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TAU Performance System®

0 Paratools

. . . ] UNIVERSITY
Versatile profiling and tracing toolkit that SUPPOItS: ;i aasslities ~ OF OREGON

-  MPI, ROCm, CUDA, DPC++/SYCL (Level Zero), OpenCL, and
OpenMP (OpenMP Tools Interface for Target Offload), OpenACC

Scalable, portable, performance evaluation toolkit for HPC and Al/ML workloads that supports:
- C++/C/DPC++, Fortran, Python

Interfaces with Program Database Toolkit (PDT) and SALT-FM for instrumentation of source code.
Supports PAPI, Likwid for hardware performance counter information

Instrumentation includes support for PETSc (Perfstubs), XGC (CAMTIMERS), Kokkos, MPI,
pthread, event-based sampling, GPU runtimes

A single tool (tau_exec) is used to launch un-instrumented, un-modified binaries
TAU'’s paraprof, pprof, perfexplorer for profile analysis; Vampir, Jumpshot, Perfetto.dev for traces

http://tau.uoregon.edu



https://tau.uoregon.edu/

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 POSIX I/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

Profiling:

MPI: % mpirun -np 16 tau exec -ebs ./a.out

e Pthread: $ mpirun -np 16 tau exec -T mpi,pthread -ebs ./a.out
* CUDA: % mpirun -np 16 tau exec -T cupti —cupti ./a.out

* ROCM: % mpirun -np 16 tau exec -rocm ./a.out

Analysis: % pprof —-a -m | more; % paraprof (GUI)

Tracing:

°* Vampir: MPI: % export TAU TRACE=1l; export TAU TRACE FORMAT=otf2

o

s mpirun -np 16 tau exec ./a.out; vampir traces.otf2 &

* Chrome/Jumpshot: % export TAU TRACE=1l; mpirun -np 64 tau exec ./a.out
% tau treemerge.pl;

Chrome: % tau trace2json tau.trc tau.edf -chrome -ignoreatomic -o app.json
Chrome browser: chrome://tracing (Load -> app.json) or Perfetto.dev

e Jumpshot: tau2slog2 tau.trc tau.edf -o app.slog2; jumpshot app.slog2




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 -0  ./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 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,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>
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Instrumentation
Features of TAU




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




Application Performance Engineering using TAU

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

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

How much time did my application spend waiting at a barrier in MPI collective operations?

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 1/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

Direct and indirect performance observation
Instrumentation invokes performance measurement
Direct measurement with probes

Indirect measurement with periodic sampling or hardware performance
counter overflow interrupts

Events measure performance data, metadata, context, etc.

User-defined events
Interval (start/stop) events to measure exclusive & inclusive duration

Atomic events take measurements at a single point
Measures total, samples, min/max/mean/std. deviation statistics

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




Instrumentation

e Source instrumentation using a preprocessor
— Add timer start/stop calls in a copy of the source code.
— Use SALT-FM or 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.
— TAU LLVM plugin for selective instrumentation at the LLVM IR level before codegen.
— 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.
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Using Instrumentation of Source Code in TAU using PDT

TAU supports several measurement and thread options
Phase profiling, profiling with hardware counters, MPI library, CUDA...
Each measurement configuration of TAU corresponds to a unique stub makefile and library that is generated
when you configure it

To instrument source code automatically using PDT

Choose an appropriate TAU stub makefile in <arch>/lib:
(or module load tau...)
% export TAU_MAKEFILE=$TAU/Makefile.tau-papi-mpi-pdt
% export TAU_OPTIONS= ‘-optVerbose ...” (see tau_compiler.sh)
% export PATH=3TAUDIR/x86_64/bin: $PATH
Use tau_f90.sh, tau_cxx.sh, tau_upc.sh, or tau_cc.sh as F90, C++, UPC, or C compilers respectively:
% mpif90 foo.f90 changes to
% tau_ f90.sh f00.f90

Set runtime environment variables, execute application and analyze performance data:

% pprof (for text based profile display)
% paraprof (for GUI)
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TAU Configurations available

% module load tau

% |s STAU/Makefile*
/packages/tau-2.34/x86_64/lib/Makefile.tau-intel-papi-mpi-pthread-pdt
/packages/tau-2.34/x86_64/lib/Makefile.tau-intel-papi-ompt-mpi-pdt-openmp
/packages/tau-2.34/x86_64/lib/Makefile.tau-papi-mpi-pdt
/packages/tau-2.34/x86_64/lib/Makefile.tau-papi-pdt
/packages/tau-2.34/x86_64/lib/Makefile.tau-papi-pthread-pdt
/packages/tau-2.34/x86_64/lib/Makefile.tau-papi-tbb-pdt

For an uninstrumented binary:

% mpirun —np 16 tau_exec —T mpi,papi,pdt ./a.out

Picks the configuration represented by
/packages/tau-2.34/x86_64/lib/Makefile.tau-intel-papi-mpi-pdt

To use OpenMP instrumentation:

% export TAU_OMPT_SUPPORT_LEVEL=full

% export OMP_NUM_THREADS=<N>

% mpirun —np 16 tau_exec —T ompt,mpi —ompt —ebs ./a.out

To use TAU’s source code instrumentation:

% export TAU_MAKEFILE=/packages/tau-2.34/x86_64/lib/Makefile.tau-intel-papi-mpi-pdt
% make CC=tau_cc.sh F90=tau_f90.sh CXX=tau_cxx.sh ; mpirun —np 16 ./a.out

% pprof —a | more

% paraprof

% paraprof --pack foo.ppk
# Copy it to your local machine and launch: % paraprof foo.ppk

12




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

Closed source C/C++ parser based
on obsolete version of Edison
Design Group compiler

Application
/ Libra

C/CH++ Fortran parser Based on an old, modified version of GFortran.

F77/90/954= |+ GFortran’s non-modular design makes use as a

parser
library difficult and does not support modern Fortran
IL IL
C/C+t Fortran

IL analyzer IL analyzer

P .
e Automatic source
Database DUCTAP / "
Files Instrumentation

Text-based database files enumerating all functions, statements, types
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Automatic Source Instrumentation using PDT

TAU source
analyzer
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Problems with PDT

e PDT has usability issues
— Not compatible with any C++ features beyond C++11
— Closed source — so have to ship large binary blobs to end users

— PDB file requirement to serialize all types to textual description presents problems with modern C++ with
deeply-templated types (large number of types with long description length)

 PDT has maintainability issues
— Closed source — developers must sign NDA, limits number of developers involved

— PDT instrumentor mixes EDG parser and PDT client code in same codebase — difficult to upgrade to
new versions

— Difficult to support for new C++ features

— Major EDG release makes numerous breaking changes to API, which would require a from-scratch
rewrite to adopt

e Fortran support
— Based on older GFortran parser that does not support modern Fortran features

15




Flang-based Instrumentation

flang — flang -fcl — LLVIV

assembler

: Lower to Lower to Lower to

SALT is implemented as a Flang Frontend Plugin which receives the Fortran
parse tree from flang —fc1 after parse tree generation and before the semantics
stage.

16




SALT plugin for Flang: NASA SBIR Phase |

Phase | proof-of-concept implements instrumentation for performance

monitoring.
SALT Visitor visits each node of parse tree
|dentifies programs/subprograms for instrumentation
|dentifies source locations for inserting variable declarations and timer start/stop code for

TAU timers
Not all parse tree node types in Flang have associated source position data.
Scans into children of a given node to find source position data in subnodes.

Phase | focused specifically on instrumentation.
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Profiling and Tracing

ece
Metric: TIME

Value: Exclusive
Units: seconds

43.649
36.231

Profiling

TALL ParaProf: node 0 - funid_d19.ppi

Loop: POINT_SOLVER::POINT_SOLVE_5 [{point_solver.F90} {2757,5}-{2917,19}]
Loop: JACOBIAN_VISCOUS::EDGEIP [{fjacobian_viscous.f90}{440,7}-{1584,221
Loop: FLUX_PERFGAS::ROE_FLUX [(flux_perfgas.fo0} (397,5] (597,2011

PUNS 3D_IO_C2N::PUNS30_RCAD_VGRID_C2N_SM [{puns3d_io_c2n f90} {1641,14}]
GRADIENT_DRIVER:: GRAD_VARIABLE [{gradient_driver.f90} {110,3}-{508,30}

MPI Waitall)

MPI_Reduce

| ——
27473 ]
19.6AR [ FILI_JACOBIANS::TIL|L_JACORIAN [(fill_jacabians.fa0} {19, }-{141,301
16.273
13.381
10.059 [E—]
9.954

0 T FLUR PERFCAS VISRHS TET (Iflux_perfgas (00 (2023, 141)
[—|

TURE_SPALART::SA_RLSID [{turb_spalart.fS0} {219, 1.
.78 | FLUX_TURB:: TURBULENT_GRADIENTS [{flux_turb. rso) (795 3}-{899,36}]

3.562 [] TIMESTEP::DELTAT2 [ftimestep.90} {20,31-{331,2411

3.384 [B POINT_SOLVER::POINT_SOLVE_1 [{point_solver.FSO0} {1083,3}-{1206,301
1200 [] TURB_SPALART::EDGE_ASSEMBLY_RES_CONV_DIFF [{turh_spalart.f0) (504%,14]]
1.086 [] MPI_Gcast

0.977 || TURB_SPALART::EDGE_ASSEMBLY_JAC_CONV_DIFF [{turb_spalart.f90} {5209, 14}

1
0.668 [ PPARTY MIXED ELEMENT::EDGE POINTER DRIVER [{pparty mixed element. 90} [74,3}-{502.361
0.66 | UPDATE_MEAN::UPDATE_O [{update_mean.F90} {723,3}-{803,25}]
0.637 | POINT_(1_DDQ:LU_S [{point_lu_dda.f90] (1566,2) (1636,21)]
0.624 || SOLUTION::WRLST_INTLRLLAF [{solution.F 90} {3214,14}]
0.586 || DUAL_NUMBERING::FMATRIX_TO_GRID [{dual_numbering.f90} {122,3}-{143,32}]
0.565 | GRID METRICS::DUALMETRIC [{grid_metrics.f90} {2289,31-12791,27}
0.524 | TURB_SPALART::SA_JACOB [{turb_spalart.fo0} {757,14}]
.49 | MPI_Barrier0
0.479 | UPDATT_TURB::UPDATE_VALUES_TURB [{update_turb. fa0} {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.FOO} {7907.3}-18132,411
0.36 | TURB_SPALART::JACOBIAN_SA [{turb_s palart.f90} {88,14}]
0.352 | TIMEACC::TIME_DIAG_NC [{timeacc.fo0] (1067,3} (1330,29]]
0336 | MPIInitO
0.285 | LMPI_APP::SINGLE_MATRIX_COMPLETE_XFER [{Impi_app.F90} {11520,3}-{11626,44}]
0.283 | PPARTY METIS::MY_METIS [{pparty metis.FO0} {116,31-{545,241
0.275 | PPARTY::NODE CELL CHOPPER [{pparty.f90} {41,3}-{4153,33}]
0.269 | FLUX_UTIL::L2NORM [{flux_util.fo0} (31,3} (249,23]]

Tracing

* Profiling shows you how much
(total) time was spent in each routi

« Profiling and tracing

Profiling shows you how much (total) t

® @ TimeLine : Helmsolve_Trace.slog2 <ldentity Map>
[~lv]|o e o ee| <[>][n][a[s[an] [ = ae@
Lowest { Max, Depth * Zaom Level Glabal Min Time Wiew Init Time Zoom Focus Time  View Final Time Glabal Max Time Time Fer Pixel Row
0/12 S e oo 316712742385 | 31.6739037714 | 11.6803407627 | 135.690379 o.0000132552 8] | | reow count
[ $] TimeLines 7.
B (>
o
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4
:
7 —9
u
11 s
12
13 -3
:
15 1
®Lineln I | | I | I | | I ALl
3672 31673 31674 31675 31676 677 31670 31679 sree || (SR
.
- Tracing shows you when the events take

place on a timeline

Ime 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 EXclusive
= Information cannot be subdivided further

Inclusive

Exclusive

1

"1

int foo ()

{

int a;

a = 1 + 1i;

bar () ;

a = a + 1i;

return a;

19




How much data do you want?

Limited Loop Callpath
Profile Profile Profile

O(KB)

Flat Callsite
Profile Profile

Trace

O(TB)

20




Performance Data Measurement

Direct via Probes

Call
START ( ‘potential’)
// code

Call

STOP ( ‘potential’)

 Exact
measurement

« Fine-grain control

« (Calls inserted
Into code

Indirect via Sampling

* No code modification
« Minimal effort

* Relies on debug
symbols (-0)

21




Sampling

t, t, ot ty

R '
i1 1E

~—+
'

ts S
v v \
| | ]

- foo (0) foo (1) foo (2) int main ()
{

Running program is periodically interrupted to take int 1;
measurement for (i=0; 1 < 3; i++)
Timer interrupt, OS signal, or HWC overflow foo (1)
Service routine examines return-address stack return 0;
Addresses are mapped to routines using symbol }
table information vetid Foolime *)
Statistical inference of program behavior {
Not very detailed information on highly volatile if (1> 0)
metrics foo(i - 1);

Requires long-running applications
Works with unmodified executables
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Instrumentation

7t8

t
v

—4
o1

—4
e

th t11t12t13 t14

vy

Fr— 4—©r—l-

e —

L=

t t t,t
1 2 34
N 1

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

int main ()

{
int i; » ,
TAU_START( main ) ;
for (i=0; 1 < 3; i++)

foo ()i,

TAU STOP( main ) ;
return 0;

}
volid foo (int 1)

{ [ ”»
TAU_START (“f00”) ;
if (1 > 0)

foo(i - 1);
TAU_STOP (“foo”) ;
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ParaProf Profile Browser

Fila Options Windows Help

metric: TIME
Value: Exclusive
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ParaProf Profile Browser

File | Options | Windows Help File Options Windows Help
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Inclusive Measurements

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

Value: Inclusive
Units: seconds

221.305 I—— . TAU application
221.304 e NODET [{main.f90} {4,1}-{35,17}]

197.989 b FLOWCITERATE [{flow.FO0} {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.FO0} {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.f20} {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.fO0} {40,3}-{131,40}]
57.152 [ | POINT_SOLVER::POINT_SOLVE [{point_solver.F30} {31,3}-{214,28}]

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

54.402 [ RELAX_MEAN::RELAX [{relax_mean.f0} {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.fo0} {25,3}-{592,38}]
52.747 [Emmeesl POINT_SOLVER::POINT_SOLVE_S [{point_solver.Fo0} {2700,3}-{2921,30}]
52.744 [ | Loop: POINT_SOLVER::POINT_SOLVE_5 [{point_salver.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::EDGE)P [{jacobian_viscous.f80} {440,7}-{1584,22}]
27.474 [E2] FLUX_PERFGAS::INVISCID_FLUX_DRIVER [{flux_perfgas.fo0} {37,14}]
27.474 [Emm FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.fa0} {236,14}]
27.473 [] Loop: FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.fa0} {397,5}-{597,20}]
22.707 [ FLOW:INITIALIZE_DATA [{flow.FS0} {465,14}]
22.694 [ | FLOW:INITIALIZE_DATAZ [{flow.F90} {663,14}]

20.916 PPARTY_PREPROCESSOR::PPARTY_PREPROCESS [{pparty_preprocessor.fo0} {28,14}]

L
16.726 [] PPARTY_PREPROCESSOR::PPARTY_READ_GRID [{pparty_preprocessor.f90} {735,14]]
16.726 [

|

=

=

PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N [{puns3d_io_c2n.f90} {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}]
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Exclusive Tirpg

TAU: ParaProf: node 0 - fun3d_d19.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}]
19688 [ | FILL_JACOBIANS::FILL_JACOBIAN [{fill_jacobians.f90} {19,3}-{341,30}]
16.273 sl PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.fo0} {1641,14}]
13.381 | GRADIENT_DRIVER::GRAD_VARIABLE [{gradient_driver.f90} {110,3}-{508,30}]
10.059 [ MPI_Waitall()
9.954 [ | MPI_Reduce()
8.04 [E] FLUX_PERFGAS::VISRHS_TET [{flux_perfgas.fo0} {3023,14}
7.319 [ TURB_SPALART::SA_RESID [{turb_spalart.f00} {219,14}]
3.78 [] FLUX_TURB:: TURBULENT_GRADIENTS [{flux_turb.f90} {796,3}-{899,36}]
3.562 [_| TIMESTEP::DELTAT2 [{timestep.fO0} {20,3}-{331,24}]
3.384 [l 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.FO0} {723,3}-{803,25}]
0.637 [ POINT_LU_DDQ::LU_5 [{point_lu_ddqg.f90} {1566,3}-{1636,21}]
0.624 [ SOLUTION::WREST_INTERLEAF [{sclution.FO0} {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.f30} {757,14}
0.49 | MPI_Barrier()
0.479 | UPDATE_TURB::UPDATE_VALUES_TURB [{update_turb.fo0} {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 | MPI_Init()
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}]




Callpath Profiling

TAU: ParaProf: Statistics for: node 0 - fun3d_d19.ppk

Name
v l.TAU application
v ENODET [{main.fo0} {4,1}-{35,17}]
> I FLOW:INITIALIZE_PROJECT [{flow.FO0} {366,14}]
v M FLOW:ITERATE [{flow.F90} {1692,14}]
» EFLOW::STEP_POST [{flow.F90} {2098,14}]
v lFLOW::STEP_SOLVER [{flow.F90} {1845,14}]
v MRELAX_STEADY::RELAX [{relax_steady.f90} {30,3}-{307,22}]
» BMUPDATE_TURB::UPDATE_VALUES_TURB [{update_turb.f90} {854,3}-{877,35}]
> I RELAX_TURB::RELAX [{relax_turb.f90} {22,3}-{68,22}]
v M RELAX_MEAN::RELAX [{relax_mean.f00}{22,3}-{84,22}]
» EWU_DEFS::TIMES [{wu_defs.f90} {59,3}-{174,22}]
v MGCR_SOLVE::GCR_SOLVER_QSET [{gcr_solve.fo0} {47,3}-{415,32}]
» BGCR_UTIL::RES_RMS_QSET [{gcr_util.fo0} {375,3}-{395,29}]
» BGCR_UTIL:MATRIX_TO_GRID_RES [{gcr_util.f90} {313,3}-{336,35}]
» EGCR_UTIL::MATRIX_TO_GRID_DQ [{gcr_util.f90} {282,3}-{305,34}]
» EGCR_UTIL:GRID_TO_MATRIX_RES [{gcr_util.f90} {344,3}-{367,35}]
v BGCR_SOLVE_UTIL::GCR_PRECONDITIONER_QSET [{gcr_solve_util.f90} {40,3}-{131,40}]
v ELINEARSOLVE_NODIVCHECK::NODIVCHECK_RELAX_Q [{linearsolve_nodivcheck.F90} {56,14}]
» EWU_DEFS::TIMES [{wu_defs.f00} {59,3}-{174,22}]
v MPOINT_SOLVER::POINT_SOLVE [{point_solver.F90} {31,3}-{214,28}]
v MPOINT_SOLVER::POINT_SOLVE_5 [{point_solver.F90} {2700,3}-{2921,30}]
v OLoop: POINT_SOLVER::POINT_SOLVE_5 [{point_solver.F90}{2757,5}-{2917,19}
» I LMPI_APP::SINGLE_START_MATRIX_XFER [{Impi_app.FO0} {7907,3}-{8132,41}]
v ELMPI_APP::SINGLE_MATRIX_COMPLETE_XFER [{Impi_app.F90} {11520,3}-{11626,44}]
v I LMPIL::LMPI_WAITALL [{Impi.F90}{20175,3}-{20200,29}]
W MPI_Waitall()
» ELMPI: INTEGR_SCALAR_REDUCE [{Impi.FO0} {4584,3}-{4611,37}]
» B LINEAR_SPECTRAL::SET_FIELD_POINTS [{linear_spectral.f90} {173,3}-{184,33}]

% export TAU_CALLPATH=1
% export TAU_CALLPATH_DEPTH=100

Exclusive... ¥
0.001
0

0

0
0.001
0.001
0.049
0.479
0.024
0.002
0.003
0.002
0.001
0.001
0.001

0.008
0.02
0.004
0.003
43.649
0.271
0.228
0.139
8.217

Inclusive...
221.305
221.304

0.517
197.989
2.394
195.577
195.569
0.737
4.77
54.402
0.065
54.334
0.15
0.536
0.195
0.341
53.104
53.103
0.34
52.751
52.747
52.744
0.512
8.583
8.355
8.217
0.002
0.002

Calls

100
100
100
100
100
100
100
200
100
100
100
100
100
100
100
3,200
1,500
1,500
1,500
18,000
18,000
30,000
30,000
100
100

Child...
1
105
9
500
1,202
702
800
300
300
300
200
801
100
100
100
100
100
4,900
3,200
1,500
1,500
36,000
85,500
30,000
30,000
0
100
200
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ParaProf Function Window

[ ] [ ] TAU: ParaProf: Function Data Window: fun3d_d19.ppk

Name: .TAU application => NODET [{main.f90} {4,1}-{35,17}] => FLOW:ITERATE [{flow.F90} {1692,14}] =>
FLOW::STEP_SOLVER [{flow.F90} {1845,14}] => RELAX_STEADY::RELAX [{relax_steady.f90} {30,3}-{307,22}] =>
RELAX_MEAN::RELAX [{relax_mean.f90} {22,3}-{84,22}] => GCR_SOLVE::GCR_SOLVER_QSET [{gcr_solve.f90}
{47,3}-{415,32}] => GCR_SOLVE_UTIL::GCR_PRECONDITIONER_QSET [{gcr_solve_util.f90} {40,3}-{131,40}] =>
LINEARSOLVE_NODIVCHECK::NODIVCHECK_RELAX_Q [{linearsolve_nodivcheck.F90} {56,14}] =>
POINT_SOLVER::POINT_SOLVE [{point_solver.F90}{31,3}-{214,28}] => POINT_SOLVER::POINT_SOLVE_5 [{point_solver.F90}
{2700,3}-{2921,30}] => Loop: POINT_SOLVER::POINT_SOLVE_S [{point_solver.F90} {2757,5}-{2917,19}]

Metric Name: TIME

Value: Exclusive

Units: seconds

2.203 [l std. dev.
450 Y} mie@n
4. 5.8 6 | ] 12X
42.481 min
43.649 node 0
46.11 node 1
node 2
node 3
node 4
node 5
node 6
node 7
node 8
node 9
node 10
node 11
node 12
node 13
node 14
node 15
node 16
node 17
node 18
R LI
45, 05 7 || 1 Ode 20
44,152 node 21
LR = R
43.959 | M ode 23

42.766

49.586
48.477
46.323
44.86

45.283
46.529

42.769
45.138
45.218

43.712
45.642

49.549
49.559
47.114
46.499
48.507
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Callsite Profiling and Tracing

&
L 4

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

Metric: TIME
Value: Exclusive
Units: seconds

14.695

P PR =

6.987 |——|

/1
2.068 |[m—
2.053 [
1926 [

4.097

0.365
0.365

0.218
0.218
0.188
0.104
0.08
0.063
0.057
0.055
0.03
0.026
0.012
0.009
0.008
0.005
0.002
0.001
0.001
0.001
0.001
7.6E-4
4.9E-4
4.9E-4
4.9E-4
4.2E-4
4.0E-4
2.6E-4
2.4E-4
2.4E-4
2.4E-4

A
A
[
i
0
[
|
|
I
I|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

MPI_Recv()

[CALLSITE] MPI_Recv() [@] [exchange_1_] [{/lus/theta-fs0/projects/Tools/tau/workshop/NPB3.1/LU/exchange_1.f} {68}]
.TAU application

MPI_Send()

[CALLSITE] MPI_Recv{) [@] [exchange_1_] [{/lus/theta-fs0/projects /Tools/tau/workshop/NPB3.1 /LU /exchange_1.f} {86}]
[CALLSITE] MPI_Send() [@] [exchange_1_]1 [{/lus/theta-fsO/projects/Tools /tau/workshop/NPB3.1/LU/exchange_1.f} {113}]
[CALLSITE] MPI_Send() [@] [exchange_1_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_1.f} {130}]
MPI_Finalize()

[CALLSITE] MPI_Finalize() [@] [MAIN__1[{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/lu.f} {161}]

MPI_Init)

[CALLSITE] MPI_Init() [@] [init_comm_] [{/lus/theta-fs0/projects/Tools/tau/workshop/NPB3.1/LU/init_comm.f} {31}]
MPI_Wait()

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

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

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

[CALLSITE] MPI_Allreduce() [@] [I2Znorm_] [{/lus/theta-fsO/projects/Tools /tau/workshop/NPB3.1/LU/I2norm.f} {5531
[CALLSITE] MPI_Bcast() [@] [bcast_inputs_] [{/lus /theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/bcast_inputs.f} {33}
[CALLSITE] MPI_Allreduce() [@] [ssor_] [§/lus /theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/ssor.f} {205]]

[CALLSITE] MPI_Wait() [@] [exchange_4_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_4.f} {59}]
[CALLSITE] MPI_Wait() [@] [exchange_6_] [{/lus/theta-fsO/projects/Tools /tau/workshop/NPB3.1 /LU/exchange_6.f} {54}]
[CALLSITE] MPI_Wait() [@] [exchange_5_] [{/lus/theta-fsQ/projects/Tools/tau/workshop/NPB3.1/LU/exchange_5.f} {54}]
[CALLSITE] MPI_Wait() [@] [exchange_4_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_4.f} {104}]
[CALLSITE] MPI_Irecv() [@] [exchange_4_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_4.f} {50}]
MPI_Barrier()

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

[CALLSITE] MPI_Allreduce() [@] [error_] [{/lus /theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/error.f} {53}]1
MPI_Comm_size()

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

[CALLSITE] MPI_Allreduce() [@] [pintgr_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/pintgr.f} {272}1
[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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ParaProf Callpath Thread Relations Window

TAU: ParaProf: Call Path Data n,c,t, 5,0,0 - fun3d_d19.ppk

Metric Name: TIME
Sorted By: Exclusive
Units: seconds

Exclusive Inclusive Calls/Tot.Calls Name[id]
46.323 53.014 1500/1500 POINT_SOLVER::POINT_SOLVE_5 [{point_solver.F90} {2700,3}-{2921,30}]
-— 46.323 53.014 1500 Loop: POINT_SOLVER::POINT_SOLVE_5 [{point_solver.F90} {2757,5}-{2917,19}]
0.16 6.379 18000/30100 LMPI_ APP::SINGLE MATRIX COMPLETE_XFER [{lmpi_app.F90} {11520,3}-{11626,44}]
0.166 0.311 18000/30100 LMPI_APP::SINGLE START MATRIX XFER [{lmpi app.F90} {7907,3}-{8132,41}]
36.386 36.386 78/78 JACOBIAN_VISCOUS::EDGEJP [{jaccbian_viscous.f£90} {324,14}]
-— 36.386 36.386 78 Loop: JACOBIAN VISCOUS::EDGEJP [{jacobian wviscous.f90} {440,7}-{1584,22}]
4.7E-4 4.7E-4 45/27956 PPARTY METIS::MY METIS [{pparty metis.F90} {116,3}-{545,24}]
0.242 0.242 777/27956 LMPI::LOGICL_SCALAR_BCAST [{lmpi.F90} {3691,3}-{3727,36}]
0.002 0.002 2/27956 LMPI::DOUBLE_TENSOR_BCAST [{lmpi.F90} {4185,3}-{4214,36}]
16.689 16.689 31/27956 LMPI::INTEGR_MATRIX BCAST [{lmpi.F90} {3240,3}-{3276,36}]
0.013 0.013 48/27956 LMPI::INTEGS VECTOR_BCAST [{lmpi.F90} {3376,3}-{3412,36})
0.587 0.587 489/27956 LMPI::INTEGR_VECTOR_BCAST [{lmpi.F90} {3196,3}-{3232,36}]
0.003 0.003 1197/27956 LMPI: :CHARACTER BCAST [{lmpi.F90} {3100,3}-{3136,32}]
1.521 1.521 5371/27956 LMPI::DOUBLE_VECTOR_BCAST [{lmpi.F90} {4096,3}-{4132,36}]
1.2E-5 1.2E-5 2/27956 LMPTI::LOGICL_VECTOR_BCAST [{lmpi.F90} {3736,3}-{3772,36}]
0.012 0.012 1040/27956 LMPI::DOUBLE_SCALAR_BCAST [{lmpi.F90} {4051,3}-{4087,36}]
0.055 0.055 3/27956 LMPI::INTEGS SCALAR BCAST [{lmpi.F90} {3331,3}-{3367,36})
10.328 10.328 18941/27956 LMPI::INTEGR_SCALAR BCAST [{lmpi.F90} {3151,3}-{3187,36}]
0.005 0.005 10/27956 LMPI::DOUBLE_MATRIX_ BCAST [{lmpi.F90} {4140,3}-{4176,36}]
- 29.457 29.457 27956 MPI_Bcast()
27.158 27.158 100/100 FLUX PERFGAS::ROE_FLUX [{flux_perfgas.f90} {236,14}]
- 27.158 27.158 100 Loop: FLUX PERFGAS::ROE_FLUX [{flux perfgas.f90} {397,5}-{597,20}]

Shows the contribution of parents and children for each routine (marked by an arrow)
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ParaProf Callpath Thread Relations Window

TAU: ParaProf: Call Path Data n,c,t, 13,0,0 - fun3d_d19.ppk

Metric Name: TIME
Sorted By: Exclusive
Units: seconds

POINT SOLVER::POINT SOLVE_5 [{point_solwver.F90} {2700,3}-{2921,30}]

Loop: POINT SOLVER::POINT SOLVE 5 [{point solwver.F90} {2757,5}-{2917,19}]
LMPI_APP::SINGLE MATRIX COMPLETE XFER [{lmpi app.F90} {11520,3}-{11626,44}]

LMPI_APP::SINGLE_START MATRIX XFER [{lmpi_ app.F90} {7907,3}-{8132,41}]

JACOBIAN VISCOUS::EDGEJP [{jacobian viscous.f90} {324,14}]

Loop: JACOBIAN VISCOUS::EDGEJP [{jaccbian viscous.f90} {440,7}-{1584,22}]

FLUX PERFGAS::ROE_FLUX [{flux perfgas.f90} {236,14}]
Loop: FLUX PERFGAS::ROE_FLUX [{flux_perfgas.f90} {397,5}-{597,20}]

LMPI::CHARACTER_BCAST [{lmpi.F90} {3100,3}-{3136,32}]
LMPI::INTEGR VECTOR BCAST [{lmpi.F90} {3196,3}-{3232,36}]
LMPI::INTEGS SCALAR BCAST [{lmpi.F90} {3331,3}-{3367,36}]
LMPI::DOUBLE MATRIX BCAST [{lmpi.F90} {4140,3}-{4176,36}]
LMPI::INTEGR_MATRIX BCAST [{lmpi.F90} {3240,3}-{3276,36})
LMPI: :DOUBLE_SCALAR BCAST [{lmpi.F90} {4051,3}-{4087,36}]
LMPI::DOUBLE VECTOR BCAST [{lmpi.F90} {4096,3}-{4132,636}]
LMPI::LOGICL VECTOR BCAST [{lmpi.F90} {3736,3}-{3772,36}]
LMPI::DOUBLE TENSOR BCAST [{lmpi.F90} {4185,3}-{4214,36})
LMPI::INTEGS VECTOR BCAST [{lmpi.F90} {3376,3}-{3412,36}]
PPARTY METIS::MY METIS [{pparty metis.FS80} {116,3}-{545,24}]
LMPI::INTEGR_SCALAR BCAST [{lmpi.F90} {3151,3}-{3187,36})
LMPI::LOGICL SCALAR BCAST [{lmpi.F90} {3691,3}-{3727,36}]

UPDATE_MERAN: : UPDATE_JACOBIAN [{update mean.F90} {513,3}-{588,32}]
FILL JACOBIANS::FILL JACOBIAN [{fill jacobians.f90} {19,3}-{341,30}]
SOURCE: : SOURCE_JACOBIAN [{source.f90} {93,3}-{168,32})
LMPI::LMPI_CONDITIONAL STOP [{lmpi.F90} {611,3}-{672,38}]
BC_NAMES::BC_HAS PRESSURE_CLOSURE [{bc_names.£90} {1618,3}-{1693,38}]
BC_NAMES::ELEMENT BASED BC [{bc_names.f90} {1390,3}-{1439,31}]
JRCOBIAN VISCOUS::VISCOUS JACOBIAN [{jacobian viscous.f90} {20,14}]

Exclusive Inclusive calls/Tot.Calls Name[id]
45.642 52.774 1500/1500
==> 45.642 52.774 1500
0.299 6.259 18000/30100
0.6 0.873 18000/30100
37.689 37.689 78/78
==> 37.689 37.689 78
28.431 28.431 100/100
==> 28.431 28.431 100
0.003 0.003 1197/27956
0.542 0.542 489/27956
0.033 0.033 3/27956
0.005 0.005 10/27956
16.724 16.724 31/27956
0.032 0.032 1040/27956
1.48 1.48 5371/27956
1.5E-5 1.5E-5 2/27956
0.002 0.002 2/27956
0.013 0.013 48/27956
6.1E-4 6.1E-4 45/27956
5.481 5.481 18941/27956
0.243 0.243 777/27956
-5 24.557 24.557 27956 MPI_Becast()
20.045 61.19 78/78
. 20.045 61.19 78
1.4E-4 1.4E-4 78/78
0.006 2.491 3822/16665
0.003 0.003 3g22/8622
0.008 0.008 7644/17444
3.2E-4 37.689 78/78
0.443 0.445 78/123

TIMEACC: : TIME_DIAG NC [{timeacc.£90} {1067,3}-{1330,29}]
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Identlfylng Collective Wait States: Thread Callpath Relations Window

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

\,)

Metric Name: TIME
Sorted By: Exclusive

Units: seconds

Exclusive Inclusive Calls/Tot.Calls Name [id]
1099.614 1191.772 1/1 i:SETUP
—_— 1099.614 1191.772 1 i:LOAD
0.006 92.158 3/9543 MPI_Allreduce()
9.8E-4 9.8E-4 11/15177 MPI_Gatherv()
1.448 1.448 43/15177 MPI_Gather()
15.353 15.353 46/15177 MPI_Alltoall()
89.821 89.821 4311/15177 MPI_Bcast()
6.777 6.777 195/15177 MPI_Allgather()
68.678 68.678 991/15177 MPI_Reducel()
9.179 9.179 12/15177 MPI_Comm_dup()
@.125 0.125 25/15177 MPI_Allgatherv()
382.861 382.861 9543/15177 MPI_Allreduce()
—_— 574.243 574.243 15177 MPI Colllective Sync
2.507 2.508 10/186 DISTRIBUTE_F@G
2.433 2.434 10/186 F_UPD_F@_SP
5.156 5.158 20/186 F@_CHARGE_SEARCH_INDEX
5.505 5.507 22/186 PULLBACK_WEIGHT
24.86 24.872 102/186 UPDATE_PTL_WEIGHT
0.473 0.473 2/186 MAIN_LOOP
4.975 4,977 20/186 DIAG_f@_PORT1_PTL
—_— 45,91 45,93 186 copy_ptl_to_device
0.02 0.02 186/272 Kokkos::parallel_for set_buffer_particles_d [type = Cuda, device = 0]

MPI Collective Sync is the time spent in a barrier operation inside a collective




araProf Th

read Comparison Window

'eoe ParaProf: Comparison Window
Metric: TIME 128_d3d.ppk - node 118, thread 0
Value: Exclusive I 128_d3d.ppk - node 22, thread 0

Units: seconds

1099.614 i o - — = i
126,533 (102.448%) e iLOAD <= i:SETUP <= INIT <= TOTAL <= .TAU application

1099.614 S—

126,533 (102.445%) ey (LOAD
574.243

187.769 (32.699%) [l

4525991?54_131:“ MPI Collective Sync <= MPI_Allreduce() <= F_COLL_MULT_RED2 <= F_COLL_MULT_CONV_IO <= F_COLLISON <= F_SOURCE <= FO_GRID <= MAIN_LOOP <= TOTAL <= .TAU application

MPI Collective Sync

95,339 [l COL_F_SOLVER_TOTAL <= COL_F_PICARD_STEP <= Kokkos::parallel_for picard [type = OpenMP, device = 0] <= COL_F_CORE_M_LOOP <= COL_F_CORE_M <= F_COL_MULTI_SP <= F_COLLISON <= F_SOURCE <= FO_GRID <= MAIN_LOOP

95.339 COL_F_SOLVER_TOTAL

92.

152 & . _ i - - - - icati
65.543 (71.125% MPI Collective Sync <= MPI_Allreduce() <= i:LOAD <= i:SETUP <= INIT <= TOTAL <= .TAU application

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

66.539 W Kokkos::parallel_for picard [type = QOpenMP, device = 0]

45.91 @
43.996 (95.832%) [ COPY-PU-todevice

41.968 [ . N _ _ B )
42.36(100,934%) [§ FSETUP-GET_VOLUME <= i:SETUP <= INIT <= TOTAL <= .TAU application

41.968 [ .
42.36 (100.934%) [ " SETUP-GET_VOLUME

29.166 []
38,191 (130.942 § P

36.286

a .
34.687 (95.592%) B copy_ptl_from_device

25.643 [ i
33.824 (131.901%) t_prf <= TOTAL <= .TAU application

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

30.361
30.361 Kokkos::parallel_for check [type = OpenMP, device = 0]
8.482 |

29.867 (352.114%) | POISSON_SIMPLE

6708 (33_51‘453;)[1 MPI_Barrier()
24.707 (992;‘7836;5 E iZINIT_POL_SMOOTH_MAT <= i:INIT_GRID <= i:SETUP <= INIT <= TOTAL <= .TAU application
24_707(992;"72‘;5 E LINIT_POL_SMOOTH_MAT
a1 (]03_533'5;:; H swh:LOCAL_WTS_EVAL_ELEC <= SET_WEIGHTS_F <= FIRST <= TOTAL <= .TAU application

23.78 ]
24,621 (1035350  TLOCALWTS_EVAL ELEC

23704 ] _ . _ B B B )
24.543 (103,543 [ "FLOCALWTS_EVAL ION <= SET_WEIGHTS_F <= FIRST <= TOTAL <= .TAU application

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

® @ TAU: ParaProf: Function Data Window: fun3d_d18.ppk
Name: Loop: JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {440,7}-{1584,22}]
Metric Name: TIME
Value: Exclusive
Units: seconds
0.505 [] std. dev.
37.253 mean
BIBVETS ] max
36.231 ] min
o ] — e LY
87 b ] node 1
36.689 i ] node 2
yBEeeee ] node3
L — e L
36.386 ] node 5
yMEee— ] node6
E L B e — L TeTe L
3714 ] node 8
R — T L)
37.097 i il node 10
W Eeeeeeee ] node 11
37.256 Bl ] node 12
37689 i i node 13
37651 B ] node 14
v E e node 15
37642 ] node 16
379016 ] node 17
BIBVESS ] node 18
36.697 il node 19
e e ] node 20
0 e Rl LS |
ymmMEeeeee—eee ] node 22
36446 ] node 23
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Tracing: Jumpshot (ships with TAU)

® @ TimeLine : clover.slog2 <ldentity Map=
=
alv]Fa|m[es <[>]a]aw(a]n see 2 ae
Lowest | Max. Dept :Zu-u-m Level Global Min Time View Init Time Zoom Focus Time View Final Time Global Max Time Time Per Pixel : | Row
oy 10 18 0.0 1.8542052923 1.8542206753 1.8542360495 9.782368 0000338 fE I ‘ I Row Count|
| cumulati.. % | TimeLines - 13.0
[55 SLOG-2 >
o
1 —11
2
3 -9
4
5 . A7
6
7 —5
8
g —3
10
L
11
@ LinelD Fit All F
| | | | | | | | | | | |
354205 1.8542075 1.585421 1.5542125 1.854215 1.8542175 1.55422 1.5542225 1.5654225 1.5542275 1.55423 1.5542325 1.8542] 5
Time {seconds}

- void shmem_put64_nb_(void *, void *, int *, int *, void *) - void shmem_barrier_all_0{) - wvoid shmem_puté4_(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 = & [1]: time = 2.062669, LinelD = 5§ [1]: time = 2.062535, LinelD = 1
[ close | l [ close | | [ close |

% export TAU_TRACE=1; mpirun —np 256 tau_exec ./a.out
% tau_treemerge.pl; tau2slog?2 tau.trc tau.edf —o app.slog2

% jumpshot app.slog2




Tracing: Chrome Browser or Perfetto.dev

& chrome:/fracing * =t

® Chrome | chrome://tracing

e % o 6

Record Save Load matmult.json Processes “ View Options ” [ — I —+ ll »
| |380 ms |385 ms |390 ms
~ Process 0 X
~ 0 .TAU application
MAIN [{matmult.fo0} {39,7}{132,22}]
MPI_Recv() M... MPI... MPL.. MPI_Recv() MPI_Recv() M... MPI... MPI_Re... MPI_Recv() MPI_Recv() M... M... MPI_Recv() MPI_Recv() MPI_Recv() M... M.. MPI_Recv() MPI...
~ Process 1 X
- 0 .TAU application
MAIN [{matmult.fe0} {39,7}-{132,22}]
MULTIPLY_MATRICES [{matmult.f80} {25,7}{37,38}] MULTIPLY_MATRICES [{matmult.fo0} {25, 7}{37,38}] MULTIPLY_MATRICES [{matmult.fo0} {25,7)}{37,38}] MULTIPLY_MATRICES [{matmult.fo0} {25,7)}{37,38}]
~ Process 2 X
-~ 0
MAIN {matmult.fo0} {39,7}132,22}]
MULTIPLY_MATRICES [{matmult.f90} ... MULTIPLY_MATRICES [{matmult.f90} {25,7)}{37,38}] MULTIPLY_MATRICES [{matmult.fo0} {25,7)}{37,38}] MULTIPLY_MATRICES [{matmult.fo0} {25,7)}{37,38}] MUL...

~ Process 3

~ 0

~ Process 4

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.f80} {25,7}{37,38}]

~ 0

MAIN [{matmult.f90} {39,7)}{132,22}]

MULTIPLY_MAT... MULTIPLY_MATRICES [{matmuit.f80} {25,7}-{37,38}] MULTIPLY_MATRICES [{matmuit.f30} {25,7}-{37,38}] MULTIPLY_MATRICES [{matmuit.f90} {25,7}-{37,38}]

MULTIPLY_MATRICES [{matmuit.fe + 73{37,38}]

x|
I X

+) —

MULTIP [+ TRICES...

SOWeN  SIBIg 8213 ol M

eleq awel

fousje indu|

79 items selected.

Slices (79)

Name ~ Wall Duration — Selftime —~ Average Wall Duration -~ Occurrences ~ Event(s) Link
MULTIPLY MATRICES [{matmult.fo0} {25,7}-{37,38}]_ D 114.459 ms 114.459 ms 4.239 ms 27 Incoming flow MPI
MPI _Send(). & 0.157 ms 0.157 ms 0.007 ms 23 Incoming flow MP1
MPI_Recv(). <« 0.994 ms 0.994 ms 0.043 ms 23 lncomfng flow MPI
TAU application & 2,274.680 ms 0.174 ms 758.227 ms 3 Incoming flow MPL
MAIN {matmult 90} {39,7}-{132,22}]. <& 2274506 ms  13.845 ms 758.169 ms 3 Incoming flow ME|
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
N AR 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)
Perfetto.dev (open the Ul)
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Perfetto.dev Trace B

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

< C @ uiperfetto.dey,

(D Perfetto

Navigation

A Process 00
Current Trace. N

CPU Thread 00
jsongz (1 MB)

6PU: Bytes Alocated value

GPU: Bytes Free

GPU: CopyDeviceToHost Bytes value

GPU: CopyHostTaDevice Bytes value

GPU: Host Bytes Al
6PU: Total Bytes Ocey
value
GPU: Total Byte:
value

Occu

CPUThread 33

U Thread
Example Traces CPUThread 44

CPUThread 55

Support HIP[0:00000 6
HIP (0:00001] 131072

@ Keyr

Current Selection | Flow Events

Slice Details
Name

Category

Start time
Duration
Sample queries Thread duration
Slice ID
args.GUID

args Parent GUID

o e e

rowser: Kokkos

hipMemcpyToSymbal

h

"APEX MAIN
Main Thread: APEX main thread
pthread_join

05 Thread: APEX pthread wrapper
addr=<Ox7efe007e2440>
Kokkos: parallel_for [Type:HIP, Device: 0] intilize
hipFuncGetAttibites hi hipHostMalloc:

Kokkos:parallel_reduce [Type:HIP, Dev_

05 Thread: APEX pthread wrapper
addr=<0x7efed07e2dd0>
hipMalloc. .. Kokkos:zparallel_for [Type:HIP, Device: 0] initialize Kokkos::parallel_reduce [Type:HIP, D...
[

05 Thread: APEX pthread wrapper
addr=<0x7efe007e2dd0>

Kokkos:parallel_for [Type:HIR, Device: 0] intialize. Kokkos:parallel_teduce [TypeHIPD..

h.
oIl
e Il I ses '@

05 Thread: APEX pthread wrapper

cPU

487ms 53us 394ns

thread_slice

% export TAU TRACE=1; mpirun -np 64 tau exec -rocm ./a.out;

% tau treemerge.pl;

% tau_trace2json tau.trc tau.edf -chrome -ignoreatomic -o app.Jjson
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Perfetto.dev

[ NoN | @ External trace (RPC) - Perfetic X +

& C @& uiperfetto.dev/#!/viewer?local_cache_key h & a0 &

(D Perfetto ]

Navigation

+166.4 ms +566.4 1

[
O
- Process 9

.TAU application
Current Trace Thread 9

External tra TAU application

taupreload_main
Simulation

Spatial-space Update system bounda._
Thread 0 semilag-trans

translate proton
transfer-stencil-data-. compute-mappingz b |1 EERE T transfer-stencil-data-x compute-mapping-.. |b.. compute-mapping-y
M MPI_Waitall() M , MPI_Waitall() MPI|_Waitall() MP..

Convert trace .TAU application

Thread 1

o

TAU application

¥ ¢ —

— Current Selection T v
Slice Details

Example Traces Name MPI_Waitall() Arguments
Category TAU

El g id ex Start time 19 149ms 472us

Duration 9ms 469us




Perfetto.dev Trace Browser

(% trace_events.0.json.gz (3MB) X  +

& C @ uiperfetto.de,

D Perfetto

Navigation

Current Trace

trace_events.0.json.gz (3 MB)

Convert trace

=
3

Example Traces

Sample queries

>¢

CPU Thread 00 +* adoalios

CUDA [0:1:00000] 65536

*
conpsammiom Wy 1IN W R

sepack_and_shift

w Flmll TETIT T "NI“

SHIFTL

GPU: Bytes Al

GPU: Bytes Fre

value

Current Selection | Flow Events

GPU: Bytes: Memepy DtoD 0->0 value 0su
GPU; Bytes: Memcpy DioH value { 0
GPU: Bytes: Memapy HtoD value E C U DA Strea m S F IOW Eve ntS
GPU: Device 0 Clock Memory (MHz) 1
value
2
ory Tot: )] 25
emory Used (GB) 5
emory Utilization %
e 0 NvLink Link Count 75
NuLink Speed (GB/s) %
NuLink Throughput 0751
NvLink Throughput 957
PCle RX Throughput 5
e 0 PCle TX Threughput 1
e 0 Power (W) value 025K
e 0 Temperature (C) =
0256
s«
GPU: Shared Memary Size 00k
GPU: Static Shared M
¢ 56
sk
-'.‘_ac‘:[c Page-locked Bytes Allocated 50K
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Vampir [TU Dresden] Timeline: Kokkos

| N\ Trace View - / @/ ks {lulesh-2.0/xokkos-minimal-cpu/traces.otf2 * - Vampir

| e Ede Chart Fiter Window Help
‘E¥Iu503blu I J-E g

‘ 69.15680 5 69.15681 5 69.15682 s 69156835 6915684 5 69.15685 5 69.15686 5 69.15687 69.15688 5
o Master thread TR

Thread 1

T
Theesd 2 TR e—
Thread 3 _——————:—m

Theead 4 B

Thread 5
Thread 6 _'—”——_‘—_
Thread 7
Thread 8
Theead 9 _—"—‘——-—‘—"_
Tresg1o  AUGPPICEOGAT T R TRDeppResteR T —
Theead 11 __—_———_'__
Theead12  TATEPRIERIGRT— R — R TR SRR —
Tread 13 TR | Gy
Thead1s  TAUUPPREEGATIIEEEEEEEEE 0 W TAUSiEsteR T ——
Theead 1S __'—'_——m
Thread 16 __—_—““——
Thread 17 _—’“———_—"_‘_
Theead 18 _'—'—_“—_F
Threagto  TAUSPRRSESATI U RN WAUSHERRmeAT—
Thread 20 m
ene A\ Call Tree - Josh-2 minimat 012 * - Vampie ]
Processes >
Functions Min Inclusive Time Max Inclusive Time ..
v TAU ation 94.527 s 94,527 us
- OpenMP P, L_REGION: Kokkos: Par, or<_INTERNAL 9 lulesh_cc_caaSd6cS:CalcEnergyFor... 79.000 us 79.000 ps
» T Onanid -onr?v TASK. ¥akkns imnk Darasllefare MTEONAL & Bilash ¢ FaskdhrS. C aleEnarmEnd 77 000 vix 77000 e ¥
Callers  Callees
1 OpenMP PARALLEL REGION: Kokkos: imph:Paralle¥For< | 9 lulesh_cc_caaSdecs: CalcEnergyForElems(double®, double®, double®, double®, double®, double®, double®, double®, doubls
. 1 B _.
Find Function: Previous Next

llwwmmm

. Function Summary
All Processes, Accumulated Inclusive Time per Function

x
#  Kokkos:pa.. [device=0] [87 s (2.13%))

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

[2.269 ms (55.43%)

[1.109 ms (27.1%]]

Context View
= ® Function Summary [} o

Property Value -
Display Function Summary

Filter All Processes

Function MKokkos:parallel_for CalcEnergyForElems E (devica=0] -

Function Legend
~ [l TAU_KOXKOS -
Kokkos: paraliel_for CalckinematicsForElems (devica=0]
s paraliel_for CalcMonotonicQGradientsForElems (device=0]

arallel_for CalcMonotonicQRegionForElems [device=0)
os [device=0]

Iu.u oo monaliellen -

% export TAU_TRACE=1; export TAU_TRACE_FORMAT=o0tf2

% tau_exec -T ompt —ompt ./a.out
% vampir traces.otf2 &
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Event Based Sampling (EBS)

TAU:

ParaProf: Function Data Window: fun3d_ebs_50iter.ppk

Name: [SAMPLE] point_solver_mp_point_solve_5_

[{/p/home/nchaimov/fun3d-13.3-5dad7cc/LibF90/point_solver.F90} {2705}]«

Metric Name: TIME
Value: Exclusive percent

0.145% [] std. dev.

4.931% | | mean

6.682% |

| max

3.852% | | min
4.135% | | node

5.413% |

| node

6.682% |

| node

5.732% |

5.732% |

o

(o]

4.911% | | node

5.057%

| | node

| node

5.194% |

| node

| node

4.947% | | node

5.139%
4.6

4.5

3.852% | | node
| | node
18% | | node
4.235% | | node

3.97% | | node
82% | | node

4.692% | | node

mpirun

-n 16 tau exec —-ebs a.out

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Line: 2705

Uninstrumented!

File: point_solver.F90
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ParaProf

Click on Columns:
to sort by incl time

Open binvcrhs
Click on Sample

® ® |%| TAU: ParaProf: Statistics for: node 0 - [rwthfs/rz/cluster/work/hpclab17/NPB3.3-MZ-MPI{bin
File Options Windows Help
HRRRERE L]
Marme | Exclusive TIME Inclusive TIME 7 Calls Child Calls
¢ [l .TAU application 9.167 1 2,432
¢ Il [COMTEXT] .TAU application o] 9,019 Q01 o]
o [] [SUMMARY] hinverhs_ [{/rwthfsfrefclusterpwork/hpelabl 7/MPB3. 3-MZ-MPIET-MZ, 2.89 2.89 288 0]
o= [] [SUMMARY] matrul_sub_ [{/rethfs/rziclusterswork/hpelabl 7/MPEZ. 3-MZ-MPIET 1.27 1.27 127 o]
o [] [SUMMARY] »_solve_ [{irwthisfziclustersworkshpelabl 7/MPB3. 3 M2 -MPIBT-MZ2x 1.16 1.16 116 0]
o [] [SUMMARY] z_solee_ [{/rwthfs/rziclusterswark/hpelabl 7/MPES. 3-MZ-MPIETMZ/z 1.08 1.08 108 o]
o [] [SUMMARY] y_solve_ [{irwthisfziclustersworkshpelabl 7/MPB3. 3 M2 -MPIBT-MZy 1.08 1.08 108 0]
o [ [SUMMARY] compute_rhs_ [{/rethfsirziclustersvork/hpelabl 7/MPB3. 3-MZ2MPIE 0.83 0.83 a3 o]
o [l [SUMMARY] matvec_sub_ [{irethfsiziclustersworkshpelabl 7/MPB3.3-MZ -MPIET. 0.49 0.49 49 0]
o [l [SUMMARY] Thsinit_ [{/rethfs/rziclusterswork/hpelabl 7/MPE3. 3-MZ -MPIET-MZ/iN 0.08 0.08 g o]
M [SAMPLE] add_ [{irwthfsirziclustersworkshpelabl 7/MPE3. 3 M2 -MPIBT-MZ/add. £} 0.05 0.05 5 0]
o [l [SUMMARY] binvrhs_ [{/rwthfsirziclusterswvork/hpelabl 7/MPES. 3-M2 MPIBT-MZ 0.04 0.04 4 o]
o [l [SUMMARY] exact_solution_ [{irethfsiziclusteriworkshpelabl 7/MPE3. 3 M2 -MPIY 0.02 0,02 2 0
M [SAMPLE] copy_x_face [{irwthfsfrefclusteriworkihpelabl 7/NPB3. 3-MZ-MPIBT-MZ 0.01 0,01 1 0
o [l [SUMMARY] exact_rhs_ [{irwthfs/rziclusteriworkihpelabl 7/NPE3. 3-MZ-MPIBT-M: 0.01 0,01 1 0]
M [SAMPLE] initialize_ [ {/rwthfs/rziclusterswork/hpelabl 7/MPEZ, 3-MZ-MPIET-MZ/in 0.008 0,008 1 o]
o [l MPLInit_thread() 0.155 0,155 1 0]
M MF1_Finalize!) 0.022 0,022 1 o]
o [l MPI_Meaitall) 0.018 0,018 804 0]
o [l MPI_Irecy() 0.004 0,004 804 o]
M MFI_Isend() 0.001 0,001 804 0]
M MP1_Comm_split() 0 ] 1 ]
M MFI_Bcasti) 0] 0 9 0]
M MFI_Reduce() ] ] 3 ]
M MFI_Barrieri) ] ] 2 ]
W MPI_Comm_size() ] ] 1 ]
M MF1_Comm_ranki) ] ] 2 ]

N

% export TAU_SAMPLING=1
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ParaProf

[ ] [ ] |%| TAU: ParaProf: Statistics for: node O - [rwthfs/rz/cluster/work/hpclab17/NPB3.3-MZ-MPI/bin
File oOptions Windows Help
RRRRRRRRRRE EENRRNERERRERRRARRARRARRENRNENY
MHarme | Exclusive TIME | Inclusive TIME Calls Child Calls
o . TaU application 89,167 4,368 1 2,432(*]
o I [COMTEXT] . TAU application 0 9.01%9 agl o]
¢ [ [SUMMARY] binverhs_ [{irwthfspziclustersvork/hpelabl 7/MPB3. 3-M2Z-MPIET-MZ/sa0lve_subs.f1] 2.89 2.88 288 0
M [SAMPLE] binverhs_ [{/rwthfsfziclusterswork/hpelabl 7/MPE3. 3-MZMPIBT-MZ/s0lve_subs.f} 12281 0.14 0,14 14 o|=
M [SAMPLE] binverhs_ [{/rwthfsfrziclusterswork/hpelabl 7/MPB3.3-MZMPIBT-MZ/s0lve_subs.f}| Show Source Code 0.08 0,08 g 0
B [SAMPLE] hinverhs [{/rwthfssrzfclusterswork/hpelabl 7/MPES. 3-MZMPIET-MZ/s0lve_subs f1| Show In Statistics Table 0.08 0.08 g 0
M [SAMPLE] hinverhs [ {/rwthfs/rziclusterswarkihpelabl 7/NPE3. 3-MZMPIBT-MZ/s0lve_subs.fl| Show Function Histogram 0.06 0,06 <] 0
M [SAMPLE] binwerhis_ [{/rwthfsiziclusterswork/hpelabl 7/MNPE 3. 3-MZ MPIET-MZ/solve_subs. 3 Show Function Bar Chart 0.06 0.06 6 0
B [SAMPLE] binverhs_ [{irwthfs/z/clusteriwork/hpelabl ZNPES. 3-MZ-MPIET-MZ/s0lve_subs f} Assign Function Color 0.06 0.06 G ]
M [SAMPLE] binverhs_ [ {/rwthfsfrziclusterswork/hpelabl 7/MPE3. 3-MZ2MPIBT-MZ/s0lve_subs.f} Reset to Default Calor 0.06 0.08 4] 0
M [SAMPLE] binverhs_ [{/rwthfsfrziclusterswork/hpelabl 7/MPE3. 3- M2 MPIBT-MZ/s0lve_subs.f} za07] 0.05 0,05 5 0
M [SAMPLE] binverhs_ [ {/rwthfsfrziclusterswork/hpelabl 7/MPE3. 3- M2 MPIBET-MZ/s0lve_subs.f} {3321] 0.05 0.05 5 0
M [SAMPLE] hinverhs [ {/rwthfsfrziclustersworkihpelabl 7/MPE3. 3-MZ - MPIBT-MZ/s0lve_subs.fl {2751] 0.05 0.05 5 0
M [SAMPLE] hinverhs [ {/rwthfsfrziclusterswork/hpelabl 7/MPE3. 3-MZ-MPIBT-MZ/s0lve_subs T {3311] 0.04 0.04 4 o}
M [SAMPLE] hinverhs [ {/rwthfsfrziclustersworkihpelabl 7/MPE3. 3-MZ - MPIBT-MZ/s0lve_subs.f1 {4451] 0.04 0,04 4 0
M [SAMPLE] binverhs_ [ {/rwthfs/reiclusteriwork/hpelabl 7/MPE3. 3-MZMPIBT-MZ/s0lve_subs.f} {2541] 0.04 0.04 4 o}
M [SAMPLE] binverhs_ [ {/rwthfsfrziclusterswork/hpelabl 7/MPE3. 3-MZMPIBT-MZ/s0lve_subs.f} £3141] 0.04 0.04 4 0
M [SAMPLE] binverhs_ [ {/rwthfsfrziclusterswork/hpelabl 7/MPE3. 3- M2 MPIET-MZ/s0lve_subs.f} {343}] 0.04 0.04 4 0
B [SAMPLE] hinverhs  [{imwthfsfrziclusterswork/hpelabl 7/MPE3. 3-MZ-MPIET-MZfsolve_subs f} L4033 0.04 0.04 4 0
M [SAMPLE] hinverhs [ {/rwthfsfrziclusterswork/hpelabl 7/MPE3. 3-MZMPIBT-MZ/s0lve_subs.fl {3891] 0.03 0,03 3 o}
M [SAMPLE] hinverhs [ {/rwthfs/rziclustersworkihpelabl 7/MPE3. 3-MZ - MPIBT-MZ/s0lve_subs.fl {4151] 0.03 0,03 3 0
M [SAMPLE] hinverhs [ {/rwthfsfrziclusterswork/hpelabl 7/MPE3. 3-MZMPIBT-MZ/s0lve_subs 1 {2471] 0.03 0,03 3 o}
M [SAMPLE] binverhs_ [ {/rwthfsfziclusterswork/hpelabl 7/MPE3. 3- M2 MPIBT-MZ/50lve_subs.f} {300}] 0.03 0,03 3 0
M [SAMPLE] binverhs_ [{/rwthfsfrziclusterswork/hpelabl 7/MPE3. 3- M2 MPIET-MZ/s0lve_subs.f} {309}] 0.03 0,03 3 0
M [SAMPLE] binverhs_ [{/rwthfsfrziclusterswork/hpelabl 7/MPE3. 3- M2 MPIBT-MZ/s0lve_subs.f} {4441] 0.03 0,03 3 0
W [S2MPLE] hinverhs [ {frwthfssrefclustersworkshpelabl 7/MPES. 3-MZMPIET-MZ/s0lve_subs fl {4687 0.03 0,03 3 0
M [SAMPLE] hinverhs [ {/rwthfs/rziclustersworkihpelabl 7/MPE3. 3-MZ - MPIBT-MZ/s0lve_subs T {2421] 0.03 0,03 3 0
M [SAMPLE] hinverhs [ {/rwthfsfrziclusterswork/hpelabl 7/MPE3. 3-MZ-MPIBT-MZ/s0lve_subs.f1 {4071] 0.03 0,03 3 o
M [SAMPLE] hinverhs [ nethfsisiclisteriwnrk hnelabhl ZMPRE 3-MZ -MPURT-MZ salve subsfl £471 211 0.03 003 icl ol




Callstack Sampling in TAU

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

[ NON )

v l.TAU application
v [ MPI_Recv()
v I [CONTEXT] MPI_Recv()
> CJ[UNWIND] /gpfs/mira-home/sameer/gamess-theta-tau/object/unport.f.410 [@] MAIN__ [{/gpfs/mira-home/sameer/gamess-theta-1
NI [UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_fortran.c.67 [@] beging_ [{/gpfs/mira_home/sameer/g
» J[UNWIND] /gpfs/mira-home/sameer/gamess-theta-tau/object/gamess.f.538 [@] main [{/gpfs/mira-home/sameer/gamess-theta-tai
> CJ[UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_init.c.113 [@] ddi_init_ [{/gpfs/mira-home/yuri/dist/Gi
> E[UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_server.c.99 [@] DDI_Init [{/gpfs/mira-home/yuri/dist/C
> H[UNWIND] /lib64 /libc-2.22.s0.0 [@] _start [{/home/abuild/rpmbuild/BUILD/glibc-2.22/csu/../sysdeps/x86_64/start.S} {118}]
Il [SAMPLE] GNII_DlaProgress [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1__ge7db4a2.ari/lib64/libugni.s0.0.6.0} {0}]
> I [UNWIND] [/opt/cray/ugni/6.0.14-6.0.4.0_14.1__ge7db4a2.ari/lib64/libugni.s0.0.6.0.0] [@] UNRESOLVED UNKNOWN
I [SAMPLE] GNI_CqGetEvent [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1__ge7db4a2.ari/lib64/libugni.so.0.6.0} {0}]
> H[UNWIND] /opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.s0.3.0.1.0 [@] MPIDI_CH3I_Progress [{/opt/cray/pe/mpt/7
B MPI_Finalize()
> EMPI_Send()
> EMPI_Init_thread()
> [l [CONTEXT] .TAU application
> [l MPI_Bcast()
B MPI_Allgather()
[l MPI_Barrier()
B MPI_Comm_create()
B MPI_Gather()
B MPI_Comm_split()
B MPI_Group_intersection()
Il MPI_Comm_group()
B MPI_Group_incl()
B MPI_Comm_rank()
B MPI_Comm_size()

Name

Inclusive TIME ¥
79.592
75.607
74.848
26.196

21.7
11.85
8.701

5.75

0.2
0.2

0.15
0.051

0.05
3.601
0.122
0.112

0.05
0.014
0.004
0.003
0.002
0.002
0.002
0.001
0.001

0
0
0

% export TAU_SAMPLING=1: export TAU_EBS_UNWIND=1

Calls
1
6,870
1,497
524
434
237

NOWHHKFERANWOOERLER
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TAU — Callstack Sampling

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

ERRRRRRRRNNES NERRRRRRRENNNEND FEEEEENEEEEENENNENEEEEEEREEENR

Name \Inclusive... | Callsv |

v l.TAU application 34.979 1

» I [CONTEXT] .TAU application 31.647 632

v Mvoid shmem_barrier_all_() 1.219 46,029

v [ [CONTEXT] void shmem_barrier_all_() 1.599 32

v H[UNWIND] [/home/ssshend/CloverLeaf OpenSHMEM/clover_leaf.f90.41] [@] UNRESOLVED /lib64/libc-2.11.3.50 1.599 32

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

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

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

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

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

v H[UNWIND] UNRESOLVED [@] __clover_module_MOD_clover_exchange_message [{/home/ssshend/CloverLeaf OpenSHMEM/clover.fo0} {572}] 0.5 10

v E[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

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

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

» [l [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM /advection.f90.72 [@] hydro_ [{/home/ssshend/CloverLeaf_OpenSHMEM/hydro.fo0} {62}] 0.15 3

» H [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/advection.f30.55 [@] hydro_ [{/home/ssshend/CloverLeaf_OpenSHMEM /hydro.fa0} {62}] 0.15 3

» [l [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM /hydro.f80.52 [@] main [{/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.fo0} {41}] 0.5 10

» [l [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM /hydro.f90.54 [@] main [{/home/ssshend/CloverLeaf OpenSHMEM/clover_leaf.fo0} {41}] 0.25 5

» Evoid start_pes_(int *) 0.508 1

v Evoid 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 H[UNWIND] [/home/ssshend/CloverLeaf OpenSHMEM/clover_leaf.f90.41] [@] UNRESOLVED /lib64/libc-2.11.3.50 0.5 10

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

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

v H[UNWIND] /home/ssshend/CloverLeaf OpenSHMEM/clover.f90.740 [@] __pdv_module_MOD_pdv [{/home/ssshend/CloverLeaf OpenSHMEM/PdV.foC 0.45 e}

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

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

v I [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 E[UNWIND] /notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_reduction.h.107 [@] _smai_opt_double_m: 0.45 9

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

» [l [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM /hydro.f20.54 [@] main [{/home/ssshend/CloverLeaf QOpenSHMEM/clover_leaf.fo0} {41}] 0.05 1

% export TAU_SAMPLING=1; export TAU_EBS_UNWIND=1
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TAU Context Event Window

K
Name &
v <module> [{step5_batch.pyH{1}]
v tst_one [{step5_batch.pyH23}]
¥ run_sim2smv [{step5_pad.pyH138}]
v channel_pixels [{step5_pad.pyH{79}]
v cudaMemcpy
Bytes copied from Device to Host
Bytes copied from Host to Device
¥ cuMemcpyHtoD_v2
Bytes copied from Host to Device
v
Bytes copied from Device to Host
Bytes copied from Device to Host
Bytes copied from Host to Device
Message size for broadcast

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

Total

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

15,423,816,000

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

827,971,798

NumSamples

500
2,300

2,300

500
1,000
4,600

2

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

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
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TAU'’s tracking of Python and MPI

INRERRERERN EEREEEEREREEEENENEEEEEEEER
Name Exclusive... V| Inclusive ... Calls Child ...
» O __init__ [{from_scatterers_fft.pyH{13}] 19.845 20.166 303 10,914
> Orun_sim2smv [{step5_pad.pyH138}] 16.672 133.715 1 1,066
MICIMP1_Bcast() 12.263 12.263 2 0
v M [CONTEXT] MPI_Bcast() 0 12.21 407 0
B [SAMPLE] PAMI_Context_lock [{/autofs/nccs-svm1l_sw/summit/.swci/l-compute/opt/spac 3.27 3.27 109 0
B [SAMPLE] pthread_spin_lock [{/usr/lib64/libpthread-2.17.s0} {0}] 2.34 2.34 78 0
B [SAMPLE] start_libcoll_blocking_collective [{/autofs/nccs-svm1l_sw/summit/.swci/l-compt 1.89 1.89 63 0
B [SAMPLE] PAMI::Device::IBV::Device::advance() [{/autofs/nccs-svm1l_sw/summit/.swci/l-cc 1.56 1.56 52 0
B [SAMPLE] PAMI_Context_advancev [{/autofs/nccs-svm1_sw/summit/.swci/l-compute/opt 0.69 0.69 23 0
M [SAMPLE] UNRESOLVED /usr/lib64/libmlx5.50.1.0.0 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-svm1l_sw/summit/.swci/l-compute/opt/s| 0.39 0.39 13 0
B [SAMPLE] pthread_spin_unlock [{/usr/lib64/libpthread-2.17.s0} {0}] 0.36 0.36 12 0
B [SAMPLE] __memcpy_power?7 [{} {0}] 0.33 0.33 11 0
B [SAMPLE] 0000003d.plt_call.PAMI_Context_lock [{} {O}] 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-svm1l_sw/summit/.swci/l-comp 0.06 0.06 2 0
B [SAMPLE] 0000003d.plt_call.PAMI_Context_unlock [{} {0}] 0.06 0.06 2 0
B [SAMPLE] opal_progress [{/autofs/nccs-svm1_sw/summit/.swci/l-compute/opt/spack/2C 0.03 0.03 1 0
B [SAMPLE] 00000052.plt_call.PAMI_Context_advancev [{} {0}] 0.03 0.03 1 0
v B[SUMMARY] CCMI::Executor::ShmemBroadcastT<false, CCMI::Executor::ShmemAtomicBarrie 0.03 0.03 1 0
B [SAMPLE] CCMI::Executor::ShmemBroadcastT<false, CCMI::Executor::ShmemAtomicBarrie 0.03 0.03 1 0
=@ _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., in MPI_Bcast)!




Deep Learning: Tensorflow

TAU: ParaProf: Statistics for: node 0, thread 8 - nt3_baseline_keras2.ppk

([ [[[][[} EERRRRRRRRRENRNAEEEEEEEEER
Name Inclusiv... Calls v
v . TAU application 519.211 1
v B[CONTEXT] .TAU application 509.222 50,915
[SAMPLE] Eigen::internal::gebp_kernel<float, float, long, Eigen::internal::blas_data_mapper<float, long, 0, 0>, 240.632 24,089
O [SAMPLE] __pthread_cond_wait [{} {0}] 86.384 8,634
O [SAMPLE] Eigen::internal::gemm_pack_rhs <float, long, Eigen::internal::TensorContractionSubMapper<float, lor 51.345 5,135
B [SAMPLE] Eigen::internal::gemm_pack_rhs<float, long, Eigen::internal::TensorContractionSubMapper<float, lor 24.375 2,416
B [SAMPLE] void tensorflow::SpatialMaxPoolWithArgMaxHelper<Eigen::ThreadPoolDevice, float>(tensorflow::0OpK 16.301 1,630
B [SAMPLE] __memset_sse?2 [{} {0}] 13.446 1,336
B [SAMPLE] Eigen::TensorEvaluator<Eigen::TensorContractionOp<Eigen::array<Eigen::IndexPair<long>, 1ul> co 5.99 599
B [SAMPLE] long Eigen::internal::operator/<long, false>(long const&, Eigen::internal::TensorIntDivisor<long, fals 5.843 585
B [SAMPLE] std::_Function_handler<void (long, long), Eigen::internal::TensorExecutor<Eigen::TensorAssignOp<lI 5.377 538
B [SAMPLE] float __vector Eigen::TensorEvaluator<Eigen::TensorBroadcastingOp <Eigen::IndexList<int, Eigen::tyg 4.862 487
B [SAMPLE] Eigen::TensorEvaluator<Eigen::TensorContractionOp<Eigen::array<Eigen::IndexPair<long>, 1ul> co 4.775 478
B [SAMPLE] Eigen::TensorEvaluator<Eigen::TensorAssignOp<Eigen::TensorMap<Eigen::Tensor<float, 1, 1, long> 4.037 404
B [SAMPLE] Eigen::internal::gemm_pack_lhs <float, long, Eigen::internal::TensorContractionSubMapper<float, lon 3.679 367
B [SAMPLE] Eigen::internal::EvalRange <Eigen::TensorEvaluator<Eigen::TensorAssignOp<Eigen::TensorMap<Eigel 2.981 298
B [SAMPLE] tensorflow::MaxPoolingOp<Eigen::ThreadPoolDevice, float>::SpatialMaxPool(tensorflow::0OpKernelCg 2.915 295
B [SAMPLE] std::_Function_handler<void (long, long), Eigen::internal::TensorExecutor<Eigen::TensorAssignOp<lI 2.91 291
B [SAMPLE] std::_Function_handler<void (long, long), Eigen::internal::TensorExecutor<Eigen::TensorAssignOp<I 2.772 277
B [SAMPLE] Eigen::internal::gemm_pack_lhs <float, long, Eigen::internal::TensorContractionSubMapper<float, lon 2.481 248
B [SAMPLE] std::_Function_handler<void (long, long), Eigen::internal::TensorExecutor<Eigen::TensorAssignOp<lI 2.148 215
B [SAMPLE] void Eigen::internal::call_dense_assignment_loop<Eigen::Map <Eigen::Matrix <float, -1, -1, 0, -1, -1: 2.008 197
B [SAMPLE] Eigen::NonBlockingThreadPoolTempl<tensorflow::thread::EigenEnvironment>::WorkerLoop(int) [{/hc 1.999 200
B [SAMPLE] Eigen::internal::ptranspose(Eigen::internal::PacketBlock<float __vector, 4>&) [{crtstuff.c} {0O}] 1.919 192
B [SAMPLE] Eigen::internal::gemm_pack_rhs<float, long, Eigen::internal::TensorContractionSubMapper<float, lor 1.607 160
B [SAMPLE] Eigen::TensorEvaluator<Eigen::TensorContractionOp<Eigen::array<Eigen::IndexPair<long>, 1lul> co 1.518 152

% tau python -ebs nt3 baseline keras2.py (CANDLE)




TAU — Context Events

Name 77 | Total | MeanValue | NumSamples | Minvalue | MaxValue | Std. Dev.

v .TAU application

read()
fopen64()
fclose()
OurMain()

malloc size 25,235 1,097.174 23 11 12,032 2,851.143

free size 22,707 1,746.692 13 11 12,032 3,660.642
¥ OurMain [{wrapper.pyH3}]

» read()
malloc size 3,877 323.083 12 32 981 252.72
free size

» fopen64()

» fclose()

v <module> [{obe.pyH8}]

v writeRestartData [{samarcinterface.py{145}]
¥ samarcWriteRestartData

4vYY

v write()
WRITE Bandwidth (MB/s) <ﬁle="samarc/restore.00002/nodes.\‘0004/proc.00001"> 74.565 117 (o] 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 s & 1,048,576 133,362.946
Bytes Written <file="samarc/restore.00001/nodes.00004 /proc.00001"> 2,097,552 17,927.795 117 1 1,048,576 133,362.946
Bytes Written 4,195,104 17,927.795 234 1 1,048,576 133,362.946

> open64() I~

% mpirun —np 16 tau_python -io ./foo.py




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 v| |GET_TIME_OF...|~
Color Metric

Exclusive v |IGET_TIME_OF...|~
Etnetion Loop: AORSA2D_STD

< >

Thread 199

Height value 129.549 seconds

Color value 129.549 seconds
iles | Plot | Axes | Color | Render

Auto-Rotate Speed

.

Reverse Video

AA Lines Full Screen AA
Separation O
Aperture O
GL Info
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TAU — ParaProf 3D Visualization

Triangle Mesh
=) Bar Plot
Scatter Plot

Topology Plot

Height Metric
Exclusive - TIME
Color Metric

Exclusive - TIME

. void shmem_barrier_all_Q
Function

13
Thread

Height value 15.697 seconds

Color value 15.697 seconds

| - Axes Color

Auto—Rotate

Reverse Video

AA Lines | Full Screen AA
Separation _—
. Aperture e p—

% paraprof pp.ppk
Windows -> 3D Visualization -> Bar Plot (right pane)
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TAU - 3D Communication Window

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

% export TAU_COMM_MATRIX=1; mpirun
% paraprof ;

tau_exec ./a.out

Windows -> 3D Communication Matrix

Display Options

Callpath:
Height vValue:

Color Value:

Message volume (bytes) -~
a8
Sender
- 9
Receiver

Height value 106080

Color value 3.9996E7

All Paths -

Max message size (bytes) -

ail ColorScale UL g
3.9997E7Y
P & show Color...
Font Size
© Rainbow Gra...
Inverse Gra... Blue...
s Blue-White...

3.5916E7
Message volume (bytes)
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TAU’s Support for Runtime Systems

MPI

PMPI profiling interface
MPI_T tools interface using performance and control variables

Pthread
Captures time spent in routines per thread of execution

OpenMP
OMPT tools interface to track salient OpenMP runtime events
Opari source rewriter
Preloading wrapper OpenMP runtime library when OMPT is not supported

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

Cuda Profiling Tools Interface (CUPTI)

Track data transfers between host and GPU

Track access to uniform shared memory between host and GPU
ROCm

Rocprofiler and Roctracer instrumentation interfaces

Track data transfers and kernel execution between host and GPU
Kokkos

Kokkos profiling API

Push/pop interface for region, kernel execution interface
Python

Python interpreter instrumentation AP

Tracks Python routine transitions as well as Python to C transitions
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Examples of Multi-Level Instrumentation

MPI + OpenMP

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

PMPI + Roctracer interfaces
ROCprofiler+ MPI

ROCm Rocprofiler+ PMPI MPI interface
Kokkos + OpenMP

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

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

Python + ROCm Roctracer + MPI profiling interface
MPI + OpenCL

PMPI + OpenCL profiling interfaces
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Binary instrumentation of libraries: Work in progress

% tau run a.out -o a.inst

instruments a binary. Other flags —T <tags>, -f <selective instrumentation file>
% tau run -1 /path/to/libhdf5.s0.310 -o libhdf5.s0.310

Instruments a DSO
% tau exec ./a.out

executes the uninstrumented application with the instrumented shared object.

Works on x86_64. Issues with aarch64.
https://github.com/dyninst/dyninst/issues/1708 and https://github.com/dyninst/dyninst/pull/1712
To use with DyninstAPI 13 on x86_64:
1. Load spack: spack/share/spack/setup-env.sh
2. Install dyninst: spack install dyninst@13 %gcc@11
3. Configure tau with dyninst:
3.1 spack find -p dyninst boost tbb elfutils

3.2 Copy the paths for each package into the configure line
3.3 ./configure -bfd=download -dyninst=<dir> -tbb=<dir> -boost=<dir> -elf=<dir>; <set paths>; make install
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https://github.com/dyninst/dyninst/issues/1708
https://github.com/dyninst/dyninst/pull/1712

STEP

Binary instrumentation of libraries: HDF5 SRR

ECOSYSTEM PROJECT

$ pprof
Reading Profile files in profile.x

NODE ©; CONTEXT @; THREAD @:

%Time Exclusive Inclusive #Call #Subrs Inclusive Name
msec  total msec usec/call
100.0 0.272 68 1 1 68245 .TAU application
99.6 1 67 1 26 67973 taupreload_main
65.8 0.008 44 6 1 7484 HS5open
65.8 6 44 2 14 22448 H5_init_library
36.0 4 24 1 12 24563 H5VL_init_phase2
27.8 1 18 1 319 18943 H5T_init
19.8 0.193 13 179 179 76 H5T__register_int
19.5 0.302 13 179 310 74 H5T__register
19.0 4 12 155 2555 84 H5T__path_find_real
13.0 P 8 1 79 8857 H5P_init_phasel
12.7 0.663 8 2 51 4349 H5F_open
11.2 0.348 7 1 6 7610 H5Fcreate
10.5 0.386 7 1 6 7138 H5F__create_api_common
9.8 0.406 6 1 2 6707 H5VL_file_create
9.2 0.005 6 1 1 6299 HS5VL__native_file_create
7.1 1 4 488 976 10 H5T_copy
6.5 1 4 1 363 4452 H5E_init
5.6 0.013 3 4 12 956 H5I_dec_app_ref
5.6 0.013 3 2 10 1896 H5Fclose
5.5 0.009 3 2 4 1878 H5F__close_cb
5.5 0.01 3 2 6 1868 H5VL_file_close
5.4 0.013 3 2 4 1852 H5VL__native_file_close
5.4 0.019 3 4 8 924 H5F_try_close. localalias




TAU — Event Based Sampling (EBS)

[ NON 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 [l std. dev.
15276.099 [ mean

550161.388 —] M 21X
9244.649 | min

550161.388 esssssssssssssssssssssssssssssy  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 [ 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
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TAU — Callpath Profiling

[ JON | TAU: ParaProf: Statistics for: nede 5 - fun3d_d19.ppk

ERRNERRRRRN ERRRNNNERENENR EENNENENNNEEEENEEEEEENEER

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

v M .TAU application 0 221.298 1 1

v B NODET [{main.f90} {4,1}-{35,17} 0 221.298 1 105

» B 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 B FLOW::INITIALIZE_DATAZ [{flow.F90} {663,14}] 0.002 22.705 1 197

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

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

v EPUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N [{puns3d_io_c2n.f90} {1543,14}] 0.011 16.725 1 11

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

v IPUNS3D_IO_C2N::DISTRIBUTE_TET [{puns3d_io_c2n.f90} {1819,14}] 0.117 16.572 1 5

v B LMPL::INTEGR_MATRIX_BCAST [{Impi.FO0} {3240,3}-{3276,36}] 0 16.448 4 4

IMPI_Bcast0 16.448 4 0

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

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

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

» [l LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {611,3}-{672,38}] 0 0.058 1 2

» I LMPI::INTEGR_SCALAR_BCAST [{Impi.F90} {3151,3}-{3187,36}] 0 0 2 2

W ALLOCATIONS::INTEGER_4 MY_ALLOC_PTR2 [{allocations.f90} {1010,3}-{1026,40}] 0 0 6 0

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

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

» I 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

» B PPARTY_PUNS3D::RAW_GRID_CHECKER [{pparty_puns3d.fo0} {623,14}] 0.233 0.523 1 11

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

» I PARTY_LMPI::PARTY_LMPI_SETUP_MPI_SM [{party_Impi.f90} {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

Bytes Written
Bytes Written
Bytes Written
Bytes Written
Bytes Written
Bytes Written
Bytes Written
Bytes Written
Bytes Written
Bytes Written
Bytes Written
Bytes Written
Bytes Written
Bytes Written
Bytes Written
Bytes Written
Bytes Written
Bytes Written
Bytes Written

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

Name 7V
<file=stdout>
<file=pipe>
<file=Process_Output/VelRsdl.dat>
<file=Process_Output/MomRsdl.dat>
<file=Process_QOutput/MassRsdl.dat>
<file=Grid_Output/bodyBndry.dat>
<file=/home/sameer/apps/sukra/RotCFD_Regression/case_catalog/UNS2D/N/
<file=./Restarts /Restart_History//NACA0012_LargeGrid_00010.Rst>
<file=. /Restarts /[Restart_History//NACA0012_LargeGrid_00005.Rst>
<file=./Restarts//NACA0012_LargeGrid.Rst>
<file=./Process_QOutput/TurbRsdl.dat>
<file=./Process_QOutput/Solver.out>
<file=. /Field_Solutions /Solution_History/NACA0012_LargeGrid_00010.5In>
<file=. /Field_Solutions /Solution_History /NACAQ0012_LargeGrid_00005.5In>
<file=. /Field_Solutions /NACA0012_LargeGrid.Sln>
<file=./Body_Pressure/NACA0012_LargeGrid_00010_body.Prs>
<file=./Body_Pressure/NACA0012_LargeGrid_00005_body.Prs>
<file=./Body_Pressure/FrcMnt.out>

Total
911
22
7.826
7,826
11,325
9,724
45
44 619,720
44, 619,720
44 619,720
4,271
2,039
4,356,976
4,356,976
4,356,976
65,986
65,986
1,497

147,107,546

NumSamples
62
22
100
100
100

5.484
5,484
5,484
72

13
534
534
534

18,550

MaxValue
21
1
302
302
435
8,192
45
8,192
8,192
8,192
224
797
8,192
8,192
8,192
8,190
8,190
1,185
8,192

MinValue

76
76
110

1,300
1,300
108

MeanValue

14.694

1

78.26
78.26
113.25
1,944.8
45
8,136.346
8,136.346
8,136.346
59.319
156.846
8,159.131
8,159.131
8,159.131
7,331.778
7,331.778
499
7,930.326

Std. Dev.

7.441

0

22.487
22.487
32.337
3,174.201
0

640.325
640.325
640.325
19.544
191.359
501.319
501.319
501.319
2,133.204
2,133.204
486.656
1,420.552
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TAU — Context Events

Total | MeanValue

| NumSamples

Name %/ MaxValue Std. Dev.
v .TAU application
» read()
> fopen64()
» fclose()
v QurMain()
malloc size ,097.174 23 11 12,032 2,851.143
free size ,746.692 13 11 12,032 3,660.642
v QOurMain [{wrapper.pyH3}]
> read()
malloc size 3,877 323.083 12 32 981 252.72
free size 1,536 219.429 7 32 464 148.122
» fopen64()
» fclose()
v <module> [{obe.pyK8}]
v writeRestartData [{samarcinterface.py}{145}]
v samarcWriteRestartData
v write()
WRITE Bandwidth (MB/s) <file="samarc/restore.00002 /nodes.00004/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 1,048,576 133,362.946L
Bytes Written 4,195,104 17,927.795 234 1 1,048,576 133,362.946
> open64() =

62




ParaProf Comparison Window

[ N ) ParaProf: Comparison Window
Metric: TIME [ fun3d_d19.ppk - node 5
Value: Exclusive M fun3d_d19.ppk - node 0

Units: seconds

46.323 , . . B
43,649 (94 226%) — ] L0OP: POINT_SOLVER::POINT_SOLVE_S [{point_solver.F90} {2757,5}-{2917,19]

36.386 . . ; 1 1 _
36.231 (99.572%) ——] Loop: JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {440,7}-{1584,22}]

29.457 |

|
1.086 (3.686%) f V"-Beast0

27ase ] . y _
27.473 (101 150% [ L0OP: FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.f90} {307,5}-{597, 20}

19666 [ | . il iacobi _
19,688 (100.111%) [t FLLJACOBIANS::FILL_JACOBIAN [(fil_jacobians. 90} {19,3}-{341,30}

5.5E-5 | . )
16.273 (2.9587E7%) PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.fo0} {1641,14}]

13.38 Bl GRADIENT_DRIVER::GRAD_VARIABLE [{gradient_driver.f90} {110,3}-{508,30}]

13.381 (100.009%) [—

8.352 [ |
10.059 (120.428%) [l MPI_Waitall()

0.058 |

9.954 (17200.166%) [ M7 - educe0

7.834 ] N
8.04 (102.6235% [l F-UX-PERFGAS: VISRHS TET [{flux_perfgas.f90} {3023,14]

7.115 ] .
7.319 (102.866%) = TURB_SPALART::SA_RESID [{turb_spalart.f00} {219,14}]

3.734 ] . -
3.78 (101.223% [l FLUX_TURB:: TURBULENT_GRADIENTS [{flux_turb.f90} {796,3}-{899,36}]

3.522 ] . ) ~
3.562 (101.127%) [l TIMESTEP::DELTAT2 [{timestep.fo0} {20,3}-{331,24}]

3.316 [] . ) ~
3.384 (102.048%) g POINT_SOLVER::POINT_SOLVE_1 [{point_solver.F90} {1083,3}-{1206,30}]

Comparing Rank 0 with 5.
Right click on “node 5" -> Add node to comparison window
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ParaProf Comparison Window

e
Metric: TIME
Value: Inclusive

M IRMHD_BGP_original.ppk - Total
B RMHD_BGP_comm_optimized.ppk - Total

Units: hour:minute:seconds B IRMHD_BGP_comm_fft_optimized.ppk - Total

528:11:46.595

271:56:13.956 (51.484%) (N R EFLECT
70:50:57.758 (13.413%)

448:10:0.787

e
265:17:47.832 (59.196%) (N D'\ ANCE_ONE_SNAP
69:17:49.088 (15.462%) [

231:03:53.46] e
229:07:47.7 (99.163% S DERVE
30:29:44.389 (13.198%) [

177:04:3.263
4:09:24.068 (2.348%) | SENDBC
0:18:21.092 (0.173%) |

134:32:11.88 ]

MPI_Barrier()

127:32:15.924 [l
MPI_Send()

125:45:26.562 [l
124:58:11.317 (99.373% s MPIFFT . CHEBYB
14:19:58.871 (11.397% W

125:41:36.192 [l
124:54:20.196 (99.373% e CCHEEYB
14:16:52.014 (11.362% @

100:26:57.17 [
98:49:36.853 (98.385%) (MMM MPIFFT::CHEBYF
11:27:44.137 (11.411%) §

100:23:55.809 [l
98:46:33.474 (98.384% IO CCHEBYF
11:25:9.62 (11.374%) H
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ParaProf’s Topology Display Window

8 00 N\ TAU: ParaProf: 3D Visualizer: KG_48racks_bgg.ppk
File Options Windows Help

4

[z Triangle Mesh
Bar Plot
Scatter Plot

® Topology Plot
%

Layout Events

G

1.574 seconds

Minimum Yisible

Madmum Visible o
|
i ‘ Lock Range
‘
% m ; i l X Axis !
ey
3 ¥
R : ;
33 By Y Axis v
SN s
3RS, i 4
sttt |1 2 s -
Tty | :
R 3 = =
TH = * == Avg Color Value: 2292 seconds

Topology  |BGQ - map
X Axis

Y Axis

: 2 Axis

ScatterPlot | Axes | ColorScale | Render

Speed
Auto-Rotate

=0

Reverse Video

AA Lines Full Screen AA
Separation lﬁ
Aperture i

GL Info




ParaProf Topology Display

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

Triangle Mesh
Bar Plot

Scatter Plot

.

Topology Plot

Exclusive

event2

- TIME

Timer | <)

Exclusive

[SAMPLE] fftwi_no_twiddle_15 [{/opt/cray/pe/fftw/2.1.5.9/lib

TIME
event3 (Color) Timer [T}
MPI_Allreduce()
Exclusive - TIME
ScatterPlot Axes ColorScale = ll-g)

Auto-Rotate

Reverse Video
AA Lines

Separation

Aperture

Speed

Stereo

Full Screen AA

GL Info
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ParaProf’s Scalable 3D Visualization

800

File

Options Windows Help

%\ TAU: ParaProf: 3D Visualizer: KG_d8racks_bgq.ppl

786,432 ranks

Triangle Mesh

® Bar Plot

Scatter Plot

Topology Plot

Height Metric
Exclusive
Color Metric

Exclusive

Function

Thread
4

~| |BGO_TIMERS -
v | |[BGQ_TIMERS -
MPI_Alltoalh)
3
208452

Height value 2.617 seconds

Colorvalue  2.617 seconds

Scales | Plot

Axes | Color | Render

Auto-Rotate

Reverse Video

AA Lines

Separation

Aperwre

Speed

Full Screen A4

GL Info
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TAU Hands-On




TAU Exercise #1:

Event Based Sampling (EBS)




Using ParaTools Pro for E4S image on AWS with Adaptive Computing’'s On-
Demand Data Center (ODDC)

STEP 1l: Go to https://tinyurl.com/edstut

STEP 2: Reserve an instance and login to:
https://paratools.adaptivecomputing.com

with the credentials. Firefox recommended.
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https://tinyurl.com/e4stut
https://paratools.adaptivecomputing.com/

CoMD: TAU with event-based sampling (EBS)

€] @ =l &2 HPC Cloud On-Demand Data ¢ X [ TurboVNC: eds-24-05-aws:1 (1 X +

v
C O 8 https://vnc-paratools.adaptivecomputing.com/vnc/vnc.htmi?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 x> % ® ﬁ =
q4

Jun 13 02:33

tutorial 10@e4s-24-05-aws: ~/examples/CoMD/src-mpi

:$ cd examples/CoMD/src-mpi
- $ make ; cd ../bin

% cd examples/CoMD/src-mpi
% make; cd ../bin
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CoMD: TAU with event-based sampling (EBS)

® @ = 42 HPC Cloud On-Demand Data C X B TurboVNC: e4s-24-05-aws:1 (1. X + v
ttps://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 A =
C O B httpsy/ Is.adapt t /vnc/vnc.html? &patt wek ? 6626dd00a6069602bd7¢ o © v @ O
Activities ) Terminal Jun 13 02:33

1 tutorial 10@e4s-24-05-aws: ~/examples/CoMD/bin

- $ cat tau.qsub
#1/bin/bash | % qsub comd.qsub

#PBS -1 nodes=2:ppn=2,walltime=2:00 0 _
#PBS -1 naccesspolicy=singlejob % qstat u SUSER
#PBS -N comd

cd $PBS_0 WORKDIR % qsub tau.qsub
mpiexec tau exec -ebs ./CoMD-mpi --xproc 4 --yproc 1 --zproc 1 --nx 80 --ny 40 --nz 40 % qstat —u SUSER

$ qsub tau.qsub
11540004 .e4s-24-05-aws

$ qstat -u $USER




CoMD: TAU's paraprof visualizer

[ XON ] (5 | &2 HPC Cloud On-Demand Data ¢ X [ TurboVNC: e4s-24-05-aws:1 (t X |+ v

C O & https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 ks @ Y ® i] =
q4

Activities (] Terminal Jun13 02:34

$ 1s

‘* ol tutorial 10@e4s-24-05-aws: ~/examples/CoMD/bin

, profile.1.0. % paraprof &
CoMD-mpi.2024:06:13-02:33:42.yaml profile.2.0.
profile.0.0.0 profile.2.0.
comd.ell540004 profile.0.0.1 profile.3.0. select.tau
comd. 011540004 profile.1.0.0 profile.3.0. tau.qsub
2 $ paraprof &




CoMD: TAU's paraprof visualizer

o0 5 | €2 HPC Cloud On-Demand Data ¢ X | B TurboVNC: eds-24-05-aws:1 (1 X = +

C O 3 https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 Dk

Activities Jun 13 02:35

$* +1 tutorial 10@e4s-24-05-aws: ~/examples/CoMD/bin

TAU: ParaProf Manager
" File Options Help TAU: ParaProf: /home/tutorial10/examples/CoMD/bin

Applications TrialField File Options Windows Help
¢ (= Standard Applications Name bin/CoM
¢ (] Default App Application ID 0 —|| Metric: TIME
3 pp e Brichiah
¢ (=] Default Exp Experiment ID ue: Exclusive
¢ @ bin/CoMD/examples/tutoriall 0/hon ‘|trial ID I

@ TIME Std. Dev.
CPU MHz

2 1 = Mean
@ i :Genulng Max
: .

000000 Min
0-1 node 0O, thread N

/homeftll node O, thrf Show Thread Bar Chart

% e Sz |36608 K| hnqe 1, thr Show Thread Statistics Text Windg

a e ./CoMD+ :
Ending Timestamp 171824l node 1, thrl Show Thread Statistics Table
Executat |/homefti Node 2, thr Show Thread Call Graph
it || node 2, thr| Show Thread Call Path Relations
? SR »TAUS;’B% node 3, thr| Show User Event Bar Chart
L ac-!
t = n 3, thr y / \
|2024-0€ ode 3, Show User Event Statistics Window
ac-5901 Show Context Event Window
1000000} Show Metadata for Thread
0 - Add Thread to Comparison Window
1130390]
ac-5901
[x86 64
\Linux
15.19.0-1029-aws
|#30~22.04.1-Ubuntu SMP Thu Jul ...
Starting Timestamp 1718246022396106 =

Right click on Node O, Thread O
and choose Show Thread
Statistics Table (third option)
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TAU’s ParaProf Profile Browser: Thread Statistics Table

$2 HPC Cloud On-Demand Data C X ’ TurboVNC: e4s-24-05-aws:1 (1 X gt

C O (5 https://vnc-paratools.adaptivecomputing.com/vnc/vnc.htmli?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75

Activities n edu-uoregon-tau-paraprof-ParaProf Jun 13 02:35

TAU: ParaProf: Statistics for: node 0, thread 0 - /home/tutorial10/examples/CoMD/bin

File Options Windows Help

¢} {199 Show In Statistics Table

B [SAMPLE] ljForce [ {/home/tutorial10/examples/CoMD/src-mpi/liForce.
Show Function Histogram

B [SAMPLE] ljForce [ {/home/tutorial10/examples/CoMD/src-mpi/liForce.c} {189

; , e Show Function Bar Chart
B [SAMPLE] ljForce [ {/home/tutoriall0/examples/CoMD/src-mpi/liForce.c} {202 Assign Function Color
M [SAMPLE] liForce [{/home/tutorial1l0/examples/CoMD/src-mpi/ljForce.c} {193 paset to Default Color
W [SAMPLE] |jForce [ {/home/tutorial10/examples/CoMD/src-mpi/liForce.c} {2087F]

B [SAMPLE] ljfForce [ {/home/tutoriall10/examples/CoMD/src-mpi/liForce.c} {207}] 1.38
W [SAMPLE] ljForce [ {/home/tutoriall0/examples/CoMD/src-mpi/liForce.c} {224}] 0.66
M [SAMPLE] liForce [ {/home/tutoriall0/examples/CoMD/src-mpi/liForce.c} {206} ] 0.63
W [SAMPLE] ljForce [ {/home/tutoriall0/examples/CoMD/src-mpi/liForce.c} {223}] 0.39
M [SAMPLE] ljForce [ {/home/tutoriall0/examples/CoMD/src-mpi/liforce.c} {185}] 0.27
W [SAMPLE] ljForce [ {/home/tutorial10/examples/CoMD/src-mpi/liForce.c} {210}] 0.24
M [SAMPLE] liForce [{/home/tutoriall0/examples/CoMD/src-mpi/liForce.c} {220}] 0.18
M[SAMPLE] ljForce [ {/home/tutoriall10/examples/CoMD/src-mpi/liForce.c} {214}] 0.15
M [SAMPLE] liForce [{/home/tutorial10/examples/CoMD/src-mpi/liForce.c} {181}] 0.12
M [SAMPLE] liForce [ {/home/tutoriall0/examples/CoMD/src-mpi/liforce.c} {175}] 0.09
Il [SAMPLE] ljForce [ {/home/tutoriall0/examples/CoMD/src-mpi/liForce.c} {159} 1] 0.06
B [SAMPLE] |lfForce [{/home/tutoriall0/examples/CoMD/src-mpi/liForce.c} {187}] 0.06
M [SAMPLE] ljForce [ {/home/tutoriall0/examples/CoMD/src-mpi/liForce.c} {156} 1] 0.03
o Il [SUMMARY] getBoxFromCoord [ {/home/tutorial10/examples/CoMD/src-mpi/linkCells.c} 0.36

Il [SAMPLE] UNRESOLVED /usr/lib/x86_64-linux-gnu/libc.so.6
o [l [SUMMARY] sortAtomsInCell [ {/home/tutorial10/examples/CoMD/src-mpi/haloExchange

o BRICLIMMADN ) adhiancaDaocition [Llbanoo/tutaciall Olosvcamanloac/CablAD lece conilticoocton o1 1

w ©

RN EEENNENNNNENNNNNENENEEER

LLLLL LTS LLLITTTLE
Name Exclusive TIME Inclusive TIME V Calls

W . TAU application 0 26.582 1
¢ Mtaupreload_main 26.174 26.582 1
¢ I[CONTEXT] taupreload_main 0 25.65 855
¢ M [SUMMARY] lfForce [{/home/tutoriall0/examples/CoMD/src-mpi/liForce.c} ] 24.27 24.27 809
E[SAMPLE] liForce [ {/home/tutoriall0/examples/CoMD/src-mpifjForce.c} {1981 4.8 160
@ [SAMPLE] iForce [{/home/tutorial10/examples/CoMD/src-mpifljForce.c} {209 Show Source Code 3.78 126

1.47 49
1.38 46
0.66 22
0.63 21
0.39 13
0.27 9
0.24 8
0.18 6
0.15 5
0.12 4
0.09 3
0.06 2
0.06 2
0.03 1
0.36 12

7

7

2

Child Calls |
1)
1,255

O O0O0OO0O0O0Oo

D OO O0OO0OO0OO0OO0O0O0O0O0O0 00O O Y

Click on columns to sort (e.g.,
Inclusive)

Expand nodes and right click on a
sample and

Select “Show Source Code”
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TAU's ParaProf Profile Browser: Source Code Browser

Activities

&2 HPC Cloud On-Demand Data ¢ X [ TurboVNC: eds-24-05-aws:1 (1 X =+

int nbrBoxes([27]; =
// loop over local boxes | 3

{

O [‘_3, https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75

n edu-uoregon-tau-paraprof-ParaProf Jun 13 02:36

Exclusive TIME

for (int iBox=0; iBox<s->boxes->nLocalBoxes; iBox++) 0
26.174
int nIBox = s->boxes->nAtoms[iBox]; 0
if ( nIBox == 0 ) continue; 24.27
int nNbrBoxes = getNeighborBoxes(s->boxes, iBox, nbrBoxes) ; 4.8
// loop over neighbors of iBox 3.78
for (int jTmp=0; jTmp<nNbrBoxes; jTmp++) 3:66
int jBox = nbrBoxes[jTmp]; 2.76
1.98
assert(jBox>=0) ; 1.56
1.47
int nJBox = s->boxes->nAtoms[jBox]; 1.38
if ( nJBox == 0 ) continue; 0:66
/ loop over atoms in iBox 0.63
for (int iOff=iBox*MAXATOMS,ii=0; ii<nIBox; ii++,i0ff++) 0.39
{ 0.27
int iId = s->atoms->gid[i0ff]; 0.24
// loop over atoms in jBox 0.18
for (int jOff=MAXATOMS*jBox,ij=0; ij<nJBox; ij++,jO0ff++) 0'15

{ }
real_t dr[3]; 0.12
int jId = s->atoms->gid[jOff]; 0.09
if (jBox < s->boxes->nLocalBoxes && jId <= ild ) 0.06
continue; // don't double count local-local pairs. 0.06

real t r2 = 0.0;

— o .03
for (int m=0; m<3; m++) £} 826
dr[m] = s->atoms->r[i0ff][m]-s->atoms->r[jOff][m]; 0.21
r2+=dr[ml*dr[m]; ge 0.21
} 1 019

if ( r2 > rCut2) continue;

EEDEEEEEEENEENEENNNENNNNENEN

Inclusive TIME ¥
26.582
26.582

25.65
24.27
4.8
3.78
3.66
2.76
1.98
1.56
1.47
1.38
0.66
0.63
0.39
0.27
0.24
0.18
0.15
0.12
0.09
0.06
0.06
0.03
0.36
0.21
0.21

019

Calls

1

1
855
809
160
126
122

= NNBS B O
OCWrFRLrNOOONON

-
BN NN NNWEREOO®

Child Calls
1
1,255
0

DOOO0OO0OO0DO0DO0ODO0DO0O0DO0DO0OO0DO0DO0DO0OO0DO0OO0O0OO0OOO
|
|

-

The application spent

4.8 seconds at line 198 in
liForce.c in MPI rank 0. TAU
collected 160 samples at this line
of code.

It is within five levels of for
loops!

There was no change to
source code,

build system, or the
application binary!
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TAU EXxercise #2;

Instrumenting PETSc application using TAU’s
Perfstubs interface




Launching the binary using tau_exec —ebs

eve (5 &2 HpC Cloud On-Demand Data ¢ X B TurboVNC: eds-24-05-aws:1 (1 X = + v

C O 6 https://vnc-paratools.adaptivecomputing.com/vnc/vnc.htmi?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 D O ¥ © 9y =
() Terminal Jun 13 02:00

tutorial 10@e4s-24-05-aws: ~/examples/petsc-cpu

cd ~/examples/petsc-cpu
.Jcompile.sh

cd $PBS 0 WORKDIR

export MV2_HOMOGENEOUS_CLUSTER= qsub tau.qsub
export MV2_SUPPRESS_JOB_STARTUP_PERFORMANCE_WARNING=

gstat
After it completes:

mpiexec ./ex50 \
\

-da grid x

-da grid y \
-pc_type lu \ paraprof &
-pc_factor mat solver type superlu dist \

-ksp_monitor \

-ksp_view




TAU's ParaProf Profile Browser: Source Code Browser

o @ =) %2 HPC Cloud On-Demand Data ¢+ X TurboVNC: eds-24-05-aws:1 (1 X o
C O E} https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 ﬁ? 9 ¥ ® i] =
Activities () Terminal Jun 13 02:03 q

$s T tutorial 10@e4s-24-05-aws: ~/examples/petsc-cpu

££

e 3 gsub tau.gsub
00:02:00 R 00:00:26
: $ gstat -u $USER gstat -u SUSER

<
@ e4s-24-05-aws:
=

Req'd # After it completes

Job ID Username Queue Jobname

3 ' s
paraprof &

00:02:00 --
- ls
ex50.011540000 profile.0.0. profile.
profile.0.0. profile.
profile.1l.0. profile.
ex50.c makefile profile.1.0. profile.

ex50.e11540000 profile.0.0.0 profile.l1.0. profile.
- paraprof
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TAU's paraprof browser with PETSc performance profile

[ N ) () | & HPc Cloud On-Demand Data ¢ X B TurboVNC: eds-24-05-aws:1 (1 X = +

C O B https://vnc-paratools.adaptivecomputing.com/vnc/vnc.htmi?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 P

Activities edu-uoregon-tau-paraprof-ParaProf

Jun 13 02:06

TAU: ParaProf: Statistics for: node 0, thread 0 - /home/tutorial10/examples/petsc-cpu

File Options Windows Help

|ERmE
Name
EMPI_init_thread()
¢ @ Main Stage
¢ [l [CONTEXT] Main Stage
[l [SAMPLE] MatLUFactorNumeric_SeqBAlj_7_NaturalOrdering_inplace [{/tmp/ubt
Ml [SAMPLE] DMLabelView_Concrete_Ascii [{/tmp/ubuntu/spack-stage/spack-stac
[l [SAMPLE] PetscDualSpaceSetUp_Lagrange [{/tmp/ubuntu/spack-stage/spack
[l [SAMPLE] MatPreallocatorPreallocate_Preallocator [{/tmp/ubuntu/spack-stage
[l [SAMPLE] PCSetUp_GAMG [{/tmp/ubuntu/spack-stage/spack-stage-petsc-3.21
[l [SAMPLE] DMPlexCreateSubmeshGeneric_Interpolated [{/tmp/ubuntu/spack-s
[l [SAMPLE] MatMult_MatMultAdd_SeqMAl_Template [{/tmp/ubuntu/spack-stage
[l [SAMPLE] MatAXPY_Basic_Preallocate [{/tmp/ubuntu/spack-stage/spack-stage
[l [SAMPLE] ISView_General_HDFS [{tmp/ubuntu/spack-stage/spack-stage-pets
[l [SAMPLE] MatColoringCreateBipartiteGraph [{/tmp/ubuntu/spack-stage/spack
[l [SAMPLE] ScatterAndBOR_SignedChar_2_0 [{/tmp/ubuntu/spack-stage/spack-
[l [SAMPLE] ScatterAndinsert_SignedChar_2_1 [{/tmp/ubuntu/spack-stage/spac
¢ I MatLUFactor
o [l [CONTEXT] MatLUFactor
o [ltaupreload_main
o [l MPI_Wait()
o [l MatSolve
o [l DMCreateMat
o [l MPI Collective Sync
M pthread_join
W MPI_Bcast()
W MPI_Allreduce()
W MPI_Test()
W MatView
W MPI_Recv()

8.0
7.8
Main Stage

L]

Exclusive TIME V Inclusive TIME

2.701
1.615
0
0.206
0.2
0.165
0.125

File Options Windows

Metric: TIME
Value: Exclusive

Std. Dev.

Mean

Max

Min

node 0, thre===

node 0, thr¢ Show Thread Bar Chart

2.701
3.629
1.567
0.206

0.2
0.165
0.125

Help

Calls

Child C...
Olaff
284

TAU: ParaProf: /home/tutorial10/examples/petsc-cpu

node 0, thr¢ Show Thread Statistics Text Wing
node 1, thr¢ show Thread Statistics Table

node 1, thr¢
node 1, thr¢

Show Thread Call Graph

node 2, thr¢ Show Thread Call Path Relations

node 2, thr¢ Show User Event Bar Chart
Show User Event Statistics Window

node 2, thr¢
node 3, thr¢

node 3, thre Show Context Event Window

node 3, thr¢ Show Metadata for Thread

Add Thread to Comparison Window

paraprof

Choose

Show thread statistics table by
right clicking on

node O, thread O.
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Using pprof: TAU's text based profile browser

Activities

5 | & HPC Cloud On-Demand Data - X TurboVNC: eds-24-05-aws:1 (1 X +

O B https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75
(=) Terminal Jun 13 02:04

tutorial 10@e4s-24-05-aws: ~/examples/petsc-cpu

$ paraprof &
[1] 152885
$ pprof -a | more

Reading Profile files in.profile.*

NODE ©;CONTEXT O;THREAD 0O:

Inclusive
usec/call

Inclusive
total msec

Exclusive

20080268

20080002

13095901

3629490

2700776

1756523

; 1754558

8. 36527

] MatLUFactor
8.0
7:8

Main Stage

36527
130617

g © & O

.TAU application
taupreload main

MPI Finalize()

Main Stage

MPI Init thread()
PCSetUp

MatLUFactor

MatLUFactor => [CONTEXT

[CONTEXT] MatLUFactor
Main Stage => [CONTEXT]

Home

pprof —a | more

Here we see PETSc timers
translated into TAU timers using
the Perfstubs library.

No modification to the source,
build system, or the binary!
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Generating Traces

o®

cp /tmp/trace.gsub
./compile.sh

gsub trace.gsub
gstat

firefox https://perfetto.dev &
Click -> Trace Viewer -> Open the UI ->

Open Trace File -> navigate to app.json
Open the four trace rows (one for each rank)
Use wasd keys to widen/shrink/left/right

scroll

o° o° oP

o®
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https://perfetto.dev/

What it was doing

# cd ~/examples/petsc-cuda; vi ex50.gsub
# Comment out previous CALLPATH options

export TAU TRACE=1l

o®

gsub ex50.gsub
tau treemerge.pl

% tau trace2json tau.trc tau.edf -chrome \
—ignoreatomic -0 app.json
Open Firefox, load Perfetto.dev

trace visualizer and open app.json
wasd keys to widen/shrink/left/right

o®
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Visualizing Traces with https://Perfetto.dev

[ ] & HPC Cloud On-Demand Data Ce X we eds-24-11-aws-2:1 (training0) - X ap v ©o Private browsing

@ O 8 adaptivecomputing.com T @ 9O =

Activities #) Firefox Feb 27 15:52 W O

5 @ app.json (16 MB) - Per x | [l Firefox Privacy Notice x +

€ C 08 perfetto.dev ve e k : . =

(4 Perfetto ml -

Navigation

-

X = v Default Workspace

; wasd
Current Trace vans RTALappcasion W = Wlden

taupreload_main

e e S = Shrink

PCApply | PCApply MPI_Allreduce() _
PTT T T MPLAL MatSolve J MatSole A = Left

D = Right

.TAU application
taupreload_main
Main Stage

MPI_Finalize()

Convert trace PCSetUp MatView
PCApply | PCApply

“mmw |“| A || MatSolve MatSolve
(] I all
._j,‘

o
or
Example Traces 1 )4 [&]
f  Curent Selection T ~
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Generating Traces with Vampir

o®

cp /tmp/vampir.gsub
./compile.sh (only needs to be done once)

o®

o®

gsub vampir.gsub
export PATH=/tmp/vampir/bin:$PATH

vampir traces.otf2 &
No need to merge or convert traces)

o®

T, O\o




Vampir [TU Dresden]

File Edit Chart Trace Window Tools Help

Timeline

02/27 16:50:57.989989 02/27 16:50:57.989989 02/27 16:50:57.989989
Rank 0, CPU Thread 00
Rank 1, CPU Thread 00

Rank 2, CPU Thread 00

Rank 3, CPU Thread 00

All Processes, Exclusive T|m9 per Function Group

90 %
75 %
60 %
45 %
30 %
15 %
0 %% 5 ‘

Trace View - /home/training0/examples/petsc-cpu/traces.otf2* - Vampir X

E‘ L 3= ’f @ 27 FebR2025016:50:57 +0000 - 27 Feb 20256 50 5782000
8=

0000
6'-18.‘1{6.@.&;0_5 S,
Function Summarv
Accumulated Exclusive Time per Function

125 ps 100 ps 75 us 50 ps 25 ps 0 us
MPI_Recv()

MatLUFactor

IERDSESNEN, P _Wait()

MPI_Isend()
0s

Others (4)

Call Tree
All Processes
Functions

* Min Accum Incl Time Max Accum Incl Time*

- | |taupreload_main 68.166 us 68.1
~ [ Main Stage 68.166 us 68.1
~ [ PCSetUp 68.166 us 68.1
~ [l MatLUFactor 68.166 ps 68.1
[l MPI_Isend() 12.108 ps 23.1
[l MPI_Recv() 14.000 ps 49.1
37.058 ps 37.08
4 »
Find (Ctrl+F) o O
Context View
— Warnings »x & Call Tree » x .
Property Value =
Display Call Tree
Process Filter All Processes
Function W 7 MPI_Wait()
Minimum Number of Invocations 0
Maximum Number of Invocations 5
Minimum Accumulated Inclusive Time 3.7058e-05s
Maximum Accumulated Inclusive Time 3.7058e-05 s =
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Generating callpath profiles

Edit tau.qgsub

# add
export TAU CALLPATH=1

export TAU CALLPATH DEPTH=100

export TAU PROFILE FORMAT=merged
mpirun ..

% gsub tau.gsub
% gstat
% paraprof tauprofile.xml
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Generating Traces

# Edit tau.gsub
# Comment out previous CALLPATH options

export TAU TRACE=1l
export TAU TRACE FORMAT=otf2

o®

gsub tau.gsub
export PATH=/tmp/vampir/bin:$PATH

s vampir traces.otf2 &
(No need to merge or convert traces)

o®

\O
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TAU Exercise #5;

CUDA Instrumentation using CUPTI
(CUDA Profiling Tools Interface)




PETSc CUDA

o®

cd ~/examples/petsc-cuda
cp /tmp/cupti.qgsub

gsub cupti.qgsub

gstat

After 1t completes:

% paraprof tauprofile.xml &

o® oP

o®




PETSc CUDA: What it was doing

% cd ~/examples/petsc-cuda

% ./compile.sh

Edit the gsub file:

spack load tau+cuda

export TAU PROFILE FORMAT=merged

mpiexec tau exec -T cupti,mpi —cupti -ebs ./ksp..
% gqsub *.gsub

% paraprof tauprofile.xml &
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Generating Traces

o®

cp /tmp/trace-cuda.qgsub
gsub trace-cuda.gsub
gstat

firefox https://perfetto.dev &
Click -> Trace Viewer -> Open the UI ->

Open Trace File -> navigate to app.json
Open the four trace rows (one for each rank)
Use wasd keys to widen/shrink/left/right
scroll

o® oP

o®
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https://perfetto.dev/

Visualizing Traces with https://Perfetto.dev

& HPC Cloud On-Demand Data Ce X

v eds-24-11-aws-2:1 (training0) - X =F

©3 Private browsing
O 8 adaptivecomputing.com @ @ 9
Feb 27 16:29 W O
5 @ bench.json (34 MB) -F X = + v x
« C (O Ii.perfetto.dev/#!/viewer?local_cache_key=0000000( 0-0000-a3a3-38ae9804d3fb w @ @ 8 =
A
LI ]

Navigation

Current Trace

Convert trace

main thread

Support

.
H

2 Current Selection

.TAU application
[PTHREAD] addr=<0x71f558eb1ca0> [{{unknown)) {0, 0))

wasd

W = widen
S = Shrink
A = Left

D = Right

TAU application
taupreload_main
Main Stage
MatMult

MatMult
VecScatterBe.. | Ve.

MatMult
VecScatterBegin

MatMult
VecScatterBegin

MatMult
VecScatterBegin

ve_|| VecScatterBegin

TAU application
void cusparse:c...

void cusparse:cs...

void cusparse:cs.. void cusparse:c...

TAU application

TAU application
taupreload_main

Main Stage
MatMult

VecScatterEnd
MPI_Waitall()

MatMult
VecScatterEnd
MPI_Waitall()

MatMult
VecScatterEnd

MatMult
VecScatt..

VecScatterEnd
MPI_Waitall()

MatMult
VecScatte...

VecScatterEnd
MPI_Waitall()

| VecScatte... | VecScatte_.

application
1ca0> [{(unknown)} {0, 0}]

TAU application
void cusparse:cs... void cusparse:cs..

void cusparse:cs... void cusparse:cs..
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TAU EXxercise #6:

paraprof 3D display




TAU paraprof

eo®e 5 | %2 HPC Cloud On-Demand Data TurboVNC: eds-24-05-aws:1 (1 X
C O 6 https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 Dk

Activities edu-uoregon-tau-paraprof-ParaProf

)

demo. ppk
. [1] 309831

File Options Help

$ s

Jun 13 02:45

tutorial 10@e4s-24-05-aws: ~/examples/tau

$ paraprof demo.ppk &

s

TAU: ParaProf Manager

® Applications
¢ (=) Standard Applications
¢ =3 Default App
¢ =] Default Exp
¢ @ demo.ppk
@ GET_TIME_OF _DAY
@ PAPI_FP_OPS
@ PAPI_L2 DC
@ PAPI_RES

TrialField
Name
Application ID
Experiment ID
Trial ID

demo.ppk |
0

0
0
0
P

araProf Pa

TAU: ParaProf: demo.ppk

File Options [Windows | Help

Std. Dev.
Mean
Max
Min
node O
node 1
node 2
node 3
node 4
node 5
node 6
node 7
node 8
node 9
node 10
node 11
node 12

|Metric: GET T ParaProf Manager

/ Fxchie .
_|Value: Exclusil 3p Visualization

3D Communication Mal
Communication Matrix

Function
bl Thread

il

™ Fynction Legend

Q
L
o
<
©
st
]
Q
D
3
a

User Event Legend
Group Changer

[ [ |

Close All Sub-Windows

cd ~/examples/tau

paraprof demo.ppk &

Choose 3D Visualization
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TAU paraprof 3D visualization

5 | 2 HPC Cloud On-Demand Data C: X TurboVNC: eds-24-05-aws:1 (1 X = -+

adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6

C O A https:/jvnc-parato

edu-uoregon-tau-paraprof-ParaProf

Activities Jun 13 02:48

TAU: ParaProf: 3D Visualizer: demo.ppk

File Options Windows Help

4
14

Triangle Mesh
® Bar Plot
Scatter Plot

Topology Plot
Height Metric
Exclusive
Color Metric

Exclusive

Function

Thread

Height value
o

Color value

Scales | Plot

v
@ & ©® &8 =
4 O
-, i R

Auto-Rotate

v | |GET_TIME_OF D...|+v
v| |GET_TIME_OF v
Loop: AORSAZ [{/sk
4 »
199
4 »
Axes | Color | Render
Speed
)
deo
Full Screen AA

Choose Bar Plot and move

Function and Thread
Sliders

First mouse button to rotate
Second mouse button to
translate (left to right)
Scroll wheel (or +/- keys) to
zoom in.

Try Scatter plot next
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TAU paraprof: 3D Scatter Plot

® ) & HPC Cloud On-Demand Data ¢ X (@ TurboVNC: eds-24-05-aws:1 (1 X | + v

C O B https://vnc-paratools.adaptivecomputing.com/vnc/vnc. ht ize=ren &pat vnc/websockify?token=6626dd00a6069

Activities edu-uoregon-tau-paraprof-ParaProf Jun 13 02:48

TAU: ParaProf: 3D Visualizer: demo.ppk

Triangle Mesh

GET_TIME

GET_TIME




Reference




Installing and Configuring TAU
Installing PDT:

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

Installing TAU:

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

— .Jconfigure -bfd=download -pdt=<dir> -papi=<dir> -mpi
—pthread —c++=mpicxx —cc=mpicc —fortran=mpif90
—dwarf=download —unwind=download —otf=download
—lowrapper —papi=<dir>

— make install
-Using TAU:

— export TAU_MAKEFILE=<taudir>/x86_64/lib/Makefile.tau-<TAGS>
— make CC=tau_cc.sh CXX=tau_cxx.sh F90=tau f90.sh
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Compile-Time Options

*Optional parameters for the TAU_OPTIONS environment variable:

% tau_compiler.sh
-optVerbose
-optComplnst
-optNoComplnst

Turn on verbose debugging messages
Use compiler based instrumentation

Do not revert to compiler instrumentation if source
instrumentation fails.

-optTracklO Wrap POSIX 1/O call and calculates vol/bw of I/O operations
(Requires TAU to be configured with —iowrapper)

-optTrackGOMP

Enable tracking GNU OpenMP runtime layer (used without —opari)

-optMemDbg Enable runtime bounds checking (see TAU_MEMDBG_* env vars)

-optKeepFiles
-optPreProcess
-optTauSelectFile="<file>"
-optTauWrapFile="<file>"
-optHeaderinst
-optTrackUPCR

-optLinking=

-optCompile=

-optPdtF950pts=""

Does not remove intermediate .pdb and .inst.* files

Preprocess sources (OpenMP, Fortran) before instrumentation
Specify selective instrumentation file for tau_instrumentor
Specify path to link_options.tau generated by tau_gen_wrapper
Enable Instrumentation of headers

Track UPC runtime layer routines (used with tau_upc.sh)
Options passed to the linker. Typically

Options passed to the compiler. Typically

Add options for Fortran parser in PDT (f95parse/gfparse) ...
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Compile-Time Options (contd.)

*Optional parameters for the TAU_OPTIONS environment variable:
% tau_compiler.sh

-optShared Use TAU'’s shared library (libTAU.s0) instead of static library (default)
-optPdtCxxOpts="" Options for C++ parser in PDT (cxxparse).
-optPdtF90Parser="" Specify a different Fortran parser

-optPdtCleanscapeParser  Specify the Cleanscape Fortran parser instead of GNU gfparser

-optTau= Specify options to the tau_instrumentor

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

See tau_compiler.sh for a full list of TAU_OPTIONS.
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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_FOO | O Setting to 1 turns on tracking memory usage by sampling periodically the resident set size

TPRINT 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

EAGERLY

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.

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/AB 0 Setting to 1 enables tracking runtime bounds checking below or above the

OVE 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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