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Motivation and Challenges

« With growing hardware complexity, it is getting harder to accurately measure and optimize the
performance of our HPC and Al/ML workloads.

e TAU Performance System®:

- Deliver a scalable, portable, performance evaluation toolkit for HPC and Al/ML workloads.
- http://tau.uoregon.edu

* As our software gets more complex, it is getting harder to install tools and libraries correctly in
an integrated and interoperable software stack.
« Extreme-scale Scientific Software Stack (E4S)

— Curated, Spack based software distribution of HPC & Al/ML packages includes Intel oneAPI and
features binary build-caches and containers.

— https://e4ds.io



http://tau.uoregon.edu/
https://e4s.io/

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

Measurement and analysis support
MPI (MVAPICHZ, Intel MPI), OpenSHMEM, ARMCI, PGAS, DMAPP
Supports Intel oneAP| compilers
pthreads, OpenMP, OMPT interface, hybrid, other thread models
GPU: OpenCL, oneAPI DPC++/SYCL (Level Zero), OpenACC, Kokkos, RAJA
Parallel profiling and tracing

Analysis
Parallel profile analysis (ParaProf), data mining (PerfExplorer)
Performance database technology (TAUdb)
3D profile browser




TAU integration with Intel oneAPI

Instrumentation in TAU
Intel oneAP| DPC++, C++, C, Fortran source and compiler-based instrumentation
Intel oneAPI Clang compiler integration and instrumentation (-finstrument-functions)
Intel oneAPl OpenMP Tools Interface (OMPT v5.0)
Level Zero integration for DPC++ runtime events
DPC++ symbol demangling support (-fno-sycl-unnamed-lambda)
OpenCL performance instrumentation
Intel MPI profiling interface in Intel HPCToolkit
Intel Python instrumentation, support for Intel Al Toolkit for Tensorflow/PyTorch
Intel Exascale Laboratory MAQAO binary instrumentation
Intel PIN integration
PAPI [UTK] and LIKWID [FAU] performance counter library integration for Intel CPUs

The only vendor toolchain that provides comprehensive language support for instrumentation
at the above levels for transparently observing key events during execution! m

—_—_
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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 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?

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 I/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 mpirun tau_exec ./app with options.




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.)

OpenCL
OpenCL profiling interface
Track timings of kernels
Intel® OneAPI
Level Zero
Track time spent in kernels executing on GPU
Track time spent in OneAPI runtime calls
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




Examples of Multi-Level Instrumentation

MPI + OpenMP
. MPL_T + PMPI + OMPT may be used to track MPl and OpenMP
MPI + pthread
. PMPI + pthread interfaces
MPI + Intel ® oneAPI DPC++/SYCL
PMPI + Level Zero interfaces

OpenCL + Python
. OpenCL + Python instrumentation interfaces
Kokkos + OpenMP
. Kokkos profiling APl + OMPT to transparently track events
Kokkos + pthread + MPI
. Kokkos + pthread wrapper interposition library + PMPI layer
MPI + OpenCL

PMPI + OpenCL profiling interfaces




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
% mpirun -np 256 ./a.out
Track GPU operations
% mpirun —np 256 tau _exec -0  ./a.out
% mpirun —np 256 tau_ exec —cupti ./a.out
% mpirun —np 256 tau exec —rocm  ./a.out
% mpirun —np 256 tau_exec —opencl ./a.out
% mpirun —np 256 tau_exec —openacc ./a.out
Track MPI performance
% mpirun -np 256 tau exec ./a.out
Track I/0, and MPI performance (MPI enabled by default)
% mpirun -np 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;
% mpirun —np 256 tau_exec —T ompt,mpi -ompt ./a.out
Track memory operations
% export TAU_TRACK_MEMORY_LEAKS=1
% mpirun —np 256 tau_exec —memory_debug ./a.out (bounds check)
Use event based sampling (compile with —q)
% mpirun —np 256 tau_exec —ebs ./a.out
Also export TAU_METRICS=TIME,PAPI_L1_DCM... -ebs_resolution=<file | function | line>

Non-MPI execution: use —T serial
% tau_exec —T serial,level_zero -0 —ebs ./a.out

—
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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.




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
0.275 | PPARTY::NODE_CELL_CHOPPER [{pparty.fo0} {41,3; 333 14
0365 | FLOX UTIL-LPNORM T(func ath £901 (331,51 1240. 3311 15 1
@ LinelD

Fit All F
[ I I [ [ I | | 1
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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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Inclusive vs. Exclusive values

= Inclusive

= Information of all sub-elements aggregated into single value

s EXxclusive

= Information cannot be subdivided further

Inclusive

E C\\F’ ST

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

r

int foo ()

int a;
a =1+ 1;

bar () ;

a = a + 1;
return a;




Performance Data Measurement

AN S(t)
Call START (‘potential’) ’,', |
// code lJ | [ ‘\?\ 9 10 11 12 13
Call STOP(‘potential’) 01 ... 1 4 5 6 7 s\\‘ ' l ¢
« Exact measurement « No code modification
* Fine-grain control *  Minimal effort
« Calls inserted into  Relies on debug
~code symbols (-g)




Event-Based Sampling (EBS)

t t
i
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[ 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




How much data do you want?

Limited Loop  Callpath

Profile Profile Profile
O(KB) O(TB)
Flat Callsite Trace
Profile Profile

™
\\ aaaaaaaa
E (C }|D CCCCCCCCC
ppppp
40%\4&4—1

PS 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

o MPI

o OpenMP

o POSIXI/O

o Memory allocation/deallocation routines

o Wrapper library for an external package

No modification to the binary executable!

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




TAU: Quickstart Guide

Setup:
* % module load tau
Profiling with an un-instrumented application:

* MPI: % mpirun -np 64 tau exec -ebs ./a.out

* MPI+OpenMP with Clang 9+: % export TAU OMPT SUPPORT LEVEL=full;
$ mpirun -np 64 tau exec -T ompt,mpi -ompt ./a.out
* Pthread: $ mpirun -np 64 tau exec -T mpi,pthread -ebs ./a.out
e Python+MPI+Sampling: $ mpirun -np 64 tau python -ebs ./a.py
* Python+MPI+CUDA+Sampling: $ mpirun -np 64 tau python —cupti -ebs ./a.py
* Python+CUDA (no MPI): % tau_exec -T cupti,serial -cupti ./a.py
Analysis: % pprof -a -m | more; % paraprof (GUI)
Tracing:
* Vampir: MPI: % export TAU TRACE=1; export TAU TRACE FORMAT=otf2
$ mpirun -np 64 tau exec ./a.out; vampir traces.otf2 &
* Chrome: % export TAU TRACE=1; mpirun -np 64 tau exec ./a.out; tau_ treemerge.pl;
% tau_trace2json tau.trc tau.edf -chrome -ignoreatomic -o app.Jjson
Chrome browser: chrome://tracing (Load -> app.json) Or use Perfetto.dev and load in UI.
* Jumpshot: % export TAU TRACE=1; mpirun -np 64 tau exec ./a.out; tau_ treemerge.pl;

% tau2slog2 tau.trc tau.edf -o app.slog2; jumpshot app.slog2 &

—_—_
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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
COMPUTING

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

EXASCARLE
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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}]




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
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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: 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 |
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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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ParaProf Profile Browser

File Options Windows Help

Metric: TIME
Value: Exclusive
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ParaProf 3D Profile Browser

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

Triangle Mesh
=) Bar Plot
Scatter Plot

Topology Plot

Height Metric
Exclusive - TIME -
Color Metric

Exclusive - TIME -

. void shmem_barrier_all_()
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( e
& Aperture e e
3

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




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; mpirun ... tau_exec ./a.out

Windows -> 3D Communication Matrix

% paraprof ;




Event Based Sampllng (EBS)

ECP

EXASCARLE
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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% [ std. dev.
4931% b oo o o o0 oo | mean

6.6820 I ] max
3.852s i ] min

File: point_solver.F90

4.135% ] node O

5.413% ] node
6.682% I ] node
4.911% ] node

1
2
3

5.057% I ] node 4

5.7329% ] node

4235 b ... ] node
397% i ] node
4582% ] node
a6 ] node

% mpirun -n 16 tau_exec —ebs a.out

Line: 2705

Uninstrumented!




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 0 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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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

TAU: Quickstart Guide

Setup:
* % module load tau
Profiling with an un-instrumented application:

* MPI: % mpirun -np 64 tau exec -ebs ./a.out

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

% tau2slog2 tau.trc tau.edf -o app.slog2; jumpshot app.slog2 &

—_—_
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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:

% gsub -I -n 1 -A comp perf workshop -q comp perf workshop -t 50 -gq 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 &




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.

oe

module load cobalt/cobalt-gpu; gsub -I -n 1 -A comp perf workshop -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° A° o o o° o° oP

o°




TAU Breakout Session — CUDA on ThetaGPU

Setup preferred program environment compilers (check instructions)

oe

module load cobalt/cobalt-gpu; gsub -I -n 1 -A comp perf workshop -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° d° d° d® o P d° d° o° oP°




TAU Breakout Session — CUDA with MPIl on ThetaGPU

Setup preferred program environment compilers (check instructions)

oe

module load cobalt/cobalt-gpu; gsub -I -n 1 -A comp perf workshop -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 &

o° 00 00 d° d° o° o° o°

o°
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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




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

+ E4S: HPC Software Ecosystem — a curated software portfolio

« A Spack-based distribution of software tested for interoperability
and portability to multiple architectures

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

* Not a commercial product — an open resource for all

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

e 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 httDS //948 . |O

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

 Feb 2021: E4S 21.02 - 67 full release, 4 partial release
o May 2021: E4S 21.05 - 76 full release products

e Aug 2021: E4S 21.08 - 88 full release products ﬁ'l:s?:,;r%lﬁgﬁ ?Qﬁ;gﬁgwaﬁgg ROCm)

Co-Design: AMReX, Cabana, MFEM

« Nov 2021: E4S 21.11 - 91 full release products
ECP =



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

E4S base container images for x86_64, ppc64le, and aarcho4

o [ )] 'LE https:// 1.github.

Minimal Spack

X86_64 and PPC64LE

 Hub.docker.com

i spack e * ecpeds
15if (8) ® + Platforms:
X s i X86_64
* ppc6dle
 aarcho4
GPU Base Images « GPU runtimes:
i e L : e Cuda
e ROCm
NVIDIA Multi-Arch (X86_64, PPC64LE, AARCH64) ROCM X86_64 Intel OneAPI X86_64 ° OneAP|
02202 @y s ccpeds/ods base10cm 202 @ ecpeds/eds base oneapi22.02 @ docke « Singularity images
sif (8) ’s) e4sx86_64-rocmsif (8) s edsx86_64-oneapisif (§ s * Miminal Spack image
1.5if (8) s
‘@ &
Continuous Integration Images
X86_64 PPC64LE
U"‘ GitHub ecpeds/rhe nner-ppcb4 w wer GitHub
4 @ docker GitHub & GitHub
6_64 @i docker Github @ docker Github
@ docker GitHub = GitHub
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Minimal Spack base image on Dockerhub

200 < B

& hub.docker.com LEER

Upgrade ()/‘; exascaleproject v
-

*dockerhub Q Search for great content (e.g., Explore  Repositories  Organizations Help v

Explore ecpeds/ubuntul8.04-spack

* Create custom
container images
1M+ downloads!

ecpeds/ubuntu18.04-spack =

By ecpeds » Updated a month ago

’ Manage Repository \

% Pulls 1M+
°

Overview Tags

Advanced Image Management

View all your images and tags in this repository, clean up unused content, recover untagged images. Available with Pro, Team and Business
subscriptions.

View preview

[o)

Sortby Newest Y, A F

latest docker pull ecpeds/ubuntu18.04-spa... f_D
Last pushed a month ago by esw123

95fb8df7019b

382 MB

linux/amd64 a day ago
47903be536¢0 linux/ppcé4le amonth ago 371.9MB
TAG
0.17.1 docker pull ecpeds/ubuntu18.04-spa... rE]
Last pushed a month ago by esw123
SEST EG
95fb8df7019b linux/amdé4 aday ago 382 MB
— \ 47903be536¢0 linux/ppc64le a month ago 371.9 MB
\ EXASCARLE
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Download E4S 22.02 GPU Container Image: NVIDIA, AMD, Intel

Using E4S Containers

4L Container Releases <//> From source with Spack

= \ EEEEEEEE . .
E\(C\JP =SS https://e4s.io

* Full featured Singularity image
* GPU base images for
— x86_64 (Intel, AMD, NVIDIA)
— ppc64le
— aarch64
* Packages with support for all
three GPU runtimes:
— Kokkos
— TAU




22 02 Release:

: butterflypack
: cabana

: caliper

: catalyst

: chai

: charliecloud

: conduit

: darshan-runtime
: datatransferkit
: dyninst

: faodel

: flecsi

: flit

: flux-sched

: fortrilinos

1 gasnet

: geopm

: ginkgo

: globalarrays

: gotcha

: gptune

: hdf5

: heffte

: hpctoolkit

: hpx

: hypre

: kokkos

: kokkos-kernels
: lammps

: legion

: libnrm

: libquo

: loki

: magma

1 mercury

: metall

: mfem

: mpich

: mpifileutils

: netlib-scalapack

adios2
alqu1mla
aml
amrex
arborx
archer
argobots
ascent
axom
bolt

ECP
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100 Official Products + dependencies (gcc, x86 64)

04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
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04-x86_64/gcc-9.
04-x86_64/gcc-9.
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0/adios2-2.7.1-vrqqwksvvumpvuvi2f3zvhrudbhrgvr?

3.
3.0/alquimia-1.0.9-5pxq2rf35knkrbdjz2hdqifjpsvsj2ay
3.0/am1-0.1.0-52bcp4rwibxzklr2gpl3a3huqlebsszh
3.0/amrex-22.02-xjb77ajgucyfcyswmioly672gck3s2fy
3.0/arborx-1.1-x54ta6aq3vgvzhqaznybw63nbpwgp2c7
3.0/archer-2.0.0-wkdybteqjoqfupcjcnr3syhdkgjzadmv
3.0/argobots-1.1-6vbx4fbx3ert23po2fzeuddnyal2wniy
3.0/ascent-0.7.1-y6ozlrcntdj rten3eel7di6fuuoe6f7x
3.0/axom-0.6.1-vbde3r3uveb6n37vzqqbxuobett2y712
3.0/bolt-2.0-fh7dq6fzfeie5f13nzgindyzvggges6bv
3.0/butterflypack-2.1.0-vwr7qf256rg2n63auewcyuko3wy3gzzt
3.0/cabana-0.4.0-ubam723mz433hemjuepsvmq553v3geln
3.0/caliper-2.7.0-xvpd7krs6gxtyqekpaulssnd4efm72z1j
3.0/catalyst-5.6.0-5a02vfmbfis3na5p4a5j7uvykihdgxaf
3.0/chai-2.4.0-nkjjn2do7p747ysc2ywxadn7nghnmh2v
3.0/charliecloud-0.26-imxvh6utmc4icpeieodkonunb7zndeez
3.0/conduit-0.8.2-nhruflxgas6lzwjy5scaucveyncwox44
3.0/darshan-runtime-3.3.1-ws6gpwomoa7nmgzcc4ztgablwx550eg2
3.0/datatransferkit-3.1-rc3-euqumxqzcu7f3c4hvsvhbc3mtpvi2jpu
3.0/dyninst-12.0.1-ds1p7foewbfnxe2pn2z3mbiqwztmf57¢
3.0/faodel-1.2108.1-rdn5dmxtyf2rpiz5cimijutrqr7p2zwk
3.0/flecsi-2.1.0-gcqxn654rmz4vxndkmup6203wmoebtiu
3.0/flit-2.1.0-qfegiopjkolncxhhraopx6s3nrd4g23xi
3.0/flux-sched-0.20.0-eaf5kwa3r46vxwnyuljl7zhpitjthp3k

3.
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

0/fortrilinos-2.0.0-nh7wozfevbp3rdy3iu3wei5f7u2kzz12

.0/gasnet-2021.9.0-37bcasne2t26z4f7rju7fy52eeqooolx
.0/geopm-1.1.0-02b57hvdpzkd7as754onu5cdzhg6boc6
.0/ginkgo-1.4.0-tlueryyabtndéyg7sen6iknpyyzkpfbt
.0/globalarrays-5.8-auttuj4uxg5s45agb2prdoih7rhjchbv
.0/gotcha-1.0.3-ubttykuc7w75fpckuy4piy72uhdxvdxy
.0/gptune-2.1.0-yocmmgkzvmagewybyn204i7qu6x73f7i
.0/hdf5-1.10.7-ydvek2t5h4kz2bc7qxrnborep71jkye6
.0/heffte-2.2.0-gt4x1hl6oe2abi5tc6psrdqdnz2hs2gj
.0/hpctoolkit-2022.01.15-5bpxdxxdkagebetg4c2vga3ca3dbelwvs
.0/hpx-1.7.1-udorigk2dx6vactf3gl6746r2ykw7s5j
.0/hypre-2.24.0-rubtvtyzb7i6fk52vryghtcré62bgnlvt
.0/kokkos-3.5.00-j cqkaxownuoufxxbsiw5tm2s7p763rkc
.0/kokkos-kernels-3.5.00-w6r3jgo7i5qzb5crtr3wqlo713a2gskn
.0/1lammps-20220107-dxuaklopsx4q3t4gtwx27417ear3d6v5
.0/legion-21.03.0-ewjbmvbkyslktjgjSreeyoasegc5insn
.0/1libnrm-0.1.0-zt2trrdexkcjkcxsagdhvlry7q7x2aqv
.0/1ibquo-1.3.1-0t45gb6c3cbjddanrmoy4yxpqfdapoey
.0/10ki-0.1.7-2zpo6dh6bdrko47nd4gziacméxteojflm
.0/magma-2.6.1-hjnxgt33n2nwmg6jsolrilaibdnycxc3
.0/mercury-2.1.0-5by37sm7nto6t7tz6rfng6355vu6fbnw
.0/metall-0.17-a3qixbbz5hpkkvmocpigbp4e5lehf2j2
.0/mfem-4.3.0-7b7vcw33k4brllinosrhvii2oj63bwzs
.0/mpich-3.4.2-b2hsqqqnsiodzp3kw63ud250sorilfty
.0/mpifileutils-0.11.1-x6mkbu3osheeiba7rgb3xjsudfequ7tu
.0/netlib-scalapack-2.1.0-mu7sj7fu3nmrtzknsrkvquuoud2eupvf

Singularity> which dpcpp
/opt/intel/oneapi/compiler/2022.0.2/1linux/bin/dpcpp
Singularity> which hipcc

/opt/rocm-4.5.2/bin/hipcc

Singularity> spack find cuda

==> 1 installed package

—— linux-ubuntu20.04-x86_64 / gcc@9.3.0
cuda@ll.4.?2

Singularity> spack find nvhpc

==> 1 installed package

—— linux-ubuntu20.04-x86_64 / gcc@9.3.0

nvhpc@22.1
Singularity> J

GPU runtimes

« AMD (ROCm)
4.5.2
* Intel (oneAPI)
2022.0.2
* NVIDIA (CUDA)
¢ 11.4.2
« NVHPC

22.1




22.02 Release: 100 Official Products + dependencies (gcc,

52.
53:
54:
55:
56:
57:
58:
59:
60:
61:
62:
63:
64:
65:
66:
67:
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:

nccmp
nco

ninja

nrm

omega-h
openpmd-api
openmpi

papi

papyrus
parallel-netcdf
paraview
parsec

pdt

petsc

phist

plasma

plumed
precice

pumi
py-cinemasci
py-jupyterhub
py-libensemble
py-parsl
py-radical-saga
qthreads

raja

rempi

scr

slate

slepc
strumpack
sundials
superlu-dist
stc

swig

sz

tasmanian

tau

trilinos
turbine

umap

umpire
unifyfs

upcxx
variorum
veloc

vtk-m
wannier9e
warpx

zfp

ECP

/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/nccmp-1.9.0.1-2hkgbcchaex122f31nkkozvznj réh3g4
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/nco-5.0.1-nzqjzuwz3pvkslc32fnshotwr7nwlcgu
/spack/linux-ubuntu20.04-x86_64/9cc-9.3.0/ninja-1.10.2-2gpjomjrzlvinikx2qrm3rsasypnptvl
/spack/linux-ubuntu20.04-x86_64/9cc-9.3.0/nrm-0.1.0-omwezy5dwi7qshkr5v2eo0641j37scwhw
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/omega-h-9.34.1-syd6ahkexymz5ik24msxcki4fnatgvta
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/openpmd-api-0.14.4-k6éwknbemtkoujp5fh31xum5x51kimf7u
/spack/linux-ubuntu20.04-x86_64/9cc-9.3.0/openmpi-4.1.2-5yqclfs7ipo3ubapdaeffacgvxqt5674
/spack/linux-ubuntu20.04-x86_64/9cc-9.3.0/papi-6.0.0.1-mjwlkréyrsrcnufl7nv47435mjmiifij
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/papyrus-1.0.1-oawas4327vvwwy7cpgkuftqnberp4ddbj
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/parallel-netcdf-1.12.2-0jopgbmuz6rhdtxq3x14icd7euvmhwoj
/spack/linux-ubuntu20.04-x86_64/9cc-9.3.0/paraview-5.10.0-ai6ih3nx3rhwtepdloj fx57oupj lht7j
/spack/linux-ubuntu20.04-x86_64/g9cc-9.3.0/parsec-3.0.2012-mmut76y5frfk22qlraeihmyb6noruw3c
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/pdt-3.25.1-c5715pqsnjyt7f3tfa256 Lkotm3mwaow
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/petsc-3.16.4-03kxlwykh31flgg3unx2vwykitgodpjh
/spack/linux-ubuntu20.04-x86_64/g9cc-9.3.0/phist-1.9.5-ejcz3wgujbcpidwkoxcré3wdhkyb5yyp
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/plasma-21.8.29-447maohfkz3idurx33gxypl5jc54cblq
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/plumed-2.6.3-3d6ibkubuzle3ad4pd3duhiS6ybajaclt
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/precice-2.3.0-rjrp7whhwk7x3ztvqép4pfbxigpbkso5
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/pumi-2.2.6-z26nhht fcbhv62ceukc4hhy77wzkavut
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/py-cinemasci-1.3-6ah51cb5kno2owdxils677ngylt5asfv
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/py-jupyterhub-1.4.1-wdouha5jog55a6u2mnq34ywShguohc2l
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/py-libensemble-0.8.0-6upb3t7cbizf2bzg2mkaufm52ki7n5zx
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/py-pars1-1.1.0-gidemadwexehbxwiydyfatdx4 ltkghdy
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/py-radical-saga-1.11.1-yroolargjs4w3wid4copjbqqn71i4jid
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/qthreads-1.16-0qsr5vtyypugmjowxy7cf714c7035hao
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/raja-0.14,0-wug2hk4iuvwdiqay lipykempp22706ek
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/rempi-1.1.0-7szviepug5lw2khdoxcwvs6d7pg2u2nt
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/scr-3.0rc2-wmnhwtvh7uzfwth7q613shphnunvqeoe
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/slate-2021.05.02-7ck5664dxj jhdn63dp7xrkxgr7b3zqzf
/spack/linux-ubuntu20.04-x86_64/g9cc-9.3.0/slepc-3.16.2-tk2zp7s5kqqjbbw3unvqqebf2infp4us
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/strumpack-6.3.0-mdvvavejov5rq2qkbgubl6xr7u7xeafz
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/sundials-6.1.1-nin5qvrénywydyqfoitwdmnueifvowhi
/spack/linux-ubuntu20.04-x86_64/g9cc-9.3.0/superlu-dist-develop-jbyhfjjr2s24yhighb2fop304qe72ugc
/spack/linux-ubuntu20.04-x86_64/g9cc-9.3.0/stc-0.9.0-41dizggme2pk22wvbmxstimdljz7daft
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/swig-4.0.2-fortran-hdwur55hnamozikupngwlygilofxgact
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/sz-2.1.12-ncwe7eipqstaikféwSyuisut7ohu7cfo
/spack/linux-ubuntu20.04-x86_64/g9cc-9.3.0/tasmanian-7.7-ntlsb3dbnklrlyqb44c7td7tln7y4jid
/spack/linux-ubuntu20.04-x86_64/g9cc-9.3.0/tau-2.31-pbccumbiklduiftms63x2jqtviwvk764
/spack/linux-ubuntu20.04-x86_64/g9cc-9.3.0/trilinos-develop-d5semjk4udaxs7mlep2yjdaarwfgxttw
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/turbine-1.3.0-1pu56cphuxnmonv5dpojvcbsecfxewo2
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/umap-2.1.0-qwldcv45isedxa2xiq2lui6eorvsknvd
/spack/linux-ubuntu20.04-x86_64/9cc-9.3.0/umpire-6.0.0-kfzrcgjnnisrevs422hgg622djvshvdp
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/unifyfs-0.9.1-xfqgf74ejwrfody3ue45phglzh6hidmz
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/upcxx-2021.9.0-x7yedv4bmiaddsupr3x2elvngjw2ebep
/spack/linux-ubuntu20.04-x86_64/g9cc-9.3.0/variorum-0.4.1-iucjprimf7tpjo6jz7w2hyrouvfwflwe
/spack/linux-ubuntu20.04-x86_64/g9cc-9.3.0/veloc-1.5-xnjowfax7ysawyyygo46mikk7ss36uw3
/spack/linux-ubuntu20.04-x86_64/g9cc-9.3.0/vtk-m-1.7.1-igkpaoty4ot66d5w6urgdpowyncgpoq2
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/wannier90-3.1.0-fz3t3zaslhan5fbgghjmzvo5xvaucub3
/spack/linux-ubuntu20.04-x86_64/gcc-9.3.0/warpx-22.02-yq75dzo7ycj6y5kpcuvc74mtbwvbeq71
/spack/linux-ubuntu20.04-x86_64/9cc-9.3.0/zfp-0.5.5-glocwgycmhef4wdpngemrcctbxpac3ts
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Languages:

Al products with GPU support
Tensorflow
Pytorch

Julia
Python

3D Visualization

Paraview
Vislt
TAU’s paraprof

X86 64)



22 02 Release:

H alqu1mla
: aml
1 amrex

: ascent

1 axom

: bolt

: butterflypack
: cabana

: caliper

: chai

: charliecloud
: conduit

: darshan-runtime
: datatransferkit
: dyninst

: exaworks

: faodel

: flecsi

: flit

: flux-sched

: fortrilinos

: gasnet

: ginkgo

: globalarrays
: gotcha

: gptune

: hdf5

: heffte

: hpctoolkit

: hpx

: hypre

: kokkos

: kokkos-kernels
: lammps

: legion

: libnrm

: libquo

: loki

: magma

1 mercury

: metall

: mfem

: mpark-variant
: mpich

: mpifileutils
: netlib-scalapack

adios2

arborx
archer
argobots

ECP

PROJECT

spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
spack/linux-ubuntul8.
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100 Official Products + dependencies (gcc, ppcb4le)

04-ppcbdle/gcc-7.

04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcbdle/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcbdle/gcc-7.
04-ppcbdle/gcc-7.
04-ppcbdle/gcc-7.
04-ppcbdle/gcc-7.
04-ppcbdle/gcc-7.
04-ppcb4le/gce-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.
04-ppcb4le/gcc-7.

0/adios2-2.7.1-4jqdeeg24ievjsmidstktyiwlv2kws55

5.
5.0/alquimia-1.0.9-k12uuwk4ihcda7fhyxkedopughultaqf
5.0/aml-0.1.0-dvzmjcuzox3ubd7lnxdgoggoksk5v43k
5.0/amrex-22.02-zc7mv3makq5c2qpw7j j Imwrb4k66rvvl
5.0/arborx-1.1-szs54gusdjuwibxshd27xq5pmds5por3
5.0/archer-2.0.0-vcvzy6okrw4mjxtqgmuo3725ulboietr
5.0/argobots-1.1-trhfaqcmt2ib5tswdaxzqzls4tbxxt45
5.0/ascent-0.7.1-6nzrbj2mgi7fqfrseyuhjm5rencldn3c
5.0/axom-0.6.1-ymb5ju6djdwurkxjbwobyzpkgkybagan
5.0/bolt-2.0-1fkm2qifo3qdvdgdgckeq2b7rgv3yesq
5.0/butterflypack-2.1.0-eusmk3wvyju7wmduekimkny17ftz77j5
5.0/cabana-0.4.0-bv6y5ekbw42tufhkgzztxnhz4nyzdmcy
5.0/caliper-2.7.0-yt7las4hzzmk75ad4mehej4c5k1t62dnk
5.0/chai-2.4.0-k3mrmb3ywq6ixwrnémn7j 14gcxmgxkmy
5.0/charliecloud-0.26-2byo4we7isxo5m77ixméhjb2wbevymrr
5.0/conduit-0.8.2-1npv6hggqcap5v4qdwkacna3id53wosr
5.0/darshan-runtime-3.3.1-fig7a4dxy56f5xbibb6fbi5Swbawyvéb4
5.0/datatransferkit-3.1-rc3-wad4d7h6s2ui3r375rirnsxsémduiynu?
5.0/dyninst-12.0.1-h3kpxhzv7iqylpjvqgbneegatif7qs67t
5.0/exaworks-0.1.0-v1seszxfohskd3t2wujfabjkqspdxhaa
5.0/faodel-1.2108.1-7cbwmf50lgoff34nrféaciayewwh5015
5.0/flecsi-1.4.2-2ny3vyzvo3kfe70i37awx3imdpzuenem
5.0/flit-2.1.0-tiazm5zdjun5fpgbilqwuyv75sdngdyn
5.0/flux-sched-0.20.0-ntaytdbybyy3d2vvrdyw3o6sqlmdautz

5.
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

0/fortrilinos-2.0.0-5lwnkjhu2pfga7i53r5dmjwrtd1fmchj

.0/gasnet-2021.9.0-vovéviwltjtgd2xdcjebkcuysd22yk4f
.0/ginkgo-1.4.0-43puh65asdbyuppjvnkclvihbcbypdxi
.0/globalarrays-5.8-u3ksyg4nk4q6hyzq2m7uhilSobsaej4s
.0/gotcha-1.0.3-nyelkzzoqqad4cadlug5wj12jkhibrvpq
.0/gptune-2.1.0-ejaasogpgkkirlslnr4fa3xpj lkniuut
.0/hdf5-1.10.7-55dzf6dfzrzfygclkniva73v3am77j7y
.0/heffte-2.2.0-zs4yjubwwqoplaxiyzeabe6ol4ytratl
.0/hpctoolkit-2022.01.15-qljk5ibsjxsvxbwbom5z7qj4hmhhzvwu
.0/hpx-1.7.1-usg36dncwef4pdekynejmyaqv54riqay
.0/hypre-2.24.0-35mmfx5qlvsjklkgblmbtxabp446f76h
.0/kokkos-3.5.00-00eb3ky7v1wbhwbat fdbqtgyxpwwadow
.0/kokkos-kernels-3.5.00-elayrtzesapufvrxqqdeiwqjvplytpb4
.0/1lammps-20220107-qfojnjyzxoyfzvtnxrswy4d22h5qmévy
.0/legion-21.03.0-mmgybyncfgefmdaj3v5nhztxtsjbjd2x
.0/1ibnrm-0.1.0-icb2b2szd3gxcrmwSgewvdvoxxriyzar
.0/1ibquo-1.3.1-bgqr2ucgacsvbkdob2sjamurqjyqdcc4
.0/10ki-0.1.7-ggwkzpwhjztzezp5x2fnimeesnu5i6un
.0/magma-2.6.1-cgwcbhobvdoxdbmz7lafécvwusfq3pp4
.0/mercury-2.1.0-rw3fop4oagnr7kn3pkv76u5Sfmahpv3ii
.0/metall-0.17-m2umsb6xkpybnjb2ggd54bhk2d72yikf
.0/mfem-4.3.0-cy43egzrzh16qqsfo32iqyymkxqeibx6
.0/mpark-variant-1.4.0-xyf5xrvdszmtlswk35ayonajo2falqg5
.0/mpich-3.4.2-ylw3nuwbg2kvtrmmtkohrqttkggksrdg
.0/mpifileutils-0.11.1-qdsthysxg4hShievlaeiwhumdbc4pslt
.0/netlib-scalapack-2.1.0-bdwubudmyuuvk4ddcqb46hmn4qnlk2bx

GPU runtimes for IBM Power
CUDA 11
NVHPC 22.1

Languages
« Julia
* Python

Al packages for NVIDIA GPU
 TensorFlow
 PyTorch




22.02 Release: 100 Official Products + dependencies (gcc, ppcb4le)

1: nccmp /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/nccmp-1.9.0.1-pq554]j kehwzdaSaeebmj36h6maclzykk
52: nco /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/nco-5.0.1-sdtngoaodihhafblfplykjwgegmelvvj
53: ninja /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/ninja-1.10.2-txpvjbtkrg7ovnuluobagoqgn5gabg3d
54: nrm /spack/linux-ubuntul8.@4-ppc64le/gcc-7.5.0/nrm-0.1.0-wr7vodmitz3igd2i7vaezwebxiepdky7
55: omega-h /spack/linux-ubuntul8.04-ppc641le/gcc-7.5.0/omega-h-9.34.1-6urugkbhaolrzpl4i5ligoelkyrmqqrq
56: openpmd-api /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/openpmd-api-0.14.4-7gfvhisxtj5037obnqgoh5r50ashdfyk
57: openmpi /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/openmpi-4.1.2-wlurs7nh53mkbcff5xmm7cyzpfmhdahz
58: papi /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/papi-6.0.0.1-j35bykhaeufpSheiaqly6q25qotqmttj
59: papyrus /spack/linux-ubuntul8.04-ppc641le/gcc-7.5.0/papyrus-1.0.1-str3rilmozozbsutftr5djqdcfkavoxv
60: parallel-netcdf /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/parallel-netcdf-1.12.2-33rzdxxg65zqr3cwezvjmb4jp547fs3t
61: paraview /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/paraview-5.10.0-fo23tjskoerryh2j44d7dwbtfambrqv7
62: parsec /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/parsec-3.0.2012-44e7355zpzsitd3umlxw33d50omd lowok
63: pdt /spack/linux-ubuntul8.04-ppc641le/gcc-7.5.0/pdt-3.25.1-dfzobkfuiqczpxaeShnfezqmégpqi3wk
64: petsc /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/petsc-3.16.4-4gppawt1xqjcdlvxixgdifiudqyfhfzk
65: plasma /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/plasma-21.8.29-ym55wq 12k luudj fmsnguxa5524urx6k5
66: plumed /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/plumed-2.6.3-co5f5mocjwatshji7qnskscjoeutnsay
67: precice /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/precice-2.3.0-31ntwf73n3sxiiszhdmth3u7fgzdy6ab
68: pumi /spack/linux-ubuntul8.04-ppc641le/gcc-7.5.0/pumi-2.2.6-sognwzwhnj fhx4yjj43bvzy3k4fogzcj
69: py-cinemasci /spack/linux-ubuntul8.04-ppc641le/gcc-7.5.0/py-cinemasci-1.3-awg5lndmavzhqtsj47zeq7y3uf4f7ya
70: py-jupyterhub /spack/linux-ubuntul8.04-ppc641le/gcc-7.5.0/py-jupyterhub-1.4.1-tmghrglytercluboxu7gsbnhrfkuwlep
71: py-libensemble /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/py-1libensemble-0.8.0-cnr27aysatnmék54qgpbcjhxvmjptwbut
72: py-parsl /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/py-parsl-1.1.0-qtfq7fr22pjynprxyhpaxjbemdqmvx5m

73: py-radical-pilot || /spack/linux-ubuntul8.@4-ppc64le/gcc-7.5.0/py-radical-pilot-1.11.2-4yopypwcrqywxwgdtpzz4xiSuos3kdhy
74: py-radical-saga /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/py-radical-saga-1.11.1-e4vdj67jjokqimcrabtugnrdb3kkimqd

75: qthreads /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/qthreads-1.16-z2esuoqorzcr4tcuqyehdzgx7kh2gy4j
76: raja /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/raja-0.14.0-ow631t50 lwwomoxwfqbz7464dfdek2bl

77: rempi /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/rempi-1.1.0-2tpsr2ppdahbbplqturd5vyvt6tdwlpb

78: scr /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/scr-3.0rc2-wzvfcuxwbcwqx3rjg27wbwcpo53kjscs

79: slate /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/slate-2021.05.02-mnnpn3ezdopcraqjoSexpxcyh7pa7zfo
80: slepc /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/slepc-3.16.2-sklcgra3kvyrzfqanwuefezqrrinsllz

81: spot /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/spot-2.9.4-y5pxssx23mkdiygis2jraucj3dékdarp

82: strumpack /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/strumpack-6.3.0-gjauyvljjlh6gewdegajp7x4i7q6xudu
83: sundials /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/sundials-6.1.1-ycocpnjvrmncp7ttoxqno7pdkgrédaet
84: superlu-dist /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/superlu-dist-7.2.0-05sqg21saklwsqmbvct72epkivllsono
85: stc /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/stc-0.9.0-id3urr2mljdhry2pu7bbkghwt3o02a3as

86: swig /spack/linux-ubuntul8.04-ppc641le/gcc-7.5.0/swig-4.0.2-fortran-exxngdij3rqd7rgcnkn5god4vc7dugrxw
87: sz /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/sz-2.1.12-n5wgbtryijanb6p6qh27p36daqdy2mce

88: tasmanian /spack/linux-ubuntul8.04-ppc641le/gcc-7.5.0/tasmanian-7.7-veo50ikqc5ajmubpa6f5jehydxc7d2ev
89: tau /spack/linux-ubuntul8.04-ppc641le/gcc-7.5.0/tau-2.31-4bounoz2d6rch1f4h4lut5dn7 r3tkkaq

90: trilinos /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/trilinos-13.2.0-crlw734mrosiph5o0g5ashcz64df23qbi
91: turbine /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/turbine-1.3.0-cldrv363ejpzhi3zpexxboapsbkyiémr
92: umap /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/umap-2.1.0-7sqkyikt6qkgfbgnxgwbjwy2iad47cc5d

93: umpire /spack/linux-ubuntul8.04-ppc641le/gcc-7.5.0/umpire-6.0.0-fjedb6sdckggwney53z2rnwdhrfswmja

94: unifyfs /spack/linux-ubuntul8.@4-ppc64le/gcc-7.5.0/unifyfs-0.9.1-3sgocddzc3xyvog7vti54qr7owlnu505
95: upcxx /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/upcxx—2021.9.0-ypki2vvo2isqf3xrtww55ww5arwbjudm
96: veloc /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/veloc-1.5-new5035pn6y7wdwn465xnabznfumwgzw

97: vtk-m /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/vtk-m-1.7.1-njdwujmfy5gos57ntvwc7m24raslrkoe

98: wannier9e /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/wannier90-3.1.0-cjmkyyxukbvoxg56ugmpgmcnlpéx7ebr
99: warpx /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/warpx-22.02-6cv6qra51lyyg3z2ym625wx2i7okqwe3 1

100: zfp /spack/linux-ubuntul8.04-ppc64le/gcc-7.5.0/zfp-0.5.5-cmhh4bkpgptkbhygbg4s4csjuamh6525
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E4S 22.02 Release: full featured GPU image, LLVM DOE image

U O |BSnitpesesspro

Note on Container Images

# docker pull ecpeds/eds—-gpu

» Full featured images

* ppc64le and x86_64
e Docker and Singularity

« LLVM DOE E4S image

E4S GPU Images

Multi-Arch Image (X86_64 and PPC64LE)

As-gf 4#.?;501
36_64:if () mirror 18
e /s\ fs

LLVM DOE EA4S Image

LLVM-DOE E4S X86_64

A fs fs‘




E4S 22.02 Release: GPU, ppc64le

*docker hub | & Search for great content (e.g.,

—
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o v u o [@ dock

L 3 h I =

Explore ecped

ecpeds/eds-gpu =

By ecpeds « Updated an hour ago

Overview Tags

Advanced Image Management

View all your images and tags in this repository, clean up unused content, recover untagged images. Available with Pro, Team and Business

subscriptions.

Sortby Newest v Q

latest
Last pushed an hour ago by esw123

linux/amdé64

abe82bd4a2e04
d6ala2e114b1

linux/ppc64le

our ago by esw123
abe82b4a2e04 linux/amd64

d6ala2e114b1 linux/ppcédle

Explore  Repositories Organizations Help v

Upgrade @ exascaleproject v

Manage Repository |

* Pulls 106

View preview

docker pull ecpeds/eds-gpu:latest [_D

48.61 GB
- 2413 GB

docker pull ecpeds/eds-gpu:22.02 r[j

48.61 GB
2413GB

for Docker Containers

e 100 E4S Products
o Support for GPUs
* ppcb4le and x86 64

% docker pull ecpeds/eds-gpu




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

ecpeds / eds-base-rocm : é * Rocm
©Notscanned X0 L5 @ Ppublic « oneAPI

Watch on demand

DockerCon 2021!
ecpeds / eds-base-cuda o KR EEa %0 413 ® Public For developers and
Updated 6 days ago o o _— development teams who are

building the next generation of

modern apps.
ecpeds / eds-base-oneapi Px ” o T @ Public Watch Now
Updated 6 days ago 2 : "
ecpeds / ubuntu20.04-cuda-aarch64 & Not Scann 70 $ 2 ® Public
Updated 6 days ago L (o ' =
ecpeds / ubuntu18.04-cuda-ppcé6dle KON iy o 0 4 20 ® public
Updated 6 days ago ‘ s
ecpeds / ubuntu20.04-cuda-x86_64 o — ‘ ¥ 0 {48 @Public

Updated 6 days ago
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E4S 21.11 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.

9.1-s6m
0.3-vhi
2012-cuda-qxe
2012-cuda-45r
2012-1jc
1l-cuda-prk
l-cuda-sjk
1-cuda-372
1-dor
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

ZTNIIIJ
Inclusive TIME
218.852
0.706
65.591
18.854
2.32
43.327
25.865
0.003
0.004
0.002
0.002

EXASCALE
COMPUTING
PROJECT

ECP

E4S 22.02 AWS
Intel oneAPI

« CUDA

« NVHPC

« ROCm

« AWS DCV

» Spack Build
Cache

« ECP: Nalu-Wind

 Trilinos 13.2.0

 OpenFOAM

« ParaView

« TAU

 Docker

o Shifter

* Charliecloud

E4S Singularity...




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




Using E4S on ThetaGPU

Setup preferred program environment compilers (check instructions)

$ module load cobalt/cobalt-gpu; gqsub -I -n 1 -A comp perf workshop -t 50
% singularity run --nv —e ~sameer/scr/eds/ecp.simg

Singularity> conda activate cuda

Singularity> cd /opt/demo/python tests; python ./£f2.py

Singularity> spack find

Singularity> module avail

Singularity> 1ls $TAU/Makefile*

/opt/tau/tau_latest/x86 64/lib/Makefile.tau

/opt/tau/tau_latest/x86 64/lib/Makefile.tau-level zero-intel-icpc-mpi-pthread-pdt
/opt/tau/tau latest/x86 64/lib/Makefile.tau-level zero-pthread-pdt
/opt/tau/tau:latest/x86:64/lib/Makefile.tau—mpi—pat

/opt/tau/tau_latest/x86 64/lib/Makefile.tau-mpi-python-cupti-pdt
/opt/tau/tau_latest/x86 64/lib/Makefile.tau-papi-mpi-pthread-pdt
/opt/tau/tau_latest/x86 64/lib/Makefile.tau-python-cupti-pdt

/opt/tau/tau latest/x86 64/lib/Makefile.tau-rocprofiler-rocm-clang-pthread-python-pdt
/opt/tau/tau:latest/x86:64/1ib/Makefile.tau—rocprofiler—rocm—mpi—pthread—python—pdt
/opt/tau/tau latest/x86 64/lib/Makefile.tau-roctracer-rocm-clang-pthread-python-pdt
/opt/tau/tau_latest/x86 64/lib/Makefile.tau-roctracer-rocm-mpi-pthread-python-pdt

= \ EXASCALE
E\(C\» [P S




Download TAU from U. Oregon

Tuning and Analysis Utilities

http://tau.uoregon.edu
https://eds.io [TAU in Docker/Singularity containers]
for more information

Free download, open source, BSD license



http://tau.uoregon.edu/
https://e4s.io/

Performance Research Laboratory, University of Oregon, Eugene

PROJECT

S P = www.uoregon.edu
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