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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 alcf training
-q alcf training -1 select=l -X -

module use /soft/modulefiles
module load tau

module load tau/tau2

module load frameworks

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 --pack foo.ppk

On your desktop: % paraprof foo.ppk



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

Instrumentation = Measurement Analysis
Source Events Profiles

o C, C++, Fortran : o static/dynamic o ParaProf parallel profile

o Python, UPC, Java : o routine, basic block, loop analyzer / visualizer

o Robust parsers (PDT) o threading, communication o PerfDMF parallel profile

o heterogeneous database

o PerfExplorer parallel
profile data mining

Wrapping :

o Interposition (PMPI) Profiling

= Wrapper generation c o flat, callpath, phase,
parameter, snapshot

o probe, sampling, hybrid

Tracing

o TAU trace translation
= OTF, SLOG-2

o Trace analysis / visualizer
= Vampir, Jumpshot

Linking

o Static, dynamic )
o Preloading Tracing

o TAU / Scalasca tracing

Executable o Open Trace Format (OTF)

o Dynamic (Dyninst)
o Binary (Dyninst, MAQAQO)

Online
o statistics calculation

Measurement API
Measured data

Metadata

o system, user-defined
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E4AS: Extreme-scale Scientific Software Stack %ﬁg
O]
TAU is part of the E4S project —

* E4S, an HPSF project, is an HPC-AI software ecosystem for science and a community effort to provide open-source software
packages for developing, deploying and running scientific applications on HPC platforms.

* E4S has built a comprehensive, coherent software stack that enables application developers to productively develop highly
parallel applications that effectively target diverse exascale architectures.

* E4S provides a curated, Spack based software distribution of 100+ HPC (TAU, HPCToolkit, OpenFOAM, Gromacs, Nek5000,
LAMMPS), EDA (e.g., Xyce), and Al/ML packages (e.g., NVIDIA NeMo™, NVIDIA BioNeMo™, VIIm, HuggingFace CLI,
TensorFlow, PyTorch, OpenCV, TorchBraid, Scikit-Learn, Pandas, JAX, LBANN with support for GPUs where available).

* Base images and full featured containers (with GPU support).

* Commercial support for E4S through ParaTools, Inc. for installation, maintaining an issue tracker, and application engagement.

* EA4S for commercial clouds: Adaptive Computing’s Heidi Al with ParaTools Pro for E4S™ image for AWS, GCP, Azure, OCI.

* With E4S Spack binary build caches, E4S supports both bare-metal and containerized deployment for GPU based platforms.

* x86 64, ppco4le (IBM Power 10), aarch64 (ARM64) with support for CPUs and GPUs from NVIDIA, AMD, and Intel
* Container images on DockerHub and E4S website of pre-built binaries of ECP ST products.

* eds-chain-spack.sh to chain two Spack instances allows us to install new packages in home directory and use other tools.

* e4s-cl container launch tool allows binary distribution of applications by swapping MPI in the containerized app w/ system MPI.

* eds-alcis an a la carte tool to customize container images by adding system and Spack packages to an existing image.

* E4S 25.06 released on June 6, 2025: https://e4s.io/talks/E4S_25.06.pdf
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https://e4s.io/talks/E4S_24.05.pdf
https://e4s.io/

TAU Performance System®

* |nstrumentation
 Fortran, C++, C, UPC, Java, Python, Chapel, Spark
e Automatic instrumentation

« Measurement and analysis support
« MPI (MVAPICH2, Intel MPI), OpenSHMEM, ARMCI, PGAS, DMAPP
» Supports Intel oneAPI compilers
» pthreads, OpenMP, OMPT interface, hybrid, other thread models
« GPU: OpenCL, oneAPI DPC++/SYCL (Level Zero), OpenACC, Kokkos, RAJA
« Parallel profiling and tracing
* Analysis
« Parallel profile analysis (ParaProf), data mining (PerfExplorer)
» Performance database technology (TAUdb)
» 3D profile browser
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Instrumentation

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

 Compiler-based instrumentation
— Use system compiler to add a special flag to insert hooks at routine entry/exit.
— Requires recompiling using TAU 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.



Configurations of TAU installed on Aurora

module use /soft/modulefiles;
module load tau;

module load tau/tau2

module load frameworks

ls STAU/Makefile*

/soft/perftools/tau/tau2/x86 64/1lib/
Makefile.tau-level zero-icpx-papi-ompt-mpi-pthread-python-pdt-openmp

/soft/perftools/tau/tau2/x86 64/1lib/
Makefile.tau-level zero-icpx-papi-ompt-pthread-python-pdt-openmp

mpiexec -n 12 tau exec -10 -ebs ./a.out will choose the MPI configuration by
default. For non MPI jobs, please use -T serial. For e.qg.,

tau exec -T serial -ebs -10 python ./foo.py and will LD PRELOAD:
/soft/perftools/tau/tau2/x86 64/1lib/shared-level zero-icpx-papi-ompt-pthread-python-
pdt-openmp/libTAU. so



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; load tau/tau2

—% export TAU MAKEFILE=/soft/perftools/tau/tau2/x86 64/1lib/
Makefile. tau-Ievel zero-icpx-papi-ompt -pthread-python-pdt-openmp

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

% export PATH=$TAUDIR/x8 6_64/bin: SPATH

Use tau £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

% foo.£90

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

% pprof (for text based profile display)

% paraprof (for GUI)
8  Argonne Leadership Computing Facility T Ogawuseen



Configurations of TAU installed on Polaris

module use /soft/modulefiles; module load tau;

/soft/perftools/tau/tau-2.
/soft/perftools/tau/tau-2.
/soft/perftools/tau/tau-2
/soft/perftools/tau/tau-2
/soft/perftools/tau/tau-2
/soft/perftools/tau/tau-2.
/soft/perftools/tau/tau-2.

/soft/perftools/tau/tau-2

33.
33.
.33.
CIC
.33.
33.
33.
.33.

2/craycnl/lib/Makefile.
2/craycnl/lib/Makefile.
2/craycnl/lib/Makefile.
2/craycnl/lib/Makefile.
2/craycnl/lib/Makefile.
2/craycnl/lib/Makefile.
2/craycnl/lib/Makefile.

2/craycnl/lib/Makefile.

ls $TAU/Makefile*

tau-gnu-papi-mpi-cupti-pdt
tau-gnu-papi-mpi-pdt
tau-gnu-papi-mpi-pthread-cupti-pdt
tau-gnu-pdt

tau-gnu-tbb-pdt
tau-nvidia-papi-mpi-cupti-pdt
tau-nvidia-papi-mpi-pdt

tau-nvidia-pdt

aprun -n 16 tau exec -T gnu-papi-mpi-pthread-cupti-pdt -ebs ./a.out
will choose a configuration represented by:

/soft/perftools/tau/tau-2.33.2/craycnl/lib/Makefile.tau-gnu-papi-mpi-pthread-cupti-pdt



TAU’s Support for Runtime Systems

« PMPI profiling interface
« MPI_T tools interface using performance and control variables

« Captures time spent in routines per thread of execution

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

 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 profiling interface
» Track timings of kernels

 Level Zero
» Track time spent in kernels executing on GPU
» Track time spent in OneAPI runtime calls

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

« 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_T + PMPI + OMPT may be used to track MPI and OpenMP

 PMPI + pthread interfaces

. PMPI + Level Zero interfaces
* OpenCL + Python instrumentation interfaces
« Kokkos profiling APl + OMPT to transparently track events
« Kokkos + pthread wrapper interposition library + PMPI layer

« PMPI + OpenCL profiling interfaces

12 Argonne Leadership Computing Facility T Ononsen



Binary instrumentation of libraries: Work in progress

* 3 tau run a.out -o a.inst . _ _
instrumeénts a binary. Other flags —T <tags>, -f <selective instrumentation file>

* % tau run /path/to/1ibhdf5.s0.310 -o 1libhdf5.s0.310

* instruments a DSO

* % tau exec ./a.out

« executes the uninstrumented application with the instrumented shared object.

* To use with DyninstAPI| 13 on x86_64:
* 1. Load spack: source spack/share/spack/setup-env.sh
* 2.Install dyninst: spackinstall dyninst@13 %gcc@11

e 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 instal
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STEP

Binary instrumentation of libraries: HDF5 AT

ECOSYSTEM PROJECT

$ pprof
Reading Profile files in profile.x

ODE @;CONTEXT @;THREAD @:

Exclusive Inclusive #Subrs Inclusive
total msec usec/call

.TAU application
taupreload_main

H50pen

H5_init_library
H5VL_init_phase2
H5T_init
H5T__register_int
H5T__register
H5T__path_find_real
H5P_init_phasel
H5F_open

H5Fcreate
H5F__create_api_common
H5VL_file_create
H5VL__native_file_create
H5T_copy

H5E_init
H5I_dec_app_ref
H5Fclose

H5F__close_cb
H5VL_file_close
H5VL__native_file_close
H5F_try_close. localalias

.0
.6
.8
.8
.0
.8
.8
.5
.0
.0
.7
.2
5
8
2
1
5
6
6
5
5
4
4

VUi UTul O O ©
WWWWWWRRAOO I~ O®
EBNNNNARORRRPRRLRNER

A
14  Argonne Leadership Computing Facility Argonne



Using TAU’s Runtime Preloading Tool: tau_exec

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

another

—MPI

—OpenMP

—POSIX /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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TAU Execution Command (tau_exec)

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

*Track GPU operations

— % mpirun -np 256 Ja.out (-rocm_pc for PC sampling on GPU)
— % mpirun -np 256 Ja.out
— % mpirun -np 256 Ja.out (for Unified Memory) (-cupti_pc for PC sampling on GPU)
— % mpirun —np 256 Ja.out
— % mpirun —np 256 Ja.out
— % mpirun —np 256 JJa.out
*Track MPI performance
— % mpirun -np 256 Ja.out
*Track 1/0, and MPI performance (MPI enabled by default)
— % mpirun -np 256 Ja.out

* Track OpenMP and MPI execution (using OMPT for Intel v19+ or Clang 8+)
— % export TAU_OMPT_SUPPORT_LEVEL=
— % mpirun —np 256 Ja.out

*Track memory operations
— % export TAU_TRACK_MEMORY_LEAKS=1
— % mpirun —np 256 .Ja.out (bounds check)

*Use event based sampling (compile with —q)
— % mpirun —np 256 Ja.out
— Also export TAU_METRICS=TIME,PAPI_L1_DCM... -ebs_resolution=<file | function | line>
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TAU Configurations

% Is /usr/projects/packages/tau/tau-2.34.1/craycnl/lib/Makefile*
/usr/projects/packages/tau/tau-2.34.1/craycnl/lib/Makefile.tau-cray-papi-ompt-mpi-pdt-openmp
/usr/projects/packages/tau/tau-2.34.1/craycnl/lib/Makefile.tau-cray-pdt

For an uninstrumented binary:
% salloc—N 1
% srun—n 16 —T cray, mpi,papi,pdt ./a.out
Picks the configuration represented by
/usr/projects/packages/tau/tau-2.34.1/craycnl/lib/Makefile.tau-cray-papi-ompt-mpi-pdt-openmp
To use OpenMP instrumentation:
% export TAU_OMPT_SUPPORT_LEVEL=full
% export OMP_NUM_THREADS=<N>

% srun—n 16 tau_exec —T ompt,mpi —ompt —ebs ./a.out

To use TAU’s source code instrumentation:
% export TAU_MAKEFILE=/usr/projects/packages/tau/tau-2.34.1/craycnl/lib/Makefile.tau-cray-papi-ompt-mpi-pdt-openmp
% 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

A
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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

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

A
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Tags in tau_exec and other tools

% cd STAU; ls Makefile.*

Makefile. tau-icpx-papi-mpi-pdt

$ srun -n 4 ./matrix

*$ tau exec -T icpx,mpi,pdt ./a.out

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 -
mpi .

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

. tau_run

= tau python

= tau rewrite

. tau exec

= tau gen wrapper

AAAAAAAAAAAAAAAA
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Profiling

P

43.649
36.231
27.473
19.688
16.273
13.381

® O ¢
Metric: TIME
Value: Fxclusive
Units: s

10059=M
9.954 [____] M

8.04 B
7.319 [l
3.78
3.562
3.384

5%
g8
o

and Tracing

rofilinc

TAU: ParaProf

Loop: POINT_SOLVER::POINT_SOLVE_5 [{paint_salver.FO0} {2757,5}-{2917,19}]

Loop: JACORIAN_VISCOUS: -EDGEIP [{jacobian_viscous f30} {440, 41 584,2211

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

FILL_JACORIANS::FILL_JACORIAN [{fill_jacobians.f90} {19,3}-{341.30)

PUNS3D_IO_C2N::PUNS3D_RFAD_VGRID_C2N_SM [{puns3d_io_c2n f90} {1641,14}]

GRADIENT_DRIVER::GRAD_VARIABLE [{gradient_driver.f90} {110,3}-{508,30}
_Waitallo

_Reduce0

FLUX_PCRFGAS: :VISRI IS_TLT [{flux_perfgas.fOO} {3023,14}

TURB_SPALART::5A_RLSID [{turb_spalart.f90} {219, 141]

FLUX_TURB::TURBULENT_GRADIENTS [{flux_turb.f90} {796, 3}

TIMLSTCP::DLLTAT2 [Htimestep.f90} 120,3}1-1331,2:

POINT SOLVER::POINT SOLVE 1 {point_solver.I 90t {1083,31-{1206,300

TURB SPALART::EDGE ASSEMBLY RES CONV_DIFF [[turb spalart.f901 [5048,1411

MPI_Bcast()

-1899,3611

o.
o.

97
66!
0.6
63
62
58
56
52
0.4
a7
0.4
37.
0.3

TURB_SPALART::EDGE ASSEMBLY JAC CONV_DIFF [iturb spalart.f901 [5200,1411
PPARTY_MIXED_ELEMENT::EDGE_POINTER_DRIVER [[pparty_mixed_clement.fo0} (74,31 [502,3611
UPDATE_MEAN: :UPDATE_Q [{update_mean.F90] (723,3} (803,25]]

POINT_LU_DDQ::LU_S [[point_lu_dda.fO0} [1566,3] (1636,21]]

SOLUTION:WRES T_INTERLEAF [{solution.FO0} {3211,141]

DUAL_NUMBERING:: FMATRI _GRID [{dual_numbering.f90} {122,3}-{143,32}]
GRID_METRICS::DUALMETRIC and metrics.fS0} {2289, 3}-(2791,27)1
TURB_SPALART::SA_JACOB [{turb_spalart.f90} {757,14}1

MPI_Barrier()

UPDATE_TURB:: UPDATE_VALUES_TURE [{update_turb.f90} {851,3}-{877,35}]
IMBERING::FGRID_TO_MATRIX [{dual_numbering.foo} {94, 15,32}
LMPI_APP: :SINGLE_START_MATRIX_XFER [{Impi_app.FOO} {7907,3}-(8132,41}]
TURB_SPALART::JACOBIAN_SA [{turb_spalart.f30} {88,14}]
TIMEACC::TIME_DIAG_NC [{timeacc. 90} {1067,3}-{1330,20}]

MPLInitO

LMPI_APP::SINGLE_MATRIX_COMPLETE_XFER [{Impl_app.F90} {11520,3}-{11626,44}]
PPARTY_METIS :MY_METIS [{pparty_metis FO0} {116,3}(545.24]
PPARTY::NODE_CELL R [{pparty.fo0} {41,3}-{453,33]]

FLUX_UTIL::L2NORM [{flux ..m 90} {31,3}-{249,23}]

3he3lceN

cocee

o

o
——— s e s s = = eE O
g

BRlAaNarEdo

AYmmwn

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

Tracing shows you when the events
take place on a timeline

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

A
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Inclusive vs. Exclusive values

Inclusive
Information of all sub-elements aggregated into single value

Exclusive
Information cannot be subdivided further
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How much data do you want?

Limited Loop Callpath
Profile Profile Profile

O(KB) O(TB)

Flat Callsite Trace
Profile Profile
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Performance Data Measurement

Direct via Probes Indirect via Sampling

 Exact  No code modification
measurement « Minimal effort

* Fine-grain control  Relies on debug

« Calls inserted symbols (-g)

Into code



Sampling

t, ottt t t t

4 5 6

* Running program is periodically interrupted to take
measurement

— Timer interrupt, OS signal, or HWC overflow
— Service routine examines return-address stack
— Addresses are mapped to routines using
symbol table information
« Statistical inference of program behavior

—Not very detailed information on highly volatile
metrics

—Requires long-running applications

 Works with unmodified executables

24  Argonne Leadership Computing Facility
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int main ()

void foo (int 1)

{

if (1 > 0)
foo(i — 1);

Time

AAAAAAAAAAAAAAAA



Instrumentation

t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11t12!t13 t14

. |||

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

int i; “ - »
. Measurement code is inserted such that every event of [l
interest is captured directl fer (Bl e s e e
P y foo (1) ;
TAU_STOP (“main”) ;
return 0;

— Can be done in various ways

- Advantage: J

— Much more detailed information void foo (int 1)
{ [11 ”»
» Disadvantage: TAU_START (" foo") ;
— Processing of source-code / executable lfféé (z o) 1) ;

necessary TAU STOP (“£00”) ;
— Large relative overheads for small functions

25 Argonne Leadership Computing Facility
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Inclusive Measurements

Metric: TIME
Value: Inclusive
Units: seconds

221.305

TAU: ParaProf: node 0 - fun3d_d19.ppk

.TAU application

221.304

197.989
195.577

|

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

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

195569 ] RELAX_STEADY::RELAX [{relax_steady.fo0} {30,3}-{307,22}]

26 Argonne Leadership Computing Facility

61.927 [ | UPDATE_MEAN::UPDATE_LINEAR_SYSTEM_MEAN [{update_mean.F90} {195,3}-{275,42}]
61.28 [ | UPDATE_MEAN::UPDATE_JACOBIAN_DRIVER_MEAN [{update_mean.F90} {460,3}-{505,44}]
61.275 | UPDATE_MEAN::UPDATE_JACOBIAN [{update_mean.F90} {513,3}-{588,32}]
61.258 [ | FILL_JACOBIANS::FILL_JACOBIAN [{fill_jacobians.f90} {19,3}-{341,30}]
59.068 ] GCR_SOLVE::GCR_SOLVER_QSET [{gcr_solve.f90} {47,3}-{415,32}]
57.635 GCR_SOLVE_UTIL::GCR_PRECONDITIONER_QSET [{gcr_solve_util.f90} {40,3}-{131,40}]
57.152 POINT_SOLVER::POINT_SOLVE [{point_solver.F90} {31,3}-{214,28}]
56.882 UPDATE_MEAN::UPDATE_RHS_MEAN [{update_mean.F90} {102,3}-{185,32}]
54.402 RELAX_MEAN::RELAX [{relax_mean.f90} {22,3}-{84,22}]
53.103 LINEARSOLVE_NODIVCHECK::NODIVCHECK_RELAX_Q [{linearsolve_nodivcheck.F30} {56,14}]
52.867 UPDATE_MEAN::RESIDUAL_S [{update_mean.F90} {42,3}-{94,27}]
52.866 FUN3D_RES_FLOW::RES_FLOW [{fun3d_res_flow.f90} {27,3}-{279,25}]
52.756 FLUX::RESIDUAL_COMPRESSIBLE [{flux.f90} {25,3}-{592,38}]
52.747 POINT_SOLVER::POINT_SOLVE_5 [{point_solver.F90} {2700,3}-{2921,30}
52.744 Loop: POINT_SOLVER::POINT_SOLVE_5 [{point_solver.F90} {2757,5}-{2917,19}]
36.232 [ JACOBIAN_VISCOUS::VISCOUS_JACORIAN [{jacobian_viscous.fo0} {20,14}]
36.231 [ JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {324,14}]
36.231 Loop: JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {440,7}-{1584,22}]
27.474 FLUX_PERFGAS::INVISCID_FLUX_DRIVER [{flux_perfgas.fo0} {37,14}]
27.474 FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.fa0} {236,14}]
27.473 Loop: FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.f90} {397,5}-{597,20}]
22.707 FLOW::INITIALIZE_DATA [{flow.F90} {465,14}]
22.694 FLOW::INITIALIZE_DATA?2 [{flow.F90} {663,14}]
20.916 PPARTY_PREPROCESSOR::PPARTY_PREPROCESS [{pparty_preprocessor.f90} {28,14}]
16.726 PPARTY_PREPROCESSOR::PPARTY_READ_GRID [{pparty_preprocessor.f90} {735,14}]
16.726 PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N [{puns3d_io_c2n.fo0} {1543,14}]
16.657 PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.f90} {1641,14}]
14.159 GRADIENT_DRIVER::GRAD_VARIABLE [{gradient_driver.f90} {110,3}-{508,30}]
13.852 UPDATE_TURB::UPDATE_RHS_TURB [{update_turb.f90} {742,3}-{845,32}]

—
—
—
—
L1
E—
]
—
[
([

[

(O]

mm I I[m(l
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Exclusive Time

Metric: TIME
Value: Exclusive
Units: seconds

TAU: ParaProf: node 0 - fun3d_d19.ppk

43640 ] Loop: POINT_SOLVER::POINT_SOLVE_5S [{point_solver.FA0} {2757,5}-{2917,19}]
36.231 s Loop: JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {440,7}-{1584,22}]
27.473 [ ] Loop: FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.f90} {397,5}-{597,20}]
19.688 [ | FILL_JACOBIANS::FILL_JACORBIAN [{fill_jacobians.f90} {19,3}-{341,30}]
16.273 s PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.fo0} {1641,14}]

27 Argonne Leadership Computing Facility

13.381 [ | GRADIENT_DRIVER::GRAD_VARIABLE [{gradient_driver.f30} {110,3}-{508,30}]
10.059 s MPI_Waitall()
9.954 [ ] MPI_Reduce()
8.04 [] FLUX_PERFGAS::VISRHS_TET [{flux_perfgas.fa0} {3023,14}]
7.319 [l TURB_SPALART::SA_RESID [{turb_spalart.f0} {219,14}]

3.78 [] FLUX_TURB::TURBULENT_GRADIENTS [{flux_turb.fo0} {796,3}-{899,36}]

3.562 [ TIMESTEP::DELTAT2 [{timestep.fO0} {20,3}-{331,24}]

3.384 [ POINT_SOLVER::POINT_SOLVE_1 [{point_solver.FO0} {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
0.637
0.624
0.586
0.565

| UPDATE_MEAN::UPDATE_Q [{update_mean.F90} {723,3}-{803,25}]

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

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

| DUAL_NUMBERING::FMATRIX_TO_GRID [{dual_numbering.f90} {122,3}-{143,32}]

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

0.524 | TURB_SPALART::SA_JACOB [{turb_spalart.f90} {757,14}]
0.49 [ MPI_Barrier()

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

0.371 | LMPI_APP::SINGLE_START_MATRIX_XFER [{Impi_app.F90} {7907,3}-{8132,41}]
0.36 | TURB_SPALART::JACOBIAN_SA [{turb_spalart.f90} {88,14}]

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

0.336 | MPL_Init()

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

0.283 | PPARTY_METIS::MY_METIS [{pparty_metis.FO0} {116,3}-{545,24}]

0.275 | PPARTY::NODE_CELL_CHOPPER [{pparty.f90} {41,3}-{453,33}]

0.269 | FLUX_UTIL::L2ZNORM [{flux_util.f90} {31,3}-{249,23}]
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TAU’s Runtime Environment Variables

Environment Variable

TAU_TRACE

TAU_CALLPATH
TAU_TRACK_MEMORY_FOOTPRINT

TAU_TRACK_POWER

TAU_CALLPATH_DEPTH

TAU_SAMPLING
TAU_TRACK_SIGNALS
TAU_COMM_MATRIX
TAU_THROTTLE

TAU_THROTTLE_NUMCALLS
TAU_THROTTLE_PERCALL

TAU_CALLSITE

TAU_PROFILE_FORMAT
TAU_METRICS

~AA A ' ' v ~ e - v
£0 AITYUILTTIC LTSAUCTIDIITPY WULTTpULITLy Tauliily

Default

O O Bk

100000
10

Profile

TIME

Description
Setting to 1 turns on tracing
Setting to 1 turns on callpath profiling

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

Tracks power usage by sampling periodically.

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)

Setting to 1 enables event-based sampling.
Setting to 1 generate debugging callstack info when a program crashes
Setting to 1 generates communication matrix display using context events

Setting to 0 turns off throttling. Throttles instrumentation in lightweight routines that are called frequently

Specifies the number of calls before testing for throttling

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

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

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

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

ENERGY,TIME,P_VIRTUAL_TIME,PAPI_FP_INS,PAPI_NATIVE_<event>:<subevent>) Arconre &
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Tracing: Jumpshot [ANL] (ships with TAU)

. Depth| * | Zoom | Min Time i g Zoom Fo ime Row
1.85 ] E 8 } Row Count

Cumulati.. =% TimelLines - 13.0

S5LOG-2

t *, void *) - void shmem_barrier_all_() I: void shmem_put&4_(void *,

= B63.00 usec
062137, LinelD = € i 6 , LinelD
- 9, LinelD

close

A
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Tracing: Chrome Browser

® Chrome

»:/ftracing @ ¥ o e
Record Save Load  matmuilt.json Processes || View Options =]~

~ Process 0

~ 0 .TAU application

MAIN [{matmult.foo} {39,7}{132,22)]
MPI_Recv() ... MPI_Recv() MPI_Recv() .. MPL. MPI_Re.. MPI_Recv() MPI_Recv() .. M.. MPI_Recv() MPI_Recv()  MPI_Recv() M.. MPI_Recv() MPI...
X

SIS 0715 oll4

Process 1

0

.TAU application
MAIN {matmult.190} {39,7}{132,22}]
MULTIPLY_MATRICES [{matmult.f90} {25,7}-{37,38}] MULTIPLY_MATRICES [{matmult.f90} {25,7){(37,38})] MULTIPLY_MATRICES [{matmult.f90} {25,7}{37,38}] MULTIPLY_MATRICES [{matmult.fo0} {25,7}-{37,38}]

SoulaN

Process 2

0

MAIN [{matmult.f90} {39,7}-{132,22}]
MULTIPLY_MATRICES [{matmult.f90} ... MULTIPLY_MATRICES [{matmult.i90} {25,7){37,38}] MULTIPLY_MATRICES [{matmult.fo0} {25,7}{37,38)] MULTIPLY_MATRICES [{matmuilt.fo0} {25,7)-{37.38}]

Process 3

0

MAIN [{matmult.fo0} {39,7}-{132,22}]
MULTIPLY_MATRICES [{matmult.f90} {25,7}-{37,38}] MULTIPLY_MATRICES [{matmult.fo0} {25,7}-{37,38}] MULTIPLY_MATRICES [{matmult.f90} {25,7}-{37,38}] MULTIPLY_MATRICES [{matmult.f¢ 7H37.38}]
X

Process 4
~ 0 4

MAIN {matmult.f90} {39,7}-{132,22}]
MULTIPLY_MAT... MULTIPLY_MATRICES [{matmult.f90} {25,7}-{37,38}] MULTIPLY_MATRICES [{matmult.f90} {25,7}-{37,38}] MULTIPLY_MATRICES [{matmult.fa0} {25,7}-{37,38}] MULTIP TRICES...

79 items selected. Slices (79)

Name < ‘Wall Duration =~ Selftime < Average Wall Duration <~ Occurrences Event(s)
114.459 ms  114.459 ms 4.239 ms Incoming flow
MPI_Send()_ L 0.157 ms 0.157 ms 0.007 ms Incoming flow
MPI_Recv()_ 4 0.994 ms 0.994 ms 0.043 ms Incoming flow
U application. & 2,274.680ms  0.174 ms 758.227 ms Incoming flow
2,274.506 ms  13.845 ms 758.169 ms Incoming flow
Incoming flow
Totals 4,664.796 ms 129.629 ms 59.048 ms Incoming flow
Incoming flow
Selection start 0.196 ms Incoming flow
Selection extent 759.696 ms Incoming flow
Incoming flow
Incoming flow
Incoming flow

% 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) OR use https://perfetto.dev

A
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Perfetto.dev

eCce @ External trace (RPC) - Perfetic X +

&« (&; @ ui.perfetto.dev/: r?local_cache_key
14 Perfetto
Navigation

3 Open trace file
||_:| Open with legacy Ul

@) Record new trace

>

Process 9

.TAU application
Current Trace

External trace (RPC)

.TAU application
== Show timeline taupreload_main
..... main
T Beepees Simulation
- ) Propagate
«8» Query (SQL) Spatial-space Update system bounda...
v Vol Start comm o..
Gy Metrics I CHCCRCIN
transfer-stencil-data-.. computemappingz | b NTDEENE TS
@ 'nfo and stats ] MPI_Waitali()

Convert trace _TAU application
||_:| Switch to legacy U

.TAU application
¥ Converttejsen

Current Selection

Slice Details
Example Traces Name 0 Arguments

Category
a Open Android example Start time
Duration

A
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Vampir [TU Dresden

TAD Sppacation
TAU applcation
TAU application
TAU sppication
YA Spplcation
YAU Spphcation
TAU appScation
YA appucation
TAU spplicatio
VAU SpoNeaton
AU Spp

TAU spplic stion
TAU app¥eation
TAU appiication
TAU application
TAU Spphication
TAU application

TAU apphe ation

TAD apphication

TAU apphcation
TAL applcation
TAU application
TAU application
TAU apphication
YAU application

TAU application
SU———

YAU application

TAL application
TAU'Sppieation
TAU Sppheation
TAU spplication
TAU Spplieation
TAU applieation”
TAU application
—
TAU application
TAL application
TAU applic ation
T AU Rpplication

kokkos/kokkos-miniapps/iulesh-2.0/kokkos-minimal-cpu/ * « Vampir

] Timeline: Kokkos

alcEnergyFe

% export TAU_TRACE=1; export TAU_TRACE_FORMAT=0tf2
% tau_exec -T ompt,serial —ompt ./a.out
% vampir traces.otf2 &
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ParaProf Profile Browser

Fila Options Windows Help

metric: TIME
Value: Exclusive

On a Mac if there are

black windows:
% paraprof —-fix-xquartz

node 12
node 13
node 14
node 15
node 16
node 17
node 18

o jf node 19
o node 20
s parapro e o1

node 22

node 23
node 24
node 25
node 26
node 27
node 28
node 29
node 30
node 31

A
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ParaProf 3D Profile Browser

TAU: ParaProf: 3D Visualizer: demo.ppk

File Options Windows Help

Triangle Mesh

e o » Bar Plot
A1 T ’
e T 365.836 Scatter Plot

274.377 o

£ Topology Plot

182 918 <

Height Metric
Exclusive ~| IGET_TIME_OF...|~

91.459

Color Metric

365.83 Exclusive v |GET_TIME_OF...|~

Loop: AORSA2D_STI»

< >

Function

econd

Thread 199

%)

oy ‘?%,

<

Height value 129.549 seconds

Color value 129.549 seconds

iles | Plot | Axes | Color | Render

Auto-Rotate ?peed

Reverse Video

AA Lines Full Screen AA

Separation
Aperture

A
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TAU — ParaProf 3D Visualization

Triangle Mesh
*) Bar Plot
Scatter Plot
Topology Plot
Height Metric
Exclusive
Color Metric
372 .417 w Exclusive TIME
2
=
o i void shmem_barrier_all_()
Function
w
o
I
(o]
g Thread
wl
) ) ., P Height value 15.697 seconds
. . = ; ¥ >4 = h Color value 15.697 seconds
a
Axes
Auto—-Rotate
we
Reverse Video
‘2‘ AA Lines v Full Screen AA
=
e Separation
—
f=)
=

(=]

% paraprof app.ppk

Aperture
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TAU — 3D Communication Window

L
3_4999FETF
o
@
.
=
@
=
=1
=
=
@
=
=%
I
w
@
=
3.591BE7

Display Options
Callpath:
All Paths -

Height Value:

Max message size (bytes) -~
Color vValue:
Message volume (bytes) -~

8
Sender

Receiver
= ‘ A A ¥/ L BT Height value 106080
s i, e Ji |
= i i 1= o, ; - :f Color value 3.9996E7
%, P ‘*
N
=
%, »l  ColorScale | Render

3.9997E7
P @ show Color...
Font Size
Rainbow
Inverse Gra...
u Blue-White...

3.5916E7
Message volume (bytes)

% export TAU_COMM_MATRIX=1; mpirun ... tau_exec ./a.out
% paraprof ;  Windows -> 3D Communication Matrix

A
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Event Based Sampling (EBS)

37

TAU: ParaProf: Function Data Window: fun3d_ebs_50iter.ppk

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

Value: Exclusive percent

0.145% [ std. dev.
4931 0 ] mean
6.682% ] max
3.852% L ] min
4135% [ ]nodeO
s413% [ Jnodel
6.682% node 2
4.911% node 3
5.057% node 4
5732 [ ]node5
5194 [ ]node6
5732 [ ]node7
40479 L ] node8
3.852% L ] node9
5139 [ ] nodel0
4.618% node 11
4.235% node 12
node 13
4.582% node 14
4692% [ ] nodel5

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

Argonne Leadership Computing Facility

File: point_solver.F90

Line: 2705

Uninstrumented!

AAAAAAAAAAAAAAAA



TAU’s Runtime Environment Variables

Environment Variable
TAU_TRACE
TAU_CALLPATH

TAU_TRACK_MEMORY_FOOTPRINT

TAU_TRACK_POWER

TAU_CALLPATH_DEPTH

TAU_SAMPLING
TAU_TRACK_SIGNALS
TAU_COMM_MATRIX
TAU_THROTTLE

TAU_THROTTLE_NUMCALLS
TAU_THROTTLE_PERCALL

TAU_CALLSITE

TAU_PROFILE_FORMAT
TAU_METRICS

38 Argonne Leadership Computing Facility

Default
0
0
0]

O O ¥

100000
10

Profile

TIME

Description
Setting to 1 turns on tracing
Setting to 1 turns on callpath profiling

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

Tracks power usage by sampling periodically.

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)

Setting to 1 enables event-based sampling.
Setting to 1 generate debugging callstack info when a program crashes
Setting to 1 generates communication matrix display using context events

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

Specifies the number of calls before testing for throttling

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

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

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

Setting to a comma separated list generates other metrics. (e.g.,
ENERGY,TIME,P_VIRTUAL_TIME,PAPI_FP_INS,PAPI_NATIVE_<event>:<subevent>)

Argonne 4
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Runtime Environment Variables

Environment Variable
TAU_TRACE
TAU_TRACE_FORMAT

TAU_EBS_UNWIND

TAU_EBS_RESOLUTION

TAU_TRACK_LOAD

TAU_SELECT_FILE

TAU_OMPT_SUPPORT_LEVEL

TAU_OMPT_RESOLVE_ADDRESS_EAGERLY

Default
0]
Default

line

Default

basic

39 Argonne Leadership Computing Facility

Description
Setting to 1 turns on tracing

Setting to “otf2” turns on TAU’s native OTF2 trace generation (configure with —otf=download)
Setting to 1 turns on unwinding the callstack during sampling (use with tau_exec —ebs or TAU_SAMPLING=1)
Setting to “function” or “file” changes the sampling resolution to function or file level respectively.

Setting to 1 tracks system load on the node

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

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

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.

Argonne 4
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Runtime Environment Variables

Environment Variable

TAU_TRACK_MEMORY_LEAKS

TAU_EBS_SOURCE

TAU_EBS_PERIOD
TAU_MEMDBG_ALLOC_MIN/MAX

TAU_MEMDBG_OVERHEAD

TAU_MEMDBG_PROTECT_BELOW/ABOVE

TAU_MEMDBG_ZERO_MALLOC

TAU_MEMDBG_PROTECT_FREE

TAU_MEMDBG_ATTEMPT_CONTINUE

TAU_MEMDBG_FILL_GAP
TAU_MEMDBG_ALINGMENT
TAU_EVENT_THRESHOLD

40 Argonne Leadership Computing Facility

Default
0]

TIME

100000
0

Undefined
Sizeof(int)

0.5

Description

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

Allows using PAPI hardware counters for periodic interrupts for EBS (e.g., TAU_EBS_SOURCE=PAPI_TOT_INS

when TAU_SAMPLING=1)

Specifies the overflow count for interrupts

Byte size minimum and maximum subject to bounds checking (used with TAU_MEMDBG_PROTECT_*)

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

Setting to 1 enables tracking runtime bounds checking below or above the array bounds (requires —

optMemDbg while building or tau_exec —-memory)

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

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

reallocated (requires —optMemDbg or tau_exec —memory)

Setting to 1 allows TAU to record and continue execution when a memory error occurs at runtime.

Initial value for gap bytes
Byte alignment for memory allocations

Define a threshold value (e.g., .25 is 25%) to trigger marker events for min/max

Argonne 4
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Download TAU from U. Oregon

\

XLX

ning and Analysis Utilities

https://tau.uoregon.edu

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

for more information
Free download, open source, BSD license
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http://tau.uoregon.edu/
https://e4s.io/

Installing and Configuring TAU

eInstalling PDT:
—wget tau.uoregon.edu/pdt_lite.tgz
—./configure —prefix=<dir>; make ; make install
*Installing TAU:
— wget tau.uoregon.edu/tau.tgz; tar zxf tau.tgz; cd tau-2.<ver>
— wget http://tau.uoregon.edu/ext.tgz ; tar xf ext.tgz

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

42 Argonne Leadership Computing Facility
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Compile-Time Options

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

-optVerbose
-optComplnst
-optNoComplnst

-optTracklO

-optTrack GOMP
-optMemDbg
-optKeepFiles
-optPreProcess
-optTauSelectFile="<file>
-optTauWrapFile="<file>"
-optHeaderlnst
-optTrackUPCR
-optLinking=""

-optCompile=

-optPdtF950pts=""

Turn on verbose debugging messages
Use compiler based instrumentation

Do not revert to compiler instrumentation if source
Instrumentation fails.

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

Enable tracking GNU OpenMP runtime layer (used without —opari)
Enable runtime bounds checking (see TAU_ MEMDBG _* env vars)
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
$(TAU_MPI_FLIBS) $(TAU | LIBS)$(TAU _CXXLIBS)

pljuons passed to the compiler. '\Yglcall
$(TAU_MPI_INCLUDE) $(TAU_INCLUDE) $(TAU_DEFS)

Add options for Fortran parser in PDT (f95parse/gfparse) ...

43 Argonne Leadership Computing Facility

AAAAAAAAAAAAAAAA



Compile-Time Options (contd.)

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

-optShared Use TAU’s shared library (libTAU.so0) 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

TAU_TRACE
TAU_CALLPATH
TAU_TRACK_MEMORY_FOOTPRINT

TAU_TRACK_POWER
TAU_CALLPATH_DEPTH

TAU_SAMPLING
TAU_TRACK_SIGNALS
TAU_COMM_MATRIX
TAU_THROTTLE

TAU_THROTTLE_NUMCALLS
TAU_THROTTLE_PERCALL

TAU_CALLSITE

TAU_PROFILE_FORMAT
TAU_METRICS

Default

=, O O B

100000
10

Profile

TIME
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Description

Setting to 1 turns on tracing
Setting to 1 turns on callpath profiling

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

Tracks power usage by sampling periodically.

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)

Setting to 1 enables event-based sampling.
Setting to 1 generate debugging callstack info when a program crashes
Setting to 1 generates communication matrix display using context events

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

Specifies the number of calls before testing for throttling

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

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

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

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

ENERGY,TIME,P_VIRTUAL_TIME,PAPI_FP_INS,PAPI_NATIVE_<event>:<subevent>) P——
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Runtime Environment Variables

Environment Variable Default
TAU_TRACE 0]
TAU_TRACE_FORMAT Default
TAU_EBS_UNWIND 0]
TAU_EBS_RESOLUTION line
TAU_TRACK_LOAD 0]
TAU_SELECT _FILE Default
TAU_OMPT_SUPPORT_LEVEL basic

TAU_OMPT_RESOLVE_ADDRESS_ 1
EAGERLY

46 Argonne Leadership Computing Facility

Description
Setting to 1 turns on tracing

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

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

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

Setting to 1 tracks system load on the node

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

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

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.

Argonne 4
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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

A
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Tuning and Analysis Utilities

AWS
Heidi from Adaptive Computing Enterprises, Inc.

ParaTools Pro for E4S™ image
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Connect to
https://paratools.adaptivecomputing.com

. Use Student tah.and enter name, email, session coe 70034

© Private browsing

& Heidi Cloud On-Demand DataC X = +

120% 1Y @ &9 =

C o8 Jtools.adaptivecomputing.com)

o
T

// / LOGIN TO WORKSHOP SESSION

Full Name *

Sameer Shende

Workshop S P oode *
{70034] <

Heidi Al is your gateway to the world of advanced computing! Designed for students

of all ages, from elementary school to university, Heidi Al provides a unique

opportunity to explore and harness the power of supercomputing.
LOGIN TO WORKSHOP SESSION

Learn. Create. Innovate. Whether you're solving complex problems, running

simulations, training Al models or exploring data science, Heidi Al empowers you to

turn your ideas into reality.

Version 8.61.1




Connect to Students tab with code 70034 at
https://paratools.adaptivecomputing.com

« Check your email, enter verification code.




Connect to Students tab with code 70034 at
https://paratools.adaptivecomputing.com

* Click cluster

 Heidi Cloud On-Demand Data C X + ©9 Private browsing

@ adaptivecomputing.com @ & =

Session 22271

uosameer@gmail.com

Workshop Dashboard

Welcome to E4S-TAU-Demo

Save this session code for future access: | 222711

ParaTools Pro for E4S

., development environment fo

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

& Computing Clusters iii Applications Course Materials
== e4s-25-06-aws-1
’ Quick Actions
[J  Access Terminal & Deploy App B Study Materials @ GetHelp

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



Connect to Students tab with code 70034 at
https://paratools.adaptivecomputing.com

» Click Remote Desktop

& Heidi Cloud On-Demand DataC X + W © Private browsing
@ -~ adaptivecomputing.com g O =

Session 22271

ussameer@gmai.com

Cluster Actions c
M eds-z. 0S-aws-1 o6 avotobi
) Amazon Web Service
Access Configuration 7/26/25
21:19:37

@ Connection Information < Access Methods

Public IP Add

Graphical Access (VN

44,253.102.18 D [ REMOTE DESKTOP -
Username SSH Access
Password

tya7xtjf [_D

(@) 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 608 trainingd-SSH-Key.pem && ssh —i trainingd-SSH-Key.pem trainingd@dd.253.102.18 )

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

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



Connect to Students tab with code 70034 at
https://paratools.adaptivecomputing.com

* You may have to enable pop-up windows and accept

@0 ® [ rPrivate < @ paratools.adaptivecomputing.com ® h +

Reload this page
% Heidi - Empowering — Session 77946

Minds uosameer@gmail.com

88 Dashboard < Back

Cluster Actior
COMPUTE/IDE 452501
ed4s-25-06-aws 250

€, Heidi Lab Amazon Web Services

ns °
avallable

2 Cluster Manager

7/8/25
15:26:43

Nodes Access Configuration
CONTENT LIBRARY

Applications

- @ Connection Information &2 Access Methods
ourses

Public IP Address Graphical Access (VNC)
54.70.253.146 ) [ OPEN VNC VIEWER -
Username SSH Key Authentication
training® D @ DOWNLOAD SSH KEY
Password
VPN Access
7y19fqvw R

(3 Connection Instructions

SSH Connection

1. Download the SSH key

Opep vo erming

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




Connect to Students tab with code 70034 at
https://paratools.adaptivecomputing.com

* You should see this jellyfish. Click on Activities.

To copy text from
other windows
click on the

this button to
access the
clipboard




If this doesn’t work for you!

cGo to

student tab, enter
25724
as the code. Try again.
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https://uooddc.nic.uoregon.edu/

Connect to Students tab with code 70034 at
https://paratools.adaptivecomputing.com

« Click on Activities, nine dots, and then select the Terminal application

Jul 8 22:27

To copy text from
other windows
click on the
clipboard

JupyterLab




To increase font size right click and choose
preferences

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

QO 8 ntt r adaptivecomputing.com

Activities () Terminal Jun13 01:57 “» O

Y

-
. o Terminal Q — = o X
Copying examples into /home/tutorialie/examples
Setting up local Spack instance in /home/tutorialie/spack
- This may take a moment the first time...
»
>
a Read-Only
Preferences
New Window
New Tab
Show Menubar
csa Home
L N

A
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Choose font size after clicking Custom Font for
Terminal

42 HPC Cloud On-Demand Data C+ X TurboVNC: ed4s-24-05-aws:1 (1. X

O B https://vnc-paratools.adaptivecomputing.com/vnc/vnc.htmli?resize=remote&path=novnc/websockify?token=6626dd0
Activities =) Terminal Jun13 01:58 “» O
Help Preferences - Profile “Unnamed”
9
Global Text Cancel Choose A Terminal Font Select
6 Text Appearance
Initial terminal size + columns 24 +  rows Reset :
a tak & Custom font Monospace » ' DejaVu Sans Mono
Profiles + Cell spacing: ’ F  xwidth el FreeMono
@ Dmed @ Allow blinking tex Always . .
, Liberation Mono
é Cursor
Cursor shape lock .
SoCeee 2 Mitra
. ; Cursor blinking Default
& Monospace
———t Sound
>_ & Terminal bell Nimbus Mono PS
— Noto Color Emoji
]
Nntn Moann
_ The quick brown fox jumps over the 1
Profile ID: b1dcc9dd-5262-4d8d-a863-c897e6d979b9
size . hs I
: : : Home
LA N

A
58 Argonne Leadership Computing Facility Argonne &



Adaptive Computing’s Heidi: Logging into Aurora

] ® [ private < @ uooddc.nic.uoregon.edu

$2 HPC Cloud On-Demand Data Center

Activities (] Terminal May 7 19:04 oW O

trainingl6@mothra: ~

trainingl6@mothra:~$ which paraprof

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

trainingl6@mothra:~$ 1s /eds/

ed4s-cuda80-x86 64-24.11.sif

trainingl6@mothra:~$

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

A
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Aurora: Add a directory to the default module path

®@®® ([]rPrivate < @ uooddc.nic.uoregon.edu

$2 HPC Cloud On-Demand Data Center

Activities (] Terminal May 7 19:05

sameer@aurora-uan-0012:~

sameer@aurora-uan-0012:~> module use /soft/modulefiles/
sameer@aurora-uan-0012:~> module avail

/soft/modulefiles
alcf-reframe/alcf-reframe
ascent/develop/2025-03-19-c1f63e7-openmp
ascent/develop/2025-03-19-clf63e7-sycl (D)
bbfft/2022.12.30.003/eng-compiler/bbfft
chipStar/1.2.1
chipStar/latest-math-oneapi-2025.0.5
chipStar/latest-math
chipStar/latest-static
chipStar/testing
codee/2024.4.5
codee/2025.1
codee/2025.1.2
codee/2025.1.3
codee/2025.2
daos/base
daos _ops/base old pre DAOS 15236 advice
daos_ops/base
daos perf/base
daos real user/base
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module use /soft/modulefiles
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Aurora: Loading TAU

@0 @® [{]errivate < @& uooddc.nic.uoregon.edu

42 HPC Cloud O

Activities () Terminal May 7 19:06 o) O

sameer@aurora-uan-0012:~

chipStar/latest-static

chipStar/testing

codee/2024.4.5

codee/2025.

codee/2025.1.2

codee/2025.1.3

codee/2025. (D)

daos/base Load TAU using

daos_ops/base_old pre DAOS 15236 advice

daos_ops/base (D) module load tau

daos perf/base
daos real user/base
headers/cuda/12.0.0 module load tau/tau2
jax/0.4.4
sameer@aurora-uan-0012:~> module load tau
Adding module path /soft/perftools/tau/modulefiles
sameer@aurora-uan-0012:~> module load tau/tau2

The following have been reloaded with a version change:
1) tau/2.34 => tau/tau2

sameer@aurora-uan-0012:~> which paraprof
/soft/perftools/tau/tau2/x86 64/bin/paraprof
sameer@aurora-uan-0012:~> l

A
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Aurora: Setting up workshop examples

o0 meme ¢ & +
;.) HPC Cloud On-Demand Data Center m mothra:15 (training16) - noVNC
Activities () Terminal May 8 12:49 w O
sameer@x4106c0s5bon0: ~ Q = x
sameer@x4106c0s5b0n0:~ sameer@aurora-uan-0010:~ Use -X
sameer@aurora-uan-0012:~/workshop> qsub -I -1 walltime=0:29:00 -1filesystems=home:flare -A tggls -q debug -1 select=1 -X f()r (3[J|ES
qsub: waiting for job 4683648.aurora-pbs-0001.hostmgmt.cm.aurora.alcf.anl.gov to start
qsub: job 4683648.aurora-pbs-0001.hostmgmt.cm.aurora.alcf.anl.gov ready
sameer@x4106c0s5bOnd:~> module use /soft/modulefiles
sameer@x4106c0s5bOn0:~> module load tau Use yOUI’
Adding module path /soft/perftools/tau/modulefiles :
ameer@x4106c0s5bOn0:~> module load tau/tau2 allocatlon
E\e following have been reloaded with a version change: ale—tralnlng

1) tau/2.34 => tau/tau2 and queue

alcf_training

sameer@x4106c0s5bOn0:~> module load frameworks
(/opt/aurora/24.347.0/frameworks/aurora nre models frameworks-2025.0.0) sameer@x4106c0s5bOn0:
/opt/aurora/24.347.0/frameworks/aurora nre models frameworks-2025.0.0/bin/python
(/opt/aurora/24.347.0/frameworks/aurora nre models frameworks-2025.0.0) sameer@x4106c0s5bon0:
/soft/perftools/tau/tau2/x86 64/bin/tau_exec

1
\

which python

1
\'

which tau exec

Load TAU

(/opt/aurora/24.347.0/frameworks/aurora nre models frameworks-2025.0.0) sameer@x4106c0s5b0n0:~> which paraprof on (3()rT1F)lJtEB
/soft/perftools/tau/tau2/x86 64/bin/paraprof
(/opt/aurora/24.347.0/frameworks/aurora nre models frameworks-2025.0.0) sameer@x4106c0s5b0n0:~> mpiexec -n 4 tau exec -10 -ebs ./a.out nodes




Using TAU on Aurora

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

gqsub -I -1 walltime=1:29:00 -lfilesystems=home:flare -A alcf training
-q alcf training -1 select=l

module use /soft/modulefiles
module load tau
module load tau/tau2 # Uses the latest git head version

module load frameworks

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 &



Using TAU on Aurora

# After allocating a node and adding TAU to your path with the module commands
cat workshop/README; cd workshop/pti-gpu/samples

cd mpi dpc gemm; ./run.sh; cd build; paraprof & ; cd ../..

cd mpi omp gemm; ./run.sh; cd build; paraprof & ; cd ../..

# Similarly execute run.sh in dpc gemm, omp gemm, ze gemm directories

# AI examples.
cd ~/workshop/aurora-callbacks; ./run.sh; paraprof & ; cd ..
cd pytorch; ./run.sh; paraprof &; cd

cd tensorflow; ./run.sh; paraprof &



Using TAU on Polaris natively

« Setup preferred program environment compilers (check instructions)

% ssh -Y <login>@polaris.alcf.anl.gov

% module load tau

% tar zxf /soft/perftools/tau/tar/workshop.tgz; cd workshop
% paraprof demo.ppk &

If you are on a Mac with Xquartz, you may need:

% paraprof -fix-xquartz demo.ppk &

In the directory where profile.* files are created. Xquartz 2.7.4 works well without this.
Please do not use paraprof on the compute nodes. You may also use uooddc.nic.uoregon.edu or
AWS (paratools.adaptivecomputing.com) or install TAU locally on your laptop.
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TAU Hands-on Session — CUDA with MPI on Polaris

« Setup preferred program environment compilers (check instructions)

ssh -Y <login>@polaris.alcf.anl.gov
module load tau
tar zxf /soft/perftools/tau/tar/workshop.tgz
cd workshop/Tealeaf CUDA;
make clean
make; cd bin
gsub -I -q alcf training -t 60 -n 1 -A alcf training
./run.sh
pprof -a | more
paraprof —--pack app.ppk
You may use paraprof --dump app.ppk to write out the profile.* files.
Bring ppk file to your desktop:
% paraprof app.ppk &
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Setup: Installing TAU on Laptops

* Prerequisites: Java in your path

e Microsoft Windows
* [nstall Java from Oracle.com

 Install, click on a ppk file to launch paraprof

 macOS (arm64, Apple Silicon M series)

 macOS (x86 64)

* Install Java 11.0.3:
 Download and install
« If you have multiple Java installations, add to your ~/.zshrc (or ~/.bashrc as appropriate):
« export PATH=/Library/Java/JavaVirtualMachines/jdk-11.0.3.jdk/Contents/Home/bin:$PATH
» Download and install TAU (copy to /Applications from dmg):
* http://tau.uoregon.edu/tau.dmg
« export PATH=/Applications/TAU/tau/apple/bin:$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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http://tau.uoregon.edu/tau.exe
http://tau.uoregon.edu/tau.exe
http://tau.uoregon.edu/java_arm64.dmg
http://tau.uoregon.edu/java_arm64.dmg
http://tau.uoregon.edu/tau_arm64.dmg
http://tau.uoregon.edu/tau_arm64.dmg
http://tau.uoregon.edu/java.dmg

Using TAU in E4S Containers. Download from https: Ile4s io

®®@® [{Jrrivate < =\ https://eds.io

E4S:An HPC-Al Software Ecosystem for Science

HOME= ~USING E4S-_ JOINING E4S \JABOUT ~CONTACT EVENTS [WPAGRAGESN (SBOWNEGADH

E4S is a community effort to provide and support an open-source software ecosystem for science. E4S provides a curated
collection of scientific libraries and tools (packages) that form the foundation for hundreds of the world's most advanced

scientific applications.

E4S packages support developing, deploying and running scientific applications on high-performance computing (HPC) and
Al platforms sponsored by the US Department of Energy (DOE) Office of Advanced Scientific Computing Research. E4S is also
used as a foundation for applications on leadership-class computing systems at the US Department of Defense, US National
Science Foundation, and other federal agencies. It is used on numerous high-performance computing systems at universities

and at collaborating international organizations.

E4S provides from-source builds, containers, and pre-installed versions of a

. E4S includes contributions from many organizations, including national
laboratories, universities, and industry. E4S is one of the key legacies of the Ex (ECP), a collaborative
effort of the US Department of Energy Office of Advanced Scientific Computing Research and the National Nuclear Security

Administration.




E4S Container Download from https://e4s.io

®

[ private

<

HOME  USING E4S

[ |

=m

3 https://eds.io/download.html

JOINING E45  ABOUT ~ CONTACT EVENTS [

Acquiring E4S Containers

Container Releases

@f/ﬁz\} From source with Spack

Separate full featured
Singularity images for 3
GPU architectures
GPU full featured

images for
x86_64 (Intel, AMD,
NVIDIA)
ppc64le (NVIDIA)
aarch64 (NVIDIA)

Full featured images
available

on Dockerhub
130+ products on 3
architectures




® 0@ [Iprprivate <

Download E4S 25.06 GPU Container Images: AMD, Intel, and NVIDIA

# docker pull ecpeds/eds-cuda:25.06

# docker pull ecpeds/eds-rocm:25.06
# docker pull ecpeds/ed4s-oneapi:25.06

# docker pull ecpeds/ed4s-cpu:25.06

E4S Full GPU Images

AMD ROCm (x86_64) NVIDIA CUDA (X86_64, PPC64LE, AARCH64) Intel OneAPI (x86_64)

s
s
s
s
s
s

CPU-only (x86_64, aarch64)




E4S base container images allow users to customize their containers

®© th + B

£\ https://eds.io/download.htm|
GPU Base Images

MPICH, CMake, and the relevant GPU SDK - either AMD ROCm, NVIDIA CUDA Toolkit and NVHI

AMD ROCM (X86_64) NVIDIA Multi-Arch (X86_64, PPC64LE, AARCH64) Intel OneAPI (X86_64)

1eapi:25.06 @ docker

is/e4s-base-rocm:25.06 g docker

06.sif fs ‘ “ x86, \w‘r?" 5.06 e4s-base-oneapi-25.06.sif fs A Intel On eAPI

« AMD ROCm
Minimal Spack  NVIDIA
3 minimal setup for using Spack 0.22.0 w/ GNU compilers CU DA

X86_64, PPC64LE, AARCH64

DOE LLVM EA4S Image

contains E4S products compiled with DOE VM 16 and Flang using Spack

Multi-Arch (X86_64, PPC64LE, AARCH64)




E4S Tools: e4s-cl: Container Launch tool for MPI applications

HOME

USING E4S

JOINING E4S  ABOUT CONTACT EVENTS

Container Launch

E4S's container management tool: E4S-CL

 effort to facilitate t

https://e4s.io/eds-cl.html

Distribute your MPI application
as a binary with an E4S image
While deploying on a system
substitute the embedded
containerized MPI in applicatior
with the system/vendor MPI
Use inter-node network
interfaces efficiently for near

native performance!



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

containers

E4S containers support replacement of MPI libraries using MPICH ABI compatibility layer and
Wi4MPI [CEA] for OpenMPI replacement.

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

eds-cl is a new tool that simplifies the launch and MPI replacement.
eds-cl init --backend [singularity|shifter|docker] --image <file> --source <startup cmds.sh>

e4s-cl mpirun -np <N> <command> I i: S

Usage:
9 Container Launch
% eds-cl init --backend singularity --image ~/images/eds-gpu-x86.sif --source ~/source.sh

% cat ~/source.sh
. /spack/share/spack/setup-env.sh
spack load trilinos+cuda cuda arch=90

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



®@®® [[rrivate <

2 [ GitHub - E4S-Proje

O Product v Solutions ¥ Resources ¥ Open Source v Enterprise - Pricing

B E4S-Project [ eds-alc  Public

<> Code (© lIssues 5

¥ main ~ ¥ ©

° FrederickDeny updated CHANGELOG

docs

eds_alc

examples
.gitignore
.readthedocs.yaml
CHANGELOG
LICENSE

Makefile
README.md

pyproject.toml

[0 README  &[3 MIT license

E4S ala Car

Description

19 Pull requests

® Actions [ Projects

Q Gotofile

b994bd2 - last year

post release

Merge branch 'development’ into add_s...

Merge branch 'development' into add_s...

Merge branch 'main’ into restructure

added readthedocs config file

updated CHANGELOG

Initial commit

quick fix

updated readme to specify Singularity d...

added tool.setuptools_scm banner in p...

L\ Notifications

EA4S Tools: E4S a la carte or ed4s-alc: Customize container
images

nd Spack packages.

Signin

% Fork 1 v Star 7

@ Security |~ Insights

<> Code ~

O 368 Commits

last year
last year
last year
2 years ago
2 years ago
last year
2 years ago
2 years ago
last year

last year

E4S a la Carte is a practical tool designed to facilitate the generation of Dockerfiles and
Singularity definition files infused with OS packages, Spack packages, as well as custom
commands. In the simplifying the process, this tool targets the elimination of manual
definition files scripting, enabling users to concentrate on critical aspects such as
application-specific resources and configurations.

About

E4S ala carte is a tool that allows a user
to customize a container image by adding
packages to it. These can be system
packages and Spack packages.

Readme

MIT license

Activity

Custom properties

7 stars

4 watching

1 fork

Report repository

Releases 3

O E4S-ALCrelease v1.0.2 ( Latest
on May 3, 2024

+ 2 releases

Packages

No packages published

e FrederickDeny

Q PlatinumCD Cameron Durbin

3 spoutnik Jean-Baptiste Skutnik

‘, sameershende Sameer Shende




Spack

« E4S uses the Spack package manager for software delivery

« Spack provides the ability to specify versions of software packages that are and are not
iInteroperable.

« Spack is a build layer for not only E4S software, but also a large collection of software
tools and libraries outside of ECP ST.

« Spack supports achieving and maintaining interoperability between ST software
packages.
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https://spack.io/
https://spack.io/

Spack is a flexible package manager for HPC

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

$ git clone https://github.com/spack/spack

$ . spack/share/spack/setup-env.sh
* How to install a package:

_ [l _
« TAU and its dependencies are installed \ /

within the Spack directory.

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

— Different compilers
— Different MPI implementations
— Different build options

Visit spack.io

github.com/spack/spack
| m— man


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

Spack provides the spec syntax to describe custom

configurations

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

S spack compiler find # set up compilers
S spack external find # set up external packages

S spack install tau unconstrained

S spack install tau@2.34.1 @ custom version

S spack install tau@2.34.1 %gcc@12.4.0 % custom compiler

S spack install tau@2.34.1 %gcc@12.4.0 +rocm +/- build option

S spack install tau@2.34.1 %gcc@12.4.0 +mpi *mvapich2@4.0 A dependency information

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

« Spec syntax is recursive
— Full control over the combinatorial build space


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

The Spack community is growing rapidly

» Spack simplifies HPC software for:
—Users
—Developers
— Cluster installations
—The largest HPC facilities

» Spack is central to HPSF’s software strategy

—Enable software reuse for developers and users
— Allow the facilities to consume the entire E4S

 The roadmap is packed with new features:
— Building the software distribution
— Better workflows for building containers
— Stacks for facilities
— Chains for rapid dev workflow
— Optimized binaries
— Better dependency resolution

DA
o\[l .
®

hpsf.io

github.com/spack/spack
mm— mnn



Using TAU on AWS. Connect to
https://paratools.adaptivecomputing.com

. Use Student tah.and enter name, email, session coe 70034

© Private browsing

& Heidi Cloud On-Demand DataC X = +

120% 1Y @ &9 =

C o8 Jtools.adaptivecomputing.com)

o
T

// / LOGIN TO WORKSHOP SESSION

Full Name *

Sameer Shende

Workshop S P oode *
{70034] <

Heidi Al is your gateway to the world of advanced computing! Designed for students

of all ages, from elementary school to university, Heidi Al provides a unique

opportunity to explore and harness the power of supercomputing.
LOGIN TO WORKSHOP SESSION

Learn. Create. Innovate. Whether you're solving complex problems, running

simulations, training Al models or exploring data science, Heidi Al empowers you to

turn your ideas into reality.

Version 8.61.1




Running your first MPI application on the allocated
cluster

% cd ~/examples/mpi-procname

% ./compile.sh

% ./run-single-node.sh  # on the login node
% cat mpiprocname.gsub

% qsub mpiprocname.qsub

% gstat —u SUSER

% cat mpiprochame.o*

% cd ~/examples/osu-benchmarks
% cat bw.qsub

% qgsub bw.gsub
% cat bw.o* # How close did you get to 50Gbps? At what message size? Multiply MB/s x 8 ...
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CoMD: TAU with event-based sampling (EBS)

atac X [ TurboVNC: eds-24-05-aws:1 (1 X = +

iratools.adaptivecomputing.com/vnc/vne.htmli?resize=remote&pat

C

Activities () Terminal Jun13 02:33 4)

*, M tutorial 10@e4s-24-05-aws: ~/examples/CoMD/src-mpi Q = = o x

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

-

= % cd examples/CoMD/src-mpi
@ % make; cd ../bin
B

'@

f,l
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CoMD: TAU with event-based sampling (EBS)

&2 HPC Cloud On-Demand Data €= X TurboVNC: e4s-24-05-aws:1 (1. X +

QO & https://vnc-paratools.adaptivecomputing.com/vnc/vnc.htmli?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd7* =
I

Activities () Terminal Jun13 02:33 ¢ O

*, M tutorial 10@e4s-24-05-aws: ~/examples/CoMD/bin Q

: $ cat tau.qsub
#!/bin/bash : % qsub tau.qsub
#PBS -1 nodes=2:ppn=2,walltime=2:00
#PBS -1 naccesspolicy=singlejob % gstat —u SUSER
#PBS -N comd

mpiexec tau exec -ebs ./CoMD-mpi --xproc 4 --yproc 1 --zproc 1 --nx 80 --ny 40 --nz 40
: $ qsub tau.qsub

®
a
@ cd $PBS 0 WORKDIR

11540004 .e4s-24-05-aws

&

$ qstat -u $USER

AAAAAAAAAAAAAAAA

A
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CoMD: TAU’s paraprof visualizer

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

O & https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd7*
Activities () Terminal Jun 13 02:34 ¢ O
*, "~ tutorial 10@e4s-24-05-aws: ~/examples/CoMD/bin Q = - o X
$ ls
16 profile.1.0.1 A paraprof &
CoMD-mpi.2024:06:13-02:33:42.yaml profile.2.0.0
profile.0.0.0 profile.2.0.1
B comd.el1540004 profile.0.0.1 profile.3.0.0 select.tau
comd. 011540004 profile.1.0.0 profile.3.0.1 tau.qsub
@ 2 $ paraprof &
&
L3
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CoMD: TAU’s paraprof visualizer

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

O EJ https://v atools.adaptivecomputing.com,

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

** 1 tutorial 10@e4s-24-05-aws: ~/examples/CoMD/bin Q = - o X

TAU: ParaProf Manager 2 . .
6 Options Help TAU: ParaProf: /home/tutorial10/examples/CoMD/bin nght CIICk On NOde O, Th read O

[ TrialField e Options Windows Help

and choose Show Thread

|Application ID

— _ Statistics Table (third option)

[CPU MHz

Genuing
000000)
0-1 1 0, thread N
/homeftl| ¢ 0, thri Show Thread Bar Chart
36608 K| 1, thrt Show Thread
./CoMD+ 2 chow Th < Table
171824] } thr Show Th s Table
/homeftj 2, thr Show Thread Call Graph
1 | 2, thn Thread Call Path Relations
TAUSS:;olj ode 3, thr Show User E
Lot 3, thr
2024-06 !
ac-5901 ¢ Event Win
etadata for Thread
0 4 dt mparison Window
130390
ac-5901
x86 64 |
Linux
5.19.0-1029-aws
#30~22.04.1-Ubuntu SMP Thu Jul
1718246022396106

A
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TAU’s ParaProf Profile Browser: Thread Statistics
Table

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

ratools.adaptivecomputing.com/v

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

S —— Click on columns to sort (e.g.,
m 1 Inclusive)
XT] taupreload_main
ol SAI‘:;L!] ElljForce ~ : . .
SAMPLE] [Force [{ MormefutorialL0/examp src-mpiflForce.c} {209 Showsource Code ; Expand nodes and right click on a
sample and
IPLE] IjF ( 3 ‘ (193 pecct ta . : ‘
i e s » ; Select “Show Source Code”

\PLE] ljF

W [SAMPLE] [jFo
IPLE] IjF
MPLE] IjF

[04]

w s OO

-
BN NN = NN

A
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TAU’s ParaProf Profile Browser: Source Code
Browser

%2 HPC Cloud On-Demand Data C X TurboVNC: e4s-24-05-aws:1 (1 X +

QO 8 nty )ls.adaptivecomputing.com/v

Activities [ edu-uoregon-tau-paraprof-ParaProf Jun 13 02:36 ¢ O

TAU: ParaProf: Source Browser: /home/tutorial10/examples/CoMD/src-mpi/ljForcec — O X ad 0-/home/tutorial10/examples/CoMD/bin
File Help
166

i: 2 - o Il Exclusive TIME Inclusive TIME ¥ . c child € The appllcation 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!

dr(m] = s->atoms->r[i0ff][m]-s->atoms->r[jOff][m];
r2+=dr[ml*dr[m] ;

0
0
0
0
0
0
0
0
0
0
0
0
ol
0
0
0
0
0
0
0
0
0
0
0
0

r2 > rCut2) continue;

A
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TAU Exercise #2:

Instrumenting PETSc application using TAU’s
Perfstubs interface
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Launching the binary using tau_exec —-ebs

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

9 & ttps://v paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novn

Activities () Terminal Jun 13 02:00

>

#!/bin/bash

‘i #PBS -1 nodes=2:ppn=2,walltime=2:00
#PBS -1 naccesspolicy=singlejob
#PBS -N ex50

cd $PBS 0 WORKDIR

export MV2_SUPPRESS JOB_STARTUP_PERFORMANCE_WARNING=1

mpiexec [ENNSTISTEN. /x50 \
-da_grid x 120 \

a
@ export MV2_HOMOGENEOUS CLUSTER=1
&

: -da_grid y 120 \
> -pc_type lu \
-pc_factor mat solver type superlu dist \
— -ksp_monitor \
o -ksp view

147522
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M tutorial 10@e4s-24-05-aws: ~/examples/petsc-cpu Q

All

Home

cd ~/examples/petsc-cpu
vi ex50.qsub

Add tau_exec —ebs
before ./ex50 in the launch
command. Save the file.

OR
gsub tau.qsub

Argonne 4
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TAU’s ParaProf Profile Browser: Source Code
Browser

%2 HPC Cloud On-Demand Data ¢+ X TurboVNC: e4s-24-05-aws:1 (1 X +

QO B ntips://vnc-paratools.adaptivecomputing.com/vnc/vne. htm?r
Activities () Terminal Jun 13 02:03 o O
*, ~ tutorial 10@e4s-24-05-aws: ~/examples/petsc-cpu Q = = o X
V. S i e e i e ) el e e oo
e 11540000.e4s-24-05-aws tutoriall® eds-24-0 ex50 3795 2 4 -- CISUb ex50.qsub
00:02:00 R 00:00:26
= : $ gstat -u $USER gstat —u $USER
@ e4s-24-05-aws:
3 Req'd )
B Req'd Elap # After it completes
Job ID Username Queue Jobname SessID NDS TSK Memory
@ Time S Time Is
; iyl , araprof &
> 11540000.e4s-24-05-aws tutoriall0® eds-24-0 ex50 3795 2 4 -- F) F)
00:02:00 --
: $ s
a ex50.011540000 profile.0.0.1 profile.2.0.0 profile.3.0.2
profile.0.0.2 profile.2.0.1
profile.1.0.0 profile.2.0.2
ex50.c makefile profile.1.0.1 profile.3.0.0
1.0.2 profile.3.0.1

ex50.e11540000 profile.0.0.0 profile.
: $ paraprof &f

Home
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TAU’s paraprof browser with PETSc performance
profile

5 | ¥ HPC Cloud On-Demand Data ¢ X B TurboVNC: eds-24-05-aws:1 (1 X

;.adaptivecomputing.com

Activities n edu-uoregon-tau-paraprof-ParaProf Jun 13 02:06 ¢ O

I

‘s TAU: ParaProf: Statistics for: node 0, thread 0 - /home/tutorial10/examples/petsc-cpu o X Q

RERLT | |

6 - Exclusive T\V-ii."' Inclusive TWEZJOI ¢ i pa raprOf
: 3.629 T
1.567
0.206
0.2

- |4 Choose

asmachco spack B Show thread statistics table by
FLUDFS [(Rmohibuntuspack stage/spack stage pet : right clicking on

o 28 o p— node 0, thread 0.

¢ M MatLUFactor
[ [CONTEXT] MatLUFactor
S - [l taupreload_main

node 0, thr¢
node 0, thr¢ Show Thread
t i A— noge L t::"‘ Show Thread
node 1, thr¢ _ =
node 1, thre Thread
node 2, thr¢
% node 2, thre
node 2, thr¢ ¢
node 3, thr¢
node 3, thr¢

node 3, thr¢ Metadata
? ) Add Thread to Comparison Window

8.0

758 0 1,567
Main Stage
sse Home

A
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Using pprof: TAU’s text based profile browser

&£ HPC Cloud On-Demand Data X TurboVNC: ed4s-24-05-aws:1 (1 X +
QO & https://vnc-paratools.adaptivecomputing.com/vnc/vnc.htmi?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd N =
Activities £ Terminal Jun 13 02:04 o O
*) " tutorial 10@e4s-24-05-aws: ~/examples/petsc-cpu Ol B= S @ &
- $ paraprof &
v [1] 152885 pprof —a | more
: $ pprof -a | more
- Reading Profile files in profile.*
NODE 0;CONTEXT ©0;THREAD 0: .
] oroeeereemeeeeemeeemeeeeeeeee e Here we see PETSc timers
%Time  Exclusive tIzc%usive #Call #Subrs Inclgsi\ﬁ Name translated into TAU timers using
; msec otal msec usec/ca -
B I the Perfstubs library.
= 100.0 0.266 20,080 1 1 20080268 .TAU application
& 100.0 597 20,080 1 159 20080002 taupreload main T
65.2 13,080 13,095 1 2 13095901 MPI Finalize() No modification to the source,
ST 18.1 1,615 3,629 1 284 3629490 Main Stage i i |
13.4 2,700 2,700 1 0 2700776 MPI Init thread() build SyStem’ or the bmaw'
8.7 1 1,756 1 27 1756523 PCSetUp
a 8.7 1,512 1,754 1 10258 1754558 MatLUFactor
8.0 0 1,607 44 0 36527 MatLUFactor => [CONTEXT
] MatLUFactor
8.0 0 1,607 44 0 36527 [CONTEXT] MatLUFactor
Thote. 0 1,567 117 0 130617 Main Stage => [CONTEXT]
Main Stage
aas Home
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TAU Exercise #3:

Instrumenting PETSc application using TAU’s
Perfstubs interface and generating callpath profiles
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Generating call

Edit ex50.gsub

# add
export TAU CALLPATH=1

export TAU CALLPATH DEPTH=100

export TAU PROFILE FORMAT=merged
mpirun ..

% gsub ex50.gsub
% paraprof tauprofile.xml

93 Argonne Leadership Computing Facility



TAU Exercise #4-:

Instrumenting PETSc application using TAU’s
Perfstubs interface and generating traces
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Generating Traces

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

export TAU TRACE=1

gsub ex50.gsub
t

au_treemerge.pl

% tau trace2json tau.trc tau.edf -chrome \
—-ignoreatomic -o ex50.json

Open Firefox, load Perfetto.dev

trace visualizer and open ex50. json
wasd keys to widen/shrink/left/right
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PETSc CUDA: What it was doing

cd ~/examples/petsc-cuda
% ./compile.sh
Edit the gsub file, increase wallclock
time to 5 mins:
spack load tau+mpi+cuda

export TAU PROFILE FORMAT=merged
mpiexec tau exec -T cupti,mpi —-cupti -ebs ./ksp
% gqsub *.gsub

% paraprof tauprofile.xml &
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PETSc CUDA:

training0@eds-25-06-aws-1:~/examples/petsc-cuda$ cat tau.qsub

#1/bin/bash

#PBS -1 nodes=2:ppn=2,walltime=5:00 Increase wallclock time to
#PBS -1 naccesspolicy=singlejob 5 mins

#PBS -N bench kspsolve

cd $PBS 0 WORKDIR

export MV2 HOMOGENEOUS CLUSTER=1
export MV2 SUPPRESS JOB STARTUP PERFORMANCE WARNING=1

spack load tau+mpi+cuda
mpiexec tau exec -T cupti,mpi -cupti -ebs ./bench kspsolve \
-n 128 \
-its 1000 \
-matmult \
-mat type aijcusparse \
-use gpu aware mpi ©
training0@eds-25-06-aws-1:~/examples/petsc-cuda$ I
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Visualizing Traces with https://Perfetto.dev

[ J & HPC Cloud On-Demand Data Ce X we e4s-24-11-aws-2:1 (training0) - X T v ©a Private browsing
C O 8 https:/fvnc-paratools.adaptivecomputing.com/vnc/vne. htr ot yth=no\ e } I ) )8 f5fe2b90cd309a5bee5f34988ee11es <7 ® & =
Activities t) Firefox Feb 27 15:52 W O

) @ app.json (16 MB) - Per' x [ Firefox Privacy Notice x +
« C QO 6 perfetto.dev.

W4 Perfetto

Navigation

wasd
O) Record new trace v Default Workspace H W = Wlden
S = Shrink

taupreload_main
opjson (16 MB) Main Stage MPI_Finalize() A — Leﬁ
=T SR
&, Download NI T | il | I
£ Query(sQl
@ Viz
@ Me
@ Infoand

taupreload_main

MPI_Finalize()
PCSetUp

Main Stage
PCApply | PCApply
AL I RAT A MatSolve MatSolve
O Switch o legacy U i | ot 10 m | f

2 -
|':‘] .7'| yen Chrome exan |‘|" H Curment Selection
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Compiling Tealeaf _CUDA application

%2 HPC Cloud On-Demand Data C: X TurboVNC: eds-24-05-aws:1 (1. X ar

QO B https://vnc-paratools.adaptivecomputing.com/vnc/vnc.htmli?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd < Q =
Activities (=) Terminal Jun13 02:07 O O
*’ M tutorial 10@e4s-24-05-aws: ~/examples/cuda/TeaLeaf_CUDA Q = = o X
g el ' L cd ~/examples/cuda
' : cd TealLeaf CUDA
,, . e cd TeaLeaf CUDA
i ftocmacros.h set field kernel cuda.cu
Makefile generate chunk.f90 start.f90 IS
@ README . md generate chunk kernel cuda.cu tea.f90
global mpi.f90 tea.in make
é build field.f90 host reductions kernel cuda.hpp tea leaf.f90 cd bin
calc dt.f90 init cuda.cu tea leaf cg.f90
- initialise.f90 tea leaf cheby.f90
iii initialise chunk.f90 tea leaf common.f90
initialise chunk kernel cuda.cu tea leaf jacobi.f90
B cuda_common.hpp tea leaf kernel cuda.cu
cuda errors.cu tea leaf ppcg.f90
cuda strings.cu makefile.deps tea solve.f90
a cuda strings.hpp pack kernel cuda.cu timer.f90
data.f90 parse.f90 timer c.c
definitions.f90 read input.f90 timestep.f90
diffuse.f90 report.f90 update halo.f90
field summary.f90 update halo kernel cuda.cu
field summary kernel cuda.cu set field.f90 visit.f90

$ make ; cd binfj
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Submit the CUDA job to run on four MPI ranks

) | 2 HpPc Cloud On-Demand Data ¢ X E TurboVNC: eds-24-05-aws:1 (1 X | +
QO B https:fjvnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path
Activities Terminal Jun 13 02:31 o O
§s M tutorial 10@e4s-24-05-aws: ~/examples/cuda/TeaLeaf_CUDA/bin Q = - o x

- $ cat tealeaf.qsub

#! /bin/bash ‘ gsub tealeaf.qsub
#PBS -1 nodes=2:ppn=2,walltime=10:00

#PBS -1 naccesspolicy=singlejob

#PBS -N mpiprocname

-
ol
@ cd $PBS 0 WORKDIR gstat —u $USER
-

#mpirun ./mpiprocname

spack load tau+mpi+cuda .
mpirun tau exec -T cupti -cupti -ebs ./tea leaf # After it runs
: $ gsub tealeaf.qsub

11540003.e4s5-24-05-aws

1@

$ gstat -u $USER || paraprof &

LA N ] i i
=t Show Applications
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TAU’s paraprof shows the time spent in individual
CUDA kernels

#2 HPC Cloud On-Demand Data G TurboVNC: eds-24-05-aws:1 (1 X

O 8n /nc-paratools.adaptivecomputing.com/vr

Jun 13 02:38

tutorial 10@e4s-24-05-aws: ~/examples/cuda/TeaLeaf_CUDA/bin

ParaProf Manager TAU: ParaProf: node 0, thread 2 - /home/tutorial10/examples/cuda/TeaLea...

File Options Windows Help

TrialFiel Vald

Name bin/TealLeaf CUL,,_,

|Application ID 0 1

Experiment ID 0
0
16

3100.026 . f_ppcg_solve_ A
Left CliCk node O th read 2 TAU: ParaProf: /home/tutorial10/examples/cuda/TeaLeaf_CUDA/bin 12.104 = c ur CU D
b : File Options Windows Help 8. = dev f K0

- 3472 v e pikems kernels

Std. Dev.
Mean
Ma

udc O thread 3
node 1, thread O 0.019 0
node 1, thread 1 [ . op_
node 1, thread 2 (Sl 0.015 _top_buffer
n;)d 1, thread 3 ‘ d _lea fgalc rr-_,ldual(kpmcl

node 2, thread 0 SR :
node 2, thread 1 [l T
e 2, thread 2 [EEHL]
thread 3 |

3. thread O [ ] 2~

A
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TAU EXxercise #6:

paraprof 3D display
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TAU paraprof

%2 HPC Cloud On-Demand Data € X

Mad TurboVNC: eds-24-05-aws:1 (1 X

QO 8 httpsy| atools.adaptivecomputing.com/v

Activities edu-uoregon-tau-paraprof-ParaProf

*s "

demo. ppk
y.
. [1] 3609831

$ s

TAU: ParaProf Manager
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Jun 13 02:45

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

$ paraprof demo.ppk &

= TAU: ParaProf: demo.ppk

s 1 File Options |Windows | Help
= |

0

0

0

ParaProf Pa:

node 0 & FinG
node 1 -

node
node 5

node 10 T T e W
node 11
node 12

cd ~/examples/tau

paraprof demo.ppk &

Choose 3D Visualization
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TAU paraprof 3D visualization

HPC Cloud On-Demand Data €= X TurboVNC: eds-24-05-aws:1 (1 X = -+

O] n ) adaptivecomputing.com

Activities [ 7 | edu-uoregon-tau-paraprof-ParaProf Jun13 02:48

TAU: ParaProf: 3D Visualizer: demo.ppk

File Options Windows Help

(&3]
()]
w
oo
(N
(o)}

seconds

RN

RO
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GET_TIME_OF _C

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

X @ TurboVNC: eds-24-05-aws:1 (1= X gts

&2 HPC Cloud On-Demand Data

(@) 6 1ttps://vnc-paratools.adaptivecomputing.com/v
Jun 13 02:48

Activities edu-uoregon-tau-paraprof-ParaProf
TAU: ParaProf: 3D Visualizer: demo.ppk

cry

AY)
9
—
%
N
e T RS

ST XY
GET_T )
1)
kS
WeergartSs

— o o,
211‘ 3 T ) e
t 0 s // s
04 - % -~ s
&9 = = S o | / S 5 E
<2 -\ \ y | GET_TIME
n @S /
e 5 A3, g / — ssa.3e
" — "f ® 5 o3 /t
103.42% z =
% [ o didon 293,95
(] ‘a T |
B P ]
7 2 —_—
-~ s - = 29%. 3,
= 3 £ P 1 -
" b z >
atterPlot
(Excy Stomap co, 30
S¥CTusjye. n ond
sse CET_Tim <
see E=O“DA Y)
sese ’
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Performance Research Laboratory, University of Oregon,
Eugene
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