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Using TAU on Aurora@ALCF

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

cd workshop; cat README

gsub -I -1 walltime=0:29:00 -1filesystems=home:flare -A ATPESC2026 -gq debug -1 select=1 -X
module use /soft/modulefiles

module load tau

module load frameworks

mpiexec -n 4 gpu_tile compact.sh ./a.out

mpiexec -n 4 gpu_tile compact.sh tau exec -10 -ebs ./a.out

mpiexec -n 4 gpu_tile compact.sh tau exec -10 -ebs python ./foo.py
pprof -a | more

paraprof --pack foo.ppk

On your desktop: % paraprof foo.ppk
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Using TAU on Frontier@OLCF

tar xf /sw/frontier/ums/ums002/paratools/tar/workshop. tgz

cd workshop; cat README

salloc -n 4 -A <ACCOUNT> -N 1 -t 0:55:00 -g debug -C nvme --gpus 2

module load ums ums002 tau

srun -n 4 ./a.out

srun -n 4 tau exec -rocm -ebs ./a.out

srun -n 4 tau_exec -rocm pc -ebs ./a.out

export TAU METRICS=ROCM SQ WAVES # see rocprofv3 -L for a complete list of counters

srun -n 4 tau_exec -rocm -ebs ./a.out

pprof -a | more
paraprof --pack foo.ppk
On your desktop: % paraprof foo.ppk
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Motivation and Challenges

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

TAU Performance System®:

— Deliver a scalable, portable, performance evaluation toolkit for HPC and Al/ML workloads.
— http://tau.uoregon.edu
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TAU Performance System”

Versatile profiling and tracing toolkit that supports: %
- MPI, DPC++/SYCL (Level Zero), OpenCL, and OpenMP (OpenMP Tools Interface for Target
Offload)

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

Supports PAPI, Likwid for hardware performance counter information

Instrumentation includes support for 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 O

https://tau.uoregon.edu vessin Par a%OOlS
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Application Performance Engineering using TAU

AAAAAAAAAAAAAAAAAA

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 and at the level of each statement inside GPU kernels.

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? Accessing counters on both CPUs and GPUs.

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

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

TAU Performance System”

Parallel performance framework and toolkit

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

' TAU Architecture |

Source

o C, C++, Fortran

o Python, UPC, Java

o Robust parsers (PDT)

Measurement

Wrapping
o Interposition (PMPI)
o Wrapper generation

Events

o static/dynamic

o routine, basic block, loop
o threading, communication
o heterogeneous

o Static, dynamic
o Preloading

o flat, callpath, phase,
parameter, snapshot
o probe, sampling, hybrid

Executable
o Dynamic (Dyninst)
o Binary (Dyninst, MAQAO)

Tracing
o TAU / Scalasca tracing
o Open Trace Format (OTF)

Measurement API

Argonne &

Metadata

o system, user-defined
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TAU Performance System”

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

Measurement and analysis support
MPI (MVAPICHZ, Intel MPI1), OpenSHMEM, ARMCI, PGAS, DMAPP
Supports Intel oneAPI compilers
pthreads, OpenMP, OMPT interface, hybrid, other thread models
GPU: CUDA, ROCm, oneAPI DPC++/SYCL (Level Zero), OpenACC, Kokkos, RAJA
Parallel profiling and tracing

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

Add hooks in the code to perform measurements

Source instrumentation using a preprocessor
Add timer start/stop calls in a copy of the source code.
Use Program Database Toolkit (PDT) for parsing source code.
Requires recompiling the code using TAU shell scripts (tau_cc.sh, tau_f90.sh)
Selective instrumentation (filter file) can reduce runtime overhead and narrow
instrumentation focus.

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

Runtime preloading of TAU’s Dynamic Shared Object (DSO)
No need to recompile code! Use mpiexec tau_exec ./app with options.
It will preload TAU’s DSO and intercept MPI calls and generate profile/trace data.

#°-.% U.S. DEPARTMENT

@/ of ENERGY

Argonne Leadership

Computing Facility extremecomputingtraining.anl.gov

AAAAAAAAAAAAAAAAAA


http://extremecomputingtraining.anl.gov/

Using TAU’s Runtime Preloading Tool: tau_exec

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

another

MPI

OpenMP

POSIX I/O

Memory allocation/deallocation routines

Wrapper library for an external package

No modification to the binary executable!

Enable other TAU options (communication matrix, OTF2, event-based sampling)
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Configurations of TAU installed on Aurora

module use /soft/modulefiles;

module load tau;
module load frameworks

ls S$TAU/Makefile* # Each configure build of TAU makes one stub Makefile

/soft/perftools/tau/tau-2.35.2/x86 64/1lib/

Makefile.tau-level zero-gptl-icpx-papi-ompt-mpi-python-pdt-openmp-lOmetrics

/soft/perftools/tau/tau-2.35.2/x86 64/1lib/

Makefile.tau-level zero-icpx-papi-ompt-python-pdt-openmp-l0Ometrics

/soft/perftools/tau/tau-2.35.2/x86 64/1lib/

Makefile.tau-level zero-ittnotify-gptl-icpx-papi-ompt-mpi-python-pdt-openmp- lOmetrlcs

Argonne Leadership 6‘@3 U.S. DEPARTMENT
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Using TAU for source instrumentation

TAU supports several measurement and thread options
Phase profiling, profiling with hardware counters, MPI library, Python...

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:

% module use /soft/modulefiles; module load tau

% export TAU MAKEFILE=/soft/perftools/tau/tau-2.35.2/x86 64/1lib/
Makefile.tau-level zero-gptl-icpx-papi-ompt-mpi-python-pdt-openmp-l0metrics

% export TAU OPTIONS=‘-optVerbose .. (see tau compiler.sh )

% export PATH=$TAUDIR/x86 64/bin:$PATH

Use tau f£90.sh, tau cxx.sh, tau upc.sh, or tau cc.sh as F90, C++, UPC, or C compilers respectively:
% mpif90 foo.£90 changes to

% tau £90.sh foo.£90

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

% pprof (for text based profile display)
% paraprof (for GUI)
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Configurations of TAU installed on Polaris

module use /soft/modulefiles;

module load tau;

ls $TAU/Makefile¥*

/soft/perftools/tau/tau-2.35.2/craycnl/lib/Makefile. tau-gnu-mpi-pthread-cupti
/soft/perftools/tau/tau-2.35.2/craycnl/lib/Makefile. tau-gnu-tbb-cupti
/soft/perftools/tau/tau-2.35.2/craycnl/lib/Makefile. tau-nvidia-mpi-pthread-cupti

/soft/perftools/tau/tau-2.35.2/craycnl/lib/Makefile.tau-nvidia-pthread-cupti

srun -n 4 tau_exec -T nvidia-mpi-pthread-cupti -cupti ./a.out
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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® OneAP|
Level Zero
Track time spentin kernels executing on GPU (-10), sampling on GPU (-l0_pc), GPU counters
Track time spentin OneAPI runtime calls
CUDA
Cuda Profiling Tools Interface (CUPTI)
Track time spentin kernels executing on GPU (-cupti), sampling on GPU (-cupti_pc), GPU counters
Track data transfers between host and GPU
Track access to uniform shared memory between hostand GPU
ROCm
Rocprofiler-SDK instrumentation interfaces
Track time spentin kernels executing on GPU (-rocm), sampling on GPU (-rocm_pc), GPU counters
Track data transfers and kernel execution between host and GPU
Kokkos
Kokkos profiling API
Push/pop interface for region, kernel execution interface
Python

Python interpreter instrumentation API FiTary,
Argonne Leadership P 2% U.S. DEPARTMENT

Computing Facility extremecomputingtraining.anl.gov @7 of ENERGY

Argonne &

NATIONAL LABORATORY



http://extremecomputingtraining.anl.gov/

Examples of Multi-Level Instrumentation

MPI + OpenMP

- MPLT + PMPI + OMPT may be used to track MPl and OpenMP
MPI + pthread

- PMPI + pthread interfaces
MPI + Intel ° oneAP| DPC++/SYCL

- PMPI + Level Zero interfaces
MPI + ROCprofiler-SDK

- PMPI + ROCm ROCprofiler-SDK
MPI + CUDA + Python

- PMPI + CUPTI + Python instrumentation interfaces
Kokkos + OpenMP

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

- Kokkos + pthread wrapper interposition library + PMPI layer
MPI + OpenCL

PMPI + OpenCL profiling interfaces

*- "% U.S. DEPARTMENT

.Y/ of ENERGY

Argonne Leadership

Computing Facility extremecomputingtraining.anl.gov

AAAAAAAAAAAAAAAAAA


http://extremecomputingtraining.anl.gov/

TAU Execution Command (tau_exec)

Uninstrumented execution
% mpirun -np 256 ./a.out

Track GPU operations
% mpirun -np 256 tau_exec —rocm ./a.out (-rocm_pc for PC sampling on GPU)
% mpirun -np 256 tau_exec —cupti ./a.out (-cupti_pc for PC sampling on GPU)
% mpirun -np 256 tau_exec —cupti -um ./a.out (for Unified Memory) (-cupti_pc for PC sampling on GPU)
% mpirun —np 256 tau exec —l0  ./a.out (-I0_pc for PC sampling on GPU)
% 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 or LLVM compilers that support OMPT)
% 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 —g)
% mpirun —np 256 tau_exec —ebs ./a.out
Also export TAU_METRICS=TIME,PAPI_L1_DCM... -ebs_resolution=<file | function | line>
export TAU_METRICS=ROCM_|LO|CUPTI_<GPU_metric> for access to GPU counters
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TAU Configurations on Aurora

% module use /soft/modulefiles; module load tau; Is STAU/Makefile*
/soft/perftools/tau/tau-2.35.2/x86_64/lib/Makefile.tau-level_zero-gptl-icpx-papi-ompt-mpi-python-pdt-openmp-lOmetrics
/soft/perftools/tau/tau-2.35.2/x86_64/lib/Makefile.tau-level_zero-icpx-papi-ompt-python-pdt-openmp-IOmetrics
/soft/perftools/tau/tau-2.35.2/x86_64/lib/Makefile.tau-level_zero-ittnotify-gptl-icpx-papi-ompt-mpi-python-pdt-openmp-l0metrics

For an uninstrumented binary:

% mpiexec —n 4 gpu_tile_compact.sh tau_exec—I0 ./a.out

Picks the configuration represented by
/soft/perftools/tau/tau-2.35.2/x86_64/lib/Makefile.tau-level_zero-gptl-icpx-papi-ompt-mpi-python-pdt-openmp-lOmetrics
To use OpenMP instrumentation:

% export TAU_OMPT_SUPPORT _LEVEL=full

% export OMP_NUM_THREADS=<N>

% mpiexec —n 4 gpu_tile_compact.sh tau_exec —T ompt,mpi —ompt —I0 ./a.out

% pprof —a | more
% paraprof

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

To use with DyninstAPl 13 on x86_64:
1. Load spack: source spack/share/spack/setup-env.sh
2. Install dyninst: spack install dyninst@13 %gcc@11
3. Configure tau with dyninst:

3.1 spackfind -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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Binary instrumentation of libraries:

$ pprof
Reading Profile files in profile.x

NODE @; CONTEXT @;THREAD 0:

%Time Exclusive Inclusive #Call #Subrs Inclusive Name
msec total msec usec/call
100.0 0.272 68 1 1 68245 .TAU application S I E P
gg.g . @0; 67 1 26 67973 taupreload_main TR g
5. . 44 6 1 7484 H5open 5
65.8 6 44 2 14 22448 H5_init_library FCOSYSTEM PROJECT
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 2 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 H5VL__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
Argonne Leadership . L. 5 U.S. DEPARTMENT
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Tags in tau_exec and other tools

cd STAU; 1ls Makefile.*

akefile. tau-icpx-papi-mpi-pdt
srun -n 4 ./matrix
tau exec -T icpx,mpi,pdt ./a.out

o0 oo i o°

Chooses Makefile.tau-icpx-mpi,pdt and associated libraries.

% tau exec -T serial,pdt ./a.out
Chooses Makefile.tau-pdt or the shortest Makefile name without

—-mp1i.

-T <list of tags> is used in several TAU tools:

tau run

tau python
tau julia
tau_exec
tau_gen wrapper
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Profiling and Tracing

Profiling Tracing

eoe TAU: ParaProf: niode 0.= funSd. d18.ppk L XN ) TimeLine : Helmsolve_Trace.slog2 <identity Map=>
Y et rolv]Z|a mjeje (<[> |a]a[g[a|n] [wea < s @
Ve el Cowest / Max, Depth * [Zoom Lavel Global Min Time _ View Init Time __ Zaom Focus Time _ View Final Time _ Global Max Time _ Time Per Pixel = Row
012 Fa oo 316712742385 316739037714 |31.6803407627 | 135.690379 o.oo00132552 |1 | |" [kow count
43.649 Loap: POINT_SOLVER:-POINT_SOLVE_S5 [{paint_solver. FO0} {2757,5}-(2917,19} | Cumulati TimeLines 220
36231 e Loop: JACOBIAN_VISCOUS::EDGEIP [{jacobian_viscous.fO0} {440,7}-(1584,22)] ————— ‘
27473 | Loop: FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.f90} {397,5}-(597, 20} T
19.688 ] FILL_JACOBIANS::FILL_JACOBIAN [ffill_jacobians.f90} {19,3}-{341.30}] o
16.273 [ PUNS3D_IO_C2N::PUNS3D_RLCAD_VGRID_C2N_SM Hpuns3d_io_c2n.f90} {1641,14}
13.381 [ ] GRADICNT DRIVER::GRAD VARIABLE [{gradient driver.f90} {110,3}-{508,301 1 5
10.059 [ MPI Waitall() 2
9.954 [____] MPI Reduce()
8.04 [l FLUX_PERFGAS::VISRHS_TET [[flux_perfgas.fo0] (3023,14]] 3 13
7.319 [l TURB_SPALART::SA_RESID [{turb_spalart.fo0} {219,14}]
3.78 [] FLUX_TURB::TURBULENT_GRADIENTS [{flux_turb.fO0} {796,3}-{899,36}] 4
3.562 [| TIMESTEP::DELTAT2 [{timestep.fg0} {20,3}(331,24
3.384 [ POINT_SOLVER::POINT_SOLVE_1 [{point_solver.F90} {1083,3}-{1206,30}] s o
1.309 [] TURB_SPALART::EDGE_ASSEMBLY_RES_CONV_DIFF [{turb_spalart.fa0} {5048,14}] 6
1.086 [] MPI_Bcast0
0.977 | TURB_SPALART::EDGE_ASSEMBLY_JAC_CONV_DIFF [{turb_spalart.fo0} {5209,14}] 7 o
0.668 | PPARTY_MIXED_ELEMENT::EDGE_POINTER_DRIVER [(pparty_mixed_element.fa0} {74,3}-(502,36}] E
0.66 | UPDATE_MEAN::UPDATE_Q [{update_mean.FO0} {723,3}-{803,25}] 8
0.637 | POINT_LU_DDQ::LU_S [{point_lu_ddq.fa0} {1566,3}—(1636,21}] 7
0.624 || SOLUTION::-WRFST_INTERLFAF [{Salution.Fa0} {3214,14)]
0.586 | DUAL_NUMBFRING--FMATRIX_TO_GRID [{dual_numbering.fa0} {122,3}-(143,32}] 10
0.565 | GRID_MFTRICS::DUALMETRIC [{grid_metrics.fa0} {2289,3}-(2791,27}]
0.524 | TURB_SPALART::SA_JACOB [{turb_spalart.f90} {757,141 1 =5
0.49 | MPI_BarrierQ 12
0.479 | UPDATL_TURB::UPDATL_VALUCS_TURB [update_turb.f30} {854,3}-{877.35}
0.41 | DUAL NUMBCRING::FGRID TO MATRIX [{dual numbering.fo0} {94,3}1-{115.32H1 13 3
0.371 | LMPI_APP::SINGLE START MATRIX XFLR [{Impi_app.F90} {7907.3}-18132,41H
0.36 | TURE_ SPALART::JACOBIAN SA [iturb_spalart.fO0] [88,1411 14
0.352 | TIMEACC::TIME_DIAG_NC [(timeacc.fo0] (1067,3] [1330,29]] 15 1
0.336 | MPIInit)
0.285 | LMPI_APP: :SINGLE_MATRIX_COMPLETE_XFER [{Impi_app. Fgu}{nsm 33-{11626,13]
0.283 | PPARTY_METIS::MY_METIS [{pparty_metis.F90} {116,3}—{515,24}] @ LinelD Fit AlLE
0.275 | PPARTY::NODE_CELL_CHOPPER [{pparty.f90} {11,3}-{153,33}] ! ! ! ! ! ! ! ! !
0.269 | FLUX_UTIL::L2NORM [{flux_util.F90} {31,3}-{249,23}] " Her2 673 3674 3675 3676 677 3678 3.678 aues || ([ SL]2
Time tseconds!

* Profiling shows you how much - Tracing shows you when the events take
total) time was spent in each routine place on a timeline

* Profiling and tracing
Profiling shows you how much (total) time was spent in each routine

Tracing shows you when the events take place on a timeline
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Inclusive vs. Exclusive values

s Inclusive

s Information of all sub-elements aggregated into single value

m Exclusive

m Information cannot be subdivided further

Inclusive

Argonne Leadership
Computing Facility

AAAAAAAAAAAAAAAAAA

(

Exclusive

gl

"1

int fool()

{

int a;
a =1+ 1;

bar () ;

a = a + 1;
return a;

}

extremecomputingtraining.anl.gov
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How much data do you want?

Limited Loop Callpath
Profile Profile Profile

Flat Callsite Trace
Profile Profile
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Direct via Probes

Call

« Exact
measurement

* Fine-grain control

« (Callsinserted
into code

Argonne Leadership

Performance Data Management
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foo (0) foo (1) foo (2) int main ()
{

Running program is periodically interrupted to take Lot 17
measurement for (i=0; 1 < 3; 1i++)

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 oidl oo (i

Statistical inference of program behavior {

Not verydetalled information on highly volatile if (i > 0)

Requires long-running applications
Works with unmodified executables
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Instrumentation

55 56 57 58 59 510 511}12513 Uy
L Il T T 1P

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

int 1i; “ ”
Measurement code is inserted such that every event of L0 Bty | s )
interestis captured directly fojéoél(z?’: 1< 37 144)

Can be done in various ways TAU STOP ,(“main") ;
Advantage: } Lt by

Much more detailed information
Disadvantage: void foo(int 1)

Processing of source-code / executable { TAU_START (“foo”) ;

necessary if (i > 0)

foo(i1 - 1);

Large relative overheads for small functions " ”
TAU_STOP( foo ') ;
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Inclusive Measurements

[ ] o
Metric: TIME

Argonne &

NATIONAL LABORATORY

TAU: ParaProf: node 0 - fun3d_d19.ppk

Value: Inclusive
Units: seconds

221.305
221.304

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

197.989 ] FLOW:ITERATE [{flow.F90} {1692,14}]

195.577 | FLOW::STEP_SOLVER [{flow.F90} {1845,14}]

195.569 RELAX_STEADY::RELAX [{relax_steady.f90} {30,3}-{307,22}]

61.927 UPDATE_MEAN::UPDATE_LINEAR_SYSTEM_MEAN [{update_mean.FO0} {195,3}-{275,42}]

61.28 L | UPDATE_MEAN::UPDATE_JACOBIAN_DRIVER_MEAN [{update_mean.F90} {460,3}-{505,44}]
61.275 [Em] UPDATE_MEAN::UPDATE_JACOBIAN [{update_mean.F90} {513,3}-{588,32}]

61.258 [ | FILL_JACOBIANS::FILL_JACOBIAN [{fill_jacobians.f90} {19,3}-{341,30}]
59.068

| GCR_SOLVE::GCR_SOLVER_QSET [{gcr_salve.f90} {47,3}-{415,32}]

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

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

54.402 [ RELAX_MEAN::RELAX [{relax_mean.f00} {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 [Lws] FUN3D_RES_FLOW::RES_FLOW [{fun3d_res_flow.fo0} {27,3}-{279,25}]

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

52.747 [l POINT_SOLVER::POINT_SOLVE_5 [{point_solver.F90} {2700,3}-{2921,30}]

52.744 [ ]

Loop: POINT_SOLVER::POINT_SOLVE_5S [{point_solver.FO0} {2757,5}-{2917,19}]
36.232 [ JACOBIAN_VISCOUS::VISCOUS_JACOBIAN [{jacobian_viscous.f90} {20,14}]
36.231 [mmmm JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.fo0} {324,14}]

36.231 [ Loop: JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {440,7}-{1584,22}]
27.474 ] FLUX_PERFGAS::INVISCID_FLUX_DRIVER [{flux_perfgas.fa0} {37,14}]

27.474 [mm FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.f0} {236,14}]

27.473 [[] Loop: FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.f90} {397,5}-{597,20}]

22.707 |:| FLOW::INITIALIZE_DATA [{flow.F90} {465,14}]

22.694 [__] FLOW::INITIALIZE_DATAZ [{flow.F30} {663,14}]

20.916 [__] PPARTY_PREPROCESSOR::PPARTY_PREPROCESS [{pparty_preprocessor.f90} {28,14}]
16.726 [&] PPARTY_PREPROCESSOR::PPARTY_READ_GRID [{pparty_preprocessor.fo0} {735,14}]
16.726 [@l PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N [{puns3d_io_c2n.f0} {1543,14}]
16.657 i 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 Time
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[ JON ] TAU: ParaProf: node 0 - fun3d_d19.ppk

Metric: TIME
Value: Exclusive
Units: seconds

43.649 | | Loop: POINT_SOLVER::POINT_SOLVE_5 [{point_solver.F80} {2757,5}-{2917,19}]

36.231 | Loop: JACOBIAN_VISCOUS: :EDGEJP [{jacobian_viscous.fo0} {440,7}-{1584,22}]
27473 [ ] Loop: FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.f90} {397,5}-{597,20}]
19.688 L. | FILL_JACOBIANS::FILL_JACOBIAN [{fill_jacobians.fo0} {19,3}-{341,30}]
16.273 [ PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.f90} {1641,14}]
13.381 [ | GRADIENT_DRIVER::GRAD_VARIABLE [{gradient_driver.f90} {110,3}-{508,30}]
10.059 [ 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.f90} {219,14}]
3.78 [_] FLUX_TURB::TURBULENT_GRADIENTS [{flux_turb.f90} {796,3}-{899,36}]
3.562 [ ] TIMESTEP::DELTAT? [{timestep.f00} {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.fo0} {5209,14}]

0.668 || PPARTY_MIXED_ELEMENT::EDGE_POINTER_DRIVER [{pparty_mixed_element.f90} {74,3}-{502,36}]
0.66 | UPDATE_MEAN::UPDATE_Q [{update_mean.F90} {723,3}-{803,25}]

0.637 [ POINT_LU_DDQ::LU_5 [{point_lu_ddq.f90} {1566,3}-{1636,21}]

0.624 || SOLUTION::WREST_INTERLEAF [{solution.F90} {3214,14}]

0.586 || DUAL_NUMBERING::FMATRIX_TO_GRID [{dual_numbering.fo0} {122,3}-{143,32}]

0.565 || GRID_METRICS::DUALMETRIC [{grid_metrics.f90} {2289,3}-{2791,27]]

0.524 | TURB_SPALART::SA_JACOB [{turb_spalart.fo0} {757,14}]
0.49 | MPI_Barrier()

0.479 | UPDATE_TURB::UPDATE_VALUES_TURB [{update_turb.f90} {854,3}-{877,35}]
0.41 | DUAL_NUMBERING::FGRID_TO_MATRIX [{dual_numbering.fo0} {94,3}-{115,32}]

0.371 | LMPI_APP::SINGLE_START_MATRIX_XFER [{Impi_app.F90} {7907,3}-{8132,41}]
0.36 | TURB_SPALART::JACOBIAN_SA [{turb_spalart.fo0} {88,14}]

0.352 | TIMEACC:: TIME_DIAG_NC [{timeacc.f90} {1067,3}-{1330,29}]

0.336 | MPLInit()

0.285 | LMPI_APP::SINGLE_MATRIX_COMPLETE_XFER [{Impi_app.F90} {11520,3}-{11626,44]]

0.283 | PPARTY_METIS::MY_METIS [{pparty_metis.F90} {116,3}-{545,24}]

0.275 | PPARTY::NODE_CELL_CHOPPER [{pparty.fo0} {41,3}-{453,33}]

0.269 | FLUX_UTIL::L2NORM [{flux_util.fo0} {31,3}-{249,23}]
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Instrumenting Julia applications using TAU with tau_julia

julia

TAU Instrumentation
API Bindings

Distributed.jl
Instrumentation

CUPTI
rocprof
oneAP| 10

LLVM Plugin

Distributed

t Manual Automatic GPU Kernel Library
e " an Instrumenation Instrumenation Instrumentation :
Instrumentation
rgonne Leadershi \if%‘g U.S. DEPARTMENT
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Profiling Julia applications using TAU with tau_julia

TAU: ParaProf: node 0, thread 0 - OceananigansCPU.ppk

File Options Windows Help

Metric: TIME
Value: Exclusive
Units: seconds

10.886 || Main.main [{/home/nchaimov/src/OceananigansDemo.jl/src/TauDemo.jl} {4}]
6.811 = Oceananigans.Utils._launch! [{fhome/nchaimov/.julia/packages/Oceananigans/brirl/src/Utils/kernel_launching.jl} {356}]
4975 |FFTW.plan_fft! [{/nome/nchaimov/.julia/packages/FFTW/UNgRy/src/fft.jI} {788}]
4.659 | FFTW.plan_bfft! [{/home/nchaimov/ julia/packages/FFTW/UNgRy/src/fft.jl} {788}]
3.778 I:l Oceananigans.Models.NonhydrostaticModels.NonhydrostaticModel [{fhome/nchaimov/.julia/packages/Oceananigans/brirl/src/Models/Nonhytc

0.533 i Oceananigans.BoundaryConditions.fill_halo_regions! [{fhome/nchaimov/.julia/packages/Oceananigans/brirl/src/BoundaryConditions/fill_halo_|
0.427 i Oceananigans.Models.NonhydrostaticModels.compute_pressure_correction! [{{home/nchaimov/.julia/packages/Oceananigans/brirl/src/Models
0.392 H Oceananigans.Utils.launch! [{fhome/nchaimov/.julia/packages/Oceananigans/br1rl/src/Utils/kernel_launching.jl} {333}]
0.292 H Oceananigans.TimeSteppers.TimeStepper [{fhome/nchaimov/.julia/packages/Oceananigans/brirl/src/TimeSteppers/TimeSteppers.jl} {69}]
0.276 i Oceananigans.Models.NonhydrostaticModels.update_state! [{{home/nchaimov/ julia/packages/Oceananigans/brirl/src/Models/Nonhydrostatic
0.272 i Oceananigans.Models.NonhydrostaticModels.make_pressure_correction! [{{home/nchaimov/.julia/packages/Oceananigans/brirl/src/Models/N
0.263 H Oceananigans.BoundaryConditions.fill_halo_event! [{{home/nchaimov/.julia/packages/Oceananigans/br1rl/src/BoundaryConditions/fill_halo_res
0.261 i Oceananigans.BoundaryConditions.regularize_field_boundary_conditions [{/home/nchaimov/.julia/packages/Oceananigans/brirl/src¢/Boundary
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Tracing Julia applications using TAU with tau_julia

(T Perfetto Q_  Search or type '>' for commands or "' for SQL mode

00:00:05 00:00:10 00:00:15 00:00:20 00:00:25 00:00:30
Current Trace

fetto.1.gz (1 MB)

. s 20508d00:45t43 00:00:27 00:00:27 00:00:27 00:00:27 00:00:27 00:00:27
Timeline 487074 000 150 000 000 200000000 250 000 000 300000000 350 000000 4000000

X 3L Y &% Default Workspace

~ Rank 0 2751857
Data Explorer Rank 0... 0 2751857 (main thread TAU application
Query (SQL) .TAU application
[PTHREAD] addr=<7a68d88e97d0> [{/home/nchaimov/src/julia/usr/lib/libstdc++.50.6.0.33} {0, 0}]
taupreload_main
main() [{/home/nchaimov/src/Thrase.jl/src/2D_stripped/stripped_BP1-QD_driver.l} {29}]
Download get_operators(Any, Any, Any, Any)
get_operators(Tuple{Any, Any}, Tuple{Any, Any}, typeof(get_operators), Any, Any, Any, Any) [{/home/nchaimov/src/Thrase.jl/src/2D_stripped/ops_strip...
diagonal_sbp_D1(Any, Any)
diagonal_sbp_D1(Tuple{Any, Any}, typeof(diagonal_sbp_D1), Any, Any) [{/home/nchaimov/src/Thrase.jl/src/diagonal_sbp.jl} {67}]
[5 Open trace file materialize(Union{Base.Broadcast.Broadcasted{Base.Broadcast.DefaultArrayStyle{1}, Nothing, typeof(/), Tuple{int64, Vector{Float64}}}, Base.Broad...
copy(Union{Base.Broadcast.Broadcasted{Base.Broadcast.DefaultArrayStyle{1}, Tuple{Base.OneTo{Int64}}, typeof(/), Tuple{int64, Vector{Float64}}, ..
O) Record new trace copyto!(Vector{Float64}, Union{Base.Broadcast.Broadcasted{Base.Broadcast.DefaultArrayStyle{1}, Tuple{Base.OneTo{Int64}}, typeof(/), Tuple{Int64,...
. copyto!(Vector{Float64}, Union{Base.Broadcast.Broadcasted{Nothing, Tuple{Base.OneTo{Int64}}, typeof(/), Tuple{Int64, Vector{Float64}}}, Base.Bro...
s, Open Android example preprocess(Vector{Float64}, Union{Base.Broadcast.Broadcasted{Nothing, Tuple{Base.OneTo{Int64}}, typeof(/), Tupl... eachindex(Union{Ba...
preprocess_args(Vector{Float64}, Union{Tuple{Int64, Vector{Float64)}, Tuple{Int64, Vector{Int64}}}) [{broadcas... eachindex(ind...
preprocess_args(Vector{Float64}, Union{Tuple{Vector{Float64}}, Tuple{Vector{Int64}}}) [{broadcast.j...
. t64}}) [{broadcast.jl} {975}]
Settings | bro unalias () { BV extrude(Union{Vector{Fl...
. unalias(Vector{Float64}, Uni ; ; newindexer(Union{...
@ Settings mightalias(Vector{Float64}, Union{Vector{Float64}, Vect...

R Flags

Overview

Metrics

New Trace

@ Open Chrome example

% export TAU_TRACE=1; export TAU_TRACE_FORMAT=perfetto
% mpirun-np 16 tau_julia ./foo.jl

Open tau.perfetto.gz in https://perfetto.dev (Trace Visualizer -> Open Trace)
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Perfetto.dev Trace Browser: Python with tau_python

tau.perfetto.gz (129 M x  +

C ©

T @

li.perfetto.dev/#!/viewer?local cache key=529a0f2c-1476-7dc7-1b17-5734df14de98
Q_ Search or type ">' for commands, "' for SQL query

.TAU application

S X R Y & Default Workspace
void at::native::vectorized_elementwise_kernel<4, at::native::FillFunctor<float>, ...

CUDA [0:2:14] 10000000

python 252544 main thread) ¥ TAU application
taupreload_main
_run_module_code [{<frozen runpy>} {91}]

<module> [{.torch-simple-nn.py} {0}]
train [{/torch-simple-nn.py} {141}]
backward [{/opt/python/pkgs/python-3.12.12/lib/python3.12/site-packages/ftorch/_tensor.py} {576}]
backward [{/opt/python/pkgs/python-3.12.12/lib/python3.12/site-packages/torch/autograd/__init__.py} {253}]

_make_grads [{/opt/python/pkgs/python-3.12.12/lib/python3.12/site-packages/torch/autograd/__init__.py} {89}]
cudaGetLastErmor

cudalaunchKemel

culaunchKemel

% export TAU TRACE=1l; export TAU TRACE FORMAT=perfetto

$ mpirun -np 64 tau python —-cupti ./a.out;
Open https://perfetto.dev and load tau.perfetto.gz (Trace Visualier -> Open File)
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ldentifying Collective Wait States: Thread Callpath Relations Window

@ [ ] TAU: ParaProf: Call Path Data n,c,t, 118,0,0 - 128_d3d.ppk
Metric Name: TIME
Sorted By: Exclusive
Units: seconds
Exclusive Inclusive Calls/Tot.Calls Name [id]
1099.614 1191.772 1/1 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_Reduce()
9.179 9.179 12/15177 MPI_Comm_dup()
0.125 0.125 25/15177 MPI_Allgatherv()
382.861 382.861 9543/15177 MPI_Allreduce()
—_—> 574.243 574.243 15177 MPI Collective Sync
2.507 2.508 10/186 DISTRIBUTE_FOG
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 (wasted) in a barrier operation inside a collective
Argonne Leadershi
Argonne & | e oty extremecomputingtraining.anl.gov
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TAU’s Runtime Environment Variables

Environment Variable Default Description

TAU_TRACE 0 Setting to 1 turns on tracing

TAU_CALLPATH 0 Setting to 1 turns on callpath profiling

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

TAU_TRACK_POWER 0 Tracks power usage by sampling periodically.

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

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

TAU_SAMPLING 1 Setting to 1 enables event-based sampling.
TAU_TRACK_SIGNALS 0 Setting to 1 generate debugging callstack info when a program crashes
TAU_COMM_MATRIX 0 Setting to 1 generates communication matrix display using context events
TAU_THROTTLE 1 Setting to O turns off throttling. Throttles instrumentation in lightweight routines that are called frequently
TAU_THROTTLE_NUMCALLS 100000 Specifies the number of calls before testing for throttling
TAU_THROTTLE_PERCALL 10 Specifies value in microseconds. Throttle a routine if it is called over 100000 times and takes less than 10 usec of inclusive
time per call
TAU_CALLSITE 0 Setting to 1 enables callsite profiling that shows where an instrumented function was called. Also compatible with tracing.
TAU_PROFILE_FORMAT Profile Setting to “merged” generates a single file. “snapshot” generates xml format
TAU_METRICS TIME Setting to a comma separated list generates other metrics. (e.g.,
ENERGY,TIME,P_VIRTUAL_TIME,PAPI_FP_INS,PAPI_NATIVE_<event>:<subevent>)
Argonne Leadership . .. 3 U.S. DEPARTMENT
Argonm@ Computing Facility extremecomputingtraining.anl.gov of ENERGY
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racing. Jumpshot [ANL] (ships wi

TimelLine : clover.slog2 <ldentity Map=>

®0Ce
— . P P
[alv|Z o me(ee <[> oa[d[a]n [N <2 ae
Lowest [ Max. Deptl :Zu-u-mLeueI Global Min Time View Init Time Zoom Focus Time View Final Time Global Max Time Time Per Pixel | Row
o/ 10 18 0.00 1.8542052923 1.8542206753 1.8542360495 9.782368 0.0000000338 E I ' I Row CDun{'I
:l 13.0

¥ i

TimeLines -

| Cumulati...

[ 5L0G-2
0
1 —11
2
3 Yo , | =)

\ - & . =
5 R ; . -7
] _ o . o—

, o — .

8 ' I

g —3
10
=il
11
@ LinelD Fit All F
| | | | | | | | | | | |
354205 1.5542075 1.55421 1.5542125 1.554215 1.5542175 1.655422 1.5542225 1.554225 1.5542275 1.55423 1.5542325 1.55420 3

Time (seconds) -

- void shmem_puté4_nb_(void *, void *, int *, int *, void *) - void shmem_barrier_all_() - void 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 | | close | | close |
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Perfetto.dev

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

& c & ui.perfetto.dev/#!/viewer?local_cache_key

(P Perfetto

Navigation

Process 9

TAU application
Thread 9

TAU application
taupreload_main

Simulation

Spatiakspace Update system bounda._.
Thread 0 semilag-trans

translate proton
transfer-stencil-data-. compute-mapping-z transfer-stencil-data-x compute-mapping-...

compute-mapping-y
M MPI_Waitall() MPI_Waitall() MPI_Waitall{) MP..

TAU application

Thread 1

TAU application

T o

Current Selection

Slice Details

Example Traces Name MPI_Waitall(}
Category TAU

E Areiel & Start time 195 149ms 472us
Duration 9ms 469us

export TAU_TRACE=1; export TAU_TRACE_FORMAT=perfetto; firefox https://perfetto.dev

Argonne Leadership . L. U.S. DEPARTMENT
Computing Facility extremecomputingtraining.anl.gov of ENERGY
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Vampir [ TU Dresden] Timeline: Kokkos

N\ Trace View - /home/ssshend/workshop/kokkos/kokkos- miniapps/iulesh- 2 .0/xokkos-minimal-cpu/traces.ot!2 * - Vampir
fde Ede Chart Fiter Window Help

ErELSOTERL2B9 S 4 1005 T T Y s AR LAY

Timeline Function Summary
69.15680 s 69.15681 s 69.15682 5 69.15683 5 6915684 5 69.15685 5 69.15686 5 69.15687 s 69.15668 5 All Processes, Accumulated Inclusive Time per Function

m #  Kokkos:pa.. [device«0] [87 us (2.13%))

:

w Master thread x

Thread 1 YA appReation —
Thread 2 RO SppReation O — w Open....0)] [465 ps (11.36%)]
Theead 3 VAU SppvERton VE— AU Spplieation
Theead 4 TR Sppveston TO— FAUSpplcation
Theead 5 TR Sppucation T— AU SpeweRtBR
Thread 6 VAU SppNESon V— AU SpRIERETaR T —
Theead 7 I ———— YAU SppNeation
Thread 8 VAU SppNEStion T ——— e TADSepeeeRT
2.26 55.43
T —— A SRR \ 269 ms (55.43%)
Theod1o  NRDWPENERION — TRDSppRERRIGA (1,109 ms (27.1%) {
Tvead11  IRUSEPRERESH —— AU SppReation
Theead 12 TRDTGPPUCHUGHT— T ———T TR
Thread1) TR TP — O—— TAUSpBNERton :
Theead1s  ITRURPPRCEUGHT— —— YRUSEpNEstIGR
Thead1s  NRURPPRERUON CE— FAUSpehcation
Theead1s  INRDGPNCROON P—— _——
Thread 17 R RO e ————— ————— FAU ABPIERGA Context View
- ® Function Summary
B —— T R i © Pxtion Sumsary D 4
S — T— TR Spplication Eroperty MVelue 3
Thread 19 ’ y
P T R AU | 0P Suncion ey
Thread 20 m b . o o - Filter All Processes
ene N\ Call Tree - h [kokks i flulesh-2 imat otf2 * - Vampir | Function M kokkos:parallel_for CalcEnergyForElems E [device=0] v
o
Wi Processes ] Function Legend
{ | . | KOKKOS -
Functions Min Inclusive Time Max Inclusive Time ol 2 Kokkos: paraliel_for CalcKinematicsForElems (device=0]
[~ ™ .TAU ap on 94 3 94.527 ps

Kokkos: parallel_for CalcMonotonicQGradientsforElems (device=0)
lel for CalcMonotonicQRegionForElems [device=0)
79.000 s _ | “for CalcPositionForNodes [device=0]
72 000 s Kokkos::paraliel_for CalcPressureforElems A [device=0]
™ Kokkos::par for CalcPressureforElems B [device=0)
ERRR | hees Kokkos: :am' “for CalcSoundSpeedForElems [devicew0)
M OpenMP PARALLEL REGION: Kokkos: impl:ParalieiFor< INTERNAL § lulesh cc caaSdécS: CalcEnergyforElems(double®, double®, double®, double®, double®, double®, double®, double®, dcuol.[ Kokkos::paraliel_for CalcvelocityForNodes [device=0]
B Kokkos: paraliel for EvalEOSForElems A [devicaw0]
Kokkos::parallel for EvalEOSForElems B [device=0]
Kokkos::parallel_for EvalEOSForElems C [device=0]
s > Kokkos:iparaliel_for EvalEOSForElems D [device=0]
Kokkos:iparalel_for EvalEOSForElems E [device=0]
EPMOT IS ettt o )5 e b DD

pa5d6¢5: CalcEner
T aakdA&r .. O ale Enarm

TERNAL 9 Mulesh_cc
= e

Find Function: Previous Next ‘
ot

I

% export TAU_TRACE=1; export TAU_TRACE_FORMAT=0tf2

% tau_exec -T ompt —ompt ./a.out % vampirtraces.otf2 &
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ParaProf Profile Browser

Fila Options Windows Help

metric: TIME
Value: Exclusive

[»

std.Dev. L H
Mean [ 0 el (sl N
Max

Min [ el ()
nodeo [ (e s [N
node1 [ e e (W
nodez o e s i N
I s 1 N .
33533 L  eeessss oo SN On a Mac if there are
1l L ]

233:: ':m black windows:
node? o el [ N .
nodes [ e e N % paraprof —-fix-xquartz
node 9 ] )l ([N
node10 [ (e [ b [N
node 1l L (e (e i (1N
node1z o (el [ N
node13 [ e e (N
node14 [ e e [N =
node 15 — eeeeeeesl s 11N
node16 oo (el () 5 N
node 17 [ ] — - ] 1]
node18 oo el [N
. - node 19 | T a1
node20 oo (el [l N
© parapro node 21 | — s i
node22 [ el [ e N
node23 [ (el [l ][N
node24 [ (e e i N
node2s [ (e e (N
node26 [ e [ i N
node27 [ e e (N
nodeze [ e e (W

node 29 il T Il
node3o [ ey e B |
node 31 | e— (" 1] - -
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ParaProf 3D Profile Browser

TAU: ParaProf: 3D Visualizer: demo.ppk
File Options Windows Help

Triangle Mesh

» Bar Plot
Scatter Plot
Topology Plot

Height Metric

Exclusive ~| |GET_TIME_OF...

Color Metric

Exclusive v |GET_TIME_OF...|~

Loop: AORSA2D_STI

4 »

Function

Thread 199

Height value 129.549 seconds

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

Auto-Rotate Speed

9
Reverse Video
AA Lines Full Screen AA
Separation
Aperture
GL Info

Argon ne & Argonne Leadership
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TAU — ParaProf 3D Visualization

| Triangle Mesh
=) Bar Plot
| Scatter Plot

| Topology Plot

Height Metric

Exclusive
Color Metric

Exclusive TIME

. void shmem_barrier_all_(
Function

Thread

Height value 15.697 seconds
Color value 15.697 seconds

Axes
Auto—-Rotate

Reverse Video

AA Lines V' Full Screen AA

Separation

Aperture
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TAU — 3D Communication Window

TAU: ParaProf: 3D Commur on Matrix: lu.comm.ppk

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

Message volume (bytes)
3.9997EF

LAY

8
Sender

KL PRy

My

Receiver

W
&g

Height value 106080

Color value 3.9996E7

—
w
a
-
ey
s
a
£
=1
=
=
a
o
=
w
o
@
==

3.9997E7
— Show Color...
Font Size
© Rainbow
Inverse Gra...
. Blue-White...

3.5916E7
Message volume (bytes)

% export TAU_COMM_MATRIX=1; mpirun ... tau_exec ./a.out
% paraprof; Windows ->3D Communication Matrix *"% U.S. DEPARTMENT
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Event Based Sampling (EBS)

Argonne &

NATIONAL LABORATORY

Argonne Leadership
Computing Facility

File: point_solver.F90

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

@ @ 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% | | hode
5.413% | | node
6.682% | | node
4.911% | node
5.057% | node
5.732% | | nhode
5.194% | | node
5.732% | | node
4.947% | | node
3.852% | node
5.139% | node
4.618% | | nhode
4.235% | | node
3.97% | | node
4.582% | node
4.692% | node

15

$ mpirun -n 16 tau exec -ebs a.out

extremecomputingtraining.anl.gov

Line: 2705
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TAU’s Runtime Environment Variables

Environment Variable Default Description

TAU_TRACE 0 Setting to 1 turns on tracing

TAU_CALLPATH 0 Setting to 1 turns on callpath profiling

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

TAU_TRACK_POWER 0 Tracks power usage by sampling periodically.

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

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

TAU_SAMPLING 1 Setting to 1 enables event-based sampling.

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

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

TAU_THROTTLE 1 Setting to 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,PAP|_NATIVE_<event>:<subevent>)

Argonne Leadership

Computing Facility extremecomputingtraining.anl.gov
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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)
Setting to “perfetto” generates native Perfetto.dev trace tau.perfetto.gz.
TAU_EBS UNWIND 0 Setting to 1 turns on unwinding the callstack during sampling (use with tau_exec —ebs or TAU_SAMPLING=1)
TAU_EBS RESOLUTION line Setting to “function” or “file” changes the sampling resolution to function or file level respectively.
TAU_TRACK_LOAD 0 Setting to 1 tracks system load on the node
TAU_SELECT _FILE Default Setting to a file name, enables selective instrumentation based on exclude/include lists specified in the file.
TAU_OMPT_SUPPORT_LEVEL basic Setting to “full” improves resolution of OMPT TR6 regions on threads 1.. N-1. Also, “lowoverhead” option is
available.
TAU_OMPT_RESOLVE_ADDRESS_EAGERLY 1 Setting to 1 is necessary for event-based sampling to resolve addresses with OMPT. Setting to O allows the

user to do offline address translation.

Argonne Leadership
Computing Facility
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Runtime Environment Variables

Environment Variable Default Description

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

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

TAU_EBS PERIOD 100000 Specifies the overflow count for interrupts

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

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

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

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

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

reallocated (requires —optMemDbg or tau_exec —memory)

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

TAU_MEMDBG_ALINGMENT Sizeof(int) Byte alignment for memory allocations

TAU_EVENT_THRESHOLD 0.5 Define a threshold value (e.g., .25 is 25%) to trigger marker events for min/max
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Download TAU from U. Oregon

Tuning and Analysis Utilities

https://tau.uoregon.edu

https://eds.io [TAU in Docker/Singularity containers]

https://paratoolspro.com [TAU on commercial cloud platforms]

for more information
Free download, open source, BSD license

Argonne Leadership

Argonne & Computing Facility extremecomputingtraining.anl.gov
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Installing and Configuring TAU

Installing PDT (if using source instrumentation; optional):

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

Installing TAU:

wget tau.uoregon.edu/tau.tgz; tar zxf tau.tgz; cd tau-2.<ver>

wget http://tau.uoregon.edu/ext.tgz ; tar xf ext.tgz

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

make install

.Using TAU for source instrumentation (not needed with tau_exec):

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

#°-.% U.S. DEPARTMENT

@/ of ENERGY
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Compile-Time Options

Optional parameters for the TAU _OPTIONS environment variable:
% tau_compiler.sh

-optVerbose Turn on verbose debugging messages

-optComplnst Use compiler based instrumentation

-optNoComplnst Do not revert to compiler instrumentation if source

instrumentation fails.

-optTracklO Wrap POSIX I/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 Does not remove intermediate .pdb and .inst.* files

-optPreProcess Preprocess sources (OpenMP, Fortran) before instrumentation

-optTauSelectFile="<file>" Specify selective instrumentation file for tau_instrumentor

-optTauWrapFile="<file>" Specify path to link_options.tau generated by tau_gen_wrapper

-optHeaderlnst Enable Instrumentation of headers

-optTrackUPCR Track UPC runtime layer routines (used with tau_upc.sh)

-optLinking="" Options passed to the linker. Typically

$(TAU_MPI_FLIBS) $(TAU_LIBS) $(TAU_CXXLIBS)

-optCompile="" Options passed to the compiler. Typically
$(TAU_MPI_INCLUDE) $(TAU_INCLUDE) $(TAU_DEFS)
-optPdtF950pts="" Add options for Fortran parser in PDT (f95parse/gfparse) ...
A Leadershi _ o §°2% U.S. DEPARTMENT
Argonne@ Computing Facility extremecomputingtraining.anl.gov 2@/ of ENERGY
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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.so) instead of static library (default)
-optPdtCxxOpts="" Options for C++ parserin 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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Tuning and Analysis Utilities

Cloud
Heidi from Adaptive Computing Enterprises, Inc.
ParaTools Pro for E4S™ image
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Connect to https://paratools.adaptivecomputing.com

. Use Workshop tab and enter, email, session code 70034

2 Heidi Cloud On-Demand DataC X =+

O <« & 22 paratools adaptivecomputing.com/login 133%

e @ a

+

SIGN-IN WORKSHOPS

$ 0’

Sign in to workshop sessi

Email *

jane_doe@gmail.cop

©

Heidi Al is your gateway to the world of advanced computing! { Workshop Ses

Designed for educational institutions, research labs, and

organizations of all sizes, Heidi Al provides a powerful platform to

explore and harness the capabilities of high-performance
CompUting and SUperCOmpUting,

Learn. Create. Innovate. Whether you're conducting groundbreaking

research, solving complex computational problems, running large-
scale simulations, training Al models, or exploring data science,

Heidi Al empowers you to turn your ideas into reality.
Powered by Adaptive Computing Enterprises, Inc.

Version 9.72.0
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Connect to Workshops tab with code 70034

- Check your email, enter verification code at paratools.adaptivecomputing.com.

EmatVerification

A U.S. DEPARTMENT
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Connect to Workshops tab with code 70034

. Click cluster at https://paratools.adaptivecomputing.com

& Heidi Cloud On-Demand DataC X +

Argonne Leadership
Computing Facility

Argonne &

NATIONAL LABORATORY

(¢ @~ adaptivecomputing.com

Workshop Dashboard

Welcome to E4S-TAU-Demo

Save this session code for future access: | 22211

ParaTools Pro for E4S _ ,':‘ ——

A development environment for HP

Access yo orkshop resources, practice labs, and course materials all in one place. Get started by exploring the sections below.

= Computing Clusté 1 Applications Course Materials
&= ed4s-25-06-aws-1
¥ Quick Actions
[ Access Terminal & Deploy App IE Study Materials @ GetHelp

Copyright © 2025. Adaptive Computing Enterprises, Inc., All rights reserved

extremecomputingtraining.anl.gov

Session 22271

uosameer@gmail.com
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Connect to a Remote Desktop

. Click Remote Desktop at paratools.adaptivecomputing.com (70034)

[ ] & Heidi Cloud On-Demand Data C X + ~ ©a Private browsing

C (G adaptivecomputing.com @ & =

Session 22271
uosomeer@gmail.com

€ bo

0 e Cluster Actions c
e4s-Z5W6-aws-1 e45-25-06-cwes-1 o ovalkble
Amaozon Web Services

7/26/25
21:19:37

Cluster Info Access Configuration

@ Connection Information ¢ Access Methods

Public IP Address Graphical Access (VNC)

44,253.102.18 %) [ REMOTE DESKTOP -

SSH Access

Password

Username

tya7xtjf D

(3) Connection Instructions

SSH Connection
1. Download the SSH key
2. Open your terminal

3. Use the SSH key to connect with the following command:

chmod 600 training@-SSH-Key.pem & ssh -i training@-SSH-Key.pem training0@44.253.162.18 B

Note: This command sets the correct permissions on your key file and connects in a single step

VNC Connection

1. Click the "Remote Desktop" button above
2. A new browser tab or window will open
3. If prompted, accept any security warnings

Note: VNC provides a graphical desktop interface to your cluster

U.S. DEPARTMENT

G
@ Argonne Leadership B B
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Connect to Workshops tab with code 70034 at
https://paratools.adaptivecomputing.com

» You should see this racoon. Click on Terminal.

To copy text from
other windows
click on the

this button to | g

access the e
Clipboard

To upload/download
files to Desktop, use
this button

Argonne Leadership U.S. DEPARTMENT

Arggﬂﬂﬁgm Computing Facility extremecom utintrainin .anI.OV 5 of ENERGY
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If this doesn’t work for you!

Go to
https://uooddc.nic.uoregon.edu
workshops tab, enter
25724
as the code. Try again.
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To increase font size right click and choose preferences

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

O E) https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 i}

Activities () Terminal Jun13 01:57

*)

" Terminal

Copying examples into /home/tutoriali@/examples
Setting up local Spack instance in /home/tutoriali®/spack
This may take a moment the first time...

=
=
®
B

Read-Only

Preferences

New Window
New Tab

Show Menubar

U.S. DEPARTMENT

/X | Argonne Leadership . o
Argon ne <~ Computing Facility extremecomputingtraining nl.O of ENERGY
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Choose font size after clicking Custom Font for Terminal

Argonne

NATIONAL LABOR

%2 HPC Cloud On-Demand Data ¢ X [ TurboVNC: eds-24-05-aws:1 (1 X =+
O 6 https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 S
Activities () Terminal Jun13 01:58

“ He Preferences - Profile “Unnamed”

Cancel Choose A Terminal Font Select

Text Appearance

DejaVu Sans Mono
FreeMono

i d @ 2 K text Alway . .
nname Liberation Mono

Cursor

Mitra

Monospace

=
s
-

Nimbus Mono PS

Noto Color Emoji

Nntn Mnann
The quick brown fox jumps over the 1

Size . fis = |
{3}
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Login to Aurora.alcf.anl.gov

[ ] ® [0 rprivate <

YT ) © o+ ©

42 HPC Cloud On-Demand Data Center B8 mothra:15 (training16) - noVNC

Activities () Terminal May 7 19:04

trainingl6@mothra: ~

trainingl6@mothra:~$ which paraprof
/packages/tau/x86 64/bin/paraprof
traininglé@mothra:~$

trainingl6@mothra:~$
trainingl6@mothra:~$ ssh -Y sameer@aurgra.alcf.anl.gov

ssh using -Y
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Add a directory to the default modules path to access tau module

module use /soft/modulefiles
module load tau

$ module use /soft/modulefiles

$ module load tau

Adding module path /soft/perftools/tau/modulefiles

$ 1s $TAU/Makefile*
/soft/perftools/tau/tau-2.35.2/x86_64/1ib/Makefile.tau-level_zero-gptl-icpx-papi-ompt-mpi-python-pdt-openmp-1@metrics
/soft/perftools/tau/tau-2.35.2/x86_64/1ib/Makefile.tau-level_zero-icpx-papi-ompt-python-pdt-openmp-1@metrics
/soft/perftools/tau/tau-2.35.2/x86_64/11b/Makefile.tau-level_zero-ittnotify-gptl-icpx-papi-ompt-mpi-python-pdt-openmp-10@metrics
$ gsub -I -1 walltime=1:29:00 -1filesystems=home:flare -A ATPESC2026 -q ATPESC -1 select=1 -X

gsub: waiting for job 8719717.aurora-pbs-0001.hostmgmt.cm.aurora.alcf.anl.gov to start

Argonne Leadership
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Login to Aurora.alcf.anl.gov

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

cd workshop; cat README
gsub -I -1 walltime=1:29:00 -l1lfilesystems=home:flare -A ATPESC2026

-q ATPESC -1 select=1 -X
module use /soft/modulefiles

module load tau
module load frameworks # For Python. You may omit for MPI programs.

mpiexec -n 4 ./a.out
mpiexec -n 4 tau exec -10 -ebs ./a.out

mpiexec -n 4 tau exec -10 -ebs python ./foo.py
pprof -a | more
paraprof

For large scale runs: export TAU PROFILE FORMAT="merged” and use

paraprof tauprofile.xml &

Argonne Leadership . e
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Using TAU on Frontier@OLCF

tar xf /sw/frontier/ums/ums002/paratools/tar/workshop. tgz

cd workshop; cat README

salloc -n 4 -A <ACCOUNT> -N 1 -t 0:55:00 -g debug -C nvme --gpus 2

module load ums ums002 tau

srun -n 4 ./a.out

srun -n 4 tau exec -rocm -ebs ./a.out

srun -n 4 tau_exec -rocm pc -ebs ./a.out

export TAU METRICS=ROCM SQ WAVES # see rocprofv3 -L for a complete list of counters

srun -n 4 tau_exec -rocm -ebs ./a.out

pprof -a | more
paraprof --pack foo.ppk
On your desktop: % paraprof foo.ppk
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Setup: Installing TAU on laptops

Prerequisites: Java in your path
- Microsoft Windows

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

- macOS (arm64, Apple Silicon M series)
e http://tau.uoregon.edu/java arm64.dmg
e http://tau.uoregon.edu/tau arm64.dmg

- macOS (x86_64)
* Install Java 11.0.3:
« Download and install http://tau.uoregon.edu/java.dmg
« If you have multiple Java installations, add to your ~/.zshrc (or ~/.bashrc as appropriate):
« export PATH=/Library/Java/lavaVirtualMachines/jdk-11.0.3.jdk/Contents/Home/bin:$PATH
 Download and install TAU (copy to /Applications from dmg):
« http://tau.uoregon.edu/tau.dmg
« export PATH=/Applications/TAU/tau/apple/bin:$PATH
« paraprof app.ppk &

- Linux (http://tau.uoregon.edu/tau.tgz)
« ./configure; make install; export PATH=<taudir>/x86_64/bin:$PATH; paraprof app.ppk &
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Using TAU on Aurora

% tar xf /soft/perftools/tau/tar/workshop.tgz; cd workshop; cat README

% gsub -I -1 walltime=0:29:00 -1filesystems=home:flare —-A ATPESC2026 —-q ATPESC -1 select=1 -X
% module use /soft/modulefiles; module load tau;

* Un-instrumented run with MPI % mpiexec -np N ./a.out

* Profiling an un-instrumented application (use tau_exec -ebs with any of the following for event-based

sampling) :
* MPI without GPUs: % mpiexec -np N tau exec -ebs ./a.out
* DPC++/SYCL with MPI: % mpiexec -np N gpu_tile compact.sh tau exec -T level zero -10 ./a.out

° # Use -10 pc instead of -10 for sampling on GPU. export TAU METRICS=L0 ComputeBasic (see tau 10 avail)
* DPC++/SYCL without MPI: % tau_exec -T serial -10 ./a.out
* OpenMP: export TAU OMPT SUPPORT LEVEL=full

* OpenMP with MPI: % mpiexec -np N gpu tile compact.sh tau exec tau exec -ompt ./a.out
* OpenMP without MPI: % tau_exec -T serial -ompt./a.out
Analysis: % pprof —-a -m | more; % paraprof (GUI)
Tracing:
Perfetto.dev: % export TAU TRACE=1l; export TAU FORMAT=perfetto; mpiexec -np N tau_exec ./a.out;
Jumpshot: % export TAU TRACE=1; mpiexec -np N gpu_ tile compact.sh tau_exec [Options]./a.out;

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