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Profiling:

MPI: % srun  - n 16 tau_exec  - ebs  ./ a.out

ÅPthread :    % srun  - n  16 tau_exec  ïT mpi,pthread  ïebs  ./ a.out

ÅCUDA: % srun  ïn 16 tau_exec  ïT cupti  ïcupti  ./ a.out  

ÅROCM: % srun  ïn 16 tau_exec   ïrocm  ./ a.out

Analysis: % pprof  ïa ïm | more;  % paraprof  (GUI) 

Tracing:

ÅVampir : MPI: % export TAU_TRACE=1; export TAU_TRACE_FORMAT=otf2

          % srun  - n  16 tau_exec  ./ a.out ; vampir  traces.otf2 &

ÅChrome/ Jumpshot : % export TAU_TRACE=1; srun  - n  64 tau_exec  ./ a.out

   % tau_treemerge.pl ; 

Å Perfetto.dev : % tau_trace2json tau.trc  tau.edf  ïchrome ïignoreatomic  ïo app.json

   Perfetto.dev  or Chrome browser: chrome://tracing   (Load - > app.json )

Å Jumpshot : tau2slog2 tau.trc  tau.edf  ïo app.slog2; jumpshot  app.slog2

TAU: Quickstart Guide
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TAU Performance System®

Å Versatile profiling and tracing toolkit that supports: 

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

Å Scalable, portable, performance evaluation toolkit for HPC and AI/ML workloads that supports:

ð C++/C/DPC++, Fortran, Python

Å Supports PAPI, Likwid for hardware performance counter information

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

Å Supports Grace-Grace and Grace-Hopper (SVE aarch64) systems

Å A single tool (tau_exec) is used to launch un-instrumented, un-modified binaries

Å TAUôs paraprof, pprof, perfexplorer for profile analysis; Vampir, Jumpshot, Perfetto.dev for traces

Å http://tau.uoregon.edu 

https://tau.uoregon.edu/
https://tau.uoregon.edu/
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TAU Performance System
®

http://tau.uoregon.edu

Å Tuning and Analysis Utilities (30+ year project)

ÅComprehensive performance profiling and tracing

Integrated, scalable, flexible, portable

Targets all parallel programming/execution paradigms

Å Integrated performance toolkit
Instrumentation, measurement, analysis, visualization

Widely-ported performance profiling / tracing system

Performance data management and data mining

Open source (BSD-style license)

Å Integrates with application frameworks
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Performance Optimization Cycle

Instrumentation

Presentation

Measurement

Optimization

Analysis

ÅExpose factors

ÅCollect performance data

ÅCalculate metrics

ÅAnalyze results

ÅVisualize results

Å Identify problems

Å Tune performance
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Direct Performance Observation

Å Execution actions exposed as events
ð In general, actions reflect some execution state

Åpresence at a code location or change in data

Åoccurrence in parallelism context (thread of execution)

ð Events encode actions for observation

Å Observation is direct
ð Direct instrumentation of program code (probes)

ð Instrumentation invokes performance measurement

ð Event measurement = performance data + context

Å Performance experiment
ð Actual events + performance measurements
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Using TAUôs Runtime Preloading Tool: tau_exec

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

o MPI

o OpenMP

o POSIX I/O

o Memory allocation/ deallocation  routines

o Wrapper library for an external package

Å No modification to the binary executable!

Å Enable other TAU options (communication matrix, OTF2, event-based sampling)
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Profiling and Tracing

Å Tracing shows you when the events take 

place on a timeline

Profiling Tracing

Å Profiling  shows you how much  

(total) time was spent in each routine

Å 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
ƴ Inclusive

ƴ Information of all sub-elements aggregated into single value

ƴ Exclusive
ƴ Information cannot be subdivided further

Inclusive Exclusive

int foo() 
{
   int a;
   a = 1 + 1;

   bar();

   a = a + 1;
   return a;

}
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How much data do you want?

Limited

Profile

Flat 

Profile

Loop

Profile

Callsite

Profile

Callpath

Profile

Trace

O(KB) O(TB)
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Performance Data Measurement

Direct via Probes Indirect via Sampling

Å Exact 

measurement

Å Fine-grain control

Å Calls inserted 

into code

Å No code modification

Å Minimal effort

Å Relies on debug 

symbols (-g)

Call 

START(ópotential ô)

// code

Call 

STOP(ópotential ô)
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Sampling

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

Time

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

  for ( i =0; i  < 3; i ++)
    foo( i );

  return 0;
}

void foo(int i )
{

  if ( i  > 0)
    foo( i  ï 1);

}

Measurement

t9t7t6t5t4t1 t2 t3 t8
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Instrumentation

Measurement code is inserted such that every event of 

interest is captured directly

Can be done in various ways

Advantage:

Much more detailed information

Disadvantage:

Processing of source-code / executable

necessary

Large relative overheads for small functions

Time

Measurement int main()
{
  int i ;

  for ( i =0; i  < 3; i ++)
    foo( i );

  return 0;
}

void foo(int i )
{

  if ( i  > 0)
    foo( i  ï 1);

}

Time

t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11t12t13 t14

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

TAU_START( main );

TAU_STOP( main );

TAU_START( foo );

TAU_STOP( foo );
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TAU Execution Command (tau_exec)
Uninstrumented execution

% srun -n 256  ./a.out

Track GPU operations

% srun -n 256  tau_exec ïrocm ./a.out  (-rocm_pc for PC sampling on GPU)
% srun -n 256  tau_exec ïcupti ./a.out
% srun -n 256  tau_exec ïcupti  -um ./a.out  (for Unified Memory) (-cupti_pc for PC sampling on GPU)
% mpirun ïnp 256  tau_exec ïl0      ./a.out     

% mpirun ïnp 256 tau_exec ïopencl ./a.out

% mpirun ïnp 256 tau_exec ïopenacc ./a.out 

Track MPI performance

% srun -n 256   tau_exec ./a.out

Track I/O, and MPI performance (MPI enabled by default)

% srun -n 256  tau_exec -io  ./a.out

Track OpenMP and MPI execution (using OMPT for Intel v19+ or Clang 8+) 

% export TAU_OMPT_SUPPORT_LEVEL=full; 

% mpirun ïnp 256  tau_exec ïT ompt,mpi  -ompt  ./a.out

Track memory operations

% export TAU_TRACK_MEMORY_LEAKS=1

% mpirun ïnp 256 tau_exec ïmemory_debug ./a.out (bounds check)

Use event based sampling (compile with ïg)

% mpirun ïnp 256 tau_exec ïebs ./a.out

Also  export TAU_METRICS=TIME,PAPI_L1_DCMé  -ebs_resolution=<file | function | line>
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Lumi@CSC

On lumi.csc.fi

% module use /project/project_465002387/ paratools /modules

% module load tau

% module load LUMI partition/G rocm /6.2 

# View configurations of TAU that are installed

% ls $TAU/ Makefile *

/project/project_465002387/paratools/tau-2.34.1/craycnl/lib/ Makefile.tau-cray-papi-pthread
/project/project_465002387/paratools/tau-2.34.1/craycnl/lib/ Makefile.tau-phiprof-cray-papi-mpi-pthread
/project/project_465002387/paratools/tau-2.34.1/craycnl/lib/Makefile.tau -rocm-rocprofiler-phiprof-rocmv6-cray-papi-mpi-pthread
/project/project_465002387/paratools/tau-2.34.1/craycnl/lib/Makefile.tau -rocm-rocprofiler-phiprof-rocmv6-cray-papi-pthread
/project/project_465002387/paratools/tau-2.34.1/craycnl/lib/Makefile.tau -rocm-rocprofiler-phiprof-rocmv6-cray-rocm603-papi-mpi-pthread
/project/project_465002387/paratools/tau-2.34.1/craycnl/lib/Makefile.tau -rocm-rocprofiler-phiprof-rocmv6-cray-rocm603-papi-pthread
/project/project_465002387/paratools/tau-2.34.1/craycnl/lib/Makefile.tau -rocm-rocprofiler-phiprof-rocmv6-cray-rocm603-papi-ompt-mpi-pthread-openmp

% srun  ïn 4 tau_exec  ïT rocm  ïrocm  ïebs  ./foo   [For ROCm]

To use with /opt/rocm - 6.0.3

% srun  ïn 4 tau_exec  ïT rocm603,rocm ïrocm  ïebs  ./foo   [For ROCm]
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Tags in tau_exec and other tools

% cd $TAU; ls  Makefile .*
Makefile.tau - cray - papi - mpi - pdt  
% srun  - n 4 ./matrix
% tau_exec  ïT cray,mpi,pdt  ./ a.out

Chooses Makefile.tau - cray - papi - mpi,pdt  and associated 
libraries.

% tau_exec  ïT serial,pdt  ./ a.out
Chooses Makefile.tau - pdt  or the shortest Makefile  name 
without ïmpi .

- T < list_of_tags > is used in several TAU tools:
Á  tau_run
Á  tau_python
Á  tau_rewrite
Á  tau_exec
Á  tau_gen_wrapper
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TAU Configurations available on Frontier

% ls /project/project_465002387/paratools/tau-2.34.1/craycnl/lib/ Makefile*

/project/project_465002387/paratools/tau-2.34.1/craycnl/lib/ Makefile.tau-cray-papi-pthread

/project/project_465002387/paratools/tau-2.34.1/craycnl/lib/ Makefile.tau-phiprof-cray-papi-mpi-pthread

/project/project_465002387/paratools/tau-2.34.1/craycnl/lib/Makefile.tau-rocm-rocprofiler-phiprof-rocmv6-cray-papi-mpi-pthread

/project/project_465002387/paratools/tau-2.34.1/craycnl/lib/Makefile.tau-rocm-rocprofiler-phiprof-rocmv6-cray-papi-pthread

/project/project_465002387/paratools/tau-2.34.1/craycnl/lib/Makefile.tau-rocm-rocprofiler-phiprof-rocmv6-cray-rocm603-papi-mpi-pthread

/project/project_465002387/paratools/tau-2.34.1/craycnl/lib/Makefile.tau-rocm-rocprofiler-phiprof-rocmv6-cray-rocm603-papi-pthread

/project/project_465002387/paratools/tau-2.34.1/craycnl/lib/Makefile.tau-rocm-rocprofiler-phiprof-rocmv6-cray-rocm603-papi-ompt-mpi-pthread-openmp

For an uninstrumented binary: 

% salloc ςb м Χ

% srun ςn 16 ςT cray,mpi,papi,pdt ./a.out 

Picks the configuration represented by 

/project/project_465002387/paratools/tau-2.34.1/craycnl/lib/ Makefile.tau-cray-papi-pthread

To use OpenMP instrumentation:

% export TAU_OMPT_SUPPORT_LEVEL=full

% export OMP_NUM_THREADS=<N> 

% srun ςn 16 tau_exec ςT ompt,mpi ςompt ςebs ./a.out 

% pprof ςa | more 

% paraprof  #DOES NOT WORK FROM A COMPUTE NODE, unless ssh ςY <compute>

% paraprof --pack foo.ppk 
# Copy it to your local machine and launch: % paraprof foo.ppk 
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TAU Hands -On
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TAU Exercise #1:
Event Based Sampling (EBS)
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Using ParaTools Pro for E4STM image on AWS with Heidi AI/ODDC

Login to:
https://paratools.adaptivecomputing.com  

with the credentials. Firefox private window

recommended. 

Click on Student tab and use code: 70034

https://paratools.adaptivecomputing.com/
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Connect to https://paratools.adaptivecomputing.com

Å Use Student tab and enter name, email, session code 70034
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Connect to https://paratools.adaptivecomputing.com

Å Click cluster
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Connect to https://paratools.adaptivecomputing.com

Å Click Remote Desktop
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Connect to https://paratools.adaptivecomputing.com

Å You may have to enable pop-up windows and accept
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Connect to Students tab with code 70034 at 
https://paratools.adaptivecomputing.com 

Å You should see this jellyfish. Click on Activities.

To copy text from

other windows

click on the

this button to 

access the 
clipboard
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Connect to https://paratools.adaptivecomputing.com

Å Click on Activities, nine dots, and then select the Terminal application
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To increase font size right click and choose preferences
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Choose font size after clicking 
Custom Font for Terminal
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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.qsub

% qsub mpiprocname.qsub

% qstat ςu $USER

% cat mpiprocname.o*

% cd ~/examples/osu-benchmarks

% cat bw.qsub

% qsub bw.qsub

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

% cd examples/CoMD/src-mpi

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

% qsub tau.qsub

% qstat ςu $USER
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CoMD: TAUôs paraprof  visualizer

% paraprof & 



33

CoMD: TAUôs paraprof  visualizer

% paraprof & 

# if you see black windows 
on a Mac with a buggy 
Xquartz with 
ssh -Y directly in a terminal
% paraprof 
  ςfix-xquartz
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CoMD: TAUôs paraprof  visualizer

Right click on Node 0, Thread 0 
and choose Show Thread 
Statistics Table (third option)
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TAUôs ParaProf  Profile Browser: 
Thread Statistics Table

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

Expand nodes and right click on a 
sample and

{ŜƭŜŎǘ ά{Ƙƻǿ {ƻǳǊŎŜ /ƻŘŜέ
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TAUôs ParaProf  Profile Browser: 
Source Code Browser

The application spent

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

It is within five levels of for 
loops!

There was no change to 
source code, 
build system, or the
application binary!
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TAU Exercise #2:
Instrumenting PETSc application using TAUôs 

Perfstubs  interface
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Launching the binary using 
tau_exec  ïebs  

cd ~/examples/petsc-cpu

./compile.sh

qsub tau.qsub

qstat ςu $USER

pprof ïa | more
paraprof & 
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TAUôs ParaProf  Profile Browser: 
Source Code Browser

qsub ex50.qsub

qstat ïu $USER

# After it completes

ls

paraprof &
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TAUôs paraprof  browser with PETSc 
performance profile

paraprof 

Choose 
Show thread statistics table by 
right clicking on 
node 0, thread 0. 
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Using pprof : TAUôs text based 
profile browser 

pprof ïa | more

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

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



42

TAU Exercise #3:
Instrumenting PETSc application using TAUôs 

Perfstubs  interface and generating callpath  profiles
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Generating callpath profiles

Edit ex50.qsub

# add
export TAU_CALLPATH=1

export TAU_CALLPATH_DEPTH=100

export TAU_PROFILE_FORMAT=merged

mpirun  é

% qsub  ex50.qsub

% paraprof  tauprofile.xml  
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TAU Exercise #4:
Instrumenting PETSc application using TAUôs 

Perfstubs  interface and generating traces
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Generating Traces
# cd ~/examples/ petsc - cuda ; vi ex50.qsub
# Comment out previous CALLPATH options

export TAU_TRACE=1

% qsub  ex50.qsub

% tau_treemerge.pl

% tau_trace2json tau.trc  tau.edf  ïchrome \  
 - ignoreatomic  ïo ex50.json

Open Firefox, load Perfetto.dev  

trace visualizer and open ex50.json
wasd keys to widen/shrink/left/right 



46

TAU Exercise #5:
CUDA instrumentation using CUPTI 

(CUDA Profiling Tools Interface)
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PETSc CUDA: What it was doing 

% cd ~/examples/ petsc - cuda

% ./ compile.sh

Edit the qsub  file, increase wallclock  

time to 5 mins:

spack  load tau+mpi+cuda   

export TAU_PROFILE_FORMAT=merged

mpiexec  tau_exec  ïT cupti,mpi  ïcupti  ïebs  ./ kspé

% qsub  *. qsub

% paraprof  tauprofile.xml  & 
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PETSc CUDA:
Increase wallclock time to 5 mins
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Generating Traces

% cp / tmp /trace - cuda.qsub  . 

% qsub  trace - cuda.qsub

% qstat  

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

Open Trace File - > navigate to app.json

Open the four trace rows (one for each rank)

Use wasd keys to widen/shrink/left/right 

scroll 

https://perfetto.dev/
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Visualizing Traces with https://Perfetto.dev

wasd
W = widen
S = Shrink
A = Left
D = Right
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Vampir [TU Dresden] 


