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TAU Performance System®

http://tau.uoregon.edu

Tuning and Analysis Utilities (20+ year project)
Comprehensive performance profiling and tracing
* Integrated, scalable, flexible, portable

« Targets all parallel programming/execution paradigms

Integrated performance toolkit
* Instrumentation, measurement, analysis, visualization
« Widely-ported performance profiling / tracing system
* Performance data management and data mining
* Open source (BSD-style license)

Integrates with application frameworks
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Understanding Application
Performance using TAU

« How much time is spent in each application routine and outer loops?
Within loops, what is the contribution of each statement?

 How many instructions are executed in these code regions?
Floating point, Level 1 and 2 data cache misses, hits, branches taken?

 What is the memory usage of the code? When and where is memory
allocated/de-allocated? Are there any memory leaks?

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

 What is the contribution of each phase of the program? What is the
time wasted/spent waiting for collectives, and I/O operations in
Initialization, Computation, 1/0 phases?

« How does the application scale? What is the efficiency, runtime
breakdown of performance across different core counts?
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TAU Architecture and Workflow

' TAU Architecture |

/lnstrumentation

Source

o C, C++, Fortran

o Python, UPC, Java

o Robust parsers (PDT)

o Interposition (PMPI)
o Wrapper generation

Lmkm. .
o Static, dynamic
o Preloading

Ex |
o Dynamic (Dyninst)
o Binary (Dyninst, MAQAO)
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Para®ools

Measurement: Profiling and Tracing

Profiling

®0e TAU: ParaProf: node 0 - fun3d_d19.ppk

Metric: TIME
Value: Exclusive
Units: seconds

43649 ] Loop: POINT_SOLVER::POINT_SOLVE_S [{point_solver.F90} {2757,5}-{2917,19}]
Loop: JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {440,7}-{1584,22}]
27473 ] Loop: FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.fo0} {397,5}-{597,20}]
19.688 FILL_JACOBIANS::FILLJACOBIAN [{fill_jacobians.f90} {19,3}-{341,30}]
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}]
10.059 [l MPI_Waitall()
9.954 [ | MPI_Reduce()
8.04 [l FLUX_PERFGAS::VISRHS_TET [{flux_perfgas.f90} {3023,14}]
7.319 [Emma] TURB_SPALART::SA_RESID [{turb_spalart.f90} {219,14}]
3.78 [] FLUX_TURB::TURBULENT_GRADIENTS [{flux_turb.f0} {796,3}-{899,36}1
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.fo0} {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_S [{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.fo0} {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.fo0} {88,14}]
0.352 | TIMEACC::TIME_DIAG_NC [{timeacc.f90} {1067,3}-{1330,29}]
0.336 | MPL_Init0)
0.285 | LMPI_APP::SINGLE_MATRIX_COMPLETE_XFER [{Impi_app.F90} {11520,3}-{11626,44}]
0.283 | PPARTY_METIS::MY_METIS [{pparty_metis.F0} {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}]

[alv]

Tracing

TimeLine : Helmsolve_Trace.slog2 <ldentity Map>
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Profiling shows you how much (total) time was spent in each routine

Tracing shows you when the events take place on a timeline

http://tau.uoregon.edu/TAU_CERN20.pdf
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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 scripts (tau_cc.sh, tau_f90.sh...)
Python Interpreter Instrumentation
Runtime preloading of TAU’s Dynamic Shared Object (DSO)

* No need to recompile code! Use mpirun tau_exec ./app with options.

http://tau. .edu/TAU_CERN20.pdf
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Performance Data Measurement

Direct via Probes Indirect via Sampling

TI}\* 9 10 11 12 13

Call ol .. i 4 5 6 7 8 n
STOP ( ‘potential’)

Call
START ( ‘potential’)

 Exact  No code modification
measurement e Minimal effort

* Fine-grain control « Relies on debug

+ Calls inserted symbols (-g)
Into code
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Sampling
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Time

foo (0) foo (1) foo (2)

Measurement

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

Para®ools

int main ()

{

int 1i;

i .

for (1
foo (

0; 1 < 3; 1++)
) i

return 0O;

}

void foo (int 1)
{

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

~—

t.t..t
P ARy

g
N
—
N
—
w

51 52 53 54 tis tfs 57 58 tig
foo (0) foo (1) foo (2)

Measurement code is inserted such that every event of
interest is captured directly

* Can be done in various ways
Advantage:

*  Much more detailed information
Disadvantage:

* Processing of source-code / executable
necessary

* Large relative overheads for small functions

Para®ools

int main ()
{
int 1i; .
Start( main ) ;
for (i=0; i < 3; 1i++)
foo}i); Y
Stop( main ) ;
return 0;

}
void foo(int 1)

{ (14 »
Start( foo ) ;
if (1 > 0)

foo(i - 1);
Stop (“£00”) ;

O
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Proflllng Inclusive Measurements

TAU: ParaProf: node 0 - fun3d_d19.ppk
Metric: TIME

Value: Inclusive
Units: seconds

221.305 .TAU application

221.304 NODET [{main.f90} {4,1}-{35,17}]
197980 ] FLOW::ITERATE [{flow.F90} {1692,14}]

195.577 | FLOW::STEP_SOLVER [{flow.F90} {1845,14}]
195.569 | RELAX_STEADY::RELAX [{relax_steady.f90} {30,3}-{307,22}]

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

61.275 UPDATE_MEAN::UPDATE_JACOBIAN [{update_mean.F90} {513,3}-{588,32}]

61.258 [ | FILL_JACOBIANS::FILL_JACOBIAN [{fill_jacobians.f90} {19,3}-{341,30}]

59.068 [ | 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 [Esss] 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 [Gmssss| POINT_SOLVER::POINT_SOLVE_S5 [{point_solver.F90} {2700,3}-{2921,30}]

52.744 [ |

Loop: POINT_SOLVER::POINT_SOLVE_5 [{point_solver.F90} {2757,5}-{2917,19}]
36.232 [l 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}]

I

27.474 [L] FLUX_PERFGAS::INVISCID_FLUX_DRIVER [{flux_perfgas.f90} {37,14}]

27.474 [ FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.fo0} {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_DATA2 [{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 [ PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N [{puns3d_io_c2n.fo0} {1543,14}]
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}]

O UNIVERSITY OF OREGON 10
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Profiling: Exclusive Time

TAU: ParaProf: node 0 - fun3d_d19.ppk

Metric: TIME
Value: Exclusive
Units: seconds

43.649 | Loop: POINT_SOLVER::POINT_SOLVE_S [{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 [ 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 (Sl MPI_Waitall()
9.954 [ | MPI_Reduce()
8.04 [ FLUX_PERFGAS::VISRHS_TET [{flux_perfgas.f90} {3023,14}]
7.319 [Ea] 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}]
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Inclusive vs. Exclusive values

= Inclusive

s Information of all sub-elements aggregated into single

value

s Exclusive

= Information cannot be subdivided further

Para®ools

Inclusive <

(

Exclusive

int foo ()

{

"{

int a;
7 = 1 + 1;

bar () ;

A = a + 1;
return a;




TAU: Quickstart Guide

Setup:

* % module load tau

Profiling with an un-instrumented application:

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

* MPI+OpenMP: % export TAU OMPT SUPPORT . LEVEL=full;
$ mpirun -np 64 tau exec -T ompt,v5 -—ompt ./a.out

* Pthread: % mpirun -np 64 tau exec -T mpi,pthread -ebs ./a.out

* Python+MPI+Sampling: % mpirun -np 64 tau python -ebs ./a.py

* Python+MPI+CUDA+Sampling: % mpirun -np 64 tau python -cupti -ebs ./a.py
Analysis: % pprof -a -m | more; % paraprof (GUI)

Tracing:

* Vampir: MPI: % export TAU TRACE=1l; export TAU TRACE FORMAT=otf2
% mpirun -np 64 tau exec ./a.out; vampir traces.otf2 &

* Chrome: % export TAU TRACE=1l; 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)

Para%OOlS O UNIVERSITY OF OREGON 13




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
[ [ [[[]]]]H HRRREND RN EERENNEERENEEEEENY
Name 2 Exclusive ... |Inclusive T... Calls Child Calls
B .TAU application 79.623 89.93 1 2,480
EMemory copy Device to Host 8.216 8.216 425 0
B Memory copy Host to Device 0.807 0.807 1,970 0

[_InanoBraggSpotsCUDAKernel(int, int, int, int, int,

1.284 1.284 85 0
//

Kernel on GPU

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

% mpirun —np 230 python ./exafel.py

ParaTools O
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ParaProf Thread Statistics Table

® 00 [X| TAU: ParaProf: /rwthfs/rz/cluster/work/hpclab17/NPB3.3-MZ-MPI/bin
File Options Windows Help

Metric: TIME
Value: Exclusive

Std. Dev. [ el T

node | Show Thread Bar Chart
node | show Thread Statistics Text Window
Show Thread Statistics Table

node { Show Thread Call Graph

node { Show Thread Call Path Relations
node | show User Event Bar Chart

Show User Event Statistics Window
Show Context Event Window

Show Metadata for Thread

Add Thread to Comparison Window

Right click over “node X” and choose
Show Thread Statistics Table

ParaTools O
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TAU Thread Statistics Table

([ [ [ [ EEREN [ L[] (NN EEEEENNNNNNRNREEEEEEE
Name Exclusive... V/Inclusive ... Calls Child Calls

» @__init__ [{from_scatterers_fft.py}{13}] 20.036 20.362 303 10,914
» Brun_sim2smv [{step5_pad.pyK138}] 16.78 134.9 1 1,066
» B __init__ [{__init__.py}{150}] 11.669 15.909 101 1,010
ML _|channel_pixels [{step5_pad.py}{79}] 11.029 107.657 100 13,358
v B[CONTEXT] channel_pixels [{step5_pad.pyH79}] 0 9.345 312 0
B [SAMPLE] nanoBraggSpotsCUDA [{/autofs/nccs-svm1_homel/iris/adsel13_161/psana-legion/simtbx/sun 4.755 4.755 159 0
B [SAMPLE] simtbx::nanoBragg::nanoBragg::add_nanoBragg_spots_cuda() [{/autofs/nccs-svm1_homel/iris/ 4.08 4.08 136 0
B [SAMPLE] __memset_power8 [{} {0}] 0.3 0.3 10 0
B [SAMPLE] UNRESOLVED /usr/lib64/libc-2.17.s0 0.181 0.181 6 0
> B[SUMMARY] Tau_handle_driver_api_memcpy(void*, CUpti_CallbackDomain, unsigned int, CUpti_CallbackDz 0.03 0.03 1 0
> BcuMemcpyDtoH_v2 9.483 9.483 500 0
> Mexpand_to_pl_iselection [{__init__.pyH{1376}] 7.349 7.35 101 606
> Hload 7.004 7.009 2 2,251
> Breset_wavelength [{util_fmodel.py}{121}] 6.197 6.553 100 47,550
» Bis_unique_set_under_symmetry [{__init__.py{790}] 5.913 5.915 202 808
> Hl__import__ 5.782 15.766 382 78
» Bfp_fdp_at_wavelength [{fdp_plot.py}{44}] 5.616 5.723 800 1,600
EMPI_Init_thread() 4.987 4.987 1 0
> M cuDevicePrimaryCtxRetain 4.735 4.735 2 0
» O<module> [{__init__.pyX1}] 4.255 23.888 85 756
B MPI_Finalize() 3.829 3.829 1 1
» Bmatch_bijvoet_mates [{__init__.py{1032}] 3.146 3.684 101 707
> Ebcast 3.073 3.448 1 9
> B __init__ [{__init__.py}{20}] 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

Paratools O owvERsiTY o8 oRBGON




TAU Context Event Window

0@

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.pyK23}]
¥ run_sim2smv [{step5_pad.py}{138}]
v channel_pixels [{step5_pad.pyK79}]
v cudaMemcpy
Bytes copied from Device to Host
Bytes copied from Host to Device
v 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

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 tracks the data transfers between the host and the GPU.

Para®ools
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TAU’s tracking of Python and MPI

ARRRRRRRRRRENN HRRRNND EERERRREREREEEEEENENENEEENEEEEEEER
Name Exclusive... V| Inclusive ... Calls Child ...
» O __init__ [{from_scatterers_fft.py{13}] 19.845 20.166 303 10,914
» Brun_sim2smv [{step5_pad.py}{138}] 16.672 133.715 1 1,066
M IMPI_Bcast() 12.263 12.263 2 0
v B[CONTEXT] MPI_Bcast() 0 12.21 407 0
B [SAMPLE] PAMI_Context_lock [{/autofs/nccs-svm1_sw/summit/.swci/1-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/1-compt 1.89 1.89 63 0
B [SAMPLE] PAMI::Device::IBV::Device::advance() [{/autofs/nccs-svm1_sw/summit/.swci/1-cc 1.56 1.56 52 0
B [SAMPLE] PAMI_Context_advancev [{/autofs/nccs-svm1_sw/summit/.swci/1-compute/opt 0.69 0.69 23 0
B [SAMPLE] UNRESOLVED /usr/lib64/libmIx5.s0.1.0.0 0.51 0.51 17 0
v B[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/1-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_power7 [{} {0}] 0.33 0.33 11 0
B [SAMPLE] 0000003d.plt_call.PAMI_Context_lock [{} {0}] 0.15 0.15 5 0
B [SAMPLE] verbs_get_exp_ctx [{pami.cc} {0}] 0.09 0.09 3 0
B [SAMPLE] PAMI_Context_trylock_advancev [{/autofs/nccs-svm1_sw/summit/.swci/1-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/1-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 1 0
» B__init__ [{__init__.pyH{150}] 11.518 15.698 101 1,010
» Ochannel_pixels [{step5_pad.py}79}] 10.949 106.61 100 13,358
> BcuMemcpyDtoH_v2 9.433 9.433 500 0

TAU can observe events in closed-source vendor libraries (e.g., MP|_Bcast)!

Para%OOlS O UNIVERSITY OF OREGON 18




ParaProf 3D Profile Browser

ParaProf Visualizer: cmod.128x128.128DC.ppk/128x128/aorsa2d/taudata/rs/sameer/Users/
File Options Windows Help

+) Triangle Mesh
_) Bar Plot

) Scatter Plot

Height Metric

T W T
AT

| Exclusive ~| |GET_TIME_OF_DAY |+
Ly
B Color Metric

Exclusive ¥ |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 >

Plot Width O
Plot Depth e p—
Plot Height A

= —
) Transparency Yr—

Para%OOlS UNIVERSITY OF OREGON 19




TAU - ParaProf 3D Visualization

Triangle Mesh
) Bar Plot
Scatter Plot

Topology Plot

Height Metric

Exclusive

Color Metric

Exclusive TIME

. void shmem_barrier_all_()
Function

Thread

Height value 15.697 seconds

Color value 15.697 seconds

Axes

Auto-Rotate

Reverse Video
AA Lines v/ Full Screen AA

Separation = ————

Aperture

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

Para%OOlS O UNIVERSITY OF OREGON 20




TAU - 3D Communication Window

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

Display Options
Callpath:
All Paths
Height Value:
Max message size (bytes)
Color Value:

Message volume (bytes)
3.9997E7

8
Sender

Receiver

Height value 106080

Color value 3.9996E7

—
w
o
>
e
-
@
£
5
o
>
@
=4
o
(2]
n
)
=

3.5916E7 ol ColorScale ™ JELULT T

3.9997E7
W @ show Color...
Font Size
© Rainbow
Inverse Gra...
s Blue-White...

3.5916E7
Message volume (bytes)

% export TAU _COMM_MATRIX=1; mpirun --- tau_exec ./a.out

0 . . _ . . .
ParaTools”® ParaProt app.ppk; =~ Windows -> 3D Commuryegtion Matrix
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Tracing: Jumpshot (ships with TAU)

[ JON ) TimeLine : clover.slog2 <ldentity Map>
lalv]7]o o [wie [<[>]n]a[ga]n @8 220
Lowest / Max. Depth: Zoom Level ‘Global Min Time View Init Time 'Zoom Focus Time View Final Time ‘Global Max Time Time Per Pixel | : | Row
0/10 18 0.00 11.8542052923 1.8542206753 1.8542360495 9.782368 0.0000000338 &ﬂ Row Count
| cumulati.. %] TimeLines - 13.0
0
: e W\
“ v 1 .
: 1 .
1 . = v & e
@ LinelD Fit All F
| | | | | | | | | | | | -
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)
- 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:/fracing P
® Chrome | chrome://tracing Q% 0 O :
Record ~Save Load  matmultjson Processes || View Options || [~ [ - “_l" E?
| |380 ms [385 ms |390 ms
~ Process 0 X -
~0 TAU application =
MAIN [{matmult.f90} {39,7){132,22)] @
MPI_Recv()  M.. MPL. MPL. MPLRecv()  MPI_Recv() M.. MPL. MPI_Re.. MPI_Recv()  MPI_Recv() M.. M.. MPI_Recv() MPI_Recv()  MPI_Recv() M.. M.. MPI_Recv() MPL.. g
~ Process 1 X %
~0 .TAU application
MAIN [{matmult.f90} {39,7)132,22)] =
MULTIPLY_MATRICES [{matmult.f90} {25,7}{37,38}] MULTIPLY_MATRICES [{matmult.f90} {25,7}{37,38}] MULTIPLY_MATRICES [{matmult.f0} {25,7)-(37,38}] MULTIPLY_MATRICES {matmult.f90} {25,7}437,38}] |2
=
~ Process 2 X|®
~+0
MAIN [{matmult.f90} {39,7)132,22}] T
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... | 3
~ Process 3 X|&
i
~0 [
MAIN [{matmult.f90} {39,7){132,22}] R
MULTIPLY_MATRICES [{matmult.f90} {25,7}{37,38}] MULTIPLY_MATRICES [{matmult.f90} {25,7)-37,38}] MULTIPLY_MATRICES [{matmult.f90} {25,7)-37,38}] MULTIPLY_MATRICES [{matmultf¢ + 7He738) |3
[=4
v Process 4 X[~
o)
~ 0 . -
MAIN [{matmult.f90} {39,7){132,22}] 2
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 ‘H TRICES...

79 items selected. Slices (79)

Name Wall Duration - Self time v~ Average Wall Duration v Occurrences v Event(s) Link
MULTIPLY MATRICES [{matmult.f90} {25,7}-{37,38}]. 114.459 ms  114.459 ms 4.239ms 27 Incoming flow MPI
MPI_Send(). « 0.157 ms 0.157 ms 0.007 ms 23 Incoming flow MPI
MPI_Recv(). & 0.994ms  0.994 ms 0.043ms 23 Incoming flow MPI
TAU application & 2,274680ms  0.174ms 758.227 ms 3 Incoming flow MP|
MAIN [matmult.f90} {39,7}4182,22)]. & 2274506 ms  13.845 ms 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
SeapzEoi 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)
ParaTools
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Vampir [TU Dresden] Timeline: Kokkos

X| Trace View - /hi llesh-2.0/kokkos-minimal-cpu/traces.otf2 * - Vampir
File Edit Chart Filter Window Help
= L = ne= www = : 69'156791(5]69.156886]5]
EnRLEOTEHLBe B4V LG SR 0 T L st T
Timeline e Function Summary
69.15680 s 69.15681 s 69.15682 s 69.15683 s 69.15684 s 69.15685 s 69.15686 s 69.15687 s 69.15688 s | All Processes, Accumulated Inclusive Time per Function
: : : : : : : : [
» Master thread P x
Thread1  [TAUSppEaRER T — T o — A Kokkos::pa...(device=0] [87 pis (213%)] _
rea . l o ot
Thread 2 [TAU application T T . Wv " Open....0}] [465 ps (11.36%)]
Tweads  TAUapplcation . T — ' AU spation
Threada  TAU applieation — ; T T —
Threads ~ [TAUGPPHCAtIon I — i ~ WAUapplication
Threads  [TAUSpplication " T (TAU Epplication
Thread 7 IFAUTEPpIeation T TTAUTEpplication T —
Threads  [TAUSpplcation . IO AU Spplication
Thread 9 [TAU application T L] + TAU application T [2.269 ms (55.43%)
Thread 10 [TAUGppIicat !. ; —.‘ TAU Gpplicat !. [1.109 ms (27.1%)]
Thread 11 [TAU'Spplication " F— "TAUSpplication T T
Thread 12 TAU'application 7 .
Thread 13 [TAU application T
Thread 14 TAU'application T
Thread 15~ [TAU application "
Thread 16 |TAU'pplication e —
Thread 17 [TAUTGRRICAtIGN T |TAUGpplication Context View
Trread1s  [FAUSBPICRHGRT — AU Sspcaton = | ® function summary [J <
Thread1s  [TAUGPICEHGAT — AT EReRn property value B
AU application T TS R RUSem— | Delay Function Summary
Thread 20 - - - _— - E - 3 Filter All Processes
e0e [X] Call Tree - /h: Ik kokk 2.0/kokk I otf2 * - Vampir Function [TIKokkos::parallel_for CalcEnergyForElems E [device=0] c
3
All Processes Function Legend
I 7 . ~ " . ~ [l TAU_KOKKOS -
Functions Min Inclusive Time Max Inclusive Time als Kk parallel_for CalcKir orElems [d 0]
9 ::parallel_for CalcMonotonicQGradientsForElems [device=0]
. . parallel_for CalcMonotonicQRegionForElems [device=0]
mpl::ParallelFor<_INTERNAL_9_lulesh_cc_caa5d6c5::CalcEnergyFor... 79.000 ps 79.000 pis
OnanlP. IMPLICTT TASK: Knklac.imnl.:ParallalEare INTERNAL G Tilach 7c fa38dRcs.: CalcEnarmiEars 72 000 e 72 000 ne ¥
Callers | Callees :
+ * + + - + * allel_for CalcSound: Elems [device=0]
[ OpenMP_PARALLEL_REGION: Kokkos::Impl::ParallelFor<_INTERNAL_9_lulesh_cc_caa5d6cS::CalcEnergyForElems(double*, double*, double* double*, double¥, double*, double* double*, doubls ::parallel for CalcVelocityForNodes [device=0]
parallel_for EvalEOSForElems A [d 0
parallel_for EvalEOSForElems B [d 0
a0 5 parallel_for EvalEOSForElems C [device=0
parallel_for EvalEOSForElems D [device=0
Find Function: Previous Next parallel_for EvalEOSForElems E 0. v
- P e P b = e 5

% export TAU_TRACE=1; export TAU_TRACE_FORMAT=0tf2

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

Para®ools

http://tau.uoregon.edu/TAU_CERN20.pdf
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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

* QOpari 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

UNIVERSITY OF OREGON

ParaTools O
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TAU’s Support for Runtime Systems (contd.)

OpenCL
* OpenCL profiling interface
* Track timings of kernels

* Cuda Profiling Tools Interface (CUPTI)
* Track data transfers between host and GPU
* Track access to uniform shared memory between host and GPU

* Rocprofiler and Roctracer instrumentation interfaces
* Track data transfers and kernel execution between host and GPU

* Kokkos profiling API
* Push/pop interface for region, kernel execution interface

* Python interpreter instrumentation API
* Tracks Python routine transitions as well as Python to C transitions

UNIVERSITY OF OREGON

ParaTools O
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Examples of Multi-Level Instrumentation

MPI + OpenMP

* MPIL_T+ PMPI + OMPT may be used to track MPIl 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

UNIVERSITY OF OREGON 27
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TAU Execution Command (tau_exec)

Uninstrumented execution
* % mpirun -np 256 ./a.out
Track GPU operations
* % mpirun —np 256 tau_exec —rocm ./a.out
* % mpirun —np 256 tau_exec —cupti ./a.out
* % mpirun —np 256 tau_exec —cupti -um ./a.out (for Unified Memory)
* % 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 1/0, 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,v5,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 —g)
* % mpirun —np 256 tau_exec —ebs ./a.out

* Also -ebs_source=<PAPI _COUNTER> -ebs_period=<overflow count>
-ebs_resolution=<file | function | line>

ParaTools O
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Configuration tags for tau_exec

% ./configure -pdt=<dir> -mpi -papi=<dir>; make install

Creates in $TAU:

Makefile. tau-papi-mpi-pdt (Configuration parameters in stub makefile)
shared-papi-mpi-pdt/1ibTAU. so

% ./configure -pdt=<dir> -mpi; make install creates
Makefile. tau-mpi-pdt
shared-mpi-pdt/1ibTAU. so

To explicitly choose preloading of shared-<options>/libTAU.so change:
% mpirun -np 256 ./a.out to
$ mpirun -np 256 tau exec -T <comma separated options> ./a.out

$ mpirun -np 256 tau exec -T papi,mpi,pdt ./a.out

Preloads $TAU/shared-papi-mpi-pdt/libTAU. so

$ mpirun -np 256 tau exec -T papi ./a.out

Preloads $TAU/shared-papi-mpi-pdt/l1ibTAU.so by matching.

$ mpirun -np 256 tau exec -T papi,mpi,pdt -s ./a.out

Does not execute the program. Just displays the library that it will preload if executed

without the —s option.
NOTE: -mpi configuration is selected by default. Use —T serial for
Sequential programs.

UNIVERSITY OF OREGON
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TAU - Event Based Sampling (EBS)

@ @) TAU: ParaProf: Function Data Window: lulesh_ompt_ebs.ppk

Name: [SAMPLE] SumElemStressesToNodeForces(double const (*) [8], double,
double, double, double*, double*, double*)
[{/storage/users/sameer/apps/Coral/lulesh/lulesh-2.0.3/lulesh.cc} {516}]
Metric Name: LINUX_TIMERS

Value: Exclusive

Units: microseconds

44090.449 [ std. dev.
15276.099 [ mean

550161388 ] max
9244.649 [] min

550161.388 [l node 0, thread 0
177950.169 node 1, thread 0
75231.934 node 2, thread 0
28022.933 node 3, thread 0
84486.673 node 4, thread 0
47250.112 node 5, thread 0
56341.632 node 6, thread 0
37496.866 node 7, thread 0
74786.417 node 8, thread 0
46475.287 node 9, thread 0
112762.392 node 10, thread 0
37561.866 node 11, thread 0
75307.691 node 13, thread 0
37566.384 node 14, thread 0
47395.769 node 15, thread 0
47105.479 node 16, thread 0
93816.41 [l node 17, thread 0
28321.698 node 18, thread 0
75308.899 node 19, thread 0
130801.783 node 20, thread 0

% export TAU _SAMPLING=1 or tau_exec —ebs
ParaTools O
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Python Instrumentation

[ [ [ [ [ LTINS AEENENENEEENNERENRNRRERER NN EENNNEEEEEEEENNERREEEEENEENENR
Name Exclusive TAUGPU_TIME | Inclusive TAUGPU_TIMEV Calls Child Calls

v l.TAU application 0.575 182.783 1 6

v B <module> [{micro_benchmarking_pytorch.py{1}] 0.002 182.151 1 13

v B main [{micro_benchmarking_pytorch.py{81}] 0.002 168.702 1 1

v BMrun_benchmarking [{micro_benchmarking_pytorch.py{40}] 0.006 168.7 1 40

v Bforwardbackward [{micro_benchmarking_pytorch.py{33}] 0.002 155.924 22 110

v Bbackward [{tensor.pyH{79}] 0.001 106.141 22 22

v Bbackward [{__init__.py{38}] 0.001 106.14 22 88

v Orun_backward 106.135 106.135 22 3

M pthread_create 0 0 3 0

> B_make_grads [{__init__.py{20}] 0.001 0.004 22 110

Hisinstance 0 0 22 0

Hlen 0 0 22 0

v l__call__ [{module.pyH485}] 0 49.77 22 110

v Bforward [{container.py}{95}] 0 49.768 22 66

vl __call__ [{module.py{485}] 0.001 49.767 44 220

v Bforward [{resnet.py}{151}] 0.003 49.765 22 484

v B__call__ [{module.py{485}] 0.006 49.759 220 1,100

v Bforward [{container.py}{95}] 0.002 45.622 88 440

v l__call__ [{module.pyH{485}] 0.007 45.616 352 1,760

v Bforward [{resnet.py}{78}] 0.071 45.598 352 6,600

v B__call__ [{module.pyH485}] 0.07 45.495 3,256 16,280

v Bforward [{conv.py}{319}] 0.017 29.675 1,056 3,168

8lconv2d] 29.648 29.648 1,056 0

B__getattr__ [{module.py{523}] 0.01 0.01 2,112 0

> Bforward [{container.py{95}] 0.002 9.401 88 264

> Bforward [{batchnorm.pyX59}] 0.262 6.097 1,056 9,504

% tau_python ./foo.py

Paratools O S




Identifying Wait States Using EBS

@ @ TAU: ParaProf: Statistics for: node O, thread O - nt3_baseline_keras2.ppk
IRRNARRRRRRS HRRRREND RN ERRNNANEERRENNEEERNNE
Name Inclusive ... Calls v
B _do_call [{session.py{1348}] 512.135 82
E_run_fn [{session.py{1317}] 512.134 82
v BTF_Run 512.093 82
v B[CONTEXT] TF_Run 512.173 51,211
[H[SAMPLE] __pthread_cond_wait [{} {0}] 511.273 51,123
B [SAMPLE] tensorflow::TensorBuffer* tensorflow::(anonymous namespace)::FromProtoFielc 0.42 42
M [SAMPLE] __memcpy_ssse3_back [{} {0}] 0.28 28
B [SAMPLE] _int_free [{malloc.c} {0}] 0.03 3
B [SAMPLE] __GI___libc_malloc [{} {O}] 0.02 2
B [SAMPLE] std::basic_string<char, std::char_traits<char>, std::allocator<char> >::assign(s 0.02 1
B [SAMPLE] google::protobuf::internal::MapField <tensorflow::NodeDef::NodeDef_AttrEntry, 0.02 1
B [SAMPLE] __exchange_and_add [{/home/msarahan/miniconda2/conda-bld/compilers_lin 0.01 1
B [SAMPLE] void google::protobuf::internal::RepeatedPtrFieldBase::MergeFrominnerLoop<g 0.01 1
B [SAMPLE] google::protobuf::internal::ArenaStringPtr::Destroy(std::basic_string<char, std:: 0.01 1
B [SAMPLE] std::_Hashtable<std::basic_string<char, std::char_traits<char>, std::allocator< 0.01 1
B [SAMPLE] std::_Hashtable<tensorflow::Node*, std::pair<tensorflow::Node* const, tensorf 0.01 1
B [SAMPLE] std::basic_string<char, std::char_traits<char>, std::allocator<char> >::_Rep::_I 0.01 1
B [SAMPLE] std::_Hash_bytes(void const*, unsigned long, unsigned long) [{/home/msaraha 0.01 1
B [SAMPLE] std::basic_string<char, std::char_traits<char>, std::allocator<char> >::_M_cop’ 0.01 1
B [SAMPLE] std::basic_string<char, std::char_traits<char>, std::allocator<char> >::size() cc 0.01 1
B [SAMPLE] PyObject_Malloc [{/{home/nwani/m2u/conda-bld/python_1500576437846/wol 0.01 1
B [SAMPLE] jemalloc_free [{/home/nchaimov/candle/anaconda3/lib/python3.6/site-packac 0.01 1

% tau_python -ebs ./foo.py

UNIVERSITY OF OREGON
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Kokkos and OpenMP Instrumentation

ARRRRNRRNRNRRN HRRRRRRREN EENERERRERENNRRRRRRRRRERNDNENY
Name A Exclusive... | Inclusive... Calls Child C...

v O.TAU application 1.796 16.719 1 27

M |Kokkos::parallel_for Kokkos::Example::BoxElemFixture <Kokkos::OpenMP, (Kokkos::Example::BoxElemPart::ElemOrder)0, 0.001 2.824 2 2

v M OpenMP_PARALLEL_REGION: std::enable_if<std:is_same<Kokkos::Static, Kokkos::Static>::value, void>:type Kokkos::In 0 2.823 2 2

[0 OpenMP_IMPLICIT_TASK: std::enable_if<std:is_same<Kokkos::Static, Kokkos:Static>::value, void>:type Kokkos:Im 2.823 2.823 2 0

v M Kokkos::parallel_reduce Kokkos::Example::FiniteElementintegration<Kokkos::Example::BoxElemFixture <Kokkos::OpenM¥ 0 4.027 1 1

v l OpenMP_PARALLEL_REGION: std::enable_if<std::is_same <Kokkos::Static, Kokkos::Static>::value, void>::itype Kokkos::In 0 4.027 1 1

D OpenMP_IMPLICIT_TASK: std::enable_if<std:is_same<Kokkos::Static, Kokkos::Static>::value, void>:itype Kokkos:Im 4.027 4.027 1 0

v HKokkos::parallel_reduce Kokkos::Example::FiniteElementintegration<Kokkos::Example::BoxElemFixture<Kokkos::OpenM} 0.001 5.993 1 1

v l OpenMP_PARALLEL_REGION: std::enable_if<std:is_same<Kokkos:Static, Kokkos::Static>::value, void>::type Kokkos::In 0 5.993 1 1

[JOpenMP_IMPLICIT_TASK: std::enable_if<std::is_same<Kokkos::Static, Kokkos:Static>::value, void>:type Kokkos::Im 5.993 5.993 1 0

v M Kokkos::parallel_reduce Kokkos::Example:LumpElemToNode <Kokkos::View<double* [8], Kokkos::OpenMP>, Kokkos::Vie 0.001 1.266 1 1

v [l OpenMP_PARALLEL_REGION: std::enable_if<std::is_same <Kokkos::Static, Kokkos::Static>::value, void>::itype Kokkos:In 0 1.265 1 1

[E OpenMP_IMPLICIT_TASK: std::enable_if<std:is_same<Kokkos::Static, Kokkos::Static>::value, void>:itype Kokkos:Im 1.265 1.265 1 0

v M Kokkos::parallel_reduce Kokkos::Example:LumpElemToNode <Kokkos::View<double* [8], Kokkos::OpenMP>, Kokkos::Vie 0.001 0.125 1 1

v [l OpenMP_PARALLEL_REGION: std::enable_if<std::is_same<Kokkos::Static, Kokkos::Static>::value, void>::type Kokkos::In 0 0.124 1 1

[l OpenMP_IMPLICIT_TASK: std::enable_if<std::is_same<Kokkos::Static, Kokkos:Static>::value, void>:type Kokkos::Im 0.124 0.124 1 0

> [l OpenMP_PARALLEL_REGION: Kokkos::Impl::OpenMPexec::clear_scratch() [clone ._omp_fn.0] [{/home/users/sameer/apps 0 0 2 2

> l OpenMP_PARALLEL_REGION: Kokkos:Impl::OpenMPexec:resize_scratch(unsigned long, unsigned long) [clone ._omp_fn.: 0 0 1 1

> [l OpenMP_PARALLEL_REGION: Kokkos::OpenMP::initialize(unsigned int, unsigned int, unsigned int) [clone ._omp_fn.2] [{/I 0.017 0.025 1 1

> [l OpenMP_PARALLEL_REGION: Kokkos::OpenMP::initialize(unsigned int, unsigned int, unsigned int) [clone ._omp_fn.3] [{/I 0 0 1 1

> [l OpenMP_PARALLEL_REGION: std::enable_if<std:is_same<Kokkos::Static, Kokkos::Static>::value, void>:type Kokkos::Impl 0 0.514 6 6

> [l OpenMP_PARALLEL_REGION: std::enable_if<std::is_same<Kokkos::Static, Kokkos:Static>::value, void>:type Kokkos::Impl 0 0.036 5 5

> M OpenMP_PARALLEL_REGION: std::enable_if<std:is_same<Kokkos::Static, Kokkos::Static>:value, void>::itype Kokkos::Impl 0 0.113 5 5

% tau_exec —ompt ./a.out
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Event-based Sampling (EBS): CabanaMD

LU LD AENENNNENENNNNNNNNNNNNNNRNNNRNED BRBRRREREE L]

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 0120 1634 o5 21755
v M [CONTEXT] Comm::update_halo - 0 0.12 3 0
M [SAMPLE] __strlen_power8 [{} {0}] 0.09 0.09 2 0
B [SAMPLE] Kokkos::Impl::SharedAllocationRecord <void, void>::increment(Kokkos::Impl::SharedAllocationRecord <void, void>*) [{/g/g20/reeve5/bin/CabanaMD} 0.03 0.03 1 0
» [@cudaDeviceSynchronize 0.991 0.991 3,043 0
v [ [CONTEXT] .TAU application 0 0.54 18 0
v [l [SUMMARY] LAMMPS_RandomVelocityGeom::reset(int, double*) [{/g/g20/reeve5/pr/CabanaMD/src/input.h}] 0.27 0.27 9 0
M [SAMPLE] LAMMPS_RandomVelocityGeom::reset(int, double*) [{/g/g20/reeve5/pr/CabanaMD/src/input.h} {128}] 0.09 0.09 3 0
[l [SAMPLE] LAMMPS_RandomVelocityGeom::reset(int, double*) [{/g/g20/reeve5/pr/CabanaMD/src/input.h} {129}] 0.09 0.09 3 0
[l [SAMPLE] LAMMPS_RandomVelocityGeom::reset(int, double*) [{/g/g20/reeve5/pr/CabanaMD/src/input.h} {130}] 0.06 0.06 2 0
[l [SAMPLE] LAMMPS_RandomVelocityGeom::reset(int, double*) [{/g/g20/reeve5/pr/CabanaMD/src/input.h} {140}] 0.03 0.03 1 0
v [ [SUMMARY] Input::create_lattice(Comm®*) [{/g/g20/reeve5/pr/CabanaMD/src/input.cpp}] 0.15 0.15 5 0
M [SAMPLE] Input::create_lattice(Comm*) [{/g/g20/reeve5/pr/CabanaMD/src/input.cpp} {745}] 0.03 0.03 1 0
M [SAMPLE] Input::create_lattice(Comm*) [{/g/g20/reeve5/pr/CabanaMD/src/input.cpp} {665}] 0.03 0.03 1 0
M [SAMPLE] Input::create_lattice(Comm*) [{/g/g20/reeve5/pr/CabanaMD/src/input.cpp} {721}] 0.03 0.03 1 0
Il [SAMPLE] Input::create_lattice(Comm*) [{/g/g20/reeve5/pr/CabanaMD/src/input.cpp} {713}] 0.03 0.03 1 0
B [SAMPLE] Input::create_lattice(Comm*) [{/g/g20/reeve5/pr/CabanaMD/src/input.cpp} {714}] 0.03 0.03 1 0
M [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 0
W [SAMPLE] unsigned long Kokkos::Impl::ViewOffset <Kokkos::Impl::ViewDimension<Oul, 16ul, 3ul>, Kokkos::LayoutCabanaSlice<176, 16, 3, 0, 0, 0, 0, 0>, void>:: 0.03 0.03 1 0
v [ [SUMMARY] LAMMPS_RandomVelocityGeom::uniform() [{/g/g20/reeve5/pr/CabanaMD/src/input.h}] 0.03 0.03 1 0
[l [SAMPLE] LAMMPS_RandomVelocityGeom::uniform() [{/g/g20/reeve5/pr/CabanaMD/src/input.h} {93}] 0.03 0.03 1 0
[l Comm::exchange 0.024 0.392 6 3,371
W MPI_Finalize() * * * . 0.367 0.369 1 68
B Commisexchange_halo Kokkos sample within top-level application code [ 0351 6 s
EMPI_Init) 0.323 0.323 1 0
[l Cabana::Verlet 0.004 0.256 6 438
| _|Kokkos::parallel_for ForcelJCabanaNeigh::compute [device=0] 0.002 0.164 101 606
v EMPI_Allreduce() 0.082 0.082 39 0
v B [CONTEXT] MPI_Allreduce() Instrumented Kokkos: :parallel for 0 0.09 3 0
M [SAMPLE] __GI___sched_yield [{} {0}] - 0.03 0.03 1 0
M [SAMPLE] pthread_spin_unlock [{/usr/lib64/libpthread-2.17.s0} {0}] 0.03 0.03 1 0
B [SAMPLE] pthread_spin_lock [{/usr/lib64/libpthread-2.17.s0} {0}] Instrumented Kokko ::pal‘allel reduce o.o3 0.03 1 0
W Kokkos::parallel_for Kokkos::View::initialization [device=0] - 0.001 0.072 35 170
M Kokkos::parallel_for Kokkos::ViewFill-3D [device=0] <_/ 0.001 0.047 101 303
M Kokkos::parallel_reduce ForcelJCabanaNeigh::compute_energy [device=0] 0 0.042 11 77
M cudalaunchKernel 0.015 0.028 527 1,581

EBS with Kokkos API
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Kokkos Instrumentation with OpenMP

00 |X| TAU: ParaProf: node O, thread O - /home/ssshend/workshop/kokkos/kokkos-miniapps/lulesh-2.0/kokkos-minimal-cpu
File Options Windows Help

Metric: TIME
Value: Inclusive
Units: seconds

7.381 | Kokkos::parallel_for CalcPressureForElems B [device=0]
7.294 Kokkos::parallel_for CalcPressureForElems A [device=0]
6.833 il OpenMP_PARALLEL_REGION: Kokkos:: Impl::ParallelFor<_INTERNAL_9 lulesh_cc_caa5d6c5:: CalcPressureForElems(double*, double*, doub
6,077 [y OpenMP_IMPLICIT_TASK: Kokkos::Impl::ParallelFor<_INTERNAL_9_ lulesh_cc_caa5d6c5:: CalcPressureForElems(double*, double*, double¥,
4483 o] OpenMP_PARALLEL_REGION: L__ZNK6Kokkosdimpll1ParallelForiZN30_INTERNAL 9 lulesh_cc_caa5d6c520CalcPressureForElemsEPdS3_S
4304 ... | OpenMP_BARRIER: Kokkos::Impl::ParallelFor<_INTERNAL 9 lulesh_cc_caa5d6c5::CalcPressureForElems(double*, double*, double*, double
3.998 mmm— OpenMP_IMPLICIT TASK: L__ ZNK6Kokkosdmpll1ParallelForlZN30_INTERNAL 9 lulesh_cc_caa5d6c520CalcPressureForElemsEPdS3 S3 S
2,845 [ | OpenMP_BARRIER: L__ ZNK6Kokkos4impl11ParallelForIZN30_INTERNAL 9 lulesh_cc_caa5d6c520CalcPressureForElemsEPdS3 S3 53 S3 S
2.572 [l Kokkos::parallel_for EvalEOSForElems A [device=0]
2.527 2] Kokkos::parallel_for CalcEnergyForElems E [device=0]
2,513 [ ] Kokkos::parallel_for CalcEnergyForElems D [device=0]
2.506 =] Kokkos::parallel_for CalcEnergyForElems A [device=0]
2.501 [ Kokkos::parallel_for CalcEnergyForElems B [device=0]
2.495 [ Kokkos::parallel_for CalcEnergyForElems C [device=0]
2.454 Kokkos::parallel_for EvalEQSForElems B [device=0]
2.94 Kokkos::parallel_for EvalEOSForElems D [device=0]
2.44 [ Kokkos::parallel_for EvalEOSForElems C [device=0]
422 [ Kokkos::parallel_for EvalEOSForElems E [device=0]
325 ] OpenMP_PARALLEL_REGION: Kokkos::Impl::ParallelFor<_INTERNAL_9 lulesh_cc_caa5d6c5:: CalcEnergyForElems({double*, double*, double
319 ] OpenMP_PARALLEL REGION Kokkos--ImpI"ParaIIelFor< INTERNAL 9 Iulesh cc caa5d6c5"CalcEnergyForEIems(double* double*, double
2.31 1 OpenMP_PARALLEL REGION Kokkos::Impl::ParallelFor<_ INTERNAL 9 Iulesh cc_caabdbéch:: CalcEnergyForElems(double*, double*, double
2,307 =] OpenMP_PARALLEL_REGION: Kokkos:: Impl::ParallelFor<_INTERNAL_9 lulesh_cc_caa5d6c5:: CalcEnergyForElems(double*, double*, double
2.307 OpenMP_PARALLEL_REGION Kokkos::Impl:: ParaIIeIFor<_INTERNAL_9_Iulesh_cc_caa5d6c5 CalcEnergyForElems{double*, double*, double
2.297 OpenMP_PARALLEL_REGION: L__ ZNK6Kokkosd mpll1ParallelForlZN30_INTERNAL_9 lulesh_cc_caa5d6c515EvalEOSForElemsER6DomainP
2.261 OpenMP_PARALLEL_REGION: L__ZNK6Kokkosd4impll1ParallelForlZN30_INTERNAL_9_lulesh_cc_caa5d6c515EvalEOSForElemsER6DomainP
2.26 (Gl OpenMP_PARALLEL_REGION: L__ZNK6Kokkosdlmpll1ParallelForlZN30_INTERNAL_9 lulesh_cc_caa5d6c515EvalEOSForElemsER6DomainP
2.256 [l OpenMP_PARALLEL_REGION: Kokkos::Impl::ParallelFor<_INTERNAL_9 lulesh_cc_caa5d6c5:: CalcPressureForElems(double*, double*, doub
2,254 [ | OpenMP_PARALLEL REGION Kokkos::Impl:: ParaIIeIFor< INTERNAL 9 Iulesh cc caa5d6c5 EvalEOSForElems{Domain&, double¥, int, int*,
2.247 s OpenMP_PARALLEL REGION Kokkos::Impl:: ParallelFor<_ INTERNAL 9 Iulesh cc caan6c5 EvalEQSForElems(Domain&, double*, int, int*,
2.052 [l OpenMP_IMPLICIT TASK: Kokkos:: Impl::ParallelFor< INTERNAL 9 | Iulesh cC_ ‘caabd6ch:: CalcEnergyForElems(double*, double*, double*, d
2.051 =] OpenMP_| IMPLICIT TASK: Kokkos::Impl::ParallelFor< INTERNAL 9 Iulesh cC_ “caa5d6c5:: CalcEnergyForElems(double*, double*, double*, d
2,051 [ ] OpenMP_| IMPLICIT TASK: Kokkos::Impl::ParallelFor< INTERNAL 9 Iulesh cc_ “caa5d6c5:: CalcEnergyForElems(double*, double*, double*, d

2.05 OpenMP IMPLICIT TASK: Kokkos::Impl::ParallelFor< "INTERNAL_9 lulesh_cc_caa5d6c5:: CalcEnergyForElems(double*, double*, double*, d(~|
< Tl | |»]

[»

2.
2.
2.

% tau_exec —ompt ./a.out
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TAU - Calisite Profiling

00 TAU: ParaProf: Statistics for: node 0 - clover_callsite.ppk

Name | Excl... 7| Inclu... | Calls |[Chil... |
.TAU application 6.152 8.249 1 28,383
[CALLSITE] void start_pes_(int *) [@] [/nfsprojects/volta-projects/tau/tau-2.24.1/craycnl/lib/libTAUsh-gnu-papi-shmem-pdt.so] UNRESOLVED ADDR 0.747 0.747 1
void start_pes_(int *) 0.747 0.747 1
void shmem_barrier_all_() 0.624 0.624 9,229
[CALLSITE] void shmem_barrier_all_() [@] [__clover_module_MOD_clover_exchange_message] [{/home/ssshend/CloverLeaf OpenSHMEM/clover.f90} {572}] 0.401 0.401 4,610
[CALLSITE] void shmem_finalize_() [@] [/nfsprojects/volta-projects/tau/tau-2.24.1/craycnl/lib/libTAUsh-gnu-papi-shmem-pdt.so] UNRESOLVED ADDR 0.314 0.314 1
void shmem_finalize_() 0.314 0.314 1
[CALLSITE] void shmem_barrier_all_() [@] [__clover_module_MOD_clover_exchange_message] [{/home/ssshend/CloverLeaf_OpenSHMEM/clover.f90} {643}] 0.223 0.223 4,610
void shmem_put64_nb_(void *, void *, int *, int *, void *) 0.159 0.159 9,220
void shmem_put64_(void *, void *, int *, int *) 0.126 0.126 9,220
void shmem_real8_max_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) 0.081 0.081 400

[CALLSITE] void shmem_put64_nb_(void *, void *, int *, int *, void *) [@] [__clover_module_MOD_clover_exchange_message] [{/home/ssshend/CloverLeaf_( 0.07 0.07 4,610
[CALLSITE] void shmem_put64_(void *, void *, int *, int *) [@] [__clover_module_MOD_clover_exchange_message] [{/home/ssshend/CloverLeaf_OpenSHME}N  0.063 0.063 4,610
[CALLSITE] void shmem_real8_max_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) [@] [hydro_] [{/home/ssshend/CloverLeaf_OpenSHMEM/hydr  0.046 0.046 200
[CALLSITE] void shmem_real8_min_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) [@] [/nfsprojects/volta-projects/tau/tau-2.24.1/craycnl/lib/ 0.04 0.04 200
void shmem_real8_min_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) 0.04 0.04 200
[CALLSITE] void shmem_real8_max_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) [@] [hydro_] [{/home/ssshend/CloverLeaf_OpenSHMEM/hydr 0.036 0.036 200
[CALLSITE] void shmem_put64_nb_(void *, void *, int *, int *, void *) [@] [__clover_module_MOD_clover_exchange] [{/home/ssshend/CloverLeaf_OpenSHME  0.028 0.028 601

(==l NNl lNeNe N Ne e Nel

% export TAU CALLSITE=1
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Callsite Profiling and Tracing

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

Metric: TIME
Value: Exclusive
Units: seconds

14695 | ] MPI_Recv()
12,627 | [CALLSITE] MPI_Recv() [@] [exchange_1_] [{/lus/theta-fsO/projects / Tools /tau/workshop/NPB3.1/LU/exchange_1.f} {68}]
6.987 [— .TAU application
4097 MPI_Send()
2.068 [N [CALLSITE] MPI_Recv() [@] [exchange_1_1[{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_1.f} {86}]
2.053 [l [CALLSITE] MPI_Send() [@] [exchange_1_1[{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_1.f} {113}]
1.926 [CALLSITE] MPI_Send() [@] [exchange_1_] [{/lus/theta-fsO/projects/Tools /tau/workshop/NPB3.1/LU/exchange_1.f} {130}]
0365 [ MPI_Finalize()
0.365 [ [CALLSITE] MPI_Finalize() [@] MAIN_] [{/lus/theta-fs0/projects/Tools /tau/workshop/NPB3.1/LU/lu.f} {161}]
0.218 [| MPL_Init()
0.218 | [CALLSITE] MPI_Init() [@] [init_comm_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/init_comm.f} {31}]
0.188 | MPI_Wait()
0.104 | [CALLSITE] MPI_Wait() [@] [exchange_3_] [{/lus/theta-fs0/projects/Tools/tau/workshop/NPB3.1 /LU/exchange_3.f} {152}]
0.08 | [CALLSITE] MPI_Wait() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {288}]
0.063 | [CALLSITE] MPI_Send() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools /tau/workshop/NPB3.1/LU/exchange_3.f} {209}]
0.057 | MPI_Irecv()
0.055 | [CALLSITE] MPI_Send() [@] [exchange_3 ] [{/lus/theta-fsO/projects/Tools /tau/workshop/NPB3.1/LU/exchange_3.f} {73}]
0.03 | [CALLSITE] MPI_Irecv() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools /tau/workshop/NPB3.1/LU/exchange_3.f} {108}]
0.026 | [CALLSITE] MPI_lrecv() [@] [exchange_3 1 [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {244}]
0.012 | MPI_Bcast()
0.009 | [CALLSITE] MPI_Bcast() [@] [bcast_inputs_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/bcast_inputs.f} {28}
0.008 | MPI_Allreduce()
0.005 | [CALLSITE] MPI_Allreduce() [@] [I2norm_] [{/lus/theta-fsO/projects /Tools/tau/workshop/NPB3.1/LU/I2norm.f} {55}
0.002 | [CALLSITE] MPI_Bcast() [@] [bcast_inputs_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/bcast_inputs.f} {33}]
0.001 | [CALLSITE] MPI_Allreduce() [@] [ssor_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/ssor.f} {205}]
0.001 | [CALLSITE] MPI_Wait() [@] [exchange_4_] [{/lus/theta-fsO/projects/Tools /tau/workshop/NPB3.1/LU/exchange_4.f} {591
0.001 | [CALLSITE] MPI_Wait() [@] [exchange_6_] [{/lus/theta-fsO/projects/Tools /tau/workshop/NPB3.1/LU/exchange_6.f} {54}]
0.001 | [CALLSITE] MPI_Wait() [@] [exchange_5_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_5.f} {54}]
7.6E-4 | [CALLSITE] MPI_Wait() [@] [exchange_4_] [{/lus/theta-fs0/projects/Tools /tau/workshop/NPB3.1/LU/exchange_4.f} {104}]
4.9E-4 | [CALLSITE] MPI_Irecv() [@] [exchange_4_] [{/lus/theta-fs0/projects/Tools /tau/workshop/NPB3.1/LU/exchange_4.f} {50}]
49E-4 | MPI_Barrier()
4.9E-4 | [CALLSITE] MPI_Barrier() [@] [ssor_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/ssor.f} {70}]
4.2E-4 | [CALLSITE] MPI_Allreduce() [@] [error_] [{/lus/theta-fsO/projects/Tools /tau/workshop/NPB3.1/LU/error.f} {53}
4.0E-4 | MPI_Comm_size()
2.6E-4 | [CALLSITE] MPI_Comm_size() [@] [read_input_] [{/lus/theta-fsO/projects/Tools /tau/workshop/NPB3.1/LU/read_input.f} {78}]
2.4E-4 | MPI_Comm_rank()
2.4E-4 | [CALLSITE] MPI_Allreduce() [@] [pintgr_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/pintgr.f} {272}]
2.4E-4 | [CALLSITE] MPI_Comm_rank() [@] [init_comm_] [{/lus/theta-fsO/projects/Tools /tau/workshop/NPB3.1/LU/init_comm.f} {36}]

% export TAU CALLSITE=1
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Callsite Profiling and Tracing

TAU: ParaProf: 3D Visualizer: lu_callsite.ppk

Para’%OOlS U UNIVERSITY OF OREGON 38




I

i

T 1
RLATA AR
T Ll
L

Callsite Profiling and Tracing

TAU: ParaProf: 3D Visualizer: lu_callsite.ppk
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TAU - Callstack Sampling

[ [ ] TAU: ParaProf: Statistics for: n,c,t 0,0,0 - clover_gnu_ebs_unw_call.ppk

ANNRRRRRRRRR NN NNERENNENEEEEEEREENNEER

Name lInclusive... | Calls v |

v [.TAU application 34.979 1

» [ [CONTEXT] .TAU application 31.647 632

v Mvoid shmem_barrier_all_() 1.219 46,029

v [l [CONTEXT] void shmem_barrier_all_() 1.599 32

v [ [UNWIND] [/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.f90.41] [@] UNRESOLVED /lib64/libc-2.11.3.s0 1.599 32

v B [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90.62 [@] main [{/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.fo0} {41}] 0.85 17

v [ [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/advection.f90.102 [@] hydro_ [{/home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90} {62}] 0.55 11

v [ [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/update_halo.f90.36 [@] __advection_module_MOD_advection [{/home/ssshend/CloverLeaf_Opei 0.55 11

v [ [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/clover.f90.292 [@] __update_halo_module_MOD_update_halo [{/home/ssshend/CloverLeaf_O 0.5 10

v M [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/clover.f90.572 [@] __clover_module_MOD_clover_exchange [{/home/ssshend/CloverLeaf_t 0.5 10

v [ [UNWIND] UNRESOLVED [@] __clover_module_MOD_clover_exchange_message [{/home/ssshend/CloverLeaf_OpenSHMEM/clover.f90} {572}] 0.5 10

v [l [UNWIND] [/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_barrier.c.118] [@] UNRESOLVED /nfsproje 0.45 9

| _|[SAMPLE] _smai_smp_barrier_in [{/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_barrier.c} {118}] 0.45 9

» E [UNWIND] [/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_internal.h.88] [@] UNRESOLVED /nfsprojects/\ 0.05 1

» I [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/clover.f90.461 [@] __update_halo_module_MOD_update_halo [{/home/ssshend/CloverLeaf_O 0.05 1

» B [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/advection.f90.72 [@] hydro_ [{/home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90} {62}] 0.15 3

» B [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/advection.f90.55 [@] hydro_ [{/home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90} {62}] 0.15 3

» B [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90.52 [@] main [{/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.f90} {41}] 0.5 10

» B [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90.54 [@] main [{/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.f90} {41}] 0.25 5

» Evoid start_pes_(int *) 0.508 1

v M void shmem_real8_max_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) 0.325 2,000

v [l [CONTEXT] void shmem_real8_max_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) 0.5 10

v [ [UNWIND] [/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.f90.41] [@] UNRESOLVED /lib64/libc-2.11.3.s0 0.5 10

v I [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90.58 [@] main [{/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.f90} {41}] 0.45 9

v I [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/PdV.f90.107 [@] hydro_ [{/home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90} {58}] 0.45 9

v [ [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/clover.f90.740 [@] __pdv_module_MOD_pdv [{/home/ssshend/CloverLeaf_OpenSHMEM/PdV.f9C 0.45 9

v [ [UNWIND] UNRESOLVED [@] __clover_module_MOD_clover_check_error [{/home/ssshend/CloverLeaf_OpenSHMEM/clover.f90} {740}] 0.45 9

v [ [UNWIND] [/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_reduction.h.207] [@] UNRESOLVED /nfsprojects/vol 0.45 9

v [ [UNWIND] /notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_reduction.h.788 [@] pshmem_double_max_tc 0.45 9

v [l [UNWIND] /notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_reduction.h.107 [@] _smai_opt_double_mz 0.45 9

I [SAMPLE] _smai_smp_reduce_double_max [{/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_reduc! 0.45 9

» [ [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90.54 [@] main [{/home/ssshend/CloverLeaf_OpenSHMEM /clover_leaf.f90} {41}] 0.05 1

% export TAU_SAMPLING=1; export TAU_EBS_UNWIND=1
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TAU - Callpath Profiling

@ (] TAU: ParaProf: Statistics for: node 5 - fun3d_d19.ppk

ERRNEERRRS SNNENNEEENEERNEEEEEEEEEEEANR

Name | Exclusive... | Inclusive...” | Calls | Child... |

v [l .TAU application 0 221.298 1 1

v ENODET [{main.fo0} {4,1}-{35,17}] 0 221.298 1 105

» [ FLOW::ITERATE [{flow.F90} {1692,14}] 0 197.989 100 500

v I FLOW::INITIALIZE_DATA [{flow.F90} {465,14}] 0 22.707 1 2

v I FLOW::INITIALIZE_DATAZ2 [{flow.F90} {663,14}] 0.002 22.705 1 197

v [ PPARTY_PREPROCESSOR::PPARTY_PREPROCESS [{pparty_preprocessor.f90} {28,14}] 0 20.897 1 23

v [l PPARTY_PREPROCESSOR::PPARTY_READ_GRID [{pparty_preprocessor.f90} {735,14}] 0 16.726 1 2

v [ PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N [{puns3d_io_c2n.f90} {1543,14}] 0.011 16.725 1 11

v [ PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.f90} {1641,14}] 0 16.656 1 5

v I PUNS3D_IO_C2N::DISTRIBUTE_TET [{puns3d_io_c2n.f90} {1819,14}] 0.117 16.572 1 5

v [ LMPI::INTEGR_MATRIX_BCAST [{Impi.F90} {3240,3}-{3276,36}] 0 16.448 4 4

5IMP1_Bcast(| 16.448 : 0

» [l LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {611,3}-{672,38}] 0 0.007 1 2

» M PUNS3D_IO_C2N::DISTRIBUTE_XYZ [{puns3d_io_c2n.f90} {2448,14}] 0.001 0.083 1 3

» I LMPI::INTEGR_SCALAR_BCAST [{Impi.F90} {3151,3}-{3187,36}] 0 0 3 3

» [l LMPI::LMPI_CONDITIONAL_STOP [{Impi.FO0} {611,3}-{672,38}] 0 0.058 1 2

» [ LMPI::INTEGR_SCALAR_BCAST [{Impi.FO0} {3151,3}-{3187,36}] 0 0 2 2

[ ALLOCATIONS::INTEGER_4_MY_ALLOC_PTR2 [{allocations.f90} {1010,3}-{1026,40}] 0 0 6 0

[ PUNS3D_IO_C2N::DISTRIBUTE_FAST_C2N [{puns3d_io_c2n.f90} {4226,14}] 0 0 1 0

» [l LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {611,3}-{672,38}] 0 0.001 1 2

» B PPARTY_MIXED_ELEMENT::EDGE_POINTER_DRIVER [{pparty_mixed_element.f90} {74,3}-{50 0.65 0.873 1 174

» B PPARTY::NODE_CELL_CHOPPER [{pparty.fo0} {41,3}-{453,33}] 0.288 0.86 1 175

» HPPARTY_PUNS3D::RAW_GRID_CHECKER [{pparty_puns3d.fo0} {623,14}] 0.233 0.523 1 11

» B PPARTY_METIS::MY_METIS [{pparty_metis.FO0} {116,3}-{545,24}] 0.313 0.436 1 13,132

» [ PARTY_LMPI::PARTY_LMPI_SETUP_MPI_SM [{party_Impi.fo0} {613,3}-{686,40}] 0.006 0.337 1 10

% export TAU_CALLPATH=1; export TAU_CALLPATH_DEPTH=100
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TAU Atomic Events

[ ] [ ] TAU: ParaProf: Context Events for: node 0 - /Users/sameer/tmp

Name v | Total |NumSamples | MaxValue | MinValue |MeanValue | Std. Dev. |
Bytes Written <file=stdout> 911 62 21 1 14.694 7.441
Bytes Written <file=pipe> 22 22 1 1 1 0
Bytes Written <file=Process_Output/VelRsdl.dat> 7,826 100 302 76 78.26 22.487
Bytes Written <file=Process_Output/MomRsdl.dat> 7,826 100 302 76 78.26 22.487
Bytes Written <file=Process_Output/MassRsdl.dat> 11,325 100 435 110 113.25 32.337
Bytes Written <file=Grid_Output/bodyBndry.dat> 9,724 5 8,192 4 1,944.8 3,174.201
Bytes Written <file=/home/sameer/apps/sukra/RotCFD_Regression/case_catalog/UNS2D/N/ 45 1 45 45 45 0
Bytes Written <file=./Restarts/Restart_History//NACA0012_LargeGrid_00010.Rst> 44,619,720 5,484 8,192 4  8,136.346 640.325
Bytes Written <file=./Restarts/Restart_History//NACA0012_LargeGrid_00005.Rst> 44,619,720 5,484 8,192 4 8,136.346 640.325
Bytes Written <file=./Restarts//NACA0012_LargeGrid.Rst> 44,619,720 5,484 8,192 4  8,136.346 640.325
Bytes Written <file=./Process_Output/TurbRsdl.dat> 4,271 72 224 57 59.319 19.544
Bytes Written <file=./Process_Output/Solver.out> 2,039 13 797 43 156.846 191.359
Bytes Written <file=./Field_Solutions/Solution_History/NACA0012_LargeGrid_00010.SIn> 4,356,976 534 8,192 4 8,159.131 501.319
Bytes Written <file=./Field_Solutions/Solution_History/NACA0012_LargeGrid_00005.SIn> 4,356,976 534 8,192 4 8,159.131 501.319
Bytes Written <file=./Field_Solutions /NACA0012_LargeGrid.SIn> 4,356,976 534 8,192 4 8,159.131 501.319
Bytes Written <file=./Body_Pressure/NACA0012_LargeGrid_00010_body.Prs> 65,986 9 8,190 1,300 7,331.778 2,133.204
Bytes Written <file=./Body_Pressure/NACA0012_LargeGrid_00005_body.Prs> 65,986 9 8,190 1,300 7,331.778 2,133.204
Bytes Written <file=./Body_Pressure/FrcMnt.out> 1,497 3 1,185 108 499 486.656
Bytes Written 147,107,546 18,550 8,192 1 7,930.326 1,420.552
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TAU - Context Events

| NumSamples MinValue MaxValue

.TAU application
> read()
> fopen64()

TR 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
v OurMain [{wrapper.py}{3}]
> read()
malloc size 3,877 323.083 12 32 981 252.72
free size 1.536 219.429 7 32 464 148.122

» fopen64()

TR Bytes written to each file

v writeRestartData [{samarcinterface.py}{145}]
v samarcWriteRestartData
v write()

WRITE Bandwidth (MB/s) <file="samarc/restore.00002/nodesY0004/proc.00001“> 74.565 117 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 24 1,048,576 133,362.946
> openb4() 3
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E4S: Extreme-scale Scientific Software Stack

https://eds.io E4S

« Spack [http://spack.io] is the primary means for software delivery

 SDKs: collection of related ECP ST products where coordination
across package teams will improve usability and practices, and
foster community growth among teams that develop similar and
complimentary capabilities. An SDK involves several products.

« Containers of pre-built binaries of ECP ST products.

» Container runtimes supported
Docker
Charliecloud
Shifter
Singularity
PCOCC at CEA
Inception at NCAR

« VirtualBox Open Virtualization Appliance (OVA) image that contains
these runtimes

 MPI replacement strategies to use native network interconnect
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Integration and Interoperability: E4S

EA4S is released twice a year. SC19 release of E4S v1.0:
Containers and turn-key, from-source builds of 80+ popular HPC software
packages
50 full release ECP ST products including:
«  MPI: MPICH and OpenMPI
. Development tools: TAU, HPCToolkit, and PAPI
«  Math libraries: PETSc and Trilinos

. Data and Viztools: Adios, HDF5

Limited access to 10 additional ECP ST products
Docker

Singularity

Shifter

Charliecloud

Inception

Open Virtualization Appliance (OVA) for VirtualBox features Spack, E4S
containers, and support for container environments

ParaTools O
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Reproducible, Customizable Container
Builds & Spack Mirrors

E4S provides base images and recipes for building Docker
containers based on SDKs

Git: https://github.com/UO-OACISS/e4s

E4S provides build caches for Spack for native bare-metal

as well as container builds based installation of ST

products

Build caches: https://oaciss.uoregon.edu/e4s
The build cache model can be extended to target
platforms, and can be managed by facilities staff
when appropriate.
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E4S Build Cache Binaries

00O < [} [8] https://oaciss.uoregon.edu/eas/inventory.htmi| ¢ o i) a

E4S Build Cache for Spack 0.13.3

To use this build cache, you must set these environment variables and add the cache to Spack

AWS_ACESS_KEY_ID=spack
AWS_SECRET_ACCESS_KEY=spack-public-user
S3_ENDPOINT_URL=https://instinct.nic.uoregon.edu:8083

spack mirror add e4s s3://uoregon/spack

Click on one of the packages below to see a list of all available variants.
Last updated: 01-11-2020 21:28 PST

2352 Spack binaries in the build cache

adios2@2.50 adios@1.13.1 adlbx@0.92 aml@0.1.0 ant@1.100 argobots@1.0rcl autoconf@2.69 automake@1.16.1 axl@0.1.1 bdftopcf@1.0.5 binutils@2.31.1
binutils@2.32 bison@3.4.2 bmi@develop bolt@1.0rc2 boost@1.70.0 bzip2@1.0.8 c-blosc@1.17.0 caliper@2.0.1 catalyst@5.6.0 cinch@develop cmake@3.15.4
cuda@10.1.243  curl@7.63.0 darshan-runtime@3.1.7  darshan-util@3.1.7  diffutils@3.7 doxygen@1.8.15 dtcmp@1.1.0

dyninst@10.1.0

Click on the full spec link to find out more.

Link Arch oS Compiler Created Full Hash

Full Spec ppcbdle centos7 gec@7.3.0 12-28-2019 11:28 PST 1qf23rj2bm25uisu7bhygaulsvfen3mp
Full Spec ppcbdle thel7 geec@7.3.0 12-28-2019 11:29 PST gqv6ooyscns76p2ecw7orxtlcfdruklh
Full Spec ppcbdle ubuntul8.04 gee@7.3.0 12-28-2019 11:30 PST g5spchéwlgjoonp6ocabelfyz3ggesyh
Full Spec x86_64 centos7 gec@7.3.0 12-28-2019 11:28 PST ymtprwibjfg2f653sjudziqgrbdwkezo
Full Spec x86_64 centos8 gec@7.3.0 12-28-2019 11:29 PST qaric7cxnuiho2eb2e2bjxkyjstpbihu
Full Spec x86_64 thel7 gee@7.3.0 12-28-2019 11:29 PST cjSrmqj5xtstrlc6wyvbke33ihdc7zka
Full Spec x86_64 rhel8 gee@7.3.0 12-28-2019 11:30 PST dlkbegrw7gpy3gpgrtymv3kyqiexkleo
Full Spec x86_64 ubuntu18.04 gec@7.3.0 12-28-2019 11:30 PST torjxbex4k4kguj66dge37dehjawl3fo

elfutils@0.177 environment—modu'ﬂ:ffm’“ er@0.0.3 exmcutils@0.5.7 expat@2.29 faodel@1.1906.1 findutils@4.6.0 flatcc@0.5.3 flecsi@develop flex@2.64 font-util@1.3.2

https://oaciss.uoregon.edu/e4s
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Reproducible Container Builds using E4S

Base Images

< [v) com/UO-OACI i ) 4]

O Pullrequests Issues Marketplace Explore

a +- B

El UO-OACISS / eds ®uUnwatch~v | 3 *Star 2 YFork 0
<> Code Issues 0 Pull requests 0 Actions Projects 0 Wiki Security Insights Settings
Branch: master v | e4s / docker-recipes / ubi7 / ppc64le / base / Createnew file  Upload files = Findfile = History
=== eugeneswalker use spack.lock in ubi7 ppc64le base recipe Latest commit 879af58 18 hours ago
8 modules update ppc64le recipes to 1.3: use spack 0.13.1 + use base env + add ... 9 days ago
[£) Dockerfile use spack.lock in ubi7 ppc64le base recipe 18 hours ago
[E) README.md add README for UBI7 ppc64le base 2 days ago
[E) build.sh update ppc64le recipes to 1.3: use spack 0.13.1 + use base env + add ... 9 days ago
[E) packages.yaml v1.2 of ubi7 ppc64le base recipe 29 days ago
[E) spack.lock use spack.lock in ubi7 ppc64le base recipe 18 hours ago
[E) spackyaml update ppc64le recipes to 1.3: use spack 0.13.1 + use base env + add ... 9 days ago
README.md e

https://github.com/UO-OACISS/e4s

Para®ools
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E4S base image (UBI
7.6) has Spack build
cache mirror and
GPG key installed.
Base image has GCC
and MPICH
configured for MPICH
ABI level replacement
(with system MPI).
Customized container
build using binaries
from E4S Spack build
cache for fast
deployment.
No need to rebuild
packages from the
source code.
Same recipe for
container and native
bare-metal builds with
pack!
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Docker Recipes on GitHub

< O fol i com/UO-OACISS/e4s/blob/master/docker- recipes/ubi7/x86_64/e4s/spack.yam| & +

Pullrequests Issues Marketplace Explore

Code Issues 1 Pullrequests 0  Projects 0 Wiki Security Pulse Community

Branch: master v | e4s [ docker-recipes / ubi7 / x86_64 / e4s [ spack.yaml Find file

Wyatt Spear Added and/or fixed some packages 692416

2 contributors 521 &

150 lines (140 sloc) 2.95 KB Raw Blame History [J

spack:
packages:
all:

compiler: [gcc@7.3.0]

variants: +mpi

providers: https://github.com/UO-OACISS/eds
pi: [mpich]

buildable: true

version: []

paths: {}

modules: {}

e Create your own optimized container
« Baseimages
e SDKs
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Reproducible ppc64le Base Images on
Dockerhub

< ] & hub.docker.com (@] 0 +

Try the two-factor authentication beta. Learn more >

ockerhub & Search for great content (e.g., mysql) Explore  Repositories  Organizations Get Help ¥ exascaleproject ¥

ecpeds v Q. ppcédle X Create Repository + Organizations

@ ecpcontainers
ecpeds / ubuntu1804_ppc64le_base ¥ 0 Ko7 ® PUBLIC ) Exascale Computing Project Super-contz
Updated 2 days ago
I(,ﬁ))\ ecpeds
‘ ecpsdk
ecpeds / ubi7_ppcé4le_base w0 &7 ® PUBLIC
Updated 2 days ago View All Orgs
ecpeds / centos7_ppc64le_base 70 10 ® PUBLIC
Updated 2 days ago Download
Docker
Desktop
A\ Tip: Not finding your repository? Try switching namespace via the top left dropdown.
Secure,
Private Repo
Pricing

« Hub.docker.com « Ubuntu 18.04

* ecpeds . RHEL/UBI 7.6
e Centos 7.6
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Integration and Interoperability: E4S on

AWS

e E4S AWS public image ami-063e830287b86155¢c (US-West-2 Oregon) has following

container runtimes:
o Docker
o Shifter
o Singularity
o Charliecloud
e Spack with base PMR components
e EA4S full featured Singularity image
o (exascaleproject/sdk:AHM19)
e Used in ISC-HPC 2019 tutorials
e Used as base image for NASA
GEOS-Chem E4S public image
e Resources provided by AWS Al/ML
team

Para®ools

dWS

EC2 Dashboard

Events
Tags ( Ownedbyme v O
Reports

Name = AMI Name « AwiD ~  Source ~ Owner - Visibility ~  Status
Limits

@  GEOS Chem E4S container with Spack, Docker, ...  E4S-GEOS-Chem 79256897 EOS-Chem 792568971918 Public

nst SuperLU Tutorial E4S Singularity E4S_SC_SuperLU_Tutorial ami-07d0foSdab32444ff 792568971918/E4S_SC_SuperLU_Tutorial 792568971918 Public
Instances

ECP E4S image with Al and HPC software stacks... por 792568971918/impor 792568971918 Public
Launch Templates

E4S container with Spack, Docker, Singulariy, Shi. por 79256897 792568971918 Public
Spot Requests
Reserved Instances
Dedicated Hosts

Scheduled lrutces Image: ami-016565769a29afeb

Capacity Reservations
Details ~ Permissions  Tags

Is AMIID  ami-016585a760a29afeb AMIName  E4S-GEOS-Chem
Bundle Tasks Owner 702568971918 Source  792568971918/EAS-GEOS-Chem
Status  avaiable State Reason
Volumes Creation date  July 30, 2019 at 2:04:49 PM UTC-7 Platform  Other Li
Architecture  xB6_64 Image Type ~ machine
Sepsits Vinuaization type v Description  E4S GEOS-Chem AWS AMI
Lifecycle Manager Root Devics Name  /dev/sd Root Device Type  ebs @)
RAM diskID - KemelID -
Security Groups Product Codes - Block Devices /dev/sdat=snap-0BI36c8564T760cb 80 alse:gp2

@ Feedback (@ English (US)
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Download TAU

http://tau.uoregon.edu

http://taucommander.com

http://www.hpclinux.com [OVA for VirtualBox]
https://eds.io
[ Extreme-Scale Scientific Software Stack, Containers for HPC]

Free download, open source, BSD license
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Installing and Configuring TAU

Installing PDT:

* wget tau.uoregon.edu/pdt_lite.tgz
* ./configure —prefix=<dir>; make ; make install

Installing TAU:

* wget tau.uoregon.edu/tau.tgz; tar zxf tau.tgz; cd tau-2.<ver>
* wget http://tau.uoregon.edu/ext.tgz ; tar xf ext.tgz

» ./configure -bfd=download -pdt=<dir>
-iowrapper -mpi ~dwarf=download —unwind=download -
otf=download -papi=<dir>
make install

*Using TAU:
* export TAU_MAKEFILE=<taudir>/<arch>/lib/Makefile.tau-
<TAGS>
* make CC=tau_cc.sh CXX=tau_cxx.sh F90=tau f90.sh
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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_ | 1 Setting to 1 is necessary for event based sampling to resolve addresses with OMPT.

EAGERLY

Setting to 0 allows the user to do offline address translation.

Para®ools
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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/ 0 Setting to 1 enables tracking runtime bounds checking below or above the

ABOVE 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 | O 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/

maXx
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