CONTEXT] .TAU application o 0.54 18 o
v [l [SUMMARY] LAMMPS_RandomVelocityGeom::reset(int, double*) [{/g/g20/reeve5/pr/CabanaMD/src/input.h}] 0.27 0.27 9 o
Il [SAMPLE] LAMMPS_RandomVelocityGeom::reset(int, double*) [{/g/g20/reeve5/pr/CabanaMD/src/input.h} {128}] 0.09 0.09 3 (o]
Il [SAMPLE] LAMMPS_RandomVelocityGeom::reset(int, double*) [{/g/g20/reeve5/pr/CabanaMD/src/input.h} {129}] 0.09 0.09 3 o
I [SAMPLE] LAMMPS_RandomVelocityGeom::reset(int, double*) [{/g/g20/reeve5/pr/CabanaMD/src/input.h} {130}] 0.06 0.06 2 o
Il [SAMPLE] LAMMPS_RandomVelocityGeom::reset(int, double*) [{/g/g20/reeve5/pr/CabanaMD/src/input.h} {140}] 0.03 0.03 1 (o]
v [l [SUMMARY] Input::create_lattice(Comm®*) [{/g/g20/reeve5/pr/CabanaMD/src/input.cpp}] 0.15 0.15 s o
Il [SAMPLE] Input::create_lattice(Comm®*) [{/g/g20/reeve5/pr/CabanaMD/src/input.cpp} {745}] 0.03 0.03 1 (o]
I [SAMPLE] Input::create_lattice(Comm®*) [{/g/g20/reeve5/pr/CabanaMD/src/input.cpp} {665}] 0.03 0.03 1 o
Il [SAMPLE] Input::create_lattice(Comm™*) [{/g/g20/reeve5/pr/CabanaMD/src/input.cpp} {721}] 0.03 0.03 5 6 (o]
Il [SAMPLE] Input::create_lattice(Comm®*) [{/g/g20/reeve5/pr/CabanaMD/src/input.cpp} {713}] 0.03 0.03 it o
Il [SAMPLE] Input::create_lattice(Comm®*) [{/g/g20/reeve5/pr/CabanaMD/src/input.cpp} {714}] 0.03 0.03 1 (o]
Il [SAMPLE] reference<unsigned int, unsigned int, unsigned int> [{/g/g20/reeve5/build_v100/install/kokkos/include/impl/Kokkos_ViewMapping.hpp} {2740}] 0.06 0.06 2 o
Il [SAMPLE] unsigned long Kokkos::Impl::ViewOffset <Kokkos::Impl::ViewDimension<Oul, 16ul, 3ul>, Kokkos::LayoutCabanaSlice<176, 16, 3, 0, 0, 0, O, 0>, void>:: 0.03 0.03 1 (o]
v [l [SUMMARY] LAMMPS_RandomVelocityGeom::uniform( [{/g/g20/reeve5/pr/CabanaMD/src/input.h}] 0.03 0.03 1 o
Il [SAMPLE] LAMMPS_RandomVelocityGeom::uniform( [{/g/g20/reeve5/pr/CabanaMD/src/input.h} {93}] 0.03 0.03 1 (o]
[l Comm::exchange 0.024 0.392 6 3,371
B MPI_Finalize(Q s e - . 0.367 0.369 1 68
B Cornmz:exchange haio Kokkos sample within top-level application code SOEE BIAEL 6 W
B MPI_Init0 0.323 0.323 p | o
Il Cabana::Verlet 0.004 0.256 6 438
| |[Kokkos::parallel_for ForcelJCabanaNeigh::compute [device=0] 0.002 0.164 101 606
v HMPI_Allreduce( 0.082 0.082 39 o
+ BI[CONTEXT] MPI_Alireduce0 Instrumented Kokkos::parallel for 0 0.09 3 0
Bl [SAMPLE] __GI___sched_yield [{} {O}] - 0.03 0.03 1 (o]
Il [SAMPLE] pthread_spin_unlock [{/usr/lib64/libpthread-2.17.s0} {0}] 0.03 0.03 1 (o]
B [SAMPLE] pthread_spin_lock [{/usr/lib64/libpthread-2.17.s0} {0}] Instrumented Kokkos::parallel reduce oo 0.03 1 0
Il Kokkos::parallel_for Kokkos::View::initialization [device=0] - 0.001 0.072 35 170
Il Kokkos::parallel_for Kokkos::ViewFill-3D [device=0] ‘_/ 0.001 0.047 101 303
Il Kokkos::parallel_reduce Forcel)JCabanaNeigh::compute_energy [device=0] (o] 0.042 11 77
B cudaLaunchKernel 0.015 0.028 527 1,581

Event-based sampling (EBS) with Kokkos API
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CabanaMD: CUDA Events

ECP

@ & TAU: ParaProf: Function Data Window: cabana.ppk

Phase: .TAU application

Name: void
Kokkos::Impl::cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor
<Forcel)<Cabana::VerletList<Kokkos::Device<Kokkos::Cuda,
Kokkos::CudaUVMSpace>, Cabana::FullNeighborTag, Cabana::VerletLayout2D> >,
Kokkos::RangePolicy<Forcel) <Cabana::VerletList<Kokkos::Device<Kokkos::Cuda
, Kokkos::CudaUVMSpace>, Cabana::FullNeighborTag, Cabana::VerletLayout2D>
>::TagFullNeigh, Kokkos::IndexType<int> >, Kokkos::Cuda> >()

Metric Name: TAUGPU_TIME

Value: Exclusive

Units: microseconds

max
min

std. dev.

mean

node O, thread 1
node 1, thread 1
node 2, thread 1
node 3, thread 1

152387 |
IR B PLo g
449.383 |

151787.562 |
15 1 1 20 |

L B {o gy
1523 8 7 |
15 1 836 |
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Mapping Events from PETSc using PerfStubs to TAU

Metric: TIME
Value: Exclusive
Units: seconds

18.591 [

RatelJacobianApp
TAU application == Ratel Solve == TSStep => SNESSolve == KSPSolve == PCApply => MatMult == RatelJacohianApp
2513 [ ] TAU application => Ratel Solve == TSStep == SNESSolve == KSPSolve == PCApply => MatResidual => MatMult == RatelJacobianApp
2.426 [E— TAU application == Ratel Solve == TSStep => SNESSolve => KSPSolve => Mathult => RatelJacohianpp

1.997 [ TAU application == Ratel Solve == TSStep == SNESSolve == SNESJacohianEval == TSJacobianEval

1.997 [ ] TSJacohianEval

1837 ] Mathult
1.255 TAU application == Ratel Solve == TSStep == SNESSolve == KSPSolve == PCApply == Mathult

12,604

1.049 [Em] KSPSetUp
1.048 [___] .TAU application == Ratel Solve => TSStep == SNESSolve == PCSetUp == KSPSetUp == MatMult == RatelJacobianApp
1.048 [[___] .TAU application == Ratel Solve => TSStep => SNESSolve => PCSetUp == KSPSetUp
0.785 [Ea] MPI Collective Sync
0524 B MPI_Waitall)
0.445 [ .TAU application == MPI_Init_thread(
0.445 [] MPI_Init_thread(
0.432 @ MatPtaPSymbolic
0.4 [ TAU application => Ratel Solve == TSStep => SNESSolve => KSPSolve == PCApply => MatResidual => Mathult
0.364 [] TSFunctionEval
0.363 [] RatelRestrict1
0.347 [ .TAU application == Ratel Solve == TSStep == SNESSolve == KSPSolve => PCApply == MatMultAdd => MatMult == RatelProlong 1
0.347 [ RatelProlong 1
0.337 |:| _TAU application == Ratel Solve == TS5tep == SNESSolve == SNESLineSearch == SNESFunctionEval == TSFunctionEval
0.323 [ .TAU application == Ratel Solve == TSStep == SNESSolve => PCSetUp => GAMG: partLevel => PCGAMG Gal 100 == MatPtAPSymbolic
0.322 [ .TAU application == Ratel Solve => TSStep == SNESSolve == KSPSolve == PCApply == MatMultTranspose == RatelRestrict 1
0.268 [] VecPointwiseMult
0.258 @ TAU application => Ratel DM Setup
0.258 [ Ratel DM Setup
0.252 [ .TAU application => Ratel Solve => TSStep == SNESSolve == KSPSolve == PCApply => VecPointwiseMult
0.246 [ SFBcastBegin
0.24 @ MatMatMultSym
0.223 @ vecAYPx
0.205 [l .TAU application == Ratel pMG Setup
0.205 @ Ratel pMG Setup
0.201 [ .TAU application == Ratel Solve == TSStep == SNESSolve == PCSetUp == GAMG: createProl == PCGAMGCoarse_AGG == PCGAMG Squ 100 == MatTmMatMultSym
0.201 @ MatTmMatMultSym
018 [ SFReduceBegin
0175 [ MPI_Allreduce(
0173 W .TAU application == Ratel Solve == TSStep == SNESSolve == KSPSolve == PCApply == VecAYPX
0.162 [] FESetup
0.162 TAU application == Ratel DM Setup == FESetUp
0162 MatPtAPNumetic
0.159 VecAXPBYCZ
0.155 TAU application == Ratel Solve == TS5tep == SNESSolve == PCSetUp => GAMG: createProl == PCGAMGP Opt_AGG == Mathiult
0.155 TAU application

0.154 TAU application == Ratel Solve == TS5tep == SNESSolve == KSPSolve == PCApply == VecAXPBYCZ

0.149 MathMathulthum

0.136 VecSet

0.136 § .TAU application == Ratel Solve == TSStep == SNESSolve == KSPSolve => PCApply == MatMult == RatelJacohianApp => SFBcastBegin
0.134 MPI_Type_size() [THROTTLED]

0128 .TAU application == Ratel Solve == TS5tep == SNESSolve == KSPSolve == VecTDot== MPI_Allreduce() == MPI Collective Sync

0128 MatAssemblyEnd

0127 .TAU application == Ratel pMG Setup == Ratel AMG Setup == MatSetPreallCOO

0127 MatSetPreallCOO

0124 TAU application == Ratel Solve == TSStep =» SNESSolve == PCSetUp == GAMG: partLevel == PCGAMG Gal |00 == MatPtAPNumeric
0.117 [ .TAU application == MPI_Allreduceq

0113 MPI_Comm_size{)

0.113 I .TAU application == Ratel Solve == TSStep == SNESSolve == PCSetUp == GAMG: createProl == PCGAMGP Opt_AGG == SA: smooth == PCGAMG Opt 100 == MathMathultSym
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TAU’s Support for Runtime Systems

MPI

PMPI profiling interface

MPI_T tools interface using performance and control variables
Pthread

Captures time spent in routines per thread of execution
OpenMP

OMPT tools interface to track salient OpenMP runtime events

Opari source rewriter

Preloading wrapper OpenMP runtime library when OMPT is not supported
OpenACC

OpenACC instrumentation API

Track data transfers between host and device (per-variable)
Track time spent in kernels




TAU’s Support for Runtime Systems (contd.)

ECP

OpenCL

OpenCL profiling interface

Track timings of kernels
CUDA

Cuda Profiling Tools Interface (CUPTI)

Track data transfers between host and GPU

Track access to uniform shared memory between host and GPU
ROCm

Rocprofiler and Roctracer instrumentation interfaces

Track data transfers and kernel execution between host and GPU
Kokkos

Kokkos profiling API

Push/pop interface for region, kernel execution interface
Python

Python interpreter instrumentation API

Tracks Python routine transitions as well as Python to C transitions

EXASCALE
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Examples of Multi-Level Instrumentation

MPI + OpenMP

MPI_T + PMPI + OMPT may be used to track MPI and OpenMP
MPI + CUDA

PMPI + CUPTI interfaces
OpenCL + ROCm

Rocprofiler + OpenCL instrumentation interfaces
Kokkos + OpenMP

Kokkos profiling APl + OMPT to transparently track events
Kokkos + pthread + MPI

Kokkos + pthread wrapper interposition library + PMPI layer
Python + CUDA + MPI

Python + CUPTI + pthread profiling interfaces (e.g., Tensorflow, PyTorch) + MPI
MPI + OpenCL

PMPI + OpenCL profiling interfaces




TAU Execution Command (tau_exec)

Uninstrumented execution
% aprun -n 256 ./a.out

Track GPU operations
% aprun —np 256 tau_ exec —rocm ./a.out
% aprun —np 256 tau exec —cupti ./a.out
% aprun —np 256 tau_exec —opencl ./a.out
% aprun -np 256 tau_exec —I0 ./a.out
% aprun —np 256 tau_exec —openacc ./a.out

Track MPI performance
% aprun -n 256 tau_ exec ./a.out

Track 1/0O, and MPI performance (MPI enabled by default)
% aprun -n 256 tau exec -io ./a.out

Track OpenMP and MPI execution (using OMPT for Intel v19+ or Clang 8+)

% export TAU_OMPT_SUPPORT _LEVEL=full;
% aprun —np 256 tau _exec —T ompt,intel,mpi -ompt ./a.out

Track memory operations
% export TAU TRACK_MEMORY_LEAKS=1
% aprun —np 256 tau_exec —memory_debug ./a.out (bounds check)

Use event based sampling (compile with —g)

. % aprun —np 256 tau_exec —ebs ./a.out
E\(C\\)P ==Also -ebs_source=<PAP|_COUNTER> -ebs_period=<overflow count> -ebs_resolution=<file | function | line>




tau exec

$ tau_ exec

Usage: tau exec [options] [--] <exe> <exe options>
Options:
-v Verbose mode
-s Show what will be done but don't actually do anything (dryrun)
—-gsub Use gsub mode (BG/P only, see below)
-io Track I/0
-memory Track memory allocation/deallocation
-memory debug Enable memory debugger
-cuda Track GPU events via CUDA tau_exec
—-cupti Track GPU events VZ.La CUPTI (Also see env. variable TAU CUPTI API) preloads the
-opencl Track GPU events via OpenCL
-openacc Track GPU events via OpenACC (currently PGI only) TAU Wrapper
—ompt Track OpenMP events via OMPT interface . .
—armci Track ARMCI events via PARMCI Ilbrarles and
-ebs Enable event-based sampling performs
-ebs period=<count> Sampling period (default 1000)
-ebs source=<counter> Counter (default itimer) measurements
—um Enable Unified Memory events via CUPTI

-T <DISABLE, GNU, ICPC,MPI, OMPT, OPENMP, PAPI, PDT, PROFILE, PTHREAD,
SCOREP, SERTAL>
Specify TAU tags

No need to recompile

-loadlib=<file.so> : Specify additional load library . .
-XrunTAUsh-<options> : Specify TAU library directly the appl|Cat|On'
-gdb Run program in the gdb debugger

Notes:
Defaults if unspecified: -T MPI
MPI is assumed unless SERIAL is specified
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tau_exec Example (continued)

Example:
aprun -np 2 tau exec -T icpc,ompt,mpi -ompt ./a.out
aprun -n 2 tau exec -io ./a.out
Example - event-based sampling with samples taken every 1,000,000 FP instructions

aprun -n 8 tau exec -ebs -ebs period=1000000 -ebs source=PAPI FP INS ./ring
Examples - GPU:

tau exec -T serial,cupti -cupti ./matmult (Preferred for CUDA 4.1 or later)

tau exec -openacc ./a.out

tau exec -T serial -opencl ./a.out (OPENCL)

aprun -np 2 tau exec -T mpi,cupti,papi -cupti -um ./a.out (Unified Virtual Memory in CUDA 6.0+)

gsub mode (IBM BG/Q only) : tau_exec can enable
Original: event based Sampling
gsub -n 1 --mode smp -t 10 ./a.out h] I h. th
With TAU: wniie launching tne
tau exec -gsub -io -memory -- gsub -n 1 .. -t 10 ./a.out executable using
y o environment var
emory Debugging:

-memory option: TAU_SAMPLING=1

Tracks heap all?catlon/deallocatlon and memory leaks. or tau exec -ebS
-memory debug option: —

Detects memory leaks, checks for invalid alignment, and checks for

array overflow. This is exactly like setting TAU TRACK MEMORY LEAKS=1

and TAU MEMDBG PROTECT ABOVE=1 and running with -memory
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AMD HIPCC: OMPT Target Offload Support in TAU

TAU: ParaProf: node 0, thread 11 - mpi_ompt1.ppk

Metric: TAUGPU_TIME
Value: Exclusive
Units: seconds

0.071 .TAU application

0.027 ] __omp_offloading_6d_177b4b31__Z14compute_targetPdS_S_iii_|114.kd
@ [ ] TAU: ParaProf: Statistics for: node 0, thread 0 - mpi_ompt1.ppk

IBNEBUNRNNNNANEEY CCASNENNENENNNNNERERNNNRENENENRYC ~ UNEEEEENENNNNNENERENREEERNDENER 111}

Name A Exclusive... Inclusive .. Calls  Child Calls

B .TAU application[{0}-{Oxffffffff}] 1.566 1.829 1 124

B MPI_Comm_rank() 0 0 1 0

Bl MPI_Finalize() 0.01 0.01 1 1

B MPI_Init() 0.118 0.118 1 0

B OpenMP_Parallel_Region do_work() [{/autofs/nccs-svm1_homel/sameer/public/tau2/examples/openmp/mpi_target/matmult} {0, 0}] 0 0.025 20 47

M OpenMP_Parallel_Region do_work() [{/ccs/home/sameer/tau2/examples/openmp/mpi_target/matmult.cpp} {148, 0}] 0 0.007 10 20

B OpenMP_Sync_Region_Barrier_Implicit do_work() [{/autofs/nccs-svm1_homel/sameer/public/tau2/examples/openmp/mpi_target/matmult} {0, 0}] 0.023 0.023 20 0

W OpenMP_Sync_Region_Barrier_Implicit do_work() [{/ccs/home/sameer/tau2/examples/openmp/mpi_target/matmult.cpp} {148, 0}] 0.006 0.006 10 0

B OpenMP_Target allocateMatrix(int, int) [{/ccs/home/sameer/tau2/examples/openmp/mpi_target/matmult.cpp} {38, 0}] 0.007 0.007 30 1

W OpenMP_Target compute_target(double*, double*, double*, int, int, int) [{/ccs/home/sameer/tau2/examples/openmp/mpi_target/matmult.cpp} {113, 0}] 0 0 20 0

| |OpenMP_Target compute_target(double*, double*, double*, int, int, int) [{/ccs/home/sameer/tau2/examples/openmp/mpi_target/matmult.cpp} {114, 0}] 0.094 0.094 10 0

M OpenMP_Target freeMatrix(double*, int, int) [{/ccs/home/sameer/tau2/examples/openmp/mpi_target/matmult.cpp} {58, 0}] 0.001 0.001 30 0

W OpenMP_Work_Loop .omp_outlined. [{/ccs/home/sameer/tau2/examples/openmp/mpi_target/matmult.cpp} {48, 0}] 0.002 0.002 30 0

M pthread_create 0.001 0.001 9 0]
eve TAU: ParaProf: node 0, thread 2 - mpi_ompt1.ppk 0 0 8 0
'Me"ic: TAUGPU TIME 1 ® @ TAU: ParaProf: Function Data Window: mpi_ompt1.ppk
z:l,l:: f::;l:,;i:e |Name: GPU: OpenMP Target Submit compute_target(double*, double*, double*, int, int, int)

[{/ccs/home/sameer/tau2/examples/openmp/mpi_target/matmult.cpp} {114, 0}]

0.092 —] GPU: OpenMP Target Submit compute_target(double*, double*, double®, int, int, int) [{/ccs/home/sameer/tau2/examples/openmp/mpi_target/matmult.cpp} {114, 0}) | Metric Name: TAUGPU_TIME
0.001 | GPU: OpenMP Target DataOp Alloc allocateMatrix(int, int) [{/ccs/home/sameer/tau2/examples/openmp/mpi_target/matmult.cpp} {38, 0}] Value: Exclusive
9.6E-4 | GPU: OpenMP Target DataOp Delete freeMatrix(double®, int, int) [{/ccs/home/sameer/tau2/examples/openmp/mpi_target/matmult.cpp} {58, 0}] Units: seconds
4.4E-5 | GPU: OpenMP Target DataOp Alloc addr= < 7fffe8a6d815> [{/opt/rocm-5.2.0/llvm/lib/libomptarget.so} {0, 0} 2
0 | .TAU application

0. 004 | M aX
0094 |l node 1, thread 2
e, ,————sSsSSSSSSSSSy
0,019 2 ] MiN
0.0 2 | node 0, thread 2
9.6E-4 | std. dev.
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TAU Update for AMD

- TAU updated to support ROCm 5.2.0
- Support for AMD GPUs using Rocprofiler and Roctracer

- Rocprofiler: sliding window algorithm (128k records)
- Released in TAU v2.31.1
- TAU and E4S available in Singularity container https://e4s.io

- Compiler-based instrumentation with hipcc

- TAU LLVM plugin for hipcc for selective instrumentation
- TAU COMPILER_SELECT FILE=<file>

- TAU’s support for OMPT for CPU side in OMPT v5.0
- Future: TAU’s support for OpenMP GPU offloading with OMPT v5.1.
- TAU support for hipcc/clang for Crusher (PrgEnv-cray, PrgEnv-amd, mvapich2)

= Appllcatlons and outreach activities
E(C PSS



https://e4s.io/

Automatic Source
Instrumentation in TAU using
PDT




TAU’s Static Analysis System:
Program Database Toolkit (PDT)

Application
/ Library

C/C++ <i‘> <{‘>F0rtran parser
parser F77/90/95

IL

IL

C/C++
IL analyzer

Fortran
IL analyzer

Program

Database Ej—’

Files

DUCTAP

N

Automatic source
Instrumentation




PDT: automatic source instrumentation

TAU source
analyzer

#

1

Parsed
program

(
.

Application
source

|

v

tau_instrumentor

_{

Instrumented
copy of source

J

{




Installing TAU

. Installing PDT-:

- wget http://tau.uoregon.edu/pdt_lite.tgz

- ./configure —prefix=<dir>; make ; make install

. Installing TAU:

- wget http://tau.uoregon.edu/tau.tgz
- ./configure -mpi —pdt=<dir> -bfd=download —unwind=download —iowrapper ...

. make install

. Using TAU:
- export TAU_MAKEFILE=<taudir>/ibm64linux/lib/Makefile.tau-<TAGS>
- make CC=tau_cc.sh CXX=tau cxx.sh F90=tau_f90.sh




Installing TAU on Laptops

- Installing TAU under Mac OS X:

« wget http://tau.uoregon.edu/tau.dmg

* Install tau.dmg

- Installing TAU under Linux

e http://tau.uoregon.edu/tau.exe

- Installing TAU under Linux

» http://tau.uoreqgon.edu/tau.tgz

- ./configure; make install
- export PATH=<taudir>/x86_64/bin:$PATH
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http://tau.uoregon.edu/tau.exe
http://tau.uoregon.edu/tau.exe

Source Instrumentation in TAU

- TAU supports several compilers, measurement, and thread options
- Intel, GNU, Clang, PGI compilers, profiling with hardware counters using PAPI, MPI library, OpenMP...

- Each measurement configuration of orresponds to a unique stub makefile (configuration file) and library

that is generated when you configure it

- To instrument source code automatically using PDT

- Choose an appropriate TAU stub makefile in <arch>/lib:

* % module load tau

* % export TAU_MAKEFILE=<tau_root>/craycnl/lib/Makefile.tau-<options>
* % export TAU_OPTIONS= ‘-optVerbose ...” (see tau_compiler.sh)

- Use tau f90.sh, tau_cxx.sh, tau_upc.sh, tau_caf.sh, or tau_cc.sh as F90, C++, UPC, CAF, or C compilers

respectively:

* %ftn  foo.fo0 changes to
* % tau_f90.sh f00.f90
- Set runtime environment variables, execute application and analyze performance data:
* % pprof (for text based profile display)
* % paraprof (for GUI)




Different Makefiles for TAU Compiler on Summit at ORNL

$ module load tau
$ 1s $TAU_DIR/1ib/Makefile*

/sw/summit/tau/2.29.1/ibmé4linux/lib/Makefile.tau-x1 16.1.1-5-papi-cupti
/sw/summit/tau/2.29.1/ibm64linux/lib/Makefile.tau-x1 16.1.1-5-papi-cupti-openmp-opari
/sw/summit/tau/2.29.1/ibm64linux/lib/Makefile.tau-x1 16.1.1-5-papi-mpi
/sw/summit/tau/2.29.1/ibm64linux/lib/Makefile.tau-x1 16.1.1-5-papi-mpi-cupti
/sw/summit/tau/2.29.1/ibmé4linux/lib/Makefile.tau-x1 16.1.1-5-papi-mpi-cupti-openmp-opari
/sw/summit/tau/2.29.1/ibmé4linux/lib/Makefile.tau-x1 16.1.1-5-papi-mpi-openmp-opari
/sw/summit/tau/2.29.1/ibmé64linux/lib/Makefile.tau-x1 16.1.1-6-papi-cupti
/sw/summit/tau/2.29.1/ibmé64linux/lib/Makefile.tau-x1 16.1.1-6-papi-cupti-openmp-opari
/sw/summit/tau/2.29.1/ibmé64linux/lib/Makefile.tau-x1 16.1.1-6-papi-mpi
/sw/summit/tau/2.29.1/ibm64linux/lib/Makefile.tau-x1 16.1.1-6-papi-mpi-cupti
/sw/summit/tau/2.29.1/ibm6é4linux/lib/Makefile.tau-x1 16.1.1-6-papi-mpi-cupti-openmp-opari
/sw/summit/tau/2.29.1/ibmé64linux/lib/Makefile.tau-x1 16.1.1-6-papi-mpi-openmp-opari
/sw/summit/tau/2.29.1/ibm6é4linux/lib/Makefile.tau-gcc 8.1.1l-papi-gnu-cupti
/sw/summit/tau/2.29.1/ibm6é4linux/lib/Makefile.tau-gcc 8.1l.1l-papi-gnu-cupti-pdt
/sw/summit/tau/2.29.1/ibm6é4linux/lib/Makefile.tau-gcc 8.1l.1l-papi-gnu-mpi
/sw/summit/tau/2.29.1/ibmé64linux/lib/Makefile.tau-gcc 8.1l.l-papi-gnu-mpi-cupti




Different Makefiles for TAU Compiler on Theta at ALCF

$ module load tau
$ 1s $TAU_DIR/lib/Makefile*

/soft/perftools/tau/tau-2.31.
/soft/perftools/tau/tau-2.31.
/soft/perftools/tau/tau-2.31.

openmp
/soft/perftools/tau/tau-2.31

= (C\\ P sg5e

1l/craycnl/lib/Makefile.
1l/craycnl/lib/Makefile.
1l/craycnl/lib/Makefile.

.1/craycnl/lib/Makefile
/soft/perftools/tau/tau-2.31.

tau-intel-papi-mpi-pdt
tau-intel-papi-mpi-pthread-pdt
tau-intel-papi-ompt-intel-mpi-pdt-

.tau-intel-papi-ompt-intel-pdt-openmp
1l/craycnl/lib/Makefile.

tau-intel-papi-pthread-pdt




Compile-Time Options
Optional parameters for the TAU_OPTIONS environment variable:

% tau_compiler.sh

-optVerbose Turn on verbose debugging messages
-optComplnst Use compiler based instrumentation
-optNoComplnst Do not revert to compiler instrumentation if source instrumentation fails.
-optTracklO Wrap POSIX 1/O call and calculates vol/bw of I/O operations (configure TAU with —iowrapper)
-optTrackGOMP Enable tracking GNU OpenMP runtime layer (used without —opari)
-optMemDbg Enable runtime bounds checking (see TAU_MEMDBG_* env vars)
-optKeepFiles Does not remove intermediate .pdb and .inst.* files
-optPreProcess Preprocess sources (OpenMP, Fortran) before instrumentation
-optTauSelectFile="<file>" Specify selective instrumentation file for tau_instrumentor
-optTauWrapFile="<file>" Specify path to link _options.tau generated by tau_gen wrapper
-optHeaderlnst Enable Instrumentation of headers
-optTrackUPCR Track UPC runtime layer routines (used with tau_upc.sh)
-optLinking="" Options passed to the linker. Typically
-optCompile="" Options passed to the compiler. Typically

. -optPdtF950pts="" Add options for Fortran parser in PDT (f95parse/gfparse) ...

ECP =5




Compile-Time Options (contd.)

Optional parameters for the TAU_OPTIONS environment variable:

% tau_compiler.sh

-optShared Use TAU’s shared library (libTAU.so) instead of static library (default)
-optPdtCxxOpts="" Options for C++ parser in PDT (cxxparse).

-optPdtF90Parser="" Specify a different Fortran parser

-optPdtCleanscapeParser Specify the Cleanscape Fortran parser instead of GNU gfparser
-optTau="’ Specify options to the tau_instrumentor

-optTrackDMAPP Enable instrumentation of low-level DMAPP API calls on Cray
-optTrackPthread Enable instrumentation of pthread calls

See tau_compiler.sh for a full list of TAU_OPTIONS.
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Using TAU OPTIONS

To use the compiler based instrumentation instead of PDT (source-based):
% export TAU_OPTIONS= ‘-optComplnst -optVerbose’

If your Fortran code uses C preprocessor directives (#include, #ifdef, #endif):
% export TAU_OPTIONS= ‘-optPreProcess -optVerbose -optDetectMemorylLeaks’

To use an instrumentation specification file:
% export TAU_OPTIONS= ‘-optTauSelectFile=select.tau -optVerbose -optPreProcess’
% cat select.tau
BEGIN_INSTRUMENT_SECTION
loops routine="“#"

# this statement instruments all outer loops in all routines. # is wildcard as well as comment in first column.
END INSTRUMENT_ SECTION

—_
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Selective Instrumentation File With Program Database Toolkit (PDT)

To use an instrumentation specification file for source instrumentation:
% export TAU_OPTIONS= ‘-optTauSelectFile=/path/to/select.tau —optVerbose ’

% cat select.tau

BEGIN EXCLUDE LIST

BINVCRHS

MATMUL SUB

MATVEC SUB

EXACT_ SOLUTION

BINVRHS

LHS#INIT

TIMER #

END EXCLUDE LIST
NOTE: paraprof can create this file from an earlier execution for you.
File -> Create Selective Instrumentation File -> save
Selective instrumentation at runtime:

% export TAU SELECT FILE=select.tau

—_
E(CP e




Create a Selective Instrumentation File, Re-instrument, Re-run

000 [X| TAU: ParaProf: frwthfs/rz/cluster/work/hpclab17/NPB3.3-MZ-MPI/bin 00 X TAU: ParaProf: Selective Instrumentation File Generator

File| Options Windows Help

Export Profile Output File: |frwthfs/rziclustersworkshpclabl 7/NPB3.3-MZ-MPI/bin/select.tau] ] l:l
Convert to Phase Profile

Create Selective Instrumentation File Exclude Throttled Routines

Add Mean to Comparison Window

Save ...
Preferences...
Print

Close This Window

Exclude Lightweight Routines

-Lightweight Routine Exclusion Rules

Exit ParaProf! Microseconds per call: 10 |
node 4 T — ] N
node 5 i e W Number of calls: 1100000 |
node 6 [ e e |
LT —— — ]

Excluded Routines

lhsinit_
exact_solution_
matvec_sub_
ratrnul_sub_
binverhs_
binvrhs_

save Merge close |
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TAU’s Runtime Environment Variables

Environment Variable Default Description

TAU_TRACE 0 Setting to 1 turns on tracing

TAU_CALLPATH 0 Setting to 1 turns on callpath profiling

TAU_TRACK_MEMORY_FOOTPRINT 0 Setting to 1 turns on tracking memory usage by sampling periodically the resident set size and high water mark of memory
usage

TAU_TRACK_POWER 0 Tracks power usage by sampling periodically.

TAU_CALLPATH_DEPTH 2 Specifies depth of callpath. Setting to 0 generates no callpath or routine information, setting to 1 generates flat profile and

context events have just parent information (e.g., Heap Entry: foo)

TAU_SAMPLING 1 Setting to 1 enables event-based sampling.

TAU_TRACK_SIGNALS 0 Setting to 1 generate debugging callstack info when a program crashes

TAU_COMM_MATRIX 0 Setting to 1 generates communication matrix display using context events

TAU_THROTTLE 1 Setting to O turns off throttling. Throttles instrumentation in lightweight routines that are called frequently

TAU_THROTTLE_NUMCALLS 100000 Specifies the number of calls before testing for throttling

TAU_THROTTLE_PERCALL 10 Specifies value in microseconds. Throttle a routine if it is called over 100000 times and takes less than 10 usec of inclusive
time per call

TAU_CALLSITE 0 Setting to 1 enables callsite profiling that shows where an instrumented function was called. Also compatible with tracing.

TAU_PROFILE_FORMAT Profile Setting to “merged” generates a single file. “snapshot” generates xml format

TAU_METRICS TIME Setting to a comma separated list generates other metrics. (e.g.,

ENERGY,TIME,P_VIRTUAL_TIME,PAPI_FP_INS,PAPI_NATIVE_<event>:<subevent>)

—_
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Runtime Environment Variables

Environment Variable Default Description

TAU_TRACE 0 Setting to 1 turns on tracing

TAU_TRACE_FORMAT Default Setting to “otf2” turns on TAU’s native OTF2 trace generation (configure with —otf=download)

TAU_EBS_UNWIND 0 Setting to 1 turns on unwinding the callstack during sampling (use with tau_exec —ebs or TAU_SAMPLING=1)

TAU_EBS_RESOLUTION line Setting to “function” or “file” changes the sampling resolution to function or file level respectively.

TAU_TRACK_LOAD 0 Setting to 1 tracks system load on the node

TAU_SELECT_FILE Default Setting to a file name, enables selective instrumentation based on exclude/include lists specified in the file.

TAU_OMPT_SUPPORT_LEVEL basic Setting to “full” improves resolution of OMPT TR6 regions on threads 1.. N-1. Also, “lowoverhead” option is
available.

TAU_OMPT_RESOLVE_ADDRESS_EAGERLY 1 Setting to 1 is necessary for event based sampling to resolve addresses with OMPT. Setting to 0 allows the

user to do offline address translation.
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Runtime Environment Variables

Environment Variable Default Description

TAU_TRACK_MEMORY_LEAKS 0 Tracks allocates that were not de-allocated (needs —optMemDbg or tau_exec —memory)

TAU_EBS _SOURCE TIME Allows using PAPI hardware counters for periodic interrupts for EBS (e.g., TAU_EBS_SOURCE=PAPI_TOT_INS
when TAU_SAMPLING=1)

TAU_EBS_PERIOD 100000 Specifies the overflow count for interrupts

TAU_MEMDBG_ALLOC_MIN/MAX 0 Byte size minimum and maximum subject to bounds checking (used with TAU_MEMDBG_PROTECT_*)

TAU_MEMDBG_OVERHEAD 0 Specifies the number of bytes for TAU’s memory overhead for memory debugging.

TAU_MEMDBG_PROTECT_BELOW/ABOVE 0 Setting to 1 enables tracking runtime bounds checking below or above the array bounds (requires —
optMemDbg while building or tau_exec —memory)

TAU_MEMDBG_ZERO_MALLOC 0 Setting to 1 enables tracking zero byte allocations as invalid memory allocations.

TAU_MEMDBG_PROTECT_FREE 0 Setting to 1 detects invalid accesses to deallocated memory that should not be referenced until it is

reallocated (requires —optMemDbg or tau_exec —memory)

TAU_MEMDBG_ATTEMPT_CONTINUE 0 Setting to 1 allows TAU to record and continue execution when a memory error occurs at runtime.
TAU_MEMDBG_FILL_GAP Undefined Initial value for gap bytes

TAU_MEMDBG_ALINGMENT Sizeof(int) Byte alignment for memory allocations

TAU_EVENT_THRESHOLD 0.5 Define a threshold value (e.g., .25 is 25%) to trigger marker events for min/max
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Extreme-scale Scientific
Software Stack (E4S)




E4S: Better Quality, Documentation, Test, Integration, Delivery, Build & Use

Delivering HPC software to facilities, vendors, agencies, industry, international partners in a brand-new way
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https://e4s.io/

E4S: Extreme-scale Scientific Software Stack

e Curated, Spack based software distribution [https://spack.io]

« Spack binary build caches for bare-metal installs

» Container images on DockerHub and E4S website of pre-built binaries of ECP ST products
» Base images and full featured containers (with GPU support)

» GitHub recipes for creating custom images from base images

GitLab integration for building E4S images

E4S validation test suite on GitHub

eds-cl container launcher tool for MPI substitution in applications

E4S VirtualBox image with support for container runtimes
» Docker
» Singularity
e Shifter
e Charliecloud

AWS and GCP images to deploy E4S

TN e https://e4s.io




* E4S: HPC Software Ecosystem — a curated software portfolio

Extreme-scale Scientific Software Stack (E4S) @ Sp ack

* A Spack-based distribution of software tested for interoperability and portability to multiple
architectures with support for GPUs from NVIDIA, AMD, and Intel in a single distribution

* Available from source, containers, cloud, binary caches
» Leverages and enhances SDK interoperability thrust

» Not a commercial product — an open resource for all

* Oct 2018: E4S 0.1 - 24 full, 24 partial release products

* Jan 2019: E4S 0.2 - 37 full, 10 partial release products

* Nov 2019: E4S 1.0 - 50 full, 5 partial release products

* Feb 2020: E4S 1.1 - 61 full release products

* Nov 2020: E4S 1.2 (aka, 20.10) - 67 full release products

» Feb 2021: E4S 21.02 - 67 full release, 4 partial release h tt . // 4 .
« May 2021: E4S 21.05 - 76 full release products pS . e S . IO

Aug 2021: E4S 21.08 - 88 full release products

Nov 2021: E4S 21.11 - 91 full release products

Feb 2022: E4S 22.02 — 100 full release products

May 2022: E4S 22.05 — 101 full release products Also include other products .e.g.,

Al: PyTorch, TensorFlow (CUDA, ROCm)
Co-Design: AMReX, Cabana, MFEM

.
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https://e4s.io/

Spack is a flexible package manager for HPC

« How to install Spack (works out of the box):

$ git clone https://github.com/spack/spack
$ . spack/share/spack/setup-env.sh

 How to install a package:

$ spack install tau

« TAU and its dependencies are installed
within the Spack directory.

» Unlike typical package managers, Spack can also install
many variants of the same build.

— Different compilers
— Different MPI implementations
— Different build options

Visit spack.io

Q github.com/spack/spack

y @spackpm



https://github.com/LLNL/spack.git

Spack provides the spec syntax to describe custom configurations

$ git clone https://github.com/spack/spack
$ . spack/share/spack/setup-env.sh
$ spack compiler find # set up compilers
$ spack external find # set up external packages
$ spack install tau unconstrained
$ spack install tau@2.31.1 @ custom version
$ spack install tau@2.31.1 %gcc@9.3.0 % custom compiler
$ spack install tau@2.31.1 %gcc@9.3.0 +level_zero +opencl +/- build option
$ spack install tau@2.31.1 %gcc@9.3.0 +mpi Amvapich2@2.3~wrapperrpath A dependency information

 Each expression is a spec for a particular configuration
— Each clause adds a constraint to the spec
— Constraints are optional — specify only what you need.
— Customize install on the command line!

e Spec syntax is recursive
— Full control over the combinatorial build space
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What are containers

A lightweight collection of executable software that encapsulates everything needed to run a single

specific task
Minus the OS kernel
Based on Linux only
Processes and all user-level software is isolated

Creates a portable* software ecosystem

Think chroot on steroids

Docker most common tool today
Available on all major platforms

Widely used in industry
Integrated container registry via Dockerhub

dcker




Hypervisors and Containers
Type 1 hypervisors insert layer below host OS
Type 2 hypervisors work as or within the host OS

Containers do not abstract hardware, instead provide “enhanced chroot” to create isolated
environment

Location of abstraction can have impact on performance
All enable custom software stacks on existing hardware

App App

Hardware

E\(C\\)P ESMPUTNG Type 1 Hypervisor Type 2 Hypervisor Containers




E4S Download from https://eds.io

< m v ] 0 l@ https://e4s.io C]

HOME EVENTS ABOUT E4S PRODUCT DOCPORTAL E4S COMMUNITY POLICIES CONTACT US JOIN E4S FAQ DOWNLOAD

E4S Project

The Extremé-scale Scientific Sottware,Stack

E4S 22.05 is now available!

See Downloads for more information.

What is E4S?

The Extreme-scale Scientific Software Stack (E4S) is a community effort to provide open source software packages for developing,
deploying and running scientific applications on high-performance computing (HPC) platforms. E4S provides from-source builds

and containers of a broa
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Download E4S 22.05 GPU Container Images: NVIDIA, AMD, Intel

. , * Separate full featured
ol Container Releases (/) From source with Spack Singularity images for 3 GPU

architectures
® Docker Downloads - CUDA (@ Visit the Spack Project .
* GPU base images for
_ Spack contains packages for all of the products listed in — x86_64 (Intel, AMD, NVIDIA)

® Docker Downloads - ROCm

the E4S 22.05 Full Release category (see above Release - pp064le
® Docker Downloads - OneAPI Notes). General instructions for building software with — aarch64
Spack can be found at the Spack website. Questions

I ® Singularity x86_64 Download - CUDA I concerning building those packages are deferred to the
associated package development team.

® singularity ppc64le Download - CUDA

@ Singularity x86_64 Download - ROCm

® Singularity x86_64 Download - OneAPI

® OVA Download

’: \ EXRSCALE . .
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Download E4S 22.05 GPU Container Images: NVIDIA, AMD, Intel

Note on Container Images

Container images contain binary versions of the Full Release packages listed above. Full-featured GPU-enabled container images are available from Dockerhub:
# docker pull ecpeds/ed4s—cuda:22.05
# docker pull ecpeds/eds—rocm:22.05

# docker pull ecped4s/e4s—oneapi:22.05

E4S Full GPU Images

These images contain a full Spack-based deployment of E4S, including GPU-enabled packages for NVIDIA, AMD, or Intel GPUs.

These images also contain TensorFlow, PyTorch, and TAU.

AMD ROCm (x86_64) NVIDIA CUDA (x86_64, ppc64le) Intel OneAPI (x86_64)
ecpeds/eds-rocm:22.05 gy docker ecpe4s/eds-cuda:22.05 gy docker ecpe4s/eds-oneapi:22.05 g docker
e4s-rocm-22.05.sif fs:} mirror 1 e4s-cuda-x86_64-22.05.sif fsj} mirror 1 eds-oneapi-22.05.sif fs;} mirror 1

eds-cuda-ppcodle-22.05.sif fs> mirror 1

= \ EXASCALE . .
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Download E4S 22.05 Base GPU Container Images

GPU Base Images

These images come with MPICH, CMake, and the relevant GPU SDK -- either AMD ROCm, NVIDIA CUDA Toolkit and NVHPC, or Intel OneAPI.

NVIDIA Multi-Arch (X86_64, PPC64LE, AARCH64) ROCM X86_64 Intel OneAPI X86_64
ecpeds/e4s-base-cuda:22.05 gy docker ecpeds/eds-base-rocm:22.05 g docker ecpeds/e4s-base-oneapi:22.05 gy docker
eds-base-cuda-x86_64-22.05.sif fs) mirror 1 e4s-base-rocm-22.05.sif fs), mirror 1 eds-base-oneapi-22.05.sif fs:} mirror 1

e4s-base-cuda-aarch64-22.05.sif fs:; mirror 1
eds-base-cuda-ppc6b4le-22.05.sif fs) mirror 1

’;\ \ EXRSCALE . .
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22 05 Release: 101 Official Products + dependencies (gcc, x86_64)

Cb\ld\U‘l-hLA)Ni—‘

adios2
alqu1m1a
aml
amrex
arborx
archer
argobots
ascent

: axom
: bolt

: bricks

: butterflypack

: cabana

: caliper

: chai

: charliecloud

: conduit

: darshan-runtime
: datatransferkit
: dyninst

: faodel

: flecsi

: flit

: flux-sched

: fortrilinos

: gasnet

: geopm

: ginkgo

: globalarrays

: gotcha

: gptune

: h5bench

: hdf5
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/spack/opt/spack/linux—ubuntu2@.

/spack/opt/spack/linux—-ubuntu?20.
/spack/opt/spack/linux—ubuntu2@.
/spack/opt/spack/linux—ubuntu2@.
/spack/opt/spack/linux-ubuntu2@.
/spack/opt/spack/linux-ubuntu20.
/spack/opt/spack/linux-ubuntu2@.
/spack/opt/spack/linux—ubuntu20.
/spack/opt/spack/linux—-ubuntu2@.
/spack/opt/spack/linux—ubuntu2@.
/spack/opt/spack/linux-ubuntu2@.
/spack/opt/spack/linux—ubuntu2@.
/spack/opt/spack/linux-ubuntu20.
/spack/opt/spack/linux—ubuntu2@.
/spack/opt/spack/linux-ubuntu2.
/spack/opt/spack/linux—ubuntu2@.
/spack/opt/spack/linux—ubuntu20.
/spack/opt/spack/linux—-ubuntu2@.
/spack/opt/spack/linux-ubuntu20.
/spack/opt/spack/linux-ubuntu20.
/spack/opt/spack/linux—ubuntu20.
/spack/opt/spack/linux-ubuntu2@.
/spack/opt/spack/linux—ubuntu20.
/spack/opt/spack/linux-ubuntu2@.
/spack/opt/spack/linux—ubuntu2@.
/spack/opt/spack/linux-ubuntu2@.
/spack/opt/spack/linux—ubuntu2@.
/spack/opt/spack/linux-ubuntu20@.
/spack/opt/spack/linux—ubuntu2@.
/spack/opt/spack/linux-ubuntu20.
/spack/opt/spack/linux—-ubuntu2@.
/spack/opt/spack/linux—-ubuntu20.
/spack/opt/spack/linux-ubuntu20.

04-x86_64/gcc-9.

04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/9gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.

-b-h-bbbbbbbhbhbbbbbbbbbbhbhbbbbbbbb

.0/adios2-2.8.0-5fxpauervqgbotprybms3mwkgh7t6jcé6v

.0/alquimia-1.0.9-mkugz7joihpf4umcyidflg3dwik2nvlr
.0/am1-0.1.0-0ogtiuh4diyg4tq47tfjdpw7nue7sasSka
.0/amrex-22.05-7tgphdtmt3fmoijkfrfsnwbqzpikxqfs
.0/arborx-1.2-a5j5wjdwgatoqsvs6xjckootv76g5h32
.0/archer-2.0.0-zurunmhys3lwxhgn3ffapnelmezog2gl
.0/argobots-1.1-prj5il35vpp7sgcclenbh2thzqvrylwf
.0/ascent-0.8.0-ggivng4ownyfzct535vkvzlebirkjaq2
.0/axom-0.6.1-ammuobdcyxxfsoyl7pyvbgyvw3kysoaj
.0/bolt-2.0-mb62bsxs7cvgisgkwwdm46qffxvfknfz
.0/bricks-r@.1-5gkeva7iigimec7zwsgvd33tz4mddslz
.0/butterflypack-2.1.1-fhncpxhwa4agoogz7magi6flubctqdp6
.0/cabana-0.4.0-obd2epyboqn4pifoqwfiojyszqibnpoc
.0/caliper-2.7.0-5scpuxjsztlwgbpclgpw3kafmfvbp3ub
.0/chai-2.4.0-16nclfuapgjlbctkriikyeo3mhdat151
.0/charliecloud-0.26-wgnmv13rceimjvrcstuogmhlzhelz466
.0/conduit-0.8.3-hm2j65mka5alpsg4ucddswqvp7fusqvz
.0/darshan-runtime-3.3.1-ausjpbwozamwgyhgxiv22qcsarxvoixy
.0/datatransferkit-3.1-rc3-xd57qoqxv4ikmz7ypfowrmnboqtohwqg4
.0/dyninst-12.1.0-du56qu4uijap4synulxijiwury3dni5h
.0/faodel-1.2108.1-kvw27w57ny2achbuhpiu3cweudgnin7h
.0/flecsi-1.4.2-fzhunvoffnf714sss1615ufukbrftc5u
.0/flit-2.1.0-j4naqyymm6h4mofj5id6sfit5ngr4xh6
.0/flux-sched-0.22.0-nfljuuoxqlk4r7zx3yoepyzjjjfxsqgkz
.0/fortrilinos-2.0.0-uobhjnniqweeclzx7awlhcmvxitktwo5
.0/gasnet-2022.3.0-ep4xyqocdziblie475bojotd6qgpfpse
.0/geopm-1.1.0-3bxmokjvkuh4gmymmu6b4ighss5zq352
.0/ginkgo-1.4.0-16ahxdmshvwqrl6rmke7w4p3i5d5ehyd
.0/globalarrays-5.8-y421gtmfsqénddv7vu5z3bjxbqjz6yww
.0/gotcha-1.0.3-cidwbtn2h7xjqzvajljks3idskhr3dcv
.0/gptune-3.0.0-bjtlsqmghh24awymzp5g3fxtéwiequ3n
.0/h5bench-1.2-x5gqhbii26t7f4e3bpscw5Swbhfg5qlhb
.0/hdf5-1.12.2-75qn371p7leuvisrbizprz505yr3ekjo




22 05 Release: 101 Official Products + dependencies (gcc, x86_64)

heffte /spack/opt/spack/linux-ubuntu20.04-x86_64/9gcc-9.4.0/heffte-2.2.0-hqigomw3nlexreke2rgquwvdazenvhb2
35: hpctoolkit /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/hpctoolkit-2022.04.15-cqz4vimjclgbgmxp4sonlrqiz4twl2sh
36: hpx /spack/opt/spack/linux—ubuntu20.04-x86_64/9cc-9.4.0/hpx-1.7.1-07y77tofbg4jg2vcvfhjgdsqtckzhw3v
37: hypre /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/hypre-2.24.0-c7vk7oprzxpfsé6njr42xn632tksu64ax
38: kokkos /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/kokkos-3.6.00-fy3onzyijzig2x2laoxu7rttrwhaqufj
39: kokkos-kernels /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/kokkos-kernels-3.6.00-gn7fvng67ekhwt324x0451izuxea327n
40: lammps /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/1lammps—-20220107-pmr515hzxruzhpzkucukg7qqr6os5iir
41: legion /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/1legion-21.03.0-g3tu5cdevxuzsrvcginaxrgduik3ea54
42: libnrm /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-9.4.0/1libnrm-0.1.0-gjllhvje7in4rp3kvvaywywr7uyjprxj
43: libquo /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/1ibquo-1.3.1-207zqn3e2f7je303z4hcwsqgkn6bjmme
44: loki /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/1oki-0.1.7-66nzpehhmoidzifzm6khyxhnbfgmppoa
45: magma /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/magma-2.6.2-mmx2xmmz7cbcjbc2j3vn6eoxrwgivu24
46: mercury /spack/opt/spack/linux-ubuntu20.04-x86_64/9cc-9.4.0/mercury-2.1.0-yzp4mkdsnmcf5dgseind4ek2co7eag763
47: metall /spack/opt/spack/linux-ubuntu20.04-x86_64/9cc-9.4.0/metall-0.20-602ewhyu2ilxbco74j5qqdeunqgjkmgta
48: mfem /spack/opt/spack/linux-ubuntu20.04-x86_64/9cc-9.4.0/mfem-4.4.0-cra7q4353kggdow7futlc5vik5hf4bub
49: mpich /spack/opt/spack/linux—ubuntu20.04-x86_64/9cc-9.4.0/mpich-4.0.2-ssbmd2ccbxzkbxk7fzrlekupe23rokw2
50: mpifileutils /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/mpifileutils-0.11.1-zvlai7bnjegicp5dzelxnvwmvu6bsye5j
51: netlib-scalapack | /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-9.4.0/netlib-scalapack-2.2.0-12chii6rgvnp6rswldzqxza7trgpdkib
52: nccmp /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/nccmp-1.9.0.1-ef6vnd41ls3rj7wieuygnpf5c2idtrzpvo
53: nco /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/nco-5.0.1-x1ix5wvrébprihee7rryknegskv4sjho
54: nrm /spack/opt/spack/linux-ubuntu20.04-x86_64/9cc-9.4.0/nrm-0.1.0-cyighjsurt3q4bkn37u2ylvzhgdtmuuu
55: omega-h /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/omega-h-9.34.1-3d4zvshz6tj7twd3nqcnebls4zwryrvm
56: openpmd-api /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/openpmd-api-0.14.4-6ktbupm7eqmq73vfixkjiapn3kanomm4
57: openmpi /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/openmpi-4.1.3-p5q2yggpo7lhcn2n26deo25ymx3thdwt
58: papi /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/papi-6.0.0.1-fxfxybh2varhxhnu6jcrqsg5ixrrcxp2
59: papyrus /spack/opt/spack/linux—-ubuntu20.04-x86_64/9cc-9.4.0/papyrus-1.0.2-r2wef21dj24dluqgd43hjn23fxowxet2
60: parallel-netcdf /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/parallel-netcdf-1.12.2-7ruhgcy35hofg4goi6c3d42tteuhqlwl
61: paraview /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/paraview-5.10.1-ohruf5tnfp2yeywlslszty5jfbqbpjw7
62: parsec /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-9.4.0/parsec-3.0.2012-dcaz2iwqbnrz716kcwpwsbeftpb3urve
63: pdt /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/pdt-3.25.1-d5jyjfrocerrcl5cxqwsfrbv51776d7r
64: petsc /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/petsc-3.17.1-vffvbb2ykiy3ad41lxuoe7dzidzggbrdqb
65: phist /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/phist-1.9.5-vxmwjbns3kywtogpldhhmouoehgi7d2m
66: plasma /spack/opt/spack/linux-ubuntu20.04-x86_64/g9cc-9.4.0/plasma-21.8.29-hwpchnbrscxsmzgyioeepsjwddgnunxm
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: plumed
precice
pruners—-ninja
pumi
py-cinemasci
py-jupyterhub
py-libensemble
py-parsl
py-radical-saga
gthreads

raja

rempi

scr

slate

slepc

stc

strumpack
sundials
superlu-dist
swig

sz

tasmanian

tau

trilinos
turbine

umap

umpire
unifyfs

UpCXXx
variorum
veloc

vtk-m
wannier90
warpx

zfp
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.0/plumed-2.6.3-g6dn67baochvycvcicgeltwjnvotgjk2
.0/precice-2.4.0-orye5yx46n4mm2zey7xeg5k5i222twiw
.0/pruners—-ninja-1.0.1-hn6y2kevr5hgmlykfverjadgbgxkppcn
.0/pumi-2.2.7-zkipah7wz3ad4eksedht2syqpx3tcg6bki
.0/py-cinemasci-1.7.0-77yj2xigharoeq6lciwdmzngexnegxmc
.0/py-jupyterhub-1.4.1-3cebk5prfze6bnajqsdabftwxggkccmwm
.0/py-libensemble-0.9.1-noalxjfvyidhsvps4zn7mhu4j5hf2wo6
.0/py-pars1-1.1.0-ul2cthsh524npmv6zrseklzodp6ejden
.0/py-radical-saga-1.11.1-naxx4rp2e6wr70024jw3catzys26loya
.0/qthreads-1.16-v7vcyz7vakzdyzpa3mjdbnov4s55a6vw
.0/raja-0.14.0-edjvff74mwcz7fngfjdqlatpplxs5vzl
.0/rempi-1.1.0-yoa3gfri6iafv212avkhg25pzpgiftwg
.0/scr-3.0rc2-mibyx3jmé6nkm4gq7ovpbwedkpwxnwoub
.0/slate-2021.05.02-6krdeny50ekid4o2slafxstn7wabvgmlq
.0/slepc-3.17.1-fzx6e3h2jqgmsvhgbeclbwuirqrax7hkl
.0/stc-0.9.0-vd4xaiuv4ryodtzqzqvnsriqwtndyyxq
.0/strumpack-6.3.1-du3qimqp3yrjcso22pw2zsbbswgrtsay
.0/sundials-6.2.0-5iz61lim5mabrkkukic631ipmz5r6lmvb
.0/superlu-dist-7.2.0-2jp6torp4rjf44hhffm56glemlegfoyb @
.0/swig-4.0.2-fortran-fjva3hpwop4b3dmrmguisingdrt2ixyk
.0/sz2-2.1.12-kzqvvvdo5fvv2s6sgheei7ikwgsbsd7m
.0/tasmanian-7.7-596657fcerfpwshuhdmrowzvxpoo25tt
.0/tau-2.31.1-ikx2r2pk34hej3rmjgoam5ma6rvzbugm
.0/trilinos-13.2.0-hmpjtr4o7fnpffcgbmbb4pl73ipri22e
.0/turbine-1.3.0-aztpwwbbjeogl5bwiznmpx21lcyos64cz )
.0/umap-2.1.0-blwc2edy5e31krylgbrwfd55slyuuy4s
.0/umpire-6.0.0-gwbap637zehgkvjwmetuqcgjtkwhzzlo
.0/unifyfs-0.9.2-hcid7bugnj4vzet14oh4zfnah2gzsctb
.0/upcxx-2022.3.0-fpv2zorgjpac5iuqibffz57h6x3xhrjr
.0/variorum-0.4.1-fcfi26hd2dfvnwe5gehtv4igx36hafj7
.0/veloc-1.5-avca7jodby7efy3be63siav4mqao2big
.0/vtk-m-1.7.1-hbilfvhsgkelno7jrvrefffyn6guusxf
.0/wannier90-3.1.0-vzfixrlicq5jrtzj2wpd6bg7nbkqdit6
.0/warpx-22.05-gtg2e5dwy31zr53t7fsyzscbj25g9zu2m
.0/z2fp-0.5.5-3cc5y5ffuvxtdsiurtrtdblcbodbxj2p

GPU runtimes
* Intel (oneAPI)
2022.1.0
AMD (ROCm)
5.1.1
NVIDIA (CUDA)
11.4
NVHPC
22.3
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5.0/adios2-2.8.0-13uogxbcqtdwbacjkm2mkilrsz4cplhn
5.0/alquimia-1.0.9-uur6z7y50doyby6umwxdorfo2nbbnohw
5.0/am1-0.1.0-zfgeqmb6632fta22ytmomo4mu2 fw3lvb
5.0/amrex-22.05-km2isnpb713muxey6hnbnoju21lw5hjo
5.0/arborx-1.2-rm7wnlzo3wcamé6briglal22oyrictnb5
5.0/archer-2.0.0-vs1jgh3qhilsqgpgngkgmeld267kgkrd
5.0/argobots-1.1-53v35i6gn2swvvrt17bxalwzuc2tq3ty
5.0/ascent-0.8.0-y3gnx7ztjofbiwwgc537bmnix32dhoe4
5.0/axom-0.6.1-g552mnzr43bnkz6pnozqplpqgc77qgktk
5.0/bolt-2.0-nbievusty3ohurwb66gybj3ylsx57wrex
5.0/butterflypack-2.1.1-6¢cfpnjkfjtyrcrkr5uds3utwgdiundrh
5.0/cabana-0.4.0-qtngrrdxuwr2dvcfwbcq700i5itfw5sp
5.0/caliper-2.7.0-6yob3cnulacurei4r74wqywbiddi2zqx
5.0/chai-2.4.0-gdjlgtnw37djx77ub6loueiozpwyrwz4
5.0/charliecloud-0.26-gfvv4zs2dad4lmjry5pcv7bgiulq53dkh
5.0/conduit-0.8.3-nt23fkfvsdc7vvgphhzugk5k3fr5hry7
5.0/darshan-runtime-3.3.1-3tri6deqykmvo512yb5dpeyya7qy52p3
5.0/datatransferkit-3.1-rc3-34axhs5y4fphnqrxgeoatq23xmfhy64y
5.0/dyninst-12.1.0-qjucp4hbzk73utkjer2u6iauookgc5xk
5.0/exaworks—0.1.0-j4oyws216b3oa3ehiph7hr3qsu3xwcny
5.0/faodel-1.2108.1-5uvp7odssmdoy3u3kwcyb4imvhsifkpc
5.0/flecsi-1.4.2-wbmhu5bfumgzg27v4nw4nu3517xkbbeq
5.0/flit-2.1.0-4mnclif2iiayhwkhndemxo0241igjzq7v
5.0/flux-sched-0.22.0-rfqrabahnjutfgmss7377d7rtmhhknf2
5.0/fortrilinos-2.0.0-xqopkkdcnj32t6ujpkpia5s5i5fj3dkz
5.0/gasnet-2022.3.0-rtr51pjjrbzca6fdbvfxsmhqsywbixhc
5.0/9inkgo-1.4.0-zhjkhwtzcfthnzr5707fex57m4ausb71
5.0/globalarrays-5.8-n4sze7tqf4ty3x65a6vnyoos6ninzuzf
5.0/gotcha-1.0.3-ygplgppjszeiftecygig3zpnk34m7nva
5.0/gptune-3.0.0-rf7kag2ad4ntxlqp5geggeyqrodosmad?7
5.0/h5bench-1.2-f4dxdpglnt5i6113pxwqobm24vpr5fhy
5.0/hdf5-1.12.2-np7u5ivkhh2d1jmeboekev5mgalipou?
5.0/heffte-2.2.0-jshdo50f5p6nzqyurrtovgv4ymntx7iw
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/spack/opt/spack/linux-ubuntul8.04-ppc64le/gcc-7.
/spack/opt/spack/linux—ubuntul8.04-ppc64le/gcc-7.
/spack/opt/spack/linux—ubuntul8.04-ppc64le/gcc-7.
/spack/opt/spack/linux-ubuntul8.04-ppc64le/gcc-7.

5.0/hpctoolkit-2022.04.15-yfhefus2qk7nb2dpvcnfmljud5wimy15
5.0/hpx-1.7.1-ubdtwy7do6h3awjh2wyiaddui2yxz5sx
5.0/hypre-2.24.0-v7hkiurnuébo2dz5zfhmbb77xztik6c4
5.0/kokkos-3.6.00-4asspnluai7wx5mmeralzei6xtba6eud
5.0/kokkos—-kernels-3.6.00-rna5swth72aqfwag2a62icyg5gxqdahc
5.0/1lammps-20220107-i4wdut62blpbwrékitptivbyapb525f2
5.0/1legion-21.03.0-kp4fz7au7ttb2cfoqsvt3t2wdfgjy4i2
5.0/1ibnrm-0.1.0-nn7mpcrk7fdevym4zpeehabm7nqg3cis
5.0/1ibquo-1.3.1-cv3vcijmffuutay6rkidwmbh7eajc4x6
5.0/10ki-0.1.7-k52kcqywvubftfymw3lvqqldrwcwmxy2
5.0/magma-2.6.2-c30ionxxjnja35pbkriliexlncqocmpk
5.0/mercury-2.1.0-hzpwx73vc6p5cuyn5echuh63emzio5nv
5.0/metall-0.20-wcjaceek46d6jgk3kaz3rlkppugvfmhr
5.0/mfem-4.4.0-noytuh6504hmxcgtojvufel35yrdpp4m
5.0/mpark-variant-1.4.0-m5m6aixgdo12wyqw3jicr55zipd3dkut
5.0/mpich-4.0.2-661ytwzbos3xsv5ulxlrauggcggunxli
5.0/mpifileutils-0.11.1-vfp3xeqlizyp2fxbgzdwum5Syuxczqcpa
5.0/netlib-scalapack-2.2.0-gf2unidwwakywf2tobbcs2v6o5ezeryp
5.0/nccmp-1.9.0.1-avgfcvvac7k2hq7cpv7zjgkwh5eontgk
5.0/nco0-5.0.1-zizmp6sgjstd5rrtuuboayuuzcrxmeoi
5.0/nrm-0.1.0-ea2gwgxrymwiszsb36uz2iprgc50i4zt
5.0/omega-h-9.34.1-c5gj526wkjvrmjzywtc4lmgrqh6ewvly
5.0/openpmd-api-0.14.4-wdkkdo2v2xnzshojx14p5ytqiyelxbmf
5.0/openmpi-4.1.3-s3g3qrtiqwjrjxj5bnosfngquuc3vs5x
5.0/papi-6.0.0.1-vghyjh55fuémmal6czcagciaboserwbe
5.0/papyrus-1.0.2-vsxqqctyjiyfgpazqdsyejkubkecmswj
5.0/parallel-netcdf-1.12.2-zagedvigrmexckbaghfhhijk5c5py526
5.0/parsec-3.0.2012-77zuvm5ioe5schjyba55dsd2fhgxfmzk
5.0/pdt-3.25.1-hdxejnfp32dsvceukljnd4orbehsw7ble
5.0/petsc-3.17.1-pbri2lcnrritfkk6xx3qvg4tqgalo77fu
5.0/plasma-21.8.29-ow5ip3dmcfwjj2bg34hllruotrdrdlnr
5.0/plumed-2.6.3-yw57pgxlhdwgnabprd235yv2q43gb4j4
5.0/precice-2.4.0-brfbvpkoo6vdtewk542jw2amzqilycxa




22 05 Release: 101 Official Products + dependencies (gcc,

68:
69:
70:
71:
72:
73:
74:
75:
76:
77:
78:
79:
80:
81:
82:
83:
84:
85:
86:
87:
88:
89:
90:
91:
92:
93:
94:
95:
96:
97:
98:
99:
100:
101:

pruners-ninja
pumi
py—-cinemasci
py-jupyterhub
py-libensemble
py-opentuner
py-parsl
py-radical-pilo
py-radical-saga
gthreads

raja

rempi

scr

slate

slepc

stc

strumpack
sundials
superlu-dist
swig

sz

tasmanian

tau

trilinos
turbine

umap

umpire

unifyfs

UpCcxx

veloc

vtk-m
wannier90
warpx

yaksa

zfp

ECP

EXASCALE
COMPUTING
PROJECT

/spack/opt/spack/linux-ubuntul8.

/spack/opt/spack/linux—ubuntul8.
/spack/opt/spack/linux-ubuntul8.
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/spack/opt/spack/linux—-ubuntul8.
/spack/opt/spack/linux-ubuntul8.
/spack/opt/spack/linux—ubuntul8.
/spack/opt/spack/linux-ubuntul8.
/spack/opt/spack/linux-ubuntul8.
/spack/opt/spack/linux-ubuntul8.

04-ppc64le/gcc-7.5

04-ppc64le/gcc-7.
04-ppc64le/gcc-7.
04-ppc64le/gcc-7.
04-ppc64le/gcc-7.
04-ppc64le/gcc-7.
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04-ppc64le/gcc-7.
04-ppc64le/gcc-7.
04-ppc64le/gcc-7.
04-ppc64le/gcc-7.

.0/swig-4.0.2-fortran-zpsyg6fhwuekaff4fqyvnd7cypnevcijs
.0/sz-2.1.12-x0bq2pzb6125htimlhuokwgqvtggwxgfs
.0/tasmanian-7.7-a2rk5ujjed542bqp3vpmo235532qzdgk
.0/tau-2.31-fym3ff54vwfgbw53rj2ntvakfbwirgcj
.0/trilinos-13.2.0-mmz5acf7trnptodope3jv3lucnugylcd
.0/turbine-1.3.0-df21lgmd4bnlo6vvjbutnzpayfsphaeedm
.0/umap-2.1.0-6nh3hjzgbisu2wcigrwqusvdugkzvxkg
.0/umpire-6.0.0-2phff7zj3b4sht6qkdtb3im46nzoe774
.0/unifyfs-0.9.2-h33e2ceufqjlvqopz456viuituxlrfor
.0/upcxx-2022.3.0-hfzxekrtpjvvgg5p3ndjphkuh5y4c165
.0/veloc-1.5-sy2ht5e34kry5gqmamg2i5eiba4baz54
.0/vtk-m-1.7.1-vjkewsjwisjtnrhjqgee72krlu2takbl
.0/wannier90-3.1.0-4xbesxrnwafmset7hv3ydunlpwjfeyqx
.0/warpx-22.05-33bd7p6hkoc13iayodejy3fua77wfpb5
.0/yaksa-0.2-32f626altydcxrvpeukiigbpy7ibtgkd
.0/z2fp-0.5.5-mcame7nbb22fh27n44nkimbokt6azel6

ppco4le)

.0/pruners-ninja-1.0.1-xridwt2pkvv54tsto3z12njriblfngei

5.0/pumi-2.2.7-5uqwyt4a5b7p372ptvekosyeaol5bgno
5.0/py-cinemasci-1.7.0-ovv4qwdvpbao3ukyt7yffqo2dr76hcix
5.0/py-jupyterhub-1.4.1-jloxcbs7x6hsbzkt1s25mqv3p4nfni26
5.0/py-libensemble-0.9.1-5bs6ugzqcdrhw2cuwjkbuydd2jrutwpg
5.0/py-opentuner-0.8.7-xqcv6 l6vmpmp7p5nw4n147vishoogl4w
5.0/py-parsl-1.1.0-hgnojotjauv4o5na5Syhnygs7eodedd4r
5.0/py-radical-pilot-1.11.2-tieorl4fju5za2n2vdtbkquqjxphwbui
5.0/py-radical-saga-1.11.1-sjv4nhrhvlvhgtku2lat27fmvf7kveyd
5.0/qthreads-1.16-md7z53zbdffm3zmgpqjid4tcno7aqo6bb
5.0/raja-0.14.0-fmvdypdhro2n7kéxovmfgmkc26aekdof
5.0/rempi-1.1.0-bultj4j7ef7qsdffo3gapameeyftjx4n
5.0/scr-3.0rc2-xip4gfjzkzjar73urcab7mqwp6p31gn2
5.0/slate-2021.05.02-rvxg3qm3bc4orccwvnnfxt6j35i5tuws
5.0/slepc-3.17.1-bur33hbhnucmsk6uktghg4tjcob6sdmri
5.0/stc-0.9.0-vcqydzscqSmktfdxsk36j5wwwbwb1551
5.0/strumpack-6.3.1-4i50yjylpm2704zecxegpn7imrhok51lb
5.0/sundials-6.2.0-h4x02zqezj6ef5y7v3727srlratiqs51l
5.
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

GPU runtimes
NVIDIA (CUDA)
¢ 11.0
NVHPC
22.3

0/superlu-dist-7.2.0-6rwclsr7fo5rfybu3dmylfjozwblydznu




E4S 22.05 Release: Support for AMD GPUs

'Singularity> python
Python 3.9.7 (default, Sep 16 2021, 13:09:58)

[GCC 7.5.0] :: Anaconda, Inc. on linux

Type "help", "copyright", "credits" or "license" for more information.
'>>> import tensorflow

>>> tensorflow.__version__

'2.8.0'

>>> import torch

>>> torch.__version__

'1.11.0+rocm4.5.2'

[>>>

'Singularity> which hipcc

/opt/rocm/hip/bin/hipcc

Singularity> spack find -1 amdgpu_target=gfx90a +rocm

==> 17 installed packages

—— linux-ubuntu20.04-x86_64 / gcc@9.4.0

357tvji amrex@22.05 egwwklg ginkgo@l1.4.0 pmri64c petsc@3.17.1 t2bsxuz umpire@6.0.0
uawks2x arborx@l.2 m75ci6i heffte@2.2.0 a00762y raja@d.14.0 tbogqlrc upcxx@2022.3.0
2h2jnil camp@@.2.2 ddpp5a7 hpx@l.7.1 w3wwqzx slepc@3.17.1

uh7nqyy chai@2.4.0 aegedco kokkos@3.6.00 dvyddsb strumpack@6.3.1

c2pvxtt gasnet@2022.3.0 zwsgooc magma@2.6.2 ypavztb superlu-dist@7.2.0
Singularity> spack find -1 amdgpu_target=gfx908 +rocm

==> 17 installed packages

—— linux-ubuntu20.04-x86_64 / gcc@9.4.0

5rbk2or amrex@22.05 wsnjvv4 ginkgo@l.4.0 w67sm7w petsc@3.17.1 oijpipf umpire@6.0.0
3n5fwfv arborx@l.2 6bksj3x heffte@2.2.0 qbdnr3o raja@d.14.0 yuzwxoy upcxx@2022.3.0
yuk323w camp@@.2.2 kxgzrjt hpx@l.7.1 te425aa slepc@3.17.1

sntvjjs chai@2.4.0 vmsecny kokkos@3.6.00 x3yv3xj strumpack@6.3.1

= afhffop gasnet@2022.3.0 bsj3ldg magma@2.6.2 q25hplz superlu-dist@7.2.0
E\{\C\)P ‘Singularity> I




E4S 22.05 Release: Support for NVIDIA GPUs

Singularity> python
Python 3.9.7 (default, Sep 16 2021, 13:09:58)

[GCC 7.5.0] :: Anaconda, Inc. on linux

Type "help", "copyright", "credits" or "license" for more information.

>>> import tensorflow as tf

>>> tf.__version__

'2.9.1"

>>> tf.config.list_physical_devices('GPU")

[PhysicalDevice(name="'/physical_device:GPU:@', device_type='GPU'), PhysicalDevice(name="'/physical_device:GPU:1', device_type='GPU')]
>>> import torch

>>> torch.__version__

'1.11.0+cull3’

>>> torch.cuda.get_device_name(torch.cuda.current_device())

'NVIDIA A100-PCIE-40GB'

>>>

Singularity> spack find -1 +cuda cuda_arch=80

==> 27 installed packages

== linux-ubuntu20.04-x86_64 / gcc@9.4.0

5fxpaue adios2@2.8.9 hgigomw heffte@2.2.0 mmx2xmm magma@2.6.2 fzx6e3h slepc@3.17.1 gwbap63 umpire@6.0.0
a5j5wid arborxa@l.?2 o7y77to hpx@l.7.1 cra7q43 mfem@4.4.0 du3qimq strumpack@6.3.1 hbilfvh vtk-m@l.7.1
5scpuxj caliper@2.7.@ c7vk7op hypre@2.24.0 dcaz2iw parsec@3.0.2012 5iz61lim sundials@6.2.0 3ccS5y5f zfp@0.5.5
S5nftkwe camp@@.2.2 kn4ult3 kokkos@3.6.00 mvt3juo petsc@3.17.1 2jp6tor superlu-dist@7.2.0

16nclfu chai@2.4.0 fy3onzy kokkos@3.6.00 edjvff7 raja@0.14.0 5q6657f tasmanian@7.7

16ahxdm ginkgo@1.4.0 gn7fvng kokkos—kernels@3.6.00 6krdeny slate@2021.05.02 hmpjtrd4 trilinos@l3.2.0
Singularity> spack find -1 +cuda cuda_arch=70

==> 27 installed packages

—— linux-ubuntu20.04-x86_64 / gcc@9.4.0

mvzqvxg adios2@2.8.0 zz33g5c heffte@2.2.0 7ddf6kl magma@2.6.2 td7e334 slepc@3.17.1 hjgbyxh umpire@6.9.0
2wllnpi arborx@l.?2 zrpfbiq hpx@l.7.1 hyuvayy mfem@4.4.0 66zzxrb strumpack@6.3.1 stzpxgb vtk-m@l.7.1
xb3ix2x caliper@2.7.@ m735z1c hypre@2.24.0 37dtmme parsec@3.0.2012 ykvyvrc sundials@6.2.0 ldafd46p zfp@d.5.5
etalgqv camp@d.2.2 dmru53c kokkos@3.6.00 2lsmpfg petsc@3.17.1 7bbgseb superlu-dist@7.2.0

rjky53t chai@2.4.0 xwt7ck4 kokkos@3.6.00 ttunttv raja@o.14.0 r7artq7 tasmanian@’.?/

36fsm5m ginkgo@1.4.@  k47b42d kokkos-kernels@3.6.0@ yeairhs slate@2021.05.02 qpycht6 trilinos@13.2.0
Singularity> [
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E4S 22.05 Release: GUI Tools

Singularity> module load paraview

Singularity> which paraview
/spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/paraview-5.10.1-ohruf5tnfp2yeywlslszty5jfbq6pjw7/bin/paraview
Singularity> module load visit

Singularity> which visit

/usr/local/visit/bin/visit

Singularity> which paraprof
/spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/tau-2.31.1-ikx2r2pk34hej3rmjqoam5ma6rvzbugm/bin/paraprof
Singularity> module load julia

Singularity> julia

Documentation: https://docs.julialang.org
Type "?" for help, "1?" for Pkg help.
Version 1.7.3 (2022-05-06)

Official https://julialang.org/ release

julia>
Singularity> nvidia-smi
Tue May 31 23:33:39 2022

| NVIDIA-SMI 470.57.02 Driver Version: 470.57.02 CUDA Version: 11.4
I +

I
| GPU Name Persistence-M| Bus-Id Disp.A | Volatile Uncorr. ECC |
| Fan Temp Perf Pwr:Usage/Cap| Memory-Usage | GPU-Util Compute M. |
| | | MIG M. |
I + + I
| @ NVIDIA A100-PCI... Off | 00000000:25:00.0 Off | 0 |
| NJA  42C PO 37W / 250w | OMiB / 40536MiB | 0% Default |
| | | Disabled |
| 1 NVIDIA A100-PCI... Off | 00000000:E1:00.0 Off | 0 |
| NJA 38C PO 37W / 250w | OMiB / 40536MiB | 32% Default |
| | | Disabled |
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E4S 22.05 Release: Intel oneAPI| with support for Intel GPUs

Singularity> which clinfo
/usr/bin/clinfo
Singularity> clinfo -1
Platform #0: Intel(R) FPGA Emulation Platform for OpenCL(TM)
"—— Device #0: Intel(R) FPGA Emulation Device
Platform #1: Intel(R) OpenCL
‘— Device #0: Intel(R) Xeon(R) Gold 6348H CPU @ 2.30GHz
Platform #2: Intel(R) OpenCL HD Graphics
‘— Device #0: Intel(R) Iris(R) Xe MAX Graphics [0x4905]
Singularity> spack find -dl -v kokkos+sycl
==> 1 installed package
—— linux-ubuntu20.04-x86_64 / oneapi@2022.1.0
rdujf3d kokkos@3.6.00~aggressive_vectorization~compiler_warnings~cuda~cuda_constexpr~cuda_lambda~cuda_ldg_intrinsic~cuda_relocatable_d
evice_code~cuda_uvm~debug~debug_bounds_check~debug_dualview_modify_check~deprecated_code+examples~explicit_instantiation~hpx~hpx_async
_dispatch~hwloc~ipo~memkind~numact1+openmp~pic+profiling~profiling_load_print~pthread~qthread~rocm+seria1+sharel+sycl1tests~tuning~wra
pper build_type=RelWithDebInfo std=17 —

x0j37yl cmake@3.23. I~doc+ncurses+ownlibs~qt build_type=Release
azdhprad ncurses@6.2~symlinks+termlib abi=none

uycnlmy pkgconf@l.8.0

wacv7zw openssl@l.1.lo~docs~shared certs=system

uqtpe2z perl@5.34. 1+cpanm+shared+threads

sngm6aa berkeley-db@18.1.40+cxx~docs+stl patches=b231fcc
ndilfww bzip2@l.0.8~debug~pic+shared

yzcfxch diffutils@3.8

zf2ftv4 libiconv@l.16 libs=shared,static
4hns3dz gdbm@1.19

s63k2n3 readline@s. 1

nxdjy7n z1lib@1l.2.12+optimize+pic+shared patches=0d38234

Singularity> ls /spack.yaml

/spack.yaml

Singularity> which dpcpp
/opt/intel/oneapi/compiler/2022.1.0/linux/bin/dpcpp
Singularity> which mpiicpc
/opt/intel/oneapi/mpi/2021.6.0/bin/mpiicpc
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E4S Validation Test Suite

Pull requests Issues Marketplace Explore

. E4AS-Project / testsuite ©unwatch~ 8 *star 2 Yrork 0

 Provides automated build and run tests
« Validate container environments and products
° NeW LLVM Va|ldatI0n test Su'te for DOE LLVM Branch: master - testsuite / validation_tests / magma / Createnewfile  Upload files Findfile History

<> Code Issues 0 Pull requests o Actions Projects 0 Wiki Security Insights Settings

-+ eugeneswalker use bash -xe in compde/run.sh Latest commit a1dfb32 9 hours ago
Makefile use env variables set by "spack load” 4 months ago
README.txt Added basic magma test. 11 months ago
clean.sh Added basic magma test. 11 months ago
compile.sh use bash -xe in compilefrun.sh 9 hours ago
example_f.FS0 Added basic magma test. 11 months ago
example_sparse.c Added basic magma test. 11 months ago
example_sparse_operator.c Added basic magma test. nonths ago
example_vi.c Added basic magma test. 11 months ago
example_v2.c Added basic magma test. 11 months ago
run.sh use bash -xe in compile/run.sh 9 hours ago
setup.sh Remove some .0 files. Don't load special openblas. Don't specify spec... 3 months ago

[ README..txt 7

Getting started with MAGMA.

This is a simple, standalone example to show how to use MAGMA, once it is
compiled. More involved examples for individual routines are in the testing
directory. The testing code includes some extra utilities that we use for
testing, such as testings.h and libtest.a, which are not required to use MAGMA,
though you may use them if desired.

C example
See example_v2.c for sample code.
Include the MAGMA header:
#include "magma_v2.h"
(For the legacy MAGMA vl interface, see example vl.c. It includes magma.h

instead. By default, magma.h includes the legacy cuBLAS vl interface (cublas.h).
You can include cublas_v2.h before magma.h if desired.)

L3

P = « git clone https://github.com/E4S-Project/testsuite.git

PROJECT




E4S Base Container Images for x86 64, ppc64le and aarcho4

ene < o v U © [ hitssumobidockencon ¢ O | = BB
vdocker hub @ Search for great content (e.g., mysql) Explore Repositories Organizations Help v 0 exascaleproject ¥
ecpeds Q f I Organizations
) ecpcontamers °
ecpeds / ubuntu20.04-gpu-x86_64 &N { o {66 @ Public i ascale Computing Project Super-containe H Ub'dOCker'Com
Updated 3 hours ago = ° eC e4S
(r,'j)l\ ecpeds p
* Platforms:
ecpe4s / ubuntu18.04-gpu-ppcédle 8 NGt SGaE %0 ¥:36 ® public ‘ ecpsdk ° X86 64
Updated 4 hours ago B -
View all... ® Pp064|e
+ aarch64
ecpeds / eds-gpu o At : H .
® Nots wo L2 @Public * GPU runtimes:
* Cuda
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E4S 22.05 AWS image: US-West2 (OR

Places ParaView 5.9.0

# Applications

ParaView 5.9.0

Frig3ss & 4 O

File Edit View Sources Filters Extractors Tools Catalyst Macros Help
aff o Jaq BE n . & » Time: 0199889 ~ 13 [z/maxis13 By »
B a2 2 e presue - Surface With Edges ~ | ¢ el » | S
VEETHN 3 A S WS 4
Pipeline Browser 2 DLayout #1E P
§ buittin » 3 » RenderViewl
A" clipute ] =
Properties Information
Properties 2%
® Delete
v pressure = Y
v turbulent_viscosity Fi
v welocitv >:
firefox e »
gnome-terminal
(base) [tutorial@ip-172-31-6-250 Zoltan]$ singularity run ~/ecp.simg

Singularity> module avail
Rebuilding cache, please wait (writte

BN adiak/0.2.1-4vc
adios/1.13.1-zh4
adios2/2.7.1-4qz
adlbx/1.0.0-h27
alquimia/1.0.9-m25
amrex/21.11-cuda-7bb
amrex/21.11-cuda-zxc
amrex/21.11-ny5

(D)
arborx/1.1-qda
arpack-ng/3.8.0-xhd
ascent/0.7.1-aij
ax1/0.3.0-6n4
ax1/0.5.0-xdi (D)
axom/0.5.0-xaa
butterflypack/2.0.0-oto
Cabdnd/@ 4.0- hu

Bl tutorial@ip-172 50 tan T TAU:ParaProf Manager T

n to file) done.

/spack/modules/linux-ubuntu20.04-x86 64/mpich/3.4.2-jpicv6o/Core

omega-h/9.34.1-wt2
openpmd-api/0.14.3-el6
papyrus/1.0.1-39g6
parallel-netcdf/1.12.2-phc

TAU: ParaProf: 3D Visu

paraview/5.
parmetis/4.
parsec/3.0.
parsec/3.0.
parsec/3.0.
petsc/3.16.
petsc/3.16.
petsc/3.16.
petsc/3.16.
pflotran/3.
pfunit/3.3.

phist/1.9.
precice/2.
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0.3-vhi
2012-cuda-qxe
2012-cuda-45r
2012-1jc
1l-cuda-prk
l-cuda-sjk
1-cuda-372
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0
3

(D)

(D)
.2-wqt

-7ln

5-dsi

3.0-hov

T dem

File Options Windows Help

Name

¢ l.TAU application

> M Belos: Operation Op*x
7 MBelos: PseudoBlockGmresSolMgr total solve time
- M Belos: ICGS[2]: Orthogonalization
« M Belos: Operation Op*x
¢ M Belos: Operation Prec*x
- [@Ifpack2::Chebyshev::apply
M Kokkos::parallel_for Kokkos:
W Kokkos::parallel_for Kokkos:
W Kokkos::parallel_for Kokkos:
M Kokkos::parallel_for Kokkos:

View::
View::

initialization [Dualv

initialization [MV::D
:View::initialization [export
View::initialization [impor!

le Options Windows Help

T TAU: ParaProf; Statistics for: node 0

B ParaView 590

Exclusive Tl...

8.784
0.629
0.615

0.22
1.672
7.617

4.76
0.003
0.004
0.002
0.002
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218.852
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0.002
0.002

EXASCALE
COMPUTING
PROJECT

ECP

E4S 22.05 AWS
Intel oneAPI

« CUDA

« NVHPC

« ROCm

« AWS DCV
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Cache
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 Trilinos 13.2.0

 OpenFOAM

« ParaView

« TAU

 Docker

o Shifter
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eds-cl: A tool to simplify the launch of MPI jobs in E4S containers

 EA4S containers support replacement of MPI libraries using MPICH ABI compatibility layer and
Wi4MPI [CEA] for OpenMPI replacement.

» Applications binaries built using E4S can be launched with Singularity using MPI library
substitution for efficient inter-node communications.

» e4s-clis a new tool that simplifies the launch and MPI replacement.

— eds-cl init --backend [singularity|shifter] --image <file> --source <startup cmds.sh>
— e4s-cl mpirun -np <N> <command>

« Usage:
. lopt/intel/oneapi/setvars.sh
e4s-cl init --backend singularity --image ~/images/e4s-gpu-x86.sif --source ~/source.sh

cat ~/source.sh
. /spack/share/spack/setup-env.sh
spack load trilinos+cuda cuda_arch=80
spack unload mpich

eds-cl mpirun -np 4 ./a.out

= https://github.com/E4S-Project/e4s-cl
ECP s




Download TAU from U. Oregon

Tuning and Analysis Utilities

http://tau.uoregon.edu
for more information
Free download, open source, BSD license
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Hands-on session: TAU




Login to AWS instance and follow instructions in README file

» Reserve a unique host by entering your contact info at the Google Doc:
- https:/le4s.ioltutorial AN

« Use a web browser for DCV (remote desktop) software

https://[hostname]:8443/#e4s

(e.g., https://tut032.supercontainers.org:8443/#e4s

if you reserved instance #32 or tut032.supercontainers.org)

1| w1001 supeccontainers.org | Sameer Shende sameer s uoregon edu
2 | W02 supercontainers.or

3 | w003 supercontainers.org

4 1t004 supercontainers org

login: tutorial T

10D0B. supercortainers. org

7 1wtD07 supercontainers.org
8 1t008 supercontainers org

password: HPCLinux12! ==

1WD10.supercontainers org Q

press space bar, reenter password if necessary; open terminal window; click on README .txt

% cd; cat README



https://e4s.io/tutorial
https://[hostname]:8443/
https://tut032.supercontainers.org:8443/

Login to Theta from AWS:

* Open a gnome-terminal window
ssh -Y theta.alcf.anl.gov -1 <loginid> Ea\AJS;

% qsub -I -n 1 -A ATPESC2022 -g ATPESC2022 -t 59

% tar xf /soft/perftools/tau/workshop. tgz

% cd workshop/CoMD/src-mpi; make clean; make ; cd ../bin
% cat ./r.sh; ./r.sh

% cat rt.sh; ./rt.sh

% module load tau

% paraprof &




Copy the workshop tarball

» Setup preferred program environment compilers
— Default set Intel Compilers with Intel MPI. You must compile with —dynamic -g

oP

module load tau;

tar zxf /soft/perftools/tau/workshop.tgz

cd workshop/MZ-NPB3.3-MPI; cat README

make clean

make suite

cd bin

In a second window:

gsub -I -n 1 -A ATPESC2022 -gq ATPESC2022 -t 59

cd bin; module load tau

export OMP_ NUM THREADS=4

aprun -n 16 ./bt-mz.B.16 (or ./r)

export TAU OMPT SUPPORT LEVEL=full

aprun -n 16 tau exec -T ompt,intel,mpi,pdt -ompt ./bt-mz.B.16
(OR ./rt)

% paraprof —--pack exl.ppk

In the first window or scp to laptop and launch locally:
% paraprof exl.ppk &

o o o° oP

o°

o® o° o° o o°

o°
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TAU Breakout Session — CoMD on Theta

» Setup preferred program environment compilers (check instructions for launching jobs)
— Default set Intel Compilers with Intel MPI. You must compile with —dynamic —g

module load tau;

tar zxf /soft/perftools/tau/workshop.tgz

cd workshop/CoMD/src-openmp;

make clean

make

cd ../bin; cat rompt.sh

In a second window:

% gqsub -I -n 1 -A ATPESC2022 -gq ATPESC2022 -t 50 -g debug-cache-quad

o0 90 J° J° d° P

% cd workshop/CoMD/bin; ./romp.sh
% ./rompt.sh

% paraprof —--pack exl.ppk

In the first window:

% paraprof exl.ppk &
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TAU Breakout Session — MPI on ThetaGPU

» Setup preferred program environment compilers (check instructions for launching jobs)

« NOTE: On Ubuntu please link- with -no-pie option for sampling.

ssh -Y theta.alcf.anl.gov

module load cobalt/cobalt-gpu; gsub -I -n 1 -A ATPESC2022 -gq single-gpu -t 50
module use ~sameer/modulefiles; module load tau;
tar zxf ~sameer/alcf22/workshop.tgz

cd workshop/matmult

make clean

make

mpirun -np 4 ./matmult

mpirun -np 4 tau exec -ebs ./matmult

paraprof —--pack mm.ppk

Bring ppk file to your desktop:

(o)

% paraprof mm.ppk &

o° 00 00 d° d° o° oJ° d° o°

o°
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TAU Breakout Session — CUDA on ThetaGPU

« Setup preferred program environment compilers (check instructions)

ssh -Y theta.alcf.anl.gov

module load cobalt/cobalt-gpu; gsub -I -n 1 -A ATPESC2022 -gq single-gpu -t 50
module use ~sameer/modulefiles; module load tau;
tar zxf /soft/perftools/tau/workshop.tgz

cd workshop/cuda;

make clean

make

./matmult

cat ./rt

./rt

pprof —-a | more

paraprof --pack cupti_ ex.ppk

Bring ppk file to your desktop:

[o]

% paraprof cupti ex.ppk &

0 0 A0 I I O J° O° I o0 o0 o
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TAU Breakout Session — CUDA with MPI on ThetaGPU

« Setup preferred program environment compilers (check instructions)

ssh -Y theta.alcf.anl.gov

module load cobalt/cobalt-gpu; gsub -I -n 1 -A ATPESC2022 -gq single-gpu -t 50
module use ~sameer/modulefiles; module load tau;

tar zxf /soft/perftools/tau/workshop.tgz

cd workshop/CloverLeaf/CloverLeaf CUDA;

make clean

make -j

mpirun -np 3 ./clover leaf

mpirun -np 3 tau_exec_—T cupti,mpi -cupti ./clover leaf
pprof —-a | more

paraprof --pack cupti ex.ppk

Bring ppk file to your desktop:

[o]

% paraprof cupti ex.ppk &

0 o0 o0 d0 I J° J° o0 o° of

o°

_—
\\ EXASCALE
) COMPUTING
\ PROJECT




AWS: Using TAU’s Kokkos Profiling Interface in an ECP Application

o°

o°

o°

o°

=P

cat ~/README

cd nalu-wind-demo; cat demo.sh;

./demo.sh

cd nalu-wind/reg tests/test files/demo

paraprof tauprofile.xml &

EXASCALE
COMPUTING
PROJECT

File Options Windows Melp

Metric: TIME
Value: Exclusive

1o Applications
3 Sta

File Options Help

ard Appl
ault App
detoult Exp

< tauprofile.xmi
° TIME

AR -] o (74071 segarcortarens org $44 30eds °
o Appicatons.  Pixces - About Paarol Mn2230 & 4 O
e (00 Yew fowces W Ggacins Jooh CHshst Maces Metp | File Options Windows Help
wideOQ n FRLTZ Tme: 01980 = 1) LT T IEERENN _
= e Name Exclusive T1... Inclusive TIME Calls
e s R Surtace wen Gges = 0 o sk application 341 233262 1
< o dos: Operation Op*x 0524 0578 264
e a=w 4 dos: PseudoBlockGmiresSolMgr total solve time 0624 80.529 132
Fp Brentet los: ICGS[2]): Orthog 0208 23 6,379
§ bultin tion Op*x 1741 2834 6,379
tion Prectx 1542 53.522 6,379
Kokkos::parallel_for Kokkos::View::initialization [DualVies 0025 0025 1435
W Kokkos::paraliel_for Kokkos::View: initialization [MV::nort 0.001 0.001 264)
~ W KokkosBlas::gemm| TPL_BLAS doubl 0.102 0.102 132
~ W KokkosBlas: :um2{ ET1] 0.002 0.007 264
~ W KokkosBlas::update ET1) 0.049 0222 6,901
Properves | iieamiin MP1_Allreduce() 0.19 0.19 264
eparties WMPI_Finalized() 0.001 0.001 132]
* Dviete ~ MICONTEXT] Belos: PseudoBlockGmresSolMgr total solve ti 0 0632 2
WBelos: TFQMRSolMgr total solve time 0173 12.699 132
+ Wifpack2:: Relaxation: :compute 0013 0.151 132
= Propectios levpate fpack2:: Relaxation::initialize 0.001 0.001 1
7. Vartabies B Xokkos: paraliel_for ENDINF luxCoelfAlg_turbulent [device=( 0.008 0.008 133
v Cbjectih W Xokkos::paraliel_for GeometryBoundaryAlg_4 [devices0) 0.001 0.001 1
V. ¥ Global Glement WKokkos:: parallel_for GeometryBoundaryAlg_7 [ devic 0.001 0.001 1
3 eadoggle W Kokkos::paraliel_for Kokkos::View::destruction [ Coordsf ields 0.006 0.006 4,123
T W Kokkos::paraliel_for Kokkos::View!:destruction [ Fields] [ devi 0.011 0011 4,915
V% weocky, W Kokkos::paraliel_for Kokkos: :View::destruction [ NGPNGsierr: 0,002 0.002




Using E4S on ThetaGPU

« Setup preferred program environment compilers (check instructions)

% ssh -Y theta.alcf.anl.gov

% module load cobalt/cobalt-gpu; gsub -I -n 1 -A ATPESC2022 -q single-gpu -t 50
% singularity run --nv ~sameer/scr/eds/ecp.simg

Singularity> conda activate cuda

Singularity> cd /opt/demo/python tests

Singularity> python ./f2.py

Singularity> spack find
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