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TAU Performance System®

» Parallel performance framework and toolkit
» Supports all HPC platforms, compilers, runtime system %
» Provides portable instrumentation, measurement, analysis

' TAU Architecture |

" Instrumentation @~ Measurement

Analysis

: | Events :
o C, C++, Fortran : o static/dynamic :
o Python, UPC, Java : o routine, basic block, loop :
o Robust parsers (PDT) : o threading, communication -

: o heterogeneous
Wrapping i
o Interposition (PMPI) : 7
o Wrapper generation : o flat, callpath, phase, :

parameter, snapshot
o probe, sampling, hybrid

o Static, dynamic )
o Preloading Tracing

o TAU / Scalasca tracing

o Open Trace Format (OTF)

Metadata

o system, user-defined

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

Measurement API
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TAU Performance System

» [nstrumentation

» Fortran, C++, C, UPC, Java, Python, Chapel

= Automatic instrumentation
» Measurement and analysis support

= MPI, OpenSHMEM, ARMCI, PGAS, DMAPP
pthreads, OpenMP, OMPT interface, hybrid, other thread models
GPU, Intel OneAPI Level Zero, CUDA (CUPTI), OpenCL, OpenACC, ROCm (rocprofiler), HIP
Parallel profiling and tracing

= Use of Score-P for native OTF2 and CUBEX generation

= Efficient callpath proflles and trace generation using Score-P
= Analysis

» Parallel profile analysis (ParaProf), data mining (PerfExplorer)

» Performance database technology (TAUdb)

= 3D profile browser
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TAU Performance System

= TAU supports both sampling and direct instrumentation

» Memory debugging as well as I/O performance evaluation
= Profiling as well as tracing

» Interfaces with Score-P for more efficient measurements

» TAU's instrumentation covers:
» Runtime library interposition (tau_exec)
= Compiler-based instrumentation
Native generation of OTF2 traces (TAU_TRACE=1, TAU _TRACE_FORMAT=0tf2)
Callsite instrumentation with profiles and traces (TAU_CALLSITE=1)
PDT based Source level instrumentation: routine & loop
Event based sampling (TAU_SAMPLING=1 or tau_exec -ebs)
» Callstack unwinding with sampling (TAU_EBS_ UNWIND=1)
= OpenMP Tools Interface v5 (OMPT, tau_exec —T ompt,v5)
= Intel Level Zero for Gen12LP GPUs (tau_exec —T level zero -0 )
= CUDA CUPTI, OpenCL (tau_exec -T cupti -cupti)
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Application Performance Engineering using TAU

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

« How many instructions are executed in these code regions? Using Likwid or PAPI, TAU
measures floating point, Level 1 and 2 data cache misses, hits, branches taken.

« What is the time taken in OS routines for thread scheduling? How much time is wasted?

« What is the memory usage of the code? When and where is memory allocated/de-allocated?
Are there any memory leaks? What is the memory footprint of the application? What is the
memory high water mark?

« What are the 1/O characteristics of the code? What is the peak read and write bandwidth of
individual calls, total volume?

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

« How does the application scale? What is the efficiency, runtime breakdown of performance
across different core counts?
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Inclusive vs. Exclusive values

= Inclusive
= Information of all sub-elements aggregated into single value

s EXxclusive
= Information cannot be subdivided further

int foo ()

~ {

int a;
a = 1 + 1;

Inclusive < Exclusive bar () ;

a = a + 1;
return a;

\-
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Performance Data Measurement

Direct via Probes Indirect via Sampling

A st
Call START (‘potential’) f1 T

Call STOP(‘potential’) EEDEESS l BEl :
 Exact measurement * No code modification
* Fine-grain control * Minimal effort

« Calls inserted into  Relies on debug

code symbols (-g)
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Event-Based Sampling (EBS)

t t t t t t t t
/ ¢ y { P P { y
o 10| I I I N . —
{
= Running program is periodically interrupted to take int 1;
measurement for (i=0; i < 3; i++)
= Timer interrupt, OS signal, or HWC overflow Z0@ (L) 7
= Service routine examines return-address stack return 0;
= Addresses are mapped to routines using symbol table }
information void foo (int 1)
= Statistical inference of program behavior {
= Not very detailed information on highly volatile metrics if (i > 0)
= Requires long-running applications foo(1 - 1);

= Works with unmodified executables (tau_exec —ebs) )
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foo (0) foo (1) foo (2)

t, t
{ f
— |
| main |

Measurement

= Measurement code is inserted such that every event

of interest is captured directly
= Can be done in various ways

= Advantage:
= Much more detailed information

= Disadvantage:
» Processing of source-code / executable
necessary
» Large relative overheads for small functions

int main ()

{
int 1i; ; .,
TAU START( main ) ;
for (i=0; 1 < 3; 1i++)

foo(i);“ .

TAU STOP( main ) ;
return 0;

}

volid foo(int 1)
{
TAU START (“foo’) ;
if Ti > 0)
foo(i - 1);
TAU STOP (“foo’) ;
\ _
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How much data do you want?

Limited Loop  Callpath

Profile Profile Profile
owe) i o
Flat Callsite Trace
Profile Profile
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Types of Performance Profiles

= Flat profiles
= Metric (e.g., time) spent in an event
= Exclusive/inclusive, # of calls, child calls, ...
= Callpath profiles
= Time spent along a calling path (edges in callgraph)
» “main=> f1 => f2 => MPI _Send”
» Set the TAU CALLPATH and TAU CALLPATH DEPTH environment variables
= Callsite profiles
= Time spent along in an event at a given source location
= Set the TAU_CALLSITE environment variable
= Phase profiles

» Flat profiles under a phase (nested phases allowed)
= Default “main” phase
= Supports static or dynamic (e.g. per-iteration) phases
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Using TAU’s Runtime Preloading Tool: tau_exec

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

*MPI

=OpenMP

*POSIX I/O

=*Memory allocation/deallocation routines

=Wrapper library for an external package

*No modification to the binary executable!
*Enable other TAU options (communication matrix, OTF2, event-based sampling)

»Add tau_exec before the name of the binary

*mpirun tau_exec ./a.out

=mpirun tau_exec —T ompt,v5,mpi,papi -ompt ./a.out
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tau__exec

$ tau exec

Usage: tau exec [options] [--] <exe> <exe options> [ | Tau_exec preloads
Oisisdons: the TAU wrapper

-v Verbose mode

-s Show what will be done but don't actually do anything (dryrun) i 1

—-gsub Use gsub mode (BG/P only, see below) |Ibrar|es and

-io Track I/0

-memory Track memory allocation/deallocation performs

-memory debug Enable memory debugger

—-cuda Track GPU events via CUDA meaSU rementS.

-cupti Track GPU events via CUPTI (Also see env. variable TAU CUPTI API)

-opencl Track GPU events via OpenCL

—openacc Track GPU events via OpenACC (currently PGI only)

—ompt Track OpenMP events via OMPT interface

—armci Track ARMCI events via PARMCI

—-ebs Enable event-based sampling

-ebs period=<count> Sampling period (default 1000)
-ebs source=<counter> Counter (default itimer)

—um Enable Unified Memory events via CUPTI
-T <DISABLE,GNU, ICPC,MPI,OMPT, OPENMP, PAPI, PDT, PROFILE, PTHREAD, SCOREP, SERIAL> : Specify TAU tags
-loadlib=<file.so> : Specify additional load library
-XrunTAUsh-<options> : Specify TAU library directly
—-gdb Run program in the gdb debugger

No need to recompile the application!

Notes:
Defaults if unspecified: -T MPI
MPI is assumed unless SERIAL is specified
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tau_exec Example (continued)

= tau_exec can enable

Example:

mpirun -np 2 tau exec -T icpc,ompt,mpi -ompt ./a.out

mpirun -np 2 tau exec -io ./a.out event based
Example - event-based sampling with samples taken every 1,000,000 FP instructions . .

mpirun -np 8 tau exec -ebs -ebs period=1000000 -ebs source=PAPI FP INS ./ring Sampllng Whlle
Examples - GPU: .

tau exec -T serial,cupti -cupti ./matmult (Preferred for CUDA 4.1 or later) IaunChlng the

tau _exec -openacc ./a.out

tau exec -T serial -opencl ./a.out (OPENCL) executable US|ng the

mpirun -np 2 tau exec -T mpi,cupti,papi -cupti -um ./a.out (Unified Virtual Memory in CUDA 6.0+)
—ebs flag!

gsub mode (IBM BG/Q only) :

Original:
gsub -n 1 --mode smp -t 10 ./a.out
With TAU:
tau exec -gsub -io -memory -- gsub -n 1 .. -t 10 ./a.out

Memory Debugging:
-memory option:
Tracks heap allocation/deallocation and memory leaks.
-memory debug option:
Detects memory leaks, checks for invalid alignment, and checks for
array overflow. This is exactly like setting TAU TRACK MEMORY LEAKS=1
and TAU MEMDBG PROTECT ABOVE=1 and running with -memory
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TAU’s Source
Instrumentation
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TAU’s Static Analysis System: Program Database Toolkit (PDT)

Application
/ Library

C/C++ <i‘> <i‘>F0rtran parser
parser F77/90/95

IL

IL

C/C++ Fortran
IL analyzer IL analyzer

P .
D;?fi?; DUCTAP Automatic source
Files instrumentation
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Automatic Source Instrumentation using PDT

=

TAU source+ Application J

analyzer source

Parsed
program
\ 4

. Instrumented
/ tau_instrumentor copy of source

T
Instrumentation
specification file
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Installing and Configuring TAU

=|nstalling PDT:

= wget http://tau.uoregon.edu/pdt.tgz
» /configure; make ; make install

=|nstalling TAU :

= wget http://tau.uoregon.edu/tau.tgz

» /configure —c++=mpiicpc —cc=mpiicc —fortran=mpiifort -mpi —tag=intelmpi -bfd=download —otf=download \
—unwind=download —dwarf=download -ompt -pdt=<dir> -papi=<dir>

» make install; export PATH=<taudir>/x86_64/bin:$PATH

= All configurations are stored in <taudir>/.all_configs if you wish to see how TAU was configured!

»Using TAU for source instrumentation:

» export TAU_MAKEFILE=<taudir>/x86_64/lib/Makefile.tau-<TAGS>
= make CC=tau_cc.sh CXX=tau_cxx.sh F90=tau f90.sh
» Use tau_exec with uninstrumented binaries instead of recompiling the source code.
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Installing TAU on your laptop for paraprof (GUI)

sMicrosoft Windows

= |[nstall Java from Oracle.com
= http://tau.uoregon.edu/tau.exe
= |nstall, click on a ppk file to launch paraprof

*macOS (x86 _64)

= |nstall Java 11.0.3:
= Download http://tau.uoregon.edu/java.dmg

= |f 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

» java -version
= 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 &
* macOS (arm64, M1)

= http://tau.uoregon.edu/tau_arm64.dmg

» Linux (http://tau.uoregon.edu/tau.tgz)
= /configure; make install; export PATH=<taudir>/x86_64/bin:$PATH
= _paraprof app.ppk & _
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Using TAU on Goethe-HLR at CSC, Frankfurt

= Setup preferred program environment compilers using Intel compilers with OpenMP

% ssh -Y Goethe.hhlr-gu.de -1 <USER>

Add to your ~/.bashrc:

# User specific aliases and functions

if [ -d /home/vihps/software/modulefiles ]; then
module use /home/vihps/software/modulefiles
module load tau
module unload comp mpi

module load comp/intel/2020.0 mpi/intel/2019.5
fi

o°

tar zxf /home/vihps/public/NPB3.3-MZ-MPI.tar.gz

cd NPB3.3-MZ-MPI; make clean; make suite; cd bin; cp
sbatch --reservation=VIHPS ./tau.l.sbatch

pprof -a

o°

o° oP

37TH VI-HPS TUNING WORKSHOP (CSC, FRANKFURT GERMANY, 07-11 DECEMBER 2020) - ONLINE
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Using TAU’s Source Code Instrumentation

*TAU supports several compilers, measurement, and thread options
Intel compilers, profiling with hardware counters using PAPI, MPI library, CUDA...

Each measurement configuration of TAU corresponds to a unique stub makefile (configuration file)
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:

n
o0 o oP

module use /home/vihps/software/modulefiles
module load tau

export TAU MAKEFILE= $TAU/Makef11e tau-intelmpi-icpc-mpi-pdt
% export TAU OPTIONS= ‘-optVerbose ..’ (see tau _compiler.sh )

Use tau _f90.sh, tau_f77.sh , tau_cxx.sh, tau_upc.sh, or tau_cc.sh as F90, F77, C++, UPC, or C
compilers respectlvely

% mpif90 foo.f90 changes to
% tau_f90.sh fo0o0.f90
»Set runtime environment variables, execute application and analyze performance data:

% pprof (for text based profile display)
% paraprof (for GUI)
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% module use /home/vihps/software/modulefiles; module load tau

% echo S$STAU

/home/vihps/software/tau/tau-2.30/x86 64/1lib
% 1ls S$STAU/Makefile.*

/home/vihps/software/tau/tau-2.
/home/vihps/software/tau/tau-2.
/home/vihps/software/tau/tau-2.
/home/vihps/software/tau/tau-2.
/home/vihps/software/tau/tau-2.
/home/vihps/software/tau/tau-2.
/home/vihps/software/tau/tau-2.
/home/vihps/software/tau/tau-2.
/home/vihps/software/tau/tau-2.
/home/vihps/software/tau/tau-2.
/home/vihps/software/tau/tau-2.
/home/vihps/software/tau/tau-2.

30/x86_64/1lib/Makefile.
30/x86_64/lib/Makefile.
30/x86_64/lib/Makefile.
30/x86_64/1lib/Makefile.
30/x86_64/1lib/Makefile.
30/x86_64/lib/Makefile.
30/x86_64/1lib/Makefile.
30/x86_64/1lib/Makefile.
30/x86_64/lib/Makefile.
30/x86_64/1lib/Makefile.
30/x86_64/1lib/Makefile.
30/x86_64/1lib/Makefile.

tau-intelmpi-icpc-mpi-pdt
tau-intelmpi-icpc-mpi-pdt-likwid
tau-intelmpi-icpc-mpi-pthread-pdt-likwid
tau-intelmpi-icpc-ompt-v5-mpi-pdt-openmp-likwid
tau-intelmpi-icpc-papi-mpi-pthread-pdt
tau-intelmpi-icpc-papi-ompt-v5-mpi-pdt-openmp
tau-openmpi-mpi-pdt
tau-openmpi-mpi-pdt-likwid
tau-openmpi-mpi-pthread-pdt-likwid
tau-openmpi-ompt-v5-mpi-pdt-openmp-likwid
tau-openmpi-papi-mpi-pthread-pdt
tau-openmpi-papi-ompt-v5-mpi-pdt-openmp

For an MPl+Fortran with Intel MPI, you may choose
STAU/Makefile.tau-intelmpi-icpc-mpi-pdt

Supports MPI instrumentation & Opari and PDT for automatic source instrumentation

o o oP

export TAU MAKEFILE=$TAU/Makefile.tau-intelmpi-icpc-mpi-pdt
tau £90.sh matmult.£90
mpirun -np 16 ./matmult; paraprof

-0 matmult
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Compile-Time Options

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

-optVerbose Turn on verbose debugging messages

-optComplnst Use compiler based instrumentation

-optNoComplnst Do not revert to compiler instrumentation if source instrumentation fails.
-optTracklO Wrap POSIX I/O call and calculates vol/bw of 1/0O operations (configure TAU with —iowrapper)
-optTrackGOMP Enable tracking GNU OpenMP runtime layer (used without —opari)
-optMemDbg Enable runtime bounds checking (see TAU_MEMDBG _* env vars)
-optKeepFiles Does not remove intermediate .pdb and .inst.* files

-optPreProcess Preprocess sources (OpenMP, Fortran) before instrumentation
-optTauSelectFile="<file>" Specify selective instrumentation file for tau_instrumentor
-optTauWrapFile="<file>" Specify path to link_options.tau generated by tau_gen wrapper
-optHeaderlnst Enable Instrumentation of headers

-optTrackUPCR Track UPC runtime layer routines (used with tau_upc.sh)
-optLinking="" Options passed to the linker. Typically

-optCompile="" Options passed to the compiler. Typically

-optPdtF950pts="" Add options for Fortran parser in PDT (f95parse/gfparse) ...
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Compile-Time Options (contd.)

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

-optShared Use TAU’s shared library (libTAU.so) instead of static library (default)
-optPdtCxxOpts="" Options for C++ parser in PDT (cxxparse).

-optPdtFO0Parser="" 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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Using TAU_OPTIONS

= To use the compiler-based instrumentation instead of PDT (source-based):
% export TAU_OPTIONS= ‘-optComplnst -optVerbose’

= |f your Fortran code uses C preprocessor directives (#include, #ifdef, #endif):
. % export TAU_OPTIONS= ‘-optPreProcess -optVerbose -optDetectMemoryLeaks’

= To use an instrumentation specification file:
. % export TAU_OPTIONS= ‘-optTauSelectFile=select.tau -optVerbose -optPreProcess’
. % cat select.tau
. BEGIN _INSTRUMENT_SECTION
=  loops routine=“#"
" # this statement instruments all outer loops in all routines. # is wildcard as well as comment in first column.
. END_INSTRUMENT_SECTION
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Selective Instrumentation File With Program Database Toolkit (PDT)

»To use an instrumentation specification file for source instrumentation:

% export TAU_OPTIONS= ‘-optTauSelectFile=/path/to/select.tau —optVerbose ’
% cat select.tau
BEGIN EXCLUDE LIST

BINVCRHS
MATMUL_SUB
MATVEC SUB

EXACT SOLUTION
BINVRHS

LHS#INIT

TIMER #

END EXCLUDE LIST

*NOTE: paraprof can create this file from an earlier execution for you based on throttling.
»File -> Create Selective Instrumentation File -> save

sSelective instrumentation at runtime:
% export TAU SELECT FILE=select.tau
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Simplifying TAU’s usage (tau_exec)

=Uninstrumented execution linked with —dynamic (dynamic executables only!)
% mpirun -np 16 ./a.out

=Track MPI performance
% mpirun -np 16 tau_exec ./a.out
»Track OpenMP, and MPI performance (MPI enabled by default; OMPT in Clang 9+, Intel 19+)
% export TAU_OMPT_SUPPORT _LEVEL=full;
% mpirun -np 16 tau_exec —T mpi,pdt,ompt,v5,papi —ompt ./a.out
» Using pthread to track an OpenMP application with sampling:
% mpirun —np 16 tau_exec —T pthread —ebs ./a.out
*Track memory operations

% export TAU_TRACK_MEMORY_LEAKS=1
% mpirun -np 16 tau_exec —memory_debug ./a.out (bounds check)

=Use event based sampling (compile with —q)

% mpirun -np 16 tau_exec —ebs ./a.out

Also —ebs_source=<PAPI_COUNTER> -ebs_period=<overflow count> -ebs_resolution=<file|function|line>
»[_oad wrapper interposition library

% mpirun -np 16 tau_exec —loadlib=<path/libwrapper.so> ./a.out
*Track GPU operations (-rocm, -level zero, -opencl, -cupti, -cupti —um, -openacc):

% mpirun -np 16 tau_exec —T cupti,papi —cupti ./a.out
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Configuration tags for tau_exec

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

Creates in $TAU:

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

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

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

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

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

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

Preloads $TAU/shared-papi-mpi-pdt/1ibTAU.so by matching.

% mpirun —-n 256 tau exec -T papi,mpi,pdt -s ./a.out

Does not execute the program. Just displays the library that it will preload if executed without the —s option.
NOTE: -mpi configuration is selected by default. Use —T serial for

Sequential programs.

R A A U OO I EE————
37TH VI-HPS TUNING WORKSHOP (CSC, FRANKFURT GERMANY, 07-11 DECEMBER 2020) - ONLINE 28



WRTYUALANSTITUTE =~ HIGH PRODUCTIVITY SUPERCOMPUTING

TAU’s Runtime Environment Variables

Environment Variable Default Description

TAU_TRACE 0 Setting to 1 turns on tracing

TAU_CALLPATH 0 Setting to 1 turns on callpath profiling

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

TAU_TRACK_POWER 0 Tracks power usage by sampling periodically.

TAU_CALLPATH_DEPTH 2 Specifies depth of callpath. Setting to 0 generates no callpath or routine information, setting to 1 generates flat profile and
context events have just parent information (e.g., Heap Entry: foo)

TAU_SAMPLING 1 Setting to 1 enables event-based sampling.

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

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

TAU_THROTTLE 1 Setting to 0 turns off throttling. Throttles instrumentation in lightweight routines that are called frequently

TAU_THROTTLE_NUMCALLS 100000 Specifies the number of calls before testing for throttling

TAU_THROTTLE_PERCALL 10 Specifies value in microseconds. Throttle a routine if it is called over 100000 times and takes less than 10 usec of inclusive
time per call

TAU_CALLSITE 0 Setting to 1 enables callsite profiling that shows where an instrumented function was called. Also compatible with tracing.

TAU_PROFILE_FORMAT Profile Setting to “merged” generates a single file. “snapshot” generates xml format
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Runtime Environment Variables

Environment Variable Default Description

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

TAU_TRACE 0 Setting to 1 turns on tracing

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

TAU_EBS_UNWIND 0 Setting to 1 turns on unwinding the callstack during sampling (use with tau_exec —ebs or TAU_SAMPLING=1)

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

TAU_TRACK_LOAD 0 Setting to 1 tracks system load on the node

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

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

TAU_OMPT_RESOLVE_ADDRESS_EAGERLY 1 Setting to 1 is necessary for event based sampling to resolve addresses with OMPT. Setting to 0 allows the
user to do offline address translation.

TAU_EVENT_THRESHOLD 0.5 Define a threshold value (e.g., .25 is 25%) to trigger marker events for min/max
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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
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Tracing: Jumpshot (ships with TAU)

TimelLine : clover.slog2 <ldentity Map>

®0e
ralv]/a o ejs <[>][a]aaa|n (@8 a6

Lowest / Max. Dept : Zoom Level Global Min Time View Init Time Zoom Focus Time View Final Time Global Max Time Time Per Pixel : I Row
0/10 | 18 1 0.00 1.8542052923 1.8542206753 11.8542360495 9.782368 10.0000000338 g\, Row Count
| cumulati.. 2| TimelLines - 13.0
o —
[ SLOG-2 [>
0
1 =11
2
3 =i
4
5 =7
6
7 =5
8
9 =3
10
11 - =4
@ LinelD : : I I I I I I I I I I Fit All F
354205 1.8542075 1.55421 1.8542125 1.554215 1.5542175 1.85422 1.8542225 1.854225 1.8542275 1.85423 1.8542325 1.8542; <
Time (seconds) -
- void shmem_put64_nb_(void *, void *, int *, int *, void *) - void shmem_barrier_all_0 | - void shmem_put64_(void *, void *, int *, int *) ‘
duration = 63.00 usec duration = 0.273 msec duration = 1.00 usec
[0]: time = 2.062137, LinelD = 6 [0]: time = 2.062396, LinelD =5 [0]: time = 2.062534, LinelD =1
[1]: time = 2.062200, LinelD = 6 [1]: time = 2.062669, LinelD =5 [1]: time = 2.062535, LinelD = 1

close

| close | | close |
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Tracing: Chrome Browser

@ chrome:/piracing x  +
® Chrome tracing Q Qo e :
Record Save Load  matmult.json Processes H View Options H | b [ - ‘E ?
|380 ms |385 ms |390 ms
~ Process 0 X[
~ 0 .TAU application 3
MAIN [{matmult.f90} {39,7)<(132,22}] @
MPI_Recv() M.. MPL. MPL.. MPI_Recv() MPI_Recv() M.. MPL.. MPI_Re.. MPI_Recv() MPI_Recv() M.. M.. MPI_Recv() MPI_Recv() MPI_Recv() M.. M.. MPLRecv() MPIL.|O
o1
~ Process 1 X|@
-~ 0 .TAU application
MAIN [{matmult.fo0} {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.f90} {25,7}37,38}] |2
g
~ Process 2 X [“

~ 0 .0 ¢ 41 ' 0 ¢+ J ! ' [/ ' /[ [ |

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

MULTIPLY_MATRICES [{matmult.f90} ... MULTIPLY_MATRICES [{matmult.f90} {25,7}<37,38}] MULTIPLY_MATRICES [{matmult.f90} {25,7}37,38}] MULTIPLY_MATRICES [{matmult.f90} {25,7}37,38}] MUL... |3

~ Process 3 X S

-0 I

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

MULTIPLY_MATRICES [{matmult.f90} {25,7}37,38)] MULTIPLY_MATRICES [{matmult.f90} {25,7}4{37,38}] MULTIPLY_MATRICES [{matmult.f90} {25,7}37,38)] MULTIPLY_MATRICES [{matmult.f¢ 4 7H37.38) |5

~ Process 4 X :,—'

~ 0 . ¢ 0 ( J -~ ... /1 JI [ [ [§4 z

MAIN [{matmult.f90} {39,7)<132,22}] 2

MULTIPLY_MAT... MULTIPLY_MATRICES [{matmult.f90} {25,7)}{37,38}] MULTIPLY_MATRICES [{matmult.f90} {25,7}{37,38}] MULTIPLY_MATRICES [{matmult.f90} {25,7)<37,38}] MULTIP [“*| TRICES...
79 items selected. Slices (79)

Name « Wall Duration —~ Selftime ~ Average Wall Duration -~ Occurrences -~ Event(s) Link
MULTIPLY MATRICES [{matmult.fo0} {25,7}-{37,38}]_ ’y 114.459 ms 114.459 ms 4239 ms 27 Incoming flow MPI
MPI_Send()_ X 0.157 ms 0.157 ms 0.007 ms 23 Incoming flow MPI1
MPI_Recv()_ X 0.994 ms 0.994 ms 0.043ms 23 Incoming flow MPI
_TAU application X 2,274.680 ms 0.174 ms 758.227 ms 3 Incoming flow MPI
MAIN {matmult.f90}{39,7)(132.22}]. X 2,274.506 ms  13.845 ms 758.169 ms 3 Incoming flow MPl
Incoming flow MPI
Totals 4,664.796 ms 129.629 ms 59.048 ms 79 Incoming flow MPI
g ML
Incoming flow MPI
Selection start 0.196 ms Incoming flow MPI
Selection extent 759.696 ms Incoming flow MP1
Incoming flow MPI
Incoming flow MPI
SOSDZRCES Incoming flow MP1

% 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)
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Vampir [TU Dresden] Timeline: Kokkos

\ Trace View - /home/ssshend/workshop/kokkos/kokkos-miniapps/iulesh-2.0/kokkos-minimal-cpu/traces.otf2 * - Vampir
Fle Edt Chart Fiter Window Help

ErvELSOTERLGYH 2 10RO M UL TNt LA

Timeline - Function Summary
69.15680 s 69.15681 s 69.15682 s 69.15683 5 69.15684 5 69.15685 s 69.15686 5 69.15687 s 69.15688 s All Processes, Accumulated Inclusive Time per Function

1

'w Master thread

#  Kokkos:pa...[device=0] [87 us (2.13%))
Thread 1 AU Spplcation b AU Sppeation
Thread 2 AU Sppeation T TTRURPPNCIRIR T — . Open....0}] [465 ps (11.36%)]
Thread 3 TAU SppNCaIon b AU application
Thread & VAU Sppucation ——— VAU Spplication
Thread S FAU applcation L T— P AU apphcation
Thread 6 VAU SppNCation T YA RppNEatIoR
Thread 7 AU SPPNERIoR T TRUSBENERtIOR T —
Thread 8 VAU SppNCation T YD apheation
Thread 9 P — W [2.269 ms (55.43%)
Thead1o  NADGPPRCEUON b YAUSppication (1.109 ms (27.1%))
Thread 11 AU SppNcation b YAU appheation
Theead12  ITRUTGPONCEUGATI— T . FAUSpphication
Thead13  [TRUGPPNCEUGATI— b VAU Spplcation
Theead 14 NADTGPPICHUGA T — T TYRUSppNeation
Theeadls  'TRUGPPNCEHION P AU application
Thead s  TADGPPICHUION T -
Theead 17  INROTGPRNCRUGAT— b YAU spplication Context View
= ® Function Summary [
Theadls  WRDGPPNCEHGAT— —— VAU Sppiication - u v O h
P TAU Sppiication Rxopady Mk =
Theead 19 W b
e R I function Summary
Thread20  [VRDGPPERION ’ ’ - Fiter All Processes
ene \ Call Tree - 2 minimal otf2 * - Vampir | Function M Kokkos::parallel_for CalcEnergyForElems E [device=0) =
«
ANl Processes Function Legend
~ [l TAU_KOKXOS -
Functions Min Inclusive Time Max Inclusive Time ale Kokkos::parallel_for CalcKinematicsForElems (device=0]
v M TAU apphcation 94.527 us 94.527 ps Kokkos::parallel_for CalcMonotonicQGradientsForElems [device=0]
T s Kokkos::parallel_for CalcMonotonicQRegionForElems [device=0)
v [ OpenMP_PARALLEL REGION: Kokkos::impk:ParalielF or< INTERNAL 9 lulesh_cc_caaSd6cS::CalcEnergyFor 79.000 ps 79,000 ps | W Kokkos::parallel for CalcPositionForNodes (device=0]
w I _Onani MBI ICTT TAGK: Kakkne:imnk-Daralleare IMTEONAL B Rilach 77 72a8ARe S aleEnarmEnts 72000 11 72000 e Kokkos::parallel for CalcPressureForElems A (device=0)
2 Kokkos::paraliel_for CalcPressureforElems B [device=0]
Callers | Callees l Kokkos::parallel_for CalcSoundSpeedForElems (device=0]
M OpenMP_PARALLEL REGION: Kokkos::impk:Parallelfor< INTERNAL § lulesh_cc_caaSdécS:CalcEnergyforElems(double®, double®, double?, double®, double*, double*, double®, double*, doubls Kokkos::paraliel_for CalcvelocityForNodes [devicem0)
Kokkos::parallel_for EvalEOSForElems A [device=0)
Kokkos::parallel_for EvalEOSForElems B (device=0]
Kokkos::parallel_for EvalEOSForElems C (device=0]
: U Kokkos::parallel_for EvalEOSForElems D [device=0]
Find Function: Previous Next Kokkooiparefel Jor Evei0SForElems & (device=0) -
| | » ot »

% export TAU_TRACE=1; export TAU_TRACE_FORMAT=0tf2
% tau_exec —ompt ./a.out
% vampir traces.otf2 &
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Kokkos

* Provides abstractions for node level parallelism (X in MP1+X)

* Productive, portable, and performant shared-memory programming model
 Helps you create single source performance portable codes

* Provides data abstractions

« C++ API for expressing parallelism in your program

* Aggressive compiler transformations using C++ templates

 Low level code targets backends such as OpenMP, Pthread, CUDA
 Creates a problem for performance evaluation tools

« Gap: performance data and higher-level abstractions

 Solution: Kokkos profiling API for mapping performance data
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Kokkos API use in ExaMiniMD

void CommMPI: :update_halo() {

Kokkos: :Profiling: :pushRegion("Comm: :update_halo");

o pushRegion(“Comm::update halo”)

pack_buffer_update = t_buffer_update((T_X_FLOAT*)pack_buffer.data(),pack_indicies_all.extent(1));
unpack_buffer_update = t_buffer_update((T_X_FLOAT*)unpack_buffer.data(),pack_indicies_all.extent(1));

for(phase = 0; phase<6; phase++) {
pack_indicies = Kokkos::subview(pack_indicies_all,phase,Kokkos::ALL(D);
if(proc_grid[phase/2]>1) {

Kokkos: :parallel_for("CommMPI: :halo_update_pack",
Kokkos: :RangePolicy<TagHaloUpdatePack, Kokkos::IndexType<T_INT> >(@,proc_num_send[phase]),
*this);
MPI_Request request;
MPI_Status status;
MPI_Irecv(unpack_buffer.data(),proc_num_recv[phase]*sizeof (T_X_FLOAT)*3/sizeof(int),MPI_INT, proc_neighbors_recv[phase],100002 ,MPI_COMM_WORLD,&request);
MPI_Send (pack_buffer.data(),proc_num_send[phase]*sizeof(T_X_FLOAT)*3/sizeof(int),MPI_INT, proc_neighbors_send[phase], 100002 ,MPI_COMM_WORLD);
s = *system;
MPI_Wait(&request,&status);
const int count = proc_num_recv[phase];
ifCunpack_buffer_update.extent(®)<count) {
unpack_buffer_update = t_buffer_update((T_X_FLOAT*)unpack_buffer.data(),count);
}
Kokkos: :parallel_for("CommMPI: :halo_update_unpack", KOkkOS: : pa ral |e| for
Kokkos: :RangePolicy<TagHaloUpdateUnpack, Kokkos::IndexType<T_INT> >(@,proc_num_recv[phase]), —_
*this);

} else {
//printf("HaloUpdateCopy: %i %i %i\n",phase,proc_num_send[phase],pack_indicies.extent(@));
Kokkos: :parallel_for("CommMPI: :halo_update_self",
Kokkos: :RangePolicy<TagHaloUpdateSelf, Kokkos::IndexType<T_INT> >(0@,proc_num_send[phase]),
*this);
¥
N_ghost += proc_num_recv[phase];

}

Kokkos: :Profiling: :popRegion(); pOpRegion

};
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ExaMiniMD: TAU Phase

ANNENNNNNRNNNNNEN AN NENENENENEENEEENENEENENENENENENEEEERN
Name 2 Exclusive TIME Inclusive TIME Calls Child Calls
» B.TAU application 0.143 96.743 1 832
» BComm::exchange 0.001 0.967 6 142
- BComm::exchange_halo 0.001 4.702 6 184
_|Comm::update_halo| 0.004 31.347 95 1,330
B Kokkos::parallel_for CommMPI::halo_update_pack [device=0] 0.002 0.506 190 190
B Kokkos::parallel_for CommMPI::halo_update_self [device=0] 0.003 0.597 380 380
B Kokkos::parallel_for CommMPI::halo_update_unpack [device=0] 0.002 0.97 190 190
B MPI_lrecv() 0.001 0.001 190 0
EMPI_Send() 29.268 29.268 190 0
B MPI_Wait() 0.001 0.001 190 0
B OpenMP_Implicit_Task 0.041 1.985 760 760
B OpenMP_Parallel_Region parallel_for<Kokkos::RangePolicy<CommMPI::Ta 0 0.504 190 190
B OpenMP_Parallel_Region parallel_for<Kokkos::RangePolicy<CommMPI::Ta 0.08 0.968 190 190
B OpenMP_Parallel_Region void Kokkos::parallel_for<Kokkos::RangePolicy<t( 0.001 0.594 380 380
B OpenMP_Sync_Region_Barrier parallel_for<Kokkos::RangePolicy<CommMF 0.489 0.489 190 0
B OpenMP_Sync_Region_Barrier parallel_for<Kokkos::RangePolicy<CommMF 0.875 0.875 190 0
B OpenMP_Sync_Region_Barrier void Kokkos::parallel_for<Kokkos::RangePol 0.58 0.58 380 0

Comm::update halo phase in TAU ParaProf’s Thread Statistics Table
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ExaMiniMD: ParaProf Node Window

Phase: Comm::update_halo
Metric: TIME

Value: Exclusive

Units: seconds

29.268 | MPI_Send()

0.875 [] OpenMP_Sync_Region_Barrier parallel_for<Kokkos::RangePolicy<CommMPI::TagHaloUpdateUnpack, Kokkos::IndexType<int> >, CommMPI> [{/home/u
0.58 | OpenMP_Sync_Region_Barrier void Kokkos::parallel_for<Kokkos::RangePolicy<CommMPI::TagHaloUpdateSelf, Kokkos::IndexType<int> >, CommMPI> (|
0.489 [ OpenMP_Sync_Region_Barrier parallel_for<Kokkos::RangePolicy<CommMPI::TagHaloUpdatePack, Kokkos::IndexType<int> >, CommMPI> [{/home/user

0.08 | OpenMP_Parallel_Region parallel_for<Kokkos::RangePolicy<CommMPI::TagHaloUpdateUnpack, Kokkos::IndexType<int> >, CommMPI> [{/home/users/
0.041 | OpenMP_Implicit_Task

0.004 | Comm::update_halo

0.003 | Kokkos::parallel_for CommMPI::halo_update_self [device=0]

0.002 | Kokkos::parallel_for CommMPI::halo_update_unpack [device=0]

0.002 | Kokkos::parallel_for CommMPI::halo_update_pack [device=0]

E-4 | MPI_Wait()

E-4 | MPI_Irecv()

E-4 | OpenMP_Parallel_Region void Kokkos::parallel_for<Kokkos::RangePolicy<CommMPI::TagHaloUpdateSelf, Kokkos::IndexType<int> >, CommMPI>(Kokki
E-4 | OpenMP_Parallel_Region parallel_for<Kokkos::RangePolicy<CommMPI::TagHaloUpdatePack, Kokkos::IndexType<int> >, CommMPI> [{/home/users/sai
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Event-based Sampling (EBS): CabanaMD with Kokkos

ENNENNNNNEEEEEE

SENEEENNNEEEEEEEEEEENEENEEENEEEEEEEE
Name Exclusive... Inclusive...v Calls Child Calls

v [O.TAU application - - 0.655 5.132 1 2,424
~ M Comm::update_halo / Kokkos sample within Comm::update_halo 0.129 1.634 95 21,755
v H [CONTEXT] Comm::update_halo - (o) 0.12 3 0o
Il [SAMPLE] __strlen_power8 [{} {O}] 0.09 0.09 2 o]
Il [SAMPLE] Kokkos::Impl::SharedAllocationRecord <void, void>::increment(Kokkos::Impl::SharedAllocationRecord <void, void>*) [{/g/g20/reeve5/bin/CabanaMD} 0.03 0.03 1 o]
» [@cudaDeviceSynchronize 0.991 0.991 3,043 o]
v Il [CONTEXT] .TAU application o 0.54 18 o
v Il [SUMMARY] LAMMPS_RandomVelocityGeom::reset(int, double*) [{/g/g20/reeve5/pr/CabanaMD/src/input.h}] 0.27 0.27 =] o]
Il [SAMPLE] LAMMPS_RandomVelocityGeom::reset(int, double*) [{/g/g20/reeve5/pr/CabanaMD/src/input.h} {128}] 0.09 0.09 3 (o]}
Il [SAMPLE] LAMMPS_RandomVelocityGeom::reset(int, double*) [{/g/g20/reeve5/pr/CabanaMD/src/input.h} {129}] 0.09 0.09 3 o
Il [SAMPLE] LAMMPS_RandomVelocityGeom::reset(int, double*) [{/g/g20/reeve5/pr/CabanaMD/src/input.h} {130}] 0.06 0.06 2 o]
Il [SAMPLE] LAMMPS_RandomVelocityGeom::reset(int, double*) [{/g/g20/reeve5/pr/CabanaMD/src/input.h} {140}] 0.03 0.03 1 o]
v Il [SUMMARY] Input::create_lattice(Comm®*) [{/g/g20/reeve5/pr/CabanaMD/src/input.cpp}] 0.15 0.15 S o]
Il [SAMPLE] Input::create_lattice(Comm®*) [{/g/g20/reeve5/pr/CabanaMD/src/input.cpp} {745}] 0.03 0.03 1 o
Il [SAMPLE] Input::create_lattice(Comm®*) [{/g/g20/reeve5/pr/CabanaMD/src/input.cpp} {665}] 0.03 0.03 1 o]
Il [SAMPLE] Input::create_lattice(Comm®*) [{/g/g20/reeve5/pr/CabanaMD/src/input.cpp} {721}] 0.03 0.03 1 o
I [SAMPLE] Input::create_lattice(Comm®*) [{/g/g20/reeve5/pr/CabanaMD/src/input.cpp} {713}] 0.03 0.03 1 o]
Il [SAMPLE] Input::create_lattice(Comm™®) [{/g/g20/reeve5/pr/CabanaMD/src/input.cpp} {714}] 0.03 0.03 1 o}
Il [SAMPLE] reference<unsigned int, unsigned int, unsigned int> [{/g/g20/reeve5/build_v100/install/kokkos/include/impl/Kokkos_ViewMapping.hpp} {2740}] 0.06 0.06 2 (o]
Il [SAMPLE] unsigned long Kokkos::Impl::ViewOffset<Kokkos::Impl::ViewDimension<Oul, 16ul, 3ul>, Kokkos::LayoutCabanaSlice<176, 16, 3, 0, 0, 0, O, 0>, void>:: 0.03 0.03 1 o]
v [l [SUMMARY] LAMMPS_RandomVelocityGeom::uniform( [{/g/g20/reeve5/pr/CabanaMD/src/input.h}] 0.03 0.03 1 o
Il [SAMPLE] LAMMPS_RandomVelocityGeom::uniform( [{/g/g20/reeve5/pr/CabanaMD/src/input.h} {93}] 0.03 0.03 1 o
[l Comm::exchange 0.024 0.392 6 3,371
B MPI_FinalizeQ - - - . 0.367 0.369 1 68
B CorrEse el el Kokkos sample within top-level application code 0,036 0351 6 4772
Il MPI_InitO 0.323 0.323 1 o
Il Cabana::Verlet 0.004 0.256 6 438
| _|Kokkos::parallel_for ForcelLJCabanaNeigh::compute [device=0] 0.002 0.164 101 606
v HMPI_Allreduce( 0.082 0.082 39 o
~ B [CONTEXT] MPI_Allreduce0 Instrumented Kokkos::parallel for 0 0.09 3 0
Il [SAMPLE] __GI___sched_yield [{} {O}] - 0.03 0.03 1 o
Il [SAMPLE] pthread_spin_unlock [{/usr/lib64/libpthread-2.17.s0} {0}] 0.03 0.03 1 o]
B [SAMPLE] pthread_spin_lock [{/usr/lib64/libpthread-2.17.s0} {O}] Instrumented Kokkos::parallel reduce oo 0.03 1 o
Il Kokkos::parallel_for Kokkos::View::initialization [device=0] - 0.001 0.072 35 170
Il Kokkos::parallel_for Kokkos::ViewFill-3D [device=0] <—/ 0.001 0.047 101 303
Il Kokkos::parallel_reduce ForcelJCabanaNeigh::compute_energy [device=0] (o] 0.042 11 77
I cudalLaunchKernel 0.015 0.028 527 1,581

Event-based sampling (EBS) with Kokkos API
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CabanaMD: CUDA Events

® ® TAU: ParaProf: Function Data Window: cabana.ppk

Phase: .TAU application

Name: void
Kokkos::Impl::cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor
<Forcel)<Cabana::VerletList<Kokkos::Device<Kokkos::Cuda,
Kokkos::CudaUVMSpace>, Cabana::FullNeighborTag, Cabana::VerletLayout2D> >,
Kokkos::RangePolicy<Forcel)<Cabana::VerletList <Kokkos::Device<Kokkos::Cuda
, Kokkos::CudaUVMSpace>, Cabana::FullNeighborTag, Cabana::VerletLayout2D>
>::TagFullNeigh, Kokkos::IndexType<int> >, Kokkos::Cuda> >()

Metric Name: TAUGPU_TIME

Value: Exclusive

Units: microseconds

152387 | (12X
151120 | Min
449.383 | std. dev.
151787.562 | M ean
151120 | node O, thread 1

151807 node 1, thread 1

|
1523 87 | ). node 2, thread 1
|

151836 node 3, thread 1

I ——
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TAU’s Support for Runtime Systems

= MPI

= PMPI profiling interface

= MPI_T tools interface using performance and control variables
= Pthread

= Captures time spent in routines per thread of execution

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

= OpenACC
= OpenACC instrumentation API
= Track data transfers between host and device (per-variable)
= Track time spent in kernels
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TAU’s Support for Runtime Systems (contd.)

= OpenCL

= OpenCL profiling interface

= Track timings of kernels
» Level Zero (Intel GPUs e.g., Genl12LP in TigerLake)

» Level Zero profiling interface

= Track timings of kernels and Level Zero runtime functions
= CUDA

= Cuda Profiling Tools Interface (CUPTI)

» Track data transfers between host and GPU

= Track access to uniform shared memory between host and GPU
= ROCm

= Rocprofiler and Roctracer instrumentation interfaces

» Track data transfers and kernel execution between host and GPU
= Kokkos

= Kokkos profiling API

= Push/pop interface for region, kernel execution interface
= Python

= Python interpreter instrumentation API

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

= MPI + OpenMP

= MPI_T + PMPI + OMPT may be used to track MPI and OpenMP
= MPI + CUDA

= PMPI + CUPTI interfaces
= OpenCL + ROCm

= Rocprofiler + OpenCL instrumentation interfaces
» Kokkos + OpenMP

= Kokkos profiling API + OMPT to transparently track events
= Kokkos + pthread + MPI

= Kokkos + pthread wrapper interposition library + PMPI layer
= Python + CUDA + MPI

= Python + CUPTI + pthread profiling interfaces (e.g., Tensorflow, PyTorch) + MPI
= MPI + OpenCL

= PMPI + OpenCL profiling interfaces

37TH VI-HPS TUNING WORKSHOP (CSC, FRANKFURT GERMANY, 07-11 DECEMBER 2020) - ONLINE 43



TAU Execution Command (tau_exec)

WRTYUALANSTITUTE =~ HIGH PRODUCTIVITY SUPERCOMPUTING

»Uninstrumented execution
* % mpirun -np 256 ./a.out
»Track GPU operations
* % mpirun —np 256 tau_ exec —rocm ./a.out
* % mpirun —np 256 tau_exec —level zero ./a.out
* % mpirun —np 256 tau_ exec —cupti ./a.out
* % mpirun —np 256 tau_exec —opencl ./a.out
* % mpirun —np 256 tau_exec —openacc ./a.out
»Track MPI performance
»= % mpirun -np 256 tau exec ./a.out
*Track 1/0O, and MPI performance (MPI enabled by default)
* % mpirun -np 256 tau_exec -io ./a.out
» Track OpenMP and MPI execution (using OMPT for Intel v19+ or Clang 8+)
= % export TAU _OMPT_SUPPORT _LEVEL=full;
* % mpirun —np 256 tau_exec —T ompt,v5,mpi -ompt ./a.out
»Track memory operations
= % export TAU TRACK_MEMORY_LEAKS=1
* % mpirun —np 256 tau_exec —memory_debug ./a.out (bounds check)
=Use event based sampling (compile with —q)
» % mpirun —np 256 tau_exec —ebs ./a.out

» Also -ebs source=<PAPI COUNTER> -ebs period=<overflow count> -ebs resolution=<file | function | line>_
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TAU’s Analysis Tools:
ParaProf
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TAU Analysis

event .| rustrumentation event
selection

‘ !
1 I

1 ! =
I I

\

profilers |
———a--—= symbol,

. | profiles table |
Analysis | profiles traces '

Profile Data Management (PerfDMF) Trace Data Management

e
profile Metadatz profile trace trace
translators (XML) database translators storage

Profile Analysis (ParaPro

Trace Visualizers Trace Analyzers

JumpShot ProfileGen
Profile Darta Mining (PerfExplorer) Vampir
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ParaProf Profile Analysis Framework

= - Call Graphs § Histograms CEaIITrees
Profiles ”‘ - ~ - .

TAU, mpiP, ompP,

HPMToolkit, Cube,

Comparative
HPCToolkit, Gprof, . |
Dynaprof, PSRun DISp ays
N ___/_—- B
Runtime Data
Collection

l Supermon, MRNet }

PostgreSQL, MySQL ’

Scripting Interface
Oracle, DB2, Derby

Jython




TAU Analysis Tools: paraprof
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@ Applications
u La U n Ch pa ra p rOf v Standard Applications
v Default App
v Default Exp
v @ bt_ompt.ppk
@ TIME
(jdbc:h2:/Users/sameer/.ParaProf/perfdmf/perfdmf,AUTO_SERVER=TRUE)

[©)

% paraprof

De

TrialField

Name
Application ID
Experiment ID
Trial ID

CPU Cores

CPU MHz

CPU Type

CPU Vendor

CWD

Cache Size
Command Line
Executable

File Type Index
File Type Name
Hostname

Local Time

MPI Processor Name
Memory Size
Node Name
OMP_CHUNK_SIZE
OMP_DYNAMIC
OMP_MAX_THREADS
OMP_NESTED
OMP_NUM_PROCS
OMP_SCHEDULE
OS Machine

OS Name

OS Release

OS Version

Value

bt_ompt.ppk

0

0

0

8

2600.000

Intel(R) Xeon(R) CPU E5-2670 0 @ 2.60GHz
Genuinelntel
/scratch/sameer/NPB3.3-MZ-MPI/bin
20480 KB

./bt-mz_C.8
/scratch/sameer/NPB3.3-MZ-MPI/bin/bt-mz_C.8
0

ParaProf Packed Profile

frog9

2015-05-18T00:37:38+02:00

frog9

65944056 kB

frog9

1

off

4

off

4

UNKNOWN

x86_64

Linux
2.6.32-279.5.2.bl6.Bull.33.x86_64

#1 SMP Sat Nov 10 01:48:00 CET 2012
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ParaProf Manager Widow: scout.cubex
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TAU: ParaProf Manager
File Options Help

@ ~Applications
¢ [ Standard Applications

¢ [ Default App
¢ [ Default Exp
¢ [ scout.cubex
@ Time
@ Wait at Barrier
@ Barrier Completion
@ Late Sender
@ Late Sender == Messages in Wrong Order
@ Late Sender == Messages in Wrong Order => Messages from different sources
@ Late Sender == Messages in Wrong Order == Messages from same source
@ Late Receiver
@ Early Reduce
@ Early Scan
@ Late Broadcast
@ Waitat Nx N
@ N x N Completion
@ Management
@ Management == Fork
@ P2P send synchronizations
@ P2P send synchronizations == Late Receivers
@ P2P recv synchronizations
@ P2P recv synchronizations == Late Senders
@ P2P recv synchronizations == Late Senders == Messages in Wrong Order
@ Collective synchronizations
@ P2P send communications
@ P2P send communications == Late Receivers
@ P2P recv communications
@ P2P recv communications == Late Senders
@ P2P recv communications == Late Senders => Messages in Wrong Order
@ Collective exchange communications
@ Collective communications as source
@ Collective communications as destination
@ P2F bytes sent
@ P2P bytes received
@ Collective bytes outgoing
@ Collective bytes incoming
@ RMA bytes received
@ RMA bytes put

[»

TrialField Value
Name scout.cubex
Application 1D 0
Experiment ID o]
Trial ID 0
File Type Index 9
File Type Name  |Cube

Metrics in the profile




VIRTYUALANSTITUTE =~ HIGH PRODUCTIVITY SUPERCOMPUTING

Paraprof main window

Metric: TIME
Value: Exclusive

Std. Dev. [E1 -]

Mean

Max

Min

node 0, thread 0
node 0, thread 1
node 0, thread 2

de O threac 2 Colors represent code
node 1, thread 0 : reglons

node 1, thread 1 |
node 1, thread 2 |
node 1, thread 3 |
node 2, thread 0

node 2, thread 1

node 2, thread 2

node 2, thread 3 |
node 3, thread 0 |
node 3, thread 1
node 3, thread 2
node 3, thread 3
node 4, thread 0
node 4, thread 1
node 4, thread 2
node 4, thread 3
node 5, thread 0
node 5, thread 1
node 5, thread 2 |
node 5, thread 3 |

node 6, thread 0 | Options -> uncheck Stack Bars

node 6, thread 1
node 6, thread 2 Bl

node 6, thread 3 | Together
node 7, thread 0
node 7, thread 1

node 7, thread 2
node 7, thread 3 |
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Paraprof main window

TAU: ParaProf: scout.cubex

File {Options[ windows Help

Metri ¥ Show Meta Data in Panel

“alud ¥ Normalize Bars
¥ Hide Total

¥ Descending Order I— — 111 [ N1 O

v Stack Bars Together
nod Select Metric...
e Sort by... =

node 0, thread 3 | ™

node 1, thread O = 0
node 1, thread 1 e [ [ [ [Tl [T
node 1, thread 2 m

node 1, thread 3 N

node 2, thread O | ™ M

node 2, thread 1 | m
node 2, thread 2 | N

node 2, thread 3 | ™

glele

node 3, thread 0O 21 O eXpdlld &dad O C ™ !
node 3, thread 1 ™
node 3, thread 2 | O )dAd(CC ™=

node 3, thread 3 ™
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ParaProf Profile Browser

File | Options | Windows Help File Options Windows Help
Meti ¥ Show Meta Data in Panel Metric: TIME
Valu| 5 Normalize Bars Value: Exclusive
¥ Hide Total — . . g ] | | |
5td. @ pescending Order = Std. Dev. =
] s 0 ]
™ Stack Bars Together MEAn — O] moaain .
- Max | — | ) | (OG000 -
SIBTE Min [ —— e R
n{ Sort by... noded [ ] [aaeeesss [0 ] eeeess [0 W 00000E
node 1 node1 [ ] [ e ] W OOO00E
node2 T e s i [ node 2 — — L[] W 00000
node 3 BT s 0l node3 ] — — 0 W (0 N
noded 0 e e (] noded ]  — — ] (0 N
nodes i e e (] L node 5 ] — — 0 w0000 =
nodes L e e i ([ "°geg MPLWait0 — %’E Ul h‘ E
e s e wlW ———> | node7 | W —
o= — ——-ii- nodes [ Exclusive TIM, 12219 seconds E— W00
node s E T e— o — ] node 9 e eaa g 2219 seconds E— ] E DD
node10 [ el i) N node 10 Calls: 16884.0 — i R
node 11 i e e (011 node 11 SubCalls: 0.0 E— ] W 00000
node 12 | 1l node 12 | — —— 0 W (0 |
node 13 [ e e il node 13 | [— —— Bl R
node 14 | s w1 B nodet4 o o] [ | e ] WO
node 15 | e e [ nodets [ sl | s 0 0010
node1e [ e e B T node16 o] [ ] s ] = 0000(1 6
node 17 [ ] s 1] node17 Il — —— 0 EW0O0O00 -
node18 [ (e e W nade 1% | I
node 19 | e ) b ([N node 19 [ ] — — 0 N (I |
nodezo [ e e Tl node20 o |  [— —— sl L
node 21 | —_—— —— == node21 o ] — — =R e
node22 [ [ [ N node 22 [ — ] eee— O W O0O0
e e node 23 [ e | s ] w0019
node 24 | e node2s [ ] — — R B
hodezs [ e W T nodezs |  [— — B BT
node 26 — 1 node 26 — s O N OOO00IE
node27 o e e (N node27 [ ] — E— W 0000
nodezs o e e N node2s L | — — O W OO0
node 29 Lo nodezs [ ] i— —— B BT
nodeo o e e (N nodeso L | — E— O W OO0
node31 o — o — ] [T = node 31 ] — [ — ] W OAAONE |~
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Paraprof main window

Metric: TIME
Value: Exclusive

Std. Dev. [ | il | | P00
Mean | [ — | [— | 10 000
Max | —— | —] IHEI]D]% E
Min = = i
node 0, thread 0 | e [ AR~
, thread 1 | e | — ] 3 E
ythread2 [ | ([l — ]
thread 3 | [— — =]
thread 0 | | — ] B O] 0]
thread 1 _ | e | — | ! E
thread2 [ | [ —
thread 3 = — =
thread 0 | (| =IRIR—
thread 1 | || ! E
- thread2 [ | [ e
Left/right thread3 | — -] (]|E
lick h thrend 1 — N li-p
threedl1 [ |
Clic ere thread 2 [ I | =
node 3, thread 3 [ | — | Bl
node 4, thread 0 [ | e ] =l —
node 4, thread 1 — | — | |
node 4, thread 2 e [ | [ [ ] A0 =
node 4, thread 3 ] — 00
node 5, thread 0 | — | — ] Bl —
node 5, thread 1 | e | — | ]
node 5, thread 2 | [ ] 00
node 5, thread 3 | e — 00l
node 6, thread 0 | [—] | — ] il —
node 6, thread 1 [ | — | =
node 6, thread 2 = — % E
node 6, thread 3 [ [—
node 7, thread 0 | | [ ] =l —
node 7, thread 1 [ | [— | |
node 7, thread 2 [ ] 001 =
node 7, thread 3 = =l ] fll=
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Paraprof node window (function barchart window)

Metric: TIME
Value: Exclusive
Units: seconds

8.214 OpenMP_LOOP: L_z_solve__43__par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {43,0}]

8.038 | OpenMP_LOOP: L_y_solve__43__par_region0_2_43 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/y_solve.f} {43,0}]

789 ] OpenMP_LOOP: L_x_solve__46__par_region0_2_43 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/x_solve.f} {46,0}]

3.549 e OpenMP_LOOP: L_compute_rhs__28__par_region0_2_306 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/rhs.f} {28,0}]
2.223 .TAU application

0.206 [] OpenMP_IMPLICIT_TASK: L_compute_rhs__28__par_region0_2_306 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/rhs.f} {28,0}]
0.184 [] OpenMP_LOOP: L_add__22_ par_loop0_2_19 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/add.f} {22,0}]
0.147 [] OpenMP_WAIT_BARRIER: L_compute_rhs__28__par_region0_2_306 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/rhs.f} {28,0}]
0.098 || OpenMP_BARRIER: L_compute_rhs__28__par_region0_2_306 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/rhs.f} {28,0}]
0.085 | OpenMP_LOOP: L_copy_x_face__255__par_loopl_2_87 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_qgbc.f} {255,0}]

EXClUSive t|me 0.073 | OpenMP_LOOP: L_copy_y_face_ 204__par_loop0_2_176 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_gbc.f} {204,0}]
0.069 | OpenMP_LOOP: L_copy_y_face__215__par_loopl_2_211 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_gbc.f} {215,0}]
Spent |n eaCh 0.066 | OpenMP_LOOP: L_copy_x_face__244__par_loop0_2_54 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_qbc.f} {244,0}]
0.049 | OpenMP_IMPLICIT_TASK: L_copy_y_face__204__par_loop0_2_176 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_qbc.f} {204,0}]
. 0.049 | OpenMP_IMPLICIT_TASK: L_copy_x_face__255__par_loopl_2_87 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_gbc.f} {255,0}]
code region 0.049 | OpenMP_IMPLICIT_TASK: L_copy_y_face__215_ par_loopl_2_211 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_gbc.f} {215,0}]
. 0.048 | OpenMP_IMPLICIT_TASK: L_copy_x_face__244__par_loop0_2_54 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_qgbc.f} {244,0}]
(OpenMP |00p) IS 0.047 | OpenMP_LOOP: L_initialize__28__par_region0_2_193 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/initialize.f} {28,0}]
0.03 | OpenMP_IMPLICIT_TASK: L_y_solve__43__par_region0_2_43 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/y_solve.f} {43,0}]
Shown here for 0.029 | OpenMP_IMPLICIT_TASK: L_z_solve__43__par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {43,0}]

0.029 | OpenMP_IMPLICIT_TASK: L_x_solve__46__par_region0_2_43 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/x_solve.f} {46,0}]
MPI k O 0.027 | OpenMP_IMPLICIT_TASK: L_add__22__par_loop0_2_19 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/add.f} {22,0}]
ran 0.027 | OpenMP_LOOP: L_exact_rhs__21__par_region0_2_154 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exact_rhs.f} {21,0}]

0.025 | OpenMP_BARRIER: L_copy_y_face__215__par_loop1l_2_211 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_gbc.f} {215,0}]

th read 1 0.025 | OpenMP_BARRIER: L_copy_x_face__255__par_loop1_2_87 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_gbc.f} {255,0}]

0.025 | OpenMP_BARRIER: L_copy_x_face__244__par_loop0_2_54 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_gbc.f} {244,0}]

0.025 | OpenMP_BARRIER: L_copy_y_face__204__par_loop0_2_176 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_gbc.f} {204,0}]

0.013 | OpenMP_BARRIER: L_y_solve__43__par_region0_2_43 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/y_solve.f} {43,0}]

0.013 | OpenMP_BARRIER: L_x_solve__46__par_region0_2_43 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/x_solve.f} {46,0}]

0.013 | OpenMP_BARRIER: L_z_solve__43__par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {43,0}]

0.012 | OpenMP_BARRIER: L_add__22__par_loop0_2_19 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/add.f} {22,0}]

0.004 | OpenMP_LOOP: L_error_norm__27__par_region0_2_148 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/error.f} {27,0}]

0.001 | OpenMP_IMPLICIT_TASK: L_initialize__28__par_region0_2_193 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/initialize.f} {28,0}]

O _———
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Instrumenting Source Code with PDT and Opari

Frequently
executing
lightweight
routines are
automatically
throttled at
runtime.
Reduces
runtime
dilation.

37TH VI-HPS TUNING WORKSHOP (CSC, FRANKFURT GERMANY, 07-11 DECEMBER 2020) - ONLINE

Metric: TIME
Value: Exclusive
Units: seconds

9.842 do (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f <52, 427>]
9.426 do (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/y_solve.f <52, 405>]
9.331 | ] do (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/x_solve.f <54, 406>]

1.691 [l BT [{bt.pomp.f} {49,8}-{321,10}]
0.823 [] do (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/rhs.f <191, 292>]
0.657 [] do (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/rhs.f <80, 182>]
0.633 [] ENV_SETUP [{mpi_setup.pomp.f} {67,7}-{257,9}]
0.489 [E do (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/rhs.f <37, 54>]
I

0.483 do (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/rhs.f <301, 353>]
0.382

do (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/rhs.f <384, 397>]

do (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/rhs.f <62, 72>]
MPI_Bcast()

MPI_Waitall()

MPI_Init_thread()

paralleldo (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/add.f <22, 33>]

.TAU application

do (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/rhs.f <428, 438>]

do (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/initialize.f <50, 89>]

paralleldo (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_qgbc.f <255, 264>]

paralleldo (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_gbc.f <204, 213>]
VERIFY [{verify.pomp.f} {6,9}-{375,11}]

parallel (parallel begin/end) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/rhs.f <28, 439>]

do (barrier enter/exit) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/rhs.f <62, 72>]

do (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exact_rhs.f <147, 242>]

paralleldo (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_qgbc.f <244, 253>]

paralleldo (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_gbc.f <215, 224>]

MPI_SETUP [{mpi_setup.pomp.f} {4,7}-{63,9}]

0.037 | BINVCRHS [{solve_subs.pomp.f} {209,7}-{485,9}] [THROTTLED]

0.033 | LHSINIT [{initialize.pomp.f} {235,7}-{270,9}] [THROTTLED]

0.033 | INITIALIZE [{initialize.pomp.f} {5,7}-{229,9}]

| paralleldo (barrier enter/exit) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_gbc.f <244, 253>]

0.029 | paralleldo (barrier enter/exit) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_gbc.f <215, 224>]
| paralleldo (barrier enter/exit) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_qgbc.f <255, 264>]

0.026 | BINVRHS [{solve_subs.pomp.f} {492,7}-{644,9}] [THROTTLED]

0.026 | MATMUL_SUB [{solve_subs.pomp.f} {58,7}-{202,9}] [THROTTLED]

| paralleldo (barrier enter/exit) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_gbc.f <204, 213>]

0.025 | EXACT_SOLUTION [{exact_solution.pomp.f} {5,7}-{29,9}] [THROTTLED]

| paralleldo (parallel begin/end) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_gbc.f <255, 264>]

| paralleldo (parallel begin/end) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/exch_gbc.f <204, 213>]

=)
=
7|
O
0.23 [ ZONE_SETUP [{zone_setup.pomp.f} {2,8}-{94,10}]
0
1]
i
|
I
I
I
I
|
I
I
I
|
|
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ParaProf: Node view in a callpath profile

File Options Windows Help
Metric: Time

Walue: Exclusive

Units: seconds

TAU: ParaProf: node O, thread O - profile.cubex

3.71

MAIN__

3.71 IZ '$omp do @y_solve.f:52

3.593

MAIN

== adi_=>z solve_ == !$omp parallel @z_solve.f:43 == !$omp do @z_solve.f:52
3.593 I$omp do @z_solve.f:52

3 | MAIN

3.55 |

== adi_ == x_solve_ == !$omp parallel @x_solve.f:46 == !$omp do @x_solve.f.54

37TH VI-HPS TUNING WORKSHOP (CSC, FRANKFURT GERMANY, 07-11 DECEMBER 2020) - ONLINE

'$omp do @x_solve.f:54
0.4 [E2] '$omp do @rhs.f:191
0.398 [ MAIN__ == adi_ => compute_rhs_ => !$omp parallel @rhs.f:28 == !$omp do @rhs.f:191
0.283 [ !'$omp do @rhs.f:280
0.381 [] MAIN__ == adi_=> compute_rhs_ => !$omp parallel @rhs.f:28 == !$omp do @rhs.f:20
0.352 [_] !$omp implicit barrier
0.299 [@@l !$omp parallel @rhs.f:28
0.298 [] MAIN__ => adi_ => compute_rhs_=> !$omp parallel @rhs.f:28
0.28 [ !'$omp do @rhs.f:37
0.279 [ MAIN__ == adi_ => compute_rhs_ => !$omp parallel @rhs.f:28 == !$omp do @rhs.f:37
0.261 [ !'$omp do @rhs.f:301
0.259 [] MAIN__ => adi_=> compute_rhs_ => !$omp parallel @rhs.f:28 == !$omp do @rhs.f:301
0.228 [@ !$omp do @rhs.f:62
. [] MAIN__ == adi_ => compute_rhs_ == !$omp parallel @rhs.f:28 == !$omp do @rhs.f:62
0.214 [@ MAIN__ == mpi_setup_ == MPI_Init_thread
0.214 [ MPL_Init_thread
0.161 [ MAIN_ => exch_gbc_ == copy_x face_
0.161 [ copy x face_
0.16 [] MAIN_ == exch_gbc_ == copy vy face_
0.16 [@ copy y face_
0.15 [ MAIN__ == exch_gbc_
0.15 [@ exch_gbc_
0.141 [] !'$omp do @rhs.f:384
0.14 [J MAIN__ => adi_ => compute_rhs_ => !$omp parallel @rhs.f:28 == !$omp do @rhs.f:384
0.127 [J MAIN__ == exch_gbc_ == MPI_Waitall
0.127 [0 MPI_waitall
0.103 @ MAIN_ == adi_
0.103 [ adi_
0.094 F MaIN_
1]

=> adi_ == add_ => !$omp parallel @add.f:22 == !$omp parallel do @add.f:22

0.094 '$omp parallel do @add.f:22

== adi_ ==y solve_ == !$omp parallel @y_solve.f:43 == !$omp do @y_solve.f:52

a

56
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ParaProf: Add thread to comparison window

ParaProf: Comparison Window
File Options Windows Help

|
Metric: Time [ profile.cubex - node 0, thread ©
Walue: Exclusive M profile.cubex - node 0, thread 1
Units: seconds

2.703 (99.7933';)1) II : MAIN__ == adi_ ==y _solve_ == !$omp parallel @y_solve.f:43 == !$omp do @y_solve.f:52

3.71 | e s
3,703 (99, 703%) |y (vomp do @y_solve 52

sz 0L 1] _ L _ . _ )
3.486 (07.021%) MAIN__ => adi_ => z_solve_ == !$omp parallel @z_solve.f:43 == !$omp do @z_solve.f:52

2.593 | ] :
R O ———————— [

3.55 | ] .
3.55 (99.997%) | ] MAIN__ == adi_ == x_solve_ == !$omp parallel @x_solve.f:46 == !$omp do @x_solve.f:54

2.55 ] :
3,55 (99,007 | (vomP do @ _sOlve.f:34

0.666 (189.18456.)35% '$omp implicit barrier
0.403 (100.578%&3 g t$omp do @rhs.f:191
0.401 (100.57%) E MAIN__ == adi_ => compute_rhs_ == !$omp parallel @rhs.f:28 => !$omp do @rhs.f:191
0.356 (93.04%) E t$omp do @rhs.f:80
5354 (93‘3;1%3‘}) E MAIN__ => adi_ => compute_rhs_ => !$omp parallel @rhs.f:28 == !$omp do @rhs.f:80
0.233 (?j?.j?ngi) % '$omp parallel @rhs.f:28
0.232 (77.(;'327992) % MAIN__ => adi_ => compute_rhs_ => !$omp parallel @rhs.f:28
0.251 (89.?505§6?) E t$omp do @rhs.f:37 _
‘ 4
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Paraprof Thread Statistics Table with TAU_SAMPLING=1

Value: Exclusive
Std.Dev. | [ DR AODLLOODLLEELIRETLTD TLLTTT————_
Mean [JEI | Ol DEE0COARO0I0DORTD DRAD!| em—
Max (] i (1 (1 0
Min DB OEOROEE001 000001 00001 DRRT!| —-
node 0, thread 0 [JEEOEOE HE DREI0EI D00 | DRATI | —
node O, thread 1 [IE [0 OHBEOOIII00 0 0OR0L DRAT  e—
node O,thread 2 [JE [ UHOOOOIA00 OOOROOTEED —
node 0,thread 3 (Il [ HOHEBOO0REN] ODOROCTRE] ~(es—
_ ) node 1, thread 0 [IWEOEOE HE [HO00E! D00 | DRRTTm—-—"—
Right click node 1,thread 1 (Il [0 UOHBOO0IA00 OOOROCTRED (e—
h node 1, thread 2 UE O OEE000I000 T0RR00 0000  —
ere thread3 W [0 OBEUOOII00 OQGRDEITE] —
node 2, thread n FIRIEIRAEA F&E TAENOA| TOF | DRREDT —-——
node 2, thre Show Thread Bar Chart DI]EHI]D“” ﬁ
node 2, thre owrea tascseWndow [| ”Hi”ﬂ I]ii ﬁ
node 2, thre ShTthIrh . OTURTETAT  —
node 3, thre  show Thread Call Path Relations | I]Ei | Hi““ﬁ
node 3, thre Show User Event Bar Chart OIOROCTIRD  ——
node 3, thre Show User Event Statistics Window DHMHD“” ﬁ
node 3, thre Show Context Event Window |] [H“[H] HHH ﬁ
node 4, thre Show Metadata for Thread | I]E]i | Hi“”ﬁ
node 4, threw s o o e swea | 01111 —
node 4,thread 2 (]l [ [LHOOOOOAE0] CODROCORID (e—
node 4, thread 3 [ [§ O OBE000F000 OI0R0DCTRET  —
node 5, thread 0 [|MEWUE_HE__[IA000] 100 | [R311 ee—

—

— —ren
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ParaProf: Thread Statistics Table

TAU: ParaProf: Statistics for: node O, thread O - scout.cubex

File Options Windows Help

Time ~ RN | NEREENR
Name Exclusive Time ¥ Inclusive Time \ Calls Child Calls \ ‘
E'!'$omp do @y solve.f:52 5.81 5.817 3,216 sl
E'!$omp do @z_solve.f:52 5.657 5.657 3,216
E'!$omp do @x_solve.f:54 5.609
M '!'$omp do @rhs.f: 191 0.609
M '!'$omp do @rhs.f:80 0.583
W MP1_Waitall 0.402
M !'$omp implicit barrier 0.402
¢ W '$omp do @rhs.f:301 0.36 : : :
W ! $omp implicit barrier 0.026 Click to sort by a given metric, drag
W !'$omp implicit barrier o
B s0mp do @rhs.f:37 0.343 and move to rearrange columns
¢ Il '!'$omp do @rhs.f:62 0.225
M !$omp implicit barrier 0.004 . y
M ! $omp implicit barrier 0 0 16 0
Hl MPI_Init_thread 0.218 0.218 1 0
M !$omp do @rhs.f:384 0.199 0.199 3,232 0
o [l !$omp parallel do @add.f:22 0.099 0.111 3,216 3,216
M '!'$omp do @rhs.f:428 0.069 0.069 3,232 0
W MPI_Isend 0.043 0.043 603 0
M !'$omp do @initialize.f:50 0.04 0.04 32 0
o [O!'$omp parallel @rhs.f:28 0.03 2.536 3,232 51,712
o ll!'$omp parallel do @exch_qgbc.f:215 0.021 0.029 6,432 6,432
o ll!'$omp parallel do @exch_gbc.f:255 0.02 0.033 6,432 6,432
o ll!'$omp parallel @exch_gbc.f: 255 0.02 0.053 6,432 6,432
ol !$omp parallel @exch gbc.f:244 FinderScreenSnapz003 —
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ParaProf

O (] X| TAU: ParaProf: Statistics for: node O - [rwthfs/rz/cluster/work/hpclab17/NPB3.3-MZ-MPI/bin
. File Options Windows Help

u C||Ck on COIUmnS: IR 1]
. . Narme ‘ Exclusive TIME ‘ lChiId Calls I

» tO sort by |nC| time ¢ I.TAU application 9.167 =1 1 2,432
¢ I [CONTEXT] .TAU application 0 9.019 801 0

o~ O [SUMMARY] binverhs_ [{/rwthfs/rziclusterfwork/hpclabl 7/NPE3.3-MZ-MPI/BT-MZ, 2.89 2.89 288 o}

o [0 [SUMMARY] matmul_sub_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPB3. 3-MZ-MPIET 1.27 1.27 127 0

o= O [SUMMARY) H_solve_ [{/rwthfs/rziclusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ /= 1.16 1.16 116 o}

u O pe n b I nVC rh S o [0 [SUMMARY] z_solve_ [{/rwthfs/rziclusterswork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/z 1.08 1.08 108 0
o= O [SUMMARY) y_solve_ [{/rwthfs/rziclusterfwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZy 1.08 1.08 108 o}

. o [l [SUMMARY] compute_rhs_ [{/rwthfs/rziclusteriworkshpelabl 7/NPB3. 3-MZ -MPI/E 0.83 0.83 83 0

= CI |Ck on Sa m p | e o- [l [SUMMARY] matvec_sub_ [{/rwthfs/rz/clusterfwork/hpclabl 7/NPB3.3-MZ-MPI/BT- 0.49 0.49 49 0
o~ [l [SUMMARY) Ihsinit_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPE3. 3-MZ-MPI/BT-MZ/in 0.08 0.08 8 0

W [SAMPLE] add_ [{/rwthfs/rz/clusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/add.f} 0.05 0.05 = o}

o [l [SUMMARY] binvrhs_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPB3, 3-MZ-MPI/BT-MZ/s 0.04 0.04 4 0

o [l [SUMMARY] exact_solution_ [{/rwthfs/rziclusterfiwork/hpclabl 7/NPB3. 3-MZ-MPI/ 0.02 0.02 2 0

B [SAMPLE] copy ¥ _face [{/rwthfs/rz/clusterfwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ 0.01 0.01 1 0

o [l [SUMMARY] exact_rhs_ [{/rwthfs/rz/clusterfwork/hpclabl 7/NPE3. 3-MZ-MPI/BT-M: 0.01 0.01 1 0

B [SAMPLE] initialize_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPE3. 3-MZ-MPI/BT-MZ/in 0.008 0.009 1 0

o= .MF'I_Init_thread() 0.155 0.155 1 o}

.MF‘I_FinaIiZE() 0.022 0.022 1 0

o= .MF'I_WaitaII() 0.018 0.018 804 o}

o= .MF‘I_Irer() 0.004 0.004 804 0

.MPI_Isend() 0.001 0.001 804 o}

W P1_Comm_split() 0 0 1 0

.MPI_Bcast() 0 0 9 o}

.MF‘I_RedUCE() 0 0 3 0

W P1_Barrier() 0 0 2 0

W MPI_Comnm_size() 0 0 1 0

W MP1_Comm_rank{) 0 0 2 0
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Paraprof Thread Statistics Table

INNNRRRRNRRRRNEN ERRERERRNNNNNNENENEEEERRRRRRNENENY
Name Exclusive TIME Inclusive TIME V Calls Child Calls

v B.TAU application 1.754 36.26 1 88,049

v BOpenMP_PARALLEL_REGION: L_z_solve_ 43_ par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {43,0}] 0.061 8.692 6,432 12,864

v BOpenMP_IMPLICIT_TASK: L_z_solve__43__par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {43,0}] 0.04 8.568 6,432 6,432

v @OpenMP_LOOP: L_z_solve__43__par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {43,0}] 8.528 8.528 6,432 0

v B[CONTEXT] OpenMP_LOOP: L_z_solve_ 43_ par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {43,0}] 0 9.23 847 0

v @[SUMMARY] L_z_solve__43__par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f}] 3.67 3.67 340 0

v @[SAMPLE] L_z_solve_ 43__par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f}] 3.67 3.67 340 0

W [SAMPLE] L_z_solve__43_ par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {419}] 0.22 0.22 21 0

W[SAMPLE] L_z_solve__43_par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {S8]]  qon source Code 0.17 0.17 16 0

B [SAMPLE] L_z_solve__43_ par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {418}] Show Function Histogram 0.16 0.16 12 0

W [SAMPLE] L_z_solve__43__par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {123}] Assign Function Color 0.11 0.11 11 0

B[SAMPLE] L_z_solve__43__par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {193}] _ Reset to Default Color 0.08 0.08 5 0

. . B [SAMPLE] L_z_solve__43_ par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {126}] 0.07 0.07 7 0
R|ght click B[SAMPLE] L_z_solve__43__par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {247}] 0.07 0.07 6 0
B [SAMPLE] L_z_solve__43_ par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {158}] 0.06 0.06 5 0

here and B [SAMPLE] L_z_solve__43__par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {313}] 0.06 0.06 4 0
B [SAMPLE] L_z_solve__43_ par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {230}] 0.06 0.06 4 0

Choose B [SAMPLE] L_z_solve__43__par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {308}] 0.05 0.05 3 0
B [SAMPLE] L_z_solve__43__par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {191}] 0.05 0.05 3 0

(s ShOW B [SAMPLE] L_z_solve__43_ par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {81}] 0.05 0.05 4 0
W [SAMPLE] L_z_solve__43_ par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {301}] 0.05 0.05 5 0

Sou rce W [SAMPLE] L_z_solve__43_ par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {67}] 0.05 0.05 5 0
W [SAMPLE] L_z_solve__43_ par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {175}] 0.04 0.04 4 0

Code” for a B [SAMPLE] L_z_solve__43__par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {89}] 0.04 0.04 4 0
B [SAMPLE] L_z_solve_ 43_ par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {55}] 0.04 0.04 4 0

Sample W [SAMPLE] L_z_solve__43_ par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {275}] 0.04 0.04 4 0
B [SAMPLE] L_z_solve_ 43_ par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {129}] 0.04 0.04 4 0

B [SAMPLE] L_z_solve__43_ par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {168}] 0.04 0.04 4 0

B [SAMPLE] L_z_solve_ 43_ par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {238}] 0.04 0.04 4 0

37TH VI-HPS TUNING WORKSHOP (CSC, FRANKFURT GERMANY, 07-11 DECEMBER 2020) - ONLINE 61



WRTYUALANSTITUTE =~ HIGH PRODUCTIVITY SUPERCOMPUTING

ParaProf

O O X| TAU: ParaProf: Statistics for: node O - /rwthfs/rz/cluster/work/hpclab17/NPB3.3-MZ-MPI/bin
File Options Windows Help
ARNRRRRARRRN EENEEENNEERNEEENEEREAEEENEEENY
Name | Exclusive TIME ’ Inclusive TIME 7 Calls Child Calls
o H.TAU application 9.167 9,368 1 2,432\~
¢ I [CONTEXT] .TAU application 0 8.019 901 0
¢ [ [SUMMARY] binverhs_ [{/mwthfsirziclusterfwork/hpelabl 7/NPE3. 3-MZ-MPI/BT-MZ/solve_subs.f}] 2.89 2.89 288 0
M [SAMPLE] binverhs_ [{/rwthfs/rz/clusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} 12281] 0.14 0.14 14 0=
M [SAMPLE] binverhs_ [{/rwthfs/frziclusteriwork/hpelabl 7/NPE3.3-MZ-MPI/BT-MZ/solve_subs.f}| Show Source Code 0.09 0.09 9 0
M [SAMPLE] binverhs_ [{/rwthfs/irziclusterswork/hpelabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f}| Show In Statistics Table 0.09 0.08 g 0]
M [SAMPLE] binverhs_ [{/rwthfs/rz/clusteriworks/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/solve_subs.f}| Show Function Histogram | 0.06 0.06 6 0
M [SAMPLE] binverhs_ [{/rwthfsirziclusterfwork/hpelabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} Show Function Bar Chart 0.06 0.06 5 0
M [SAMPLE] binverhs_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPE3. 3-MZ-MPI/BT-MZ/solve_subs.f} Assign Function Color 0.06 0.06 6 0
B [SAMPLE] binverhs_ [{/rwthfsirz/clusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/EBT-MZ/s0lve_subs.f} Reset to Default Color 0.06 0.06 4] 0
W [SAMPLE] binverhs_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} Tzaa7] 0.05 0.05 5 0
W (SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPE3.3-MZ-MPIBT-MZ/s0lve_subs.f} {332}] 0.05 0.05 5 0
M [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpelabl 7/NPBE3.3-MZ-MPI/BT-MZ/s0lve_subs.f} {275}] 0.05 0.05 5 0
M [SAMPLE] binverhs_ [{/rwthfsirziclusteriwork/hpelabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {3317}] 0.04 0.04 4 0
M [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpelabl 7/NPBE3.3-MZ-MPI/BT-MZ/s0lve_subs.f} {445}] 0.04 0.04 4 0
M [SAMPLE] binverhs_ [{/rwthfsirziclusteriwork/hpelabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {2547}] 0.04 0.04 4 0
W [SAMPLE] binverhs_ [{/rwthfs/rz/iclusteriwork/hpelabl 7/NPE3. 3-MZ-MPI/BT-MZ/solve_subs.f} {3143] 0.04 0.04 4 0
M [SAMPLE] binverhs_ [{/rwthfs/rziclusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {343}] 0.04 0.04 4 0
W [SAMPLE] binverhs_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPBE3. 3-MZ-MPI/ET-MZ/solve_subs.f} {403}] 0.04 0.04 4 0
B [SAMPLE] binverhs_ [{/rwthfsfrziclusteriwork/hpelabl 7/NPE3.3-MZ-MPIBT-MZ/s0lve_subs.f} {389}] 0.03 0.03 3 0
M [SAMPLE] binverhs_ [{/rwthfs/rziclusteriworkihpelabl 7/NPBE3.3-MZ-MPI/BT-MZ/solve_subs.f} {415}] 0.03 0.03 3 0
M [SAMPLE] binverhs_ [{/rwthfsirziclusteriwork/hpelabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {247}] 0.03 0.03 3 0
M [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpelabl 7/NPBE3.3-MZ-MPI/BT-MZ/s0lve_subs.f} {300}] 0.03 0.03 3 0
M [SAMPLE] binverhs_ [{/rwthfsirziclusteriwork/hpelabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {3097}] 0.03 0.03 3 0
W [SAMPLE] binverhs_ [{/rwthfs/rz/iclusteriwork/hpclabl 7/NPE3. 3-MZ-MPI/BT-MZ/solve_subs.f} {4443] 0.03 0.03 3 0
M [SAMPLE] binverhs_ [{/rwthfs/rziclusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {468}] 0.03 0.03 3 0
Ml [SAMPLE] binverhs_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPE3. 3-MZ-MPI/BT-MZ/solve_subs.f} {242}] 0.03 0.03 3 0
B [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpelabl 7/NPE3.3-MZ-MPIBT-MZ/s0lve_subs.f} {407}) 0.03 0.03 3 o |

M [SAMPLF] hinverhs [ inwthfsirziclusterswarkihnelahl ZNPRA. 3-MZ -MPIRT-MZisalve subs.fl £41 211 0.03 0.03 3 0
R —————————————
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Statement Level Profiling with TAU

X| TAU: ParaProf: source Browser: /scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/x_solve.f

File Help
call matmul_sub{lhs({1,1,aa,1), =
> lhs(1,1,cc,i-1),
> lhs{1,1,bb,i))

c multiply c(i,j,k) by b_inverse and copy back to c
c multiply rhs{1,j,k) by b_inverse(l,j,k) and copy to rhs

Cm e m e e e e e e e e m e m
call binverhs{ lhs(1,1,bb,i),
> lhs{1,1,cc,i),
> rhs(1,i,j,k) )
enddo
G e m e e e e e e e e
c rhs{isize) = rhs(isize) - A*rhs(isize-1)
Ceeeeec-ccacscccccsccscsscsscsessesssssssessssssssssesssssssssssssssa=
call matvec_sub(lhs(1,1,aa,isize),
> rhs(1,isize-1,j,k),rhs{(1,isize,j,k))
Source ettt
c B({isize) = B(isize) - C{isize-1)*A(isize)
. G m e m m e e e e e
Iocatlon call matmul_sub{lhs(1,1,aa,isize),
> 1lhs(1,1,cc,isize-1),
> lhs(1,1,bb,isize))

where
samples are o Gl binrhe( The(LLbb deize) T
> rhs{1,isize,j, k) )
taken.
Compute
intensive

0

back solve: if last cell, then generate U{isize)=rhs({isize)
else assume U{isize) is loaded in un pack backsub_info

so just use it

after call u{istart) will be sent to next cell

o000

(9]

do i=isize-1,0,-1 —
do m=1,BLOCK_SIZE
s do n=1,BLOCK_SIZE
rhs(m,i,j,k) = rhs(m,i,j,k)
> - lhs(m,n,cc,i)*rhs(n,i+1,j,k)
enddo
enddo —
enddo —




ParaProf Comparison Window

WRTYUALANSTITUTE =~ HIGH PRODUCTIVITY SUPERCOMPUTING

o0 e

ParaProf:

Comparison Window

Metric: TIME

Value: Exclusive
Units: seconds
Sorted By: Exclusive

9.354 |
7.482 (70.087%) [ do (loop body) [OpenMP location:
9.354 (99.997%) |

8.803 | |
7.366 (83.672%) [l do (loop body) [OpenMP location:
8.798 (99.943%) | ]

8.471 | |

6.853 (80.897%) s do (loop body) [OpenMP location:
8.499 (100.33%) | |

0.226 []
5.777 (2555.478%) [ MPI_Waitall(

] bt-mz.opari.ppk - node 0, thread 0
B bt-mz.opari.ppk - node 1, thread 0
[ bt-mz.opari.ppk - node 0, thread 1

0.887 []

0.713 (80.408%) [@ do (loop body) [OpenMP location:
0.886 (99.962%) ]

0.877 []
0.711 (81.051%) [ do (loop body) [OpenMP location:

0.877 (100.001%) ]

0.773 L]
0.621 (80.354%) [ do (loop body) [OpenMP location:

0.772 (99.912%) [

0.297 ]
0.242 (81.458%) [| do (loop body) [OpenMP location:
0.245 (82.542%) []

file:/homel/00494/tg457572/tutorial/isc16/NPB3.3-MZ-MPI/BT-MZ/y_solve.f <52, 405>]

file:/homel/00494/tg457572/tutorial/isc16/NPB3.3-MZ-MPI/BT-MZ/z_solve.f <52, 427>]

file:/home1/00494/tg457572/tutorial/isc16/NPB3.3-MZ-MPI/BT-MZ/x_solve.f <54, 406>]

file:/home1/00494/tg457572/tutorial/isc16/NPB3.3-MZ-MPI/BT-MZ/rhs.f <80, 182>]

file:/home1/00494/tg457572/tutorial/isc16/NPB3.3-MZ-MPI/BT-MZ/rhs.f <191, 292>]

file:/home1/00494/tg457572/tutorial/isc16/NPB3.3-MZ-MPI/BT-MZ/rhs.f <301, 353>]

file:/home1/00494/tg457572/tutorial/isc16/NPB3.3-MZ-MPI/BT-MZ/rhs.f <62, 72>]
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TAU — Event Based Sampling (EBS)

(@] O TAU: ParaProf: Function Data Window: lulesh_ompt_ebs.ppk

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

Value: Exclusive

Units: microseconds

44090.449 std. dev.
15276.099 mean
550161.388 |sssssssssssssESSSSSSS——————esssess| M aX
9244.649 ] min
550161.388 |mssssssssssssssssssTTTT—————| NoOde
177950.169 node
75231.934 node
28022.933 node
84486.673 node
47250.112 node
56341.632 node
37496.866 node
74786.417 node
46475.287 node thread O
112762.392 node , thread O
37561.866 node 11, thread O
75307.691 node 13, thread O
37566.384 node 14, thread O
47395.769 node 15, thread O
47105.479 node 16, thread O
93816.41 node 17, thread O
28321.698 node 18, thread O
75308.899 node 19, thread O
130801.783 node 20, thread O

% export TAU SAMPLING

thread O
thread O
thread O
thread O
thread O
thread O
thread O
thread O
thread O

VONOMAWNRDO

[
o -

1
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Examples: Callstack Sampling in TAU

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

HNNNNREEEER NN EERRRENEEEER

Name Inclusive TIME v Calls
v [l.TAU application 79.592 1
B MPI_Recv() 75.607 6,870
v Il [CONTEXT] MPI_Recv() 74.848 1,497
» CJ[UNWIND] /gpfs/mira-home/sameer/gamess-theta-tau/object/unport.f.410 [@] MAIN__ [{/gpfs/mira-home/sameer/gamess-theta-1 26.196 524
[ "|[UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_fortran.c.67 [@] beging_ [{/gpfs/mira-home/sameer/g 21.7 434
> CJ[UNWIND] /gpfs/mira-home/sameer/gamess-theta-tau/object/gamess.f.538 [@] main [{/gpfs/mira-home/sameer/gamess-theta-tai 11.85 237
» O [UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_init.c.113 [@] ddi_init_ [{/gpfs/mira-home/yuri/dist/Gi 8.701 174
> B [UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_server.c.99 [@] DDI_Init [{/gpfs/mira-home/yuri/dist/C 5.75 115
> I [UNWIND] /lib64/libc-2.22.50.0 [@] _start [{/home/abuild/rpmbuild/BUILD/glibc-2.22/csu/../sysdeps/x86_64/start.S} {118}] 0.2 4
Il [SAMPLE] GNII_DlaProgress [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1__ge7db4a2.ari/lib64/libugni.s0.0.6.0} {0}] 0.2 4
> I [UNWIND] [/opt/cray/ugni/6.0.14-6.0.4.0_14.1__ge7db4a2.ari/lib64/libugni.s0.0.6.0.0] [@] UNRESOLVED UNKNOWN 0.15 3
B [SAMPLE] GNI_CqGetEvent [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1__ge7db4a2.ari/lib64/libugni.s0.0.6.0} {0}] 0.051 1
> I [UNWIND] /opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.s0.3.0.1.0 [@] MPIDI_CH3I_Progress [{/opt/cray/pe/mpt/7 0.05 1
W MPI_Finalize() 3.601 1
W MPI_Send() 0.122 6,866
W MPI_Init_thread() 0.112 1
W [CONTEXT] .TAU application 0.05 1
[l MPI_Bcast() 0.014 6
W MPI_Allgather() 0.004 3
[l MPI_Barrier() 0.003 7
B MPI_Comm_create() 0.002 4
[l MPI_Gather() 0.002 1
Il MPI_Comm_split() 0.002 1
B MPI_Group_intersection() 0.001 1
Il MPI_Comm_group() 0.001 1
W MPI_Group_incl() 0 3
B MPI_Comm_rank() 0 6
B MPI_Comm_size() 0 2

% export TAU_SAMPLING=1; export TAU_EBS_UNWIND=1
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UNWINDING CALLSTACKS

[ ] @® TAU: ParaProf: Statistics for: n,c,t 2,0,0 - gamess_unw_call_ebs.ppk
([ [[[[]]]]]] NERRRRNNRRRRRENENENR
Name Inclusive TIME v Calls
I .TAU application 79.592 1
v B MPI_Recv() 75.607 6,870
W [CONTEXT] MPI_Recv() 74.848 1,497
O [UNWIND] /gpfs/mira-home/sameer/gamess-theta-tau/object/unport.f.410 [@] MAIN__ [{/gpfs/mira-home/sameer/gamess-theta- 26.196 524
M [UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_fortran.c.67 [@] beging_ [{/gpfs/mira-home/sameer/g 21.7 434
v H[UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_init.c.113 [@] ddi_init_ [{/gpfs/mira-home/yuri/dist 21.7 434
[l [UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_server.c.99 [@] DDI_Init [{/gpfs/mira-home/yuri/ 21.7 434
v Il [UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_recv.c.65 [@] DDI_Server [{/gpfs/mira-home/y 21.7 434
[l [UNWIND] /lus/theta-fs0/software/perftools/tau/tau-2.26.3/src/Profile/TauMpi.c.2371 [@] DDI_Recv_request [{/gpfs/mira 21.7 434
v Il [UNWIND] /opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.s0.3.0.1.0 [@] MPI_Recv [{/lus/theta-fs0/soft 21.7 434
I [UNWIND] /opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.s0.3.0.1.0 [@] PMPI_Recv [{/opt/cray/pe/n 21.7 434
v H[UNWIND] /opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.s0.3.0.1.0 [@] MPIDI_CH3I_Progress [{/¢ 21.45 429
v lI[UNWIND] /opt/cray/ugni/6.0.14-6.0.4.0_14.1__ge7db4a2.ari/lib64/libugni.so0.0.6.0.0 [@] MPID_nem_gni_poll [{/ 15.95 319
[M|[SAMPLE] GNI_SmsgGetNextWTag [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1__ge7db4a2.ari/lib64/libugni.so0.0.6.0} 10.349 207
[E [SAMPLE] GNI_CqGetEvent [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1__geZ7db4a2.ari/lib64/libugni.s0.0.6.0} {0}] 5.6 112
E [UNWIND] gni_poll.c.0 [@] MPID_nem_gni_poll [{/opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_inte 5.25 105
[l [UNWIND] /opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.s0.3.0.1.0 [@] MPID_nem_gni_poll [{/ 0.25 5
- Il [UNWIND] UNRESOLVED [@] MPIDI_CH3I_Progress [{/opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_int 0.25 5
CI[UNWIND] /gpfs/mira-home/sameer/gamess-theta-tau/object/gamess.f.538 [@] main [{/gpfs/mira-home/sameer/gamess-theta-ta 11.85 237
- I [UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_init.c.113 [@] ddi_init_ [{/gpfs/mira-home/yuri/dist/G 8.701 174
E[UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_server.c.99 [@] DDI_Init [{/gpfs/mira-home/yuri/dist/ 5.75 115
I [UNWIND] /lib64/libc-2.22.50.0 [@] _start [{/home/abuild/rpmbuild/BUILD/glibc-2.22/csu/../sysdeps/x86_64/start.S} {118}] 0.2 4
I [SAMPLE] GNII_DlaProgress [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1__ge7db4a2.ari/lib64/libugni.s0.0.6.0} {0}] 0.2 4
H[UNWIND] [/opt/cray/ugni/6.0.14-6.0.4.0_14.1__ge7db4a2.ari/lib64/libugni.s0.0.6.0.0] [@] UNRESOLVED UNKNOWN 0.15 3
I [SAMPLE] GNI_CqgGetEvent [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1__ge7db4a2.ari/lib64/libugni.s0.0.6.0} {0}] 0.051 1
H[UNWIND] /opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.s0.3.0.1.0 [@] MPIDI_CH3I_Progress [{/opt/cray/pe/mpt/. 0.05 1
B MPL_Finalize() 3.601 1
B MPI_Send() 0.122 6,866
B MPL_Init_thread() 0.112 1
B [CONTEXT] .TAU application 0.05 1

% export TAU_SAMPLING=1; export TAU_EBS_UNWIND=1
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UNWINDING CALLSTACKS

[ ] @ TAU: ParaProf: Statistics for: n,c,t 2,0,0 - gamess_unw_call_ebs.ppk
HNNRRRREENN EEERERNERENENNNNNEEED
Name Inclusive TIME v Calls
l.TAU application 79.592 1
v EMPI_Recv() 75.607 6,870
Il [CONTEXT] MPI_Recv() 74.848 1,497
O [UNWIND] /gpfs/mira-home/sameer/gamess-theta-tau/object/unport.f.410 [@] MAIN__ [{/gpfs/mira-home/sameer/gamess-theta- 26.196 524
[ [UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_fortran.c.67 [@] beging_ [{/gpfs/mira-home/sameer/g 21.7 434
B [UNWIND] /gpfs/mira-home/sameer/gamess-theta-tau/object/gamess.f.538 [@] main [{/gpfs/mira-home/sameer/gamess-theta-ta 11.85 237
v M [UNWIND] /gpfs/mira-home/sameer/gamess-theta-tau/object/unport.f.410 [@] MAIN__ [{/gpfs/mira-home/sameer/gamess-thet 11.85 237
B [UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_fortran.c.67 [@] beging_ [{/gpfs/mira-home/sam 11.85 237
v H[UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_init.c.113 [@] ddi_init_ [{/gpfs/mira-home/yur 11.85 237
[l [UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_server.c.99 [@] DDI_Init [{/gpfs/mira-home/ 11.85 237
v l[UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_recv.c.65 [@] DDI_Server [{/gpfs/mira-hoi 11.85 237
M [UNWIND] /lus/theta-fsO/software/perftools/tau/tau-2.26.3/src/Profile/TauMpi.c.2371 [@] DDI_Recv_request [{/gpfs 11.85 237
v lH[UNWIND] /opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.s0.3.0.1.0 [@] MPI_Recv [{/lus/theta-fs( 11.85 237
v Il [UNWIND] /opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.s0.3.0.1.0 [@] PMPI_Recv [{/opt/cray, 11.7 234
[W|[SAMPLE] MPIDI_CH3I_Progress [{/opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.s0.3.0.1} {C 11.3 226
[l [SAMPLE] MPIDU_Sched_are_pending [{/opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.so.3.C 0.2 4
Il [SAMPLE] MPID_nem_gni_poll [{/opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.s0.3.0.1} {0}] 0.15 3
Il [SAMPLE] MPID_nem_network_poll [{/opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.s0.3.0.1 0.05 1
> I [UNWIND] ch3_progress.c.0 [@] PMPI_Recv [{/opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.so. 0.15 3
D [UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_init.c.113 [@] ddi_init_ [{/gpfs/mira-home/yuri/dist/G 8.701 174
[ [UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_server.c.99 [@] DDI_Init [{/gpfs/mira-home/yuri/dist/( 5.75 115
- I [UNWIND] /lib64/libc-2.22.50.0 [@] _start [{/home/abuild/rpmbuild/BUILD/glibc-2.22/csu/../sysdeps/x86_64/start.S} {118}] 0.2 4
W [SAMPLE] GNII_DlaProgress [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1__geZ7db4a2.ari/lib64/libugni.so0.0.6.0} {0}] 0.2 4
- lI[UNWIND] [/opt/cray/ugni/6.0.14-6.0.4.0_14.1__geZ7db4a2.ari/lib64/libugni.s0.0.6.0.0] [@] UNRESOLVED UNKNOWN 0.15 3
[l [SAMPLE] GNI_CqGetEvent [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1__ge7db4a2.ari/lib64/libugni.s0.0.6.0} {0}] 0.051 1
[l [UNWIND] /opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/lib/libmpich_intel.s0.3.0.1.0 [@] MPIDI_CH3I_Progress [{/opt/cray/pe/mpt/: 0.05 1
B MPI_Finalize() 3.601 1
> M MPI_Send() 0.122 6,866
> EMPL_Init_thread() 0.112 1
> I [CONTEXT] .TAU application 0.05 1
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Deep Learning: Tensorflow

O D TAU: ParaProf: Statistics for: node O, thread 8 - nt3_baseline_keras2.ppk
ERRENNEEEEEN EEEEEEENEEEEENENNEEEEEEEE
Name Inclusiv... Calls v
v M . TAU application 519.211 1
v B[CONTEXT] .TAU application 509.222 50,915
mI[SAMPLE] Eigen::internal::gebp_kernel<float, float, long, Eigen::internal::blas_data_mapper<float, long, 0, 0>, 240.632 24,089
O [SAMPLE] __pthread_cond_wait [{} {0}] 86.384 8,634
E[SAMPLE] Eigen::internal::gemm_pack_rhs <float, long, Eigen::internal::TensorContractionSubMapper<float, lor 51.345 5,135
B [SAMPLE] Eigen::internal::gemm_pack_rhs<float, long, Eigen::internal::TensorContractionSubMapper<float, lor 24.375 2,416
B [SAMPLE] void tensorflow::SpatialMaxPoolWithArgMaxHelper<Eigen::ThreadPoolDevice, float>(tensorflow::OpK 16.301 1,630
B [SAMPLE] __memset_sse2 [{} {O}] 13.446 1,336
B [SAMPLE] Eigen::TensorEvaluator<Eigen::TensorContractionOp<Eigen::array<Eigen::IndexPair<long>, 1lul> co 5.99 599
B [SAMPLE] long Eigen::internal::operator/<long, false>(long const&, Eigen::internal::TensoriIntDivisor<long, fals 5.843 585
B [SAMPLE] std::_Function_handler<void (long, long), Eigen::internal::TensorExecutor<Eigen::TensorAssignOp<I 5.377 538
B [SAMPLE] float __vector Eigen::TensorEvaluator<Eigen::TensorBroadcastingOp<Eigen::IndexList<int, Eigen::typ 4.862 487
B [SAMPLE] Eigen::TensorEvaluator<Eigen::TensorContractionOp<Eigen::array<Eigen::IndexPair<long>, lul> co 4.775 478
B [SAMPLE] Eigen::TensorEvaluator<Eigen::TensorAssignOp<Eigen::TensorMap<Eigen::Tensor<float, 1, 1, long> 4.037 404
B [SAMPLE] Eigen::internal::gemm_pack_lhs <float, long, Eigen::internal::TensorContractionSubMapper<float, lon 3.679 367
B [SAMPLE] Eigen::internal::EvalRange <Eigen::TensorEvaluator<Eigen::TensorAssignOp<Eigen::TensorMap <Eige1 2.981 298
B [SAMPLE] tensorflow::MaxPoolingOp<Eigen::ThreadPoolDevice, float>::SpatialMaxPool(tensorflow::OpKernelCa 2.915 295
B [SAMPLE] std::_Function_handler<void (long, long), Eigen::internal::TensorExecutor<Eigen::TensorAssignOp<lI 2.91 291
B [SAMPLE] std::_Function_handler<void (long, long), Eigen::internal::TensorExecutor<Eigen::TensorAssignOp<I 2.772 277
B [SAMPLE] Eigen::internal::gemm_pack_lhs <float, long, Eigen::internal::TensorContractionSubMapper<float, lon 2.481 248
B [SAMPLE] std::_Function_handler<void (long, long), Eigen::internal::TensorExecutor<Eigen::TensorAssignOp<I 2.148 215
B [SAMPLE] void Eigen::internal::call_dense_assignment_loop<Eigen::Map<Eigen::Matrix <float, -1, -1, 0, -1, -1 2.008 197
B [SAMPLE] Eigen::NonBlockingThreadPoolTempl<tensorflow::thread::EigenEnvironment>::WorkerLoop(int) [{/ha 1.999 200
B [SAMPLE] Eigen::internal::ptranspose(Eigen::internal::PacketBlock<float __vector, 4>&) [{crtstuff.c} {0}] 1.919 192
B [SAMPLE] Eigen::internal::gemm_pack_rhs <float, long, Eigen::internal::TensorContractionSubMapper<float, lor 1.607 160
B [SAMPLE] Eigen::TensorEvaluator<Eigen::TensorContractionOp<Eigen::array<Eigen::IndexPair<long>, 1ul> co 1.518 152

% tau_ python —ebs nt3 baseline keras2.py (CANDLE)
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Sampling Tensorflow

TAU: ParaProf: Function Data Window: nt3_baseline_keras2.ppk

Name: .TAU application => [CONTEXT] .TAU application => [SAMPLE]
Eigen::internal::gemm_pack_rhs<float, long,
Eigen::internal::TensorContractionSubMapper<float, long, 0O,
Eigen::TensorEvaluator<Eigen::TensorMap<Eigen::Tensor<float const, 2, 1, long>, O,
Eigen::MakePointer> const, Eigen::ThreadPoolDevice>, Eigen::array<long, lul>,
Eigen::array<long, 1ul>, 8, false, false, O, Eigen::MakePointer>, 4, 0, false,
false>::operator()(float*, Eigen::internal::TensorContractionSubMapper<float, long, 0,
Eigen::TensorEvaluator<Eigen::TensorMap<Eigen::Tensor<float const, 2, 1, long>, O,
Eigen::MakePointer> const, Eigen::ThreadPoolDevice>, Eigen::array<long, lul>,
Eigen::array<long, lul>, 8, false, false, O, Eigen::MakePointer> const&, long, long, long,
long) [{crtstuff.c} {0}]

Metric Name: TIME

Value: Exclusive

Units: seconds

15.44 | std. dev.
5.144 | mean
53.463 | max
0.02 | min

50.094 | node O, thread 1
53.463 | node O, thread 2
50.193 | node O, thread 3
52.872 | node O, thread 4
51.145 | node O, thread 5
52.442 node O, thread 6
52.618 node O, thread 7
51.345 | node O, thread 8

0.05 | node O, thread 47

0.14 | node O, thread 48

0.2 | node O, thread 50

0.16 | node O, thread 51

0.02 | node O, thread 52

0.03 | node O, thread 54

0.11 | node O, thread 55

0 11 node O thread 57
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Event Based Sampling (EBS)

TAU: ParaProf: Function Data Window: fun3d_ebs_50iter.ppk

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

Value: Exclusive percent

0.145% H std. dev.
4.931% | | mean
6.682% | max
3.852% | min
4.135% | node
5.413% | | node
6.682% | node
4.911% | node
5.057% | | node
5.732% | node
5.194% | node
5.732% | node
4.947% | | node
3.852% | node
5.139% | node
4.618% | | node
4.235% | node
3.97% | node
4.582% | node
4.692% | | node

Uninstrumented!

LCoONOOUNSL,WNREO

=
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=
=
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=
NN

=
ul

o

% mpirun -np 16 tau_ exec —ebs a.out
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Callsite Profiling and Tracing

(] TAU: ParaProf: n,c,t 0,0,0 - lu_callsite.ppk
Metric: TIME

Value: Exclusive

Units: seconds

14.695 MPI_Recv()
12,627 e [CALLSITE] MPI_Recv() [@] [exchange_1_1 [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_1.f} {68}]
6.987 [ _TAU application
4,097 o] MPI_Send()
2.068 [ [CALLSITE] MPI_Recv() [@] [exchange_1_][{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_1.f} {86}]
2.053 [l [CALLSITE] MPI_Send() [@] [exchange_1_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_1.f} {113}]
1.926 [ [CALLSITE] MPI_Send() [@] [exchange_1_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_1.f} {130}]

0.365 H MPI_Finalize()

0.365 W [CALLSITE] MPI_Finalize() [@] [IMAIN_1 [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/lu.f} {161}]

0.218 [| MPI_Init()

0.218 | [CALLSITE] MPLInit() [@] [init_comm_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/init_comm.f} {31}]

0.188 I MPI_Wait()
0.104 [CALLSITE] MPI_Wait() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {152}]
0.08 | [CALLSITE] MPI_Wait() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {288}]
0.063 | [CALLSITE] MPI_Send() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {209}]
0.057 | MPI_lrecv()
0.055 [CALLSITE] MPI_Send() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {73}]
0.03 | [CALLSITE] MPI_Irecv() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {108}]
0.026 | [CALLSITE] MPI_lrecv() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {244}]
0.012 | MPI_Bcast()
0.009 | [CALLSITE] MPI_Bcast() [@] [bcast_inputs_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/bcast_inputs.f} {28}]
0.008 | MPI_Allreduce()
0.005 | [CALLSITE] MPI_Allreduce() [@] [I2norm_] [{/lus /theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/I2norm.f} {55}]
0.002 | [CALLSITE] MPI_Bcast() [@] [bcast_inputs_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/bcast_inputs.f} {33}]
0.001 | [CALLSITE] MPI_Allreduce() [@] [ssor_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/ssor.f} {205}]
0.001 | [CALLSITE] MPI_Wait() [@] [exchange_4_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_4.f} {59}]
0.001 | [CALLSITE] MPI_Wait() [@] [exchange_6_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_6.f} {54}]
0.001 | [CALLSITE] MPI_Wait() [@] [exchange_5_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_5.f} {54}]
7.6E-4 | [CALLSITE] MPI_Wait() [@] [exchange_4_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_4.f} {104}]
4.9E-4 | [CALLSITE] MPI_lrecv() [@] [exchange_4_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_4.f} {50}]
4.9E-4 | MPI_Barrier()
4.9E-4 | [CALLSITE] MPI_Barrier() [@] [ssor_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/ssor.f} {70}
4.2E-4 | [CALLSITE] MPI_Allreduce() [@] [error_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/error.f} {53}]
4.0E-4 | MPI_Comm_size()
2.6E-4 | [CALLSITE] MPI_Comm_size() [@] [read_input_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/read_input.f} {78}]
2.4E-4 | MPI_Comm_rank()
2.4E-4 | [CALLSITE] MPI_Allreduce() [@] [pintgr_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/pintgr.f} {272}]
2.4E-4 | [CALLSITE] MPI_Comm_rank() [@] [init_comm_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/init_comm.f} {36}]

% export TAU CALLSITE=1
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WRTYUALANSTITUTE =~ HIGH PRODUCTIVITY SUPERCOMPUTING

®
o

TAU: ParaProf: Call Path Data n,c,t, 2,0,0 - gamess_unw_call_ebs.ppk

Metric Name: TIME
Sorted By: Inclusive
Units: seconds

Exclusive Inclusive Calls/Tot.Calls Name[id]
-—> 0.121 79.592 1 .TAU application
0.002 0.002 1/1 MPI_Gather()
0.004 0.004 3/3 MPI_Allgather()
0.122 0.122 6866/6866 MPI_Send()
0.002 0.002 1/1 MPI_Comm_split()
8.9E-5 8.9E-5 2/2 MPI_Comm_size()
4.6E-4 4.6E-4 3/3 MPI_Group_incl()
75.607 75.607 6870/6870 MPI_Recv()
0.002 0.002 4/4 MPI_Comm create()
9.5E-5 9.5E-5 6/6 MPI_Comm_rank()
5.4E-4 5.4E-4 1/1 MPI_Comm_group()
0.003 0.003 7/1 MPI_Barrier()
0.112 0.112 1/1 MPI_Init_thread()
6.3E-4 6.3E-4 1/1 MPI_Group_intersection()
0o 0.05 1/1 [CONTEXT] .TAU application
3.601 3.601 1/1 MPI_Finalize()
0.014 0.014 6/6 MPI_Bcast()
75.607 75.607 6870/6870 .TAU application
- 75.607 75.607 6870 MPI_Recv()
0 74.848 1497/1497 [CONTEXT] MPI_Recv()
] 74.848 1497/1497 MPI_Recv()
- o 74.848 1497 [CONTEXT] MPI_Recv()
0 8.701 174/1371 [UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_init.c.113 [@] ddi_ii
0 26.196 524/763 [UNWIND] /gpfs/mira-home/sameer/gamess-theta-tau/object/unport.£.410 [@] MAIN__ [{/gpfs/miri
0.2 0.2 4/138 [SAMPLE] GNII_DlaProgress [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1_ ge7db4a2.ari/lib64/libugni.:
0o 5.75 115/1484 [UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_server.c.99 [@] DDI_
0 0.2 4/5 [UNWIND] /1ib64/1libc-2.22.s0.0 [@] _start [{/home/abuild/rpmbuild/BUILD/glibc-2.22/csu/../s!
0 11.85 237/239 [UNWIND] /gpfs/mira-home/sameer/gamess-theta-tau/object/gamess.£.538 [@] main [{/gpfs/mira-]
0.051 0.051 1/273 [SAMPLE] GNI_CqGetEvent [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1_ ge7db4a2.ari/lib64/libugni.so
0o 0.05 1/1197 [UNWIND] /opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/1ib/libmpich_intel.so0.3.0.1.0 [@] MPID
0 0.15 3/1 [UNWIND] [/opt/cray/ugni/6.0.14-6.0.4.0_14.1_ ge7db4a2.ari/l1ib64/libugni.so0.0.6.0.0] [@] UN
0 21.7 434/1197 [UNWIND] /gpfs/mira-home/yuri/dist/Github/gamess-theta-tau/ddi/src/ddi_fortran.c.67 [@] beg
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CALLPATH THREAD RELATIONS WINDOW

[ NON ] TAU: ParaProf: Call Path Data n,c,t, 2,0,0 - gamess_unw_call_ebs.ppk

Metric Name: TIME
Sorted By: Exclusive
Units: seconds

Exclusive Inclusive Calls/Tot.Calls Name[id]
75.607 75.607 6870/6870 .TAU application
-—> 75.607 75.607 6870 MPI_Recv()
0 74.848 1497/1497 [CONTEXT] MPI_Recv ()
0.15 0.15 3/444 [UNWIND] /opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/1ib/libmpich_intel.s0.3.0.1.0 [@] PMPI_Recv
22.046 22.046 441/444 [UNWIND] /opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/1ib/libmpich_intel.so0.3.0.1.0 [@] MPIDI_CH3:
-—> 22.196 22.196 444 [SAMPLE] MPID_nem gni_poll [{/opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/1ib/libmpich_intel.so.3
5.6 5.6 112/273 [UNWIND] /opt/cray/ugni/6.0.14-6.0.4.0_14.1_ ge7db4a2.ari/lib64/libugni.so0.0.6.0.0 [@] MPID_nem ¢
0.051 0.051 1/273 [CONTEXT] MPI_Recv()
7.651 7.651 153/273 [UNWIND] /opt/cray/ugni/6.0.14-6.0.4.0_14.1_ ge7db4a2.ari/l1ib64/libugni.so0.0.6.0.0 [@] MPID_nem ¢
0.35 0.35 7/273 [UNWIND] [/opt/cray/ugni/6.0.14-6.0.4.0_14.1_ ge7db4a2.ari/l1ib64/libugni.so.0.6.0.0] [@] UNRESOL!
-—> 13.652 13.652 273 [SAMPLE] GNI_CqGetEvent [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1_ge7db4a2.ari/l1ib64/libugni.so.0.6.(
11.3 11.3 226/226 [UNWIND] /opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/1ib/libmpich_intel.so0.3.0.1.0 [@] PMPI_Recv
-—> 11.3 11.3 226 [SAMPLE] MPIDI_CH3I_Progress [{/opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/1ib/libmpich_intel.so
10.349 10.349 207/207 [UNWIND] /opt/cray/ugni/6.0.14-6.0.4.0_14.1_ ge7db4a2.ari/1ib64/libugni.so.0.6.0.0 [@] MPID_nem ¢
-—> 10.349 10.349 207 [SAMPLE] GNI_SmsgGetNextWTag [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1_ ge7db4a2.ari/lib64/libugni.so
0.2 0.2 4/138 [CONTEXT] MPI_Recv()
6.701 6.701 134/138 [UNWIND] /opt/cray/ugni/6.0.14-6.0.4.0_14.1_ ge7db4a2.ari/l1ib64/libugni.so.0.6.0.0 [@] GNI_CqGetl!
-—> 6.901 6.901 138 [SAMPLE] GNII_DlaProgress [{/opt/cray/ugni/6.0.14-6.0.4.0_14.1_ ge7db4a2.ari/lib64/libugni.so.0.(
5.25 5.25 105/109 [UNWIND] gni_poll.c.0 [@] MPID_nem gni_poll [{/opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/1ib/1il
0.2 0.2 4/109 [UNWIND] gni_poll.c.0 [@] MPIDI_CH3I_Progress [{/opt/cray/pe/mpt/7.6.3/gni/mpich-intel/16.0/1ib/:
-—> 5.45 5.45 109 [SAMPLE] MPID_nem gni_check_localCQ [{gni_poll.c} {0}]
3.601 3.601 1/1 .TAU application
-—> 3.601 3.601 1 MPI_Finalize()
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ParaProf: Callpath Thread Relations Window

TAU: ParaProf: Call Path Data n,c,t, 0,0,0 - scout.cubex

File Options Windows Help

Metric Name: Time
Sorted By: Exclusive
Units: seconds

0.04 0.04 32/32
- 0.04 0.04 32
0.03 2.536 323243232
- 0.03 2.536 3232
9.8E-4 9.8E-4 323243232
0.225 0.228 3232/3232
0.002 0.002 323273232
0.002 0.002 323243232
0.199 0.199 323273232
0.002 0.002 323243232
0.343 0.343 323273232
0.016 0.016 323273232
0.014 0.027 323273232
0.609 0.609 323273232
0.36 0.386 323243232
0.583 0.583 3232/3232
0.019 0.019 323273232
0.006 0.006 3232/51680
0.069 0.069 323273232
0.015 0.015 323243232
0.021 0.029 643276432
--> 0.021 0.029 6432
0.007 0.007 6432/51680
0.02 0.033 643276432
- 0.02 0.033 6432
0.013 0.013 6432/51680
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I$omp
1$omp

parallel @initialize.f:28
do @initialize.f:50

compute_rhs_

!$omp
1$omp
I$omp
1$omp
1$omp
!$omp
1$omp
!$omp
1$omp
1$omp
1$omp
1$omp
1$omp
1$omp
I$omp
1$omp
1$omp

!$omp
1$omp
1$omp

I$omp
1$omp
I$omp

parallel @rhs.f:28
master @rhs.f:424
do @rhs.f:62
master @rhs.f:74
master @rhs.f:293
do @rhs.f:384
master @rhs.f:183
do @rhs.f:37

do @rhs.f:372

do @rhs.f:413

do @rhs.f:191

do @rhs.f:301

do @rhs.f:80

do @rhs.f:400
implicit barrier
do @rhs.f:428

do @rhs.f:359

parallel @exch_gbc.f:215
parallel do @exch_gbc.f:215
implicit barrier

parallel @exch_gbc.f:255
parallel do @exch_gbc.f:255
implicit barrier
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Callsite Profiling and Tracing (TAU_CALLSITE=1)

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

Metric: TIME
Value: Exclusive
Units: seconds

14.695 | MPI_Recv()
12.627 neessssssssssses————eessn  [CALLSITE] MPI_Recv() [@] [exchange_1_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_1.f} {68}]
6.987 —— _TAU application
4.097 ] MPI_Send()
2.068 [ [CALLSITE] MPI_Recv() [@] [exchange_1_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1 /LU /exchange_1.f} {86}1
2.053 [l [CALLSITE] MPI_Send() [@] [exchange_1_]1[{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_1.f} {113}]
1.926 [ [CALLSITE] MPI_Send() [@] [exchange_1_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_1.f} {130}]
MPI_Finalize()

&

[l [CALLSITE] MPI_Finalize() [@] [MAIN_][{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/Iu.f} {161}]
0.218 [| MPI_Init()

i

1]

[

|

|

|

[CALLSITE] MPI_Init() [@] [init_comm_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/init_comm.f} {31}]
MPI_Wait()
[CALLSITE] MPI_Wait() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {152}]
[CALLSITE] MPI_Wait() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {288}]
[CALLSITE] MPI_Send() [@] [exchange_3_] [{/lus /theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {209}]
MPI_lrecv()
0.055 [CALLSITE] MPI_Send() [@] [exchange_3_] [{/lus /theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {73}]
0.03 | [CALLSITE] MPI_Irecv() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {108}]
0.026 | [CALLSITE] MPI_Irecv() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {244}]
MPI_Bcast()
[CALLSITE] MPI_Bcast() [@] [bcast_inputs_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/bcast_inputs.f} {28}]
0.008 | MPI_Allreduce()
0.005 | [CALLSITE] MPI_Allreduce() [@] [I2norm_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/I2norm.f} {55}]
0.002 | [CALLSITE] MPI_Bcast() [@] [bcast_inputs_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/bcast_inputs.f} {33}]
[CALLSITE] MPI_Allreduce() [@] [ssor_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/ssor.f} {205}]
0.001 [CALLSITE] MPI_Wait() [@] [exchange_4_] [{/lus /theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_4.f} {59}]
0.001 [CALLSITE] MPI_Wait() [@] [exchange_6_] [{/lus /theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_6.f} {54}]
0.001 [CALLSITE] MPI_Wait() [@] [exchange_5_] [{/lus /theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_5.f} {54}]
7.6E-4 | [CALLSITE] MPI_Wait() [@] [exchange_4_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_4.f} {104}]
[CALLSITE] MPI_lrecv() [@] [exchange_4_]1 [{/lus /theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_4.f} {50}]
4.9E-4 | MPI_Barrier()
4.9E-4 | [CALLSITE] MPI_Barrier() [@] [ssor_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/ssor.f} {70}]
4.2E-4 | [CALLSITE] MPI_Allreduce() [@] [error_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/error.f} {53}]
4.0E-4 | MPI_Comm_size()
[CALLSITE] MPI_Comm_size() [@] [read_input_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/read_input.f} {78}]
2.4E-4 | MPI_Comm_rank()
2.4E-4 | [CALLSITE] MPI_Allreduce() [@] [pintgr_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/pintgr.f} {272}]
2.4E-4 | [CALLSITE] MPI_Comm_rank() [@] [init_comm_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/init_comm.f} {36}]
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TAU — Context Events

(S NSNS) TAU: ParaProf: Context Events for thread: n,c,t, 1,0,0 - samarc_obe_4p_iomem_cp.ppk
1 Name %7 Total MeanValue NumSamples MinValue MaxValue Std. Dev.
| .TAU application n
» read() - = =
E5faperisi0 Write bandwidth per file
o Il NAWI " Tl
¥ OurMain()
malloc size 25,235 1,097.174 23 1 12,032 2,851.143
free size 22,707 1,746.692 13 11 12,032 3,660.642
¥ OurMain [{wrapper.pyH3}]
» read() <
malloc size 3,877 323.083 12 32 981 252.72
free size 122

» fopen64() - -
Bytes written to each file

v <module> [{obe.pyH8}]

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

A 4

v write() N
WRITE Bandwidth (MB/s) <file="samarc/restore.00002 /nodes.00004 /proc.00001"> 74.565 117 (0] 2,156.889 246.386
WRITE Bandwidth (MB/s) <file="samarc/restore.00001/nodes.00004 /proc.00001"> 77.594 117 (0] 1,941.2 228.366
WRITE Bandwidth (MB/s) 76.08 234 0 2,156.889 237.551
Bytes Written <file="samarc/restore.00002/nodes.00004 /proc.00001"> 2,097,552 17,927.795 117 1 1,048,576 133,362.946
Bytes Written <file="samarc/restore.00001/nodes.00004 /proc.00001"> 2,097,552 17,927.795 147 1 1,048,576 133,362.946
Bytes Written 4,195,104 17,927.795 234 1 1,048,576 133,362.946

» openb64() =
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ParaProf with Optimized Instrumentation

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

Metric: TIME | ParaProf Manager

Value: ExclusiV 3p Visualization

2D Communication Matrix
Std. Dev. [ Communication Matrix

Mean
Max [ Function g e |’
Min [ Thread b
node 0 |jma :
node 1 [ Function Legend
node 2 [ Croup Legend
node 3 [ User Event Legend _ el sl W
node 4 [ Group Changer sl sl W
node 5 _ sl s Wi
[ sl sl W

Close All Sub-Windows

3
o]
o
]
~J
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Create a Selective Instrumentation File, Re-instrument, Re-run

ece X| TAU: ParaProf: /rwthfs/rz/cluster/work/hpclab7/NPB3.3-MZ-MP/bin [ JON \| TAU: ParaProf: Selective Instrumentation File Generator
m Options Windows Help

Export Profile Output File: ]frwthfsfrzfcluster’;‘workfhpclabl 7/NPB3.3-MZ-MPlthin/select.tau | | ..
Convert to Phase Profile

Create Selective Instrumentation File [v] Exclude Throttled Routines

Add Mean to Comparison Window

Save ...
Preferences...
Print

Close This Window

[v] Exclude Lightweight Routines

Lightweight Routine Exclusion Rules

Exit ParaProf! Microseconds per call: ]10
node 4
node 5 Nurnber of calls: 1100000

node 6 T . 0
node 7 | s el TN

Excluded Routines

lhsinit_
exact_solution_
matvec_sub_
ratrul_sub_
binverhs_
binvrhs_

v| Merge close
L~
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Triangle Mesh

* Bar Plot
Scatter Plot
Topology Plot

Height Metric

Exclusive v TIME
Color Met
Exclusive - TIME
Function

3.0

Height value 8.572 seconds

Color value  8.572 seconds

Scales = Plot Axes Color

Spee
Auto-Rotate
R e Vid:
AA Lines Full Screen AA
Separat
Aperture

GL Info

=)

d

Click Bar Plot

Move Function
and Thread Sliders

Windows ->

3D visualization
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Triangle Mesh
= Bar Plot

Scatter Plot

Topology Plot

Height Metric

Exclusive
Color Metric

Exclusive TIME

R do (loop body) [OpenMP Ic
Function

Thread

| Prpppnnttt! Height value 8.471 seconds
Ly !
Pty
it ) Color value  8.471 seconds
: 1T /

VRN RERRN] " >

‘uw““,“uuuﬂl“l -

ARRRRRANAEN

L

cales Plot Axes

height: 0 |

(R}

seconds

Y EERRL)

seconds
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AU: ParaProf: 3D Visualizer: lu_callsite.ppk
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Callsite Profiling and Tracing

TAU: ParaProf: 3D Visualizer: lu_callsite.ppk

Triangle Mesh
.~ Bar Plot
Scatter Plot

Topology Plot

Height Metric

Exclusive - TIME -

i omt TilE Color Metric
o TR )

1 TiiatiR y
AV A Exclusive e

IR Il = -

i
il

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

Thread

Height value

12.627 seconds
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Color value 12.627 seconds
| Scales [ Axes Color  Render
height: 0 | 14.695
seconds
color: 0 | 14.695
seconds
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Parallel Profile Visualization: ParaProf
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araProf Visualizer: cmod.128x128.128DC.ppk/128x128/ao

File Options Windows Help

IR T
_'F‘l‘w‘w“‘umm“‘—'a‘ﬁm T
S
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sa2d/taudata

rs/sameer/Users

*) Triangle Mesh
) Bar Plot

) Scatter Plot

Height Metric
Exclusive | |GET_TIME_OF_DAY |+
Color Metric

Exclusive | |GET_TIME_OF_DAY |+

SIGMAD_CQL3D
Function

200:0:0
Thread

Height value 321.68 seconds

Color value 321.68 seconds

Mesh Plot Axes ColorScale >
Plot Width O
Plot Depth —{)
Plot Height <O
__ Transparency S
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ParaProf 3D Communication Matrix
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000 TAU: ParaProf: 3D Communication Matrix: uts_xk6_t3|_64p.ppk

% export TAU_COMM_MATRIX=1
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Callpath:

int findwork(int) C [{uts_shm.c} {695,1}
Height Value

Number of calls

Color Value

Message volume (bytes)

Display Options

v

62
Sender
e >
61
Receiver
&«
Height value 4054
Colorvalue 16216
[ Scales Plot Axes >
height: 0 | 4687
calls
color: 0 | 18748
bytes
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ParaProf: 3D Scatter Plot

TAU: ParaProf: 3D Visualizer: tauprofile.xml

Triangle Mesh
Bar Plot
*) Scatter Plot

Topology Plot

y) [OpenMP location: file:/home1l/00494/tg457572/tutorial/isc16/NPB3.3-MZ-MPI/BT-MZ/x_solve.f <54, 406>]

Wwidth
Exclusive ~ TIME ~
do (loop body) [OpenMP location: file:/home1l/00494/tg457572/tutorial/isc16/NPB3.3-MZ-MPI/BT-MZ/z_solve.f

Depth
Exclusive ~ TIME ~
do (loop body) [OpenMP location: file:/homel/00494/tg457572/tutorial/isc16/NPB3.3-MZ-MPI/BT-MZ/y_solve.f

Height
Exclusive ~ TIME ~
MPI_WaitallQ

Color
Exclusive ~ TIME ~

ScatterPlot Axes s S Render
15.223

™ Show ColorScale

Font Size =
(=) Rainbow Grayscale
Inverse Grayscale Blue—Red

- Blue—-White—Red

(o}
MPI_WaitallQ (Exclusive, TIME)
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ParaProf: Score-P Profile Files, Database

TAU: ParaProf Manager
File Options Help

@ ~Applications TrialField Value
¢ [ Standard Applications Name profile.cubex
¢ ] Default App Application ID 0
¢ 7 Default Exp Experiment ID o}
¢ [ profile.cubex Trial ID :
@ Time File Type Index 9

@ Minimum Inclusive Time File Type Name Cube
ive Time

@ PAPI_TOT_INS
@ PAPI_FP_INS

@ ru_utime

@ ru_nswap
@ ru_inblock
@ ru_oublock
@ ru_msgsnd
@ ru_msgrev
@ ru_nsignals
@ ru_nvesw

'y Nt
@ bytes_received
o [ Default {jdbc:h2:/home/livetau/. ParaProfiiperfdmf; AUTO_SERVER=TRUE}
o~ [ perfexplorer_working (jdbc:h2:/homeflivetaus.ParaProfiperfexplorer_wo| Add Application g )
Add Experiment
Add Trial
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ParaProf: File Preferences Window

ParaProf Preferences

File
Font
SansSerif
ansSeri - n,c,t 0,0,0 7N
Bold size n,c,t0,0,1° N
n,c,t 0,0,2 [
Italic
(4] 10 20 30 40
wWindow defaults Settings
Show Path Title in Reverse
Units T - Reverse Call Paths

v|Interpret threads that do not call a given function as a 0 value for statistics computation

Generate data for reverse calltree
{requires lots of memory}
{does not apply to currently loaded profiles}

Show Values as Percent v| Show Source Locations

v| Auto label node/context/threads

Restore Defaults Apply Cancel
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ParaProf: Group Changer Window

TAU: ParaProf: Group Changer: profile.cubex

Region Current Available
filter: | new group

I$omp atomic @error.f:104 | |CUBE_DEFAULT CUBE_CALLPATH
$Somp atomic @error.f:51
I$omp do @error.f:33
I$omp do @error.f:91
$Somp do @exact rhs.f:147
I$Somp do @exact _rhs.f:247
ISomp do @exact rhs.f:31
$Somp do @exact rhs.f:346
I$omp do @exact _rhs.f:46
I$Somp do @initialize.f:100
I$Somp do @initialize.f:119
ISomp do @initialize.f:137
ISomp do ®@initialize.f:156
I$Somp do @initialize.f:174
I$Somp do @initialize.f:192
I$omp do @initialize.f:31

4 »
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ParaProf: Derived Metric Panel in Manager Window

TAU: ParaProf Manager
File Options Help

@ Applications o MetricField value
¢ [ Standard Applications Name Time
¢ [J Default App Application ID 0
¢ [ Default Exp Experiment ID 0
¢ [ profile.cubex Trial ID o]
@ Time Metric 1D 0

@ Minirmurmn Inclusive Time
@ Maximum Inclusive Time
@ PAPI_TOT_C¥YC

@ PAPL_TOT_IN

PAPI_FP_INS
ru_utime
ru_stime

ru_rninflt
ru_raiflt
ru_nswap
ru_inblock
ru_oublock
ru_msgsnd
ru_rnsgrewv
ru_nsignals
ru_Nvesw

PO00O0O0O0OOOOOOOPOPOPOPEC

Expression: |['PAPI_FP_INS"/"Time" Clear

+ - * ! = { } Apply
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Sorting Derived FLOPS metric by Exclusive Time

TAU: ParaProf: node O, thread O - profile.cubex
File Options Windows Help

Metric: { PAPI_FP_INS / Time )
Value: Exclusive

Units: Derived metric shown in seconds format

Sorted By: Exclusive (Time)
3.0217E% sl  MAIN__ == adi_ ==y solve_ == !$omp parallel @y_solve.f:43 == !$omp do @y_solve.f:52 -
3.0217E9 | ] !'$omp do @y_solve.f:52

3.2421E9% eessssssssssseeeemnn  MAIN__ == adi_ => z_solve_ == !$omp parallel @z_solve.f:43 == $omp do @z_solve.f:52
3.2421E9 | ] '$omp do @z_solve.f:52
3.0673E9 Imeesssssssssssssssssmmm MAIN_ => adi_ => x_solve_ == !$omp parallel @x_solve.f:46 == !$omp do @x_solve.f:54
3.0673E9 | ] !'$omp do @x_solve.f:54
3.3299E9 | ] !'$omp do @rhs.f:191
3.3298E9 [ ] MAIN__ => adi_ => compute_rhs_ == !$omp parallel @rhs.f:28 == !$omp do @rhs.f:191
]
]

3.5138E9 | '$omp do @rhs.f:80
3.514E9 | MAIN__ => adi_ => compute_rhs_ => !$omp parallel @rhs.f:28 == !$omp do @rhs.f:80
1965740.083 | !'$omp implicit barrier
2518815.107 | !$omp parallel @rhs.f:28
2518981.066 | MAIN__ == adi_ => compute_rhs_ => !$omp parallel @rhs.f:28
3.502E3 [E& !'$omp do @rhs.f:37
3.4975E28 [ MAIN__ => adi_ => compute_rhs_ => !$omp parallel @rhs.f:28 == !$omp do @rhs.f:37
4.0207E9 [hassssssss] ! $omp do @rhs.f:301

4,0205E9 | ] MAIN__ == adi_ => compute_rhs_ => !$omp parallel @rhs.f:28 == !$omp do @rhs.f:301
393146.074 | !$omp do @rhs.f:62
393024.443 | MAIN__ => adi_ == compute_rhs_ == !$omp parallel @rhs.f:28 == !$omp do @rhs.f:62
60.754 | MAIN__ == mpi_setup_ == MPI_Init_thread
60.754 | MPI_Init_thread
2218222.902 | MAIN__ == exch_qgbc_ => copy x_face_
2218222.902 | copy x face_
2217983.431 | MAIN__ => exch_gbc_ => copy_y face_
2217983.431 | copy vy face_
2691052.918 | MAIN_ == exch_gbc_
2691052.918 | exch_gbc_
1.59044E9 [ ] !$omp do @rhs.f:324
1.5944E9 [ ] MAIN__ => adi_ == compute_rhs_ => !$omp parallel @rhs.f:28 == !$omp do @rhs.f:384
65007.137 | MAIN__ => exch_gbc_ == MPI_Waitall -
4 »
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TAU hands-on
exercises
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Performance Research Lab, University of Oregon, Eugene, USA
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Download TAU from U. Oregon

http://tau.uoregon.edu

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

Free download, open source, BSD license
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