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TAU Performance System®

VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING

' Instrumentation

o C, C++, Fortran
o Python, UPC, Java
o Robust parsers (PDT)

Wrapping
o Interposition (PMPI)
o Wrapper generation

o Static, dynamic
o Preloading

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

Measurement API
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Measurement

Events

o static/dynamic

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

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

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

Metadata

o system, user-defined

Measured data

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

' TAU Architecture |

Analysis




TAU Performance System

VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING

= [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, CUDA, OpenCL, OpenACC
= 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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VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING

TAU Performance System

= TAU supports both sampling and direct instrumentation

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

» [nterfaces 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 (OMPT, tau_exec —T ompt)
» 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?
Floating point, Level 1 and 2 data cache misses, hits, branches taken? What is the extent of
vectorization for loops on Intel MIC?

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

« How much energy does the application use in Joules? What is the peak power usage?

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

« 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, 1/0 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 ()

4 {

{: int a;
a =1+ 1;

Inclusive < Exclusive bar () ;

{ a =a + 1;
return a;

\-
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Sampling

v

Time

t t

{ ¢

—= ©® I I8l [T []
- foo (0) foo (1) foo (2) int main ()

{

= Running program is periodically interrupted to take int 1;
measurement for (i=0; 1 < 3; i++)
= Timer interrupt, OS signal, or HWC overflow foo(1);
= Service routine examines return-address stack return 0;
= Addresses are mapped to routines using symbol table }
information vols oo (dnk 4]
= 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 }
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Instrumentation

VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING
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= 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
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int main ()

{

}

int 1;

Start (“main”) ;

for (1=0; i < 3;
foo (1) ;

Stop (“main”) ;

return 0O;

void foo (int 1)

{

Start (“foo”) ;

if (1 > 0)
foo(1 — 1);

Stop (“foo”) ;

Time

i++)
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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/0

=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 —np 8 ./a.out

*mpirun —np 8 tau_exec —T ompt,tr6,mpi —ompt ./a.out
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TAU hands-on
exercises
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TAU tutorial exercise objectives

= Familiarise with usage of TAU tools
= complementary tools’ capabilities & interoperability

= Prepare to apply tools productively to your applications(s)

= Exercise is based on a small portable benchmark code
= unlikely to have significant optimisation opportunities

= Optional (recommended) exercise extensions
= analyse performance of alternative configurations
» investigate effectiveness of system-specific compiler/MPI optimisations and/or placement/binding/
affinity capabilities
» investigate scalability and analyse scalability limiters
= compare performance on different HPC platforms
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Local Installation (romeo, CEA)

= Setup preferred program environment compilers

$ module load intel/2017.7 openmpi/20.4.1.1 icc mt
% module load tau

3=

If you have previous performance data from Score-P, you may view it with TAU’s paraprof
% paraprof profile.cubex &

For PerfExplorer:

% wget http://tau.uoregon.edu/data. tgz
% cat README

and follow the steps

; tar zxf data.tgz; cd data
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NPB-MZ-MPI Suite

= The NAS Parallel Benchmark suite (MPI+OpenMP version)
= Available from:

http://www.nas.nasa.gov/Software/NPB
= 3 benchmarks in Fortran77
= Configurable for various sizes & classes

= Move into the NPB3.3-MZ-MPI root directory

% 1ls
bin/ common/ Jjobscript/ Makefile README.install SP-MZ/
BT-MzZ/ config/ LU-MZ/ README README. tutorial sys/

= Subdirectories contain source code for each benchmark
» plus additional configuration and common code

» The provided distribution has already been configured for the tutorial, such that it's
ready to “make” one or more of the benchmarks and install them into a (tool-specific)
“bin” subdirectory
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NPB-MZ-MPI / BT: config/make.def

# SITE- AND/OR PLATFORM-SPECIFIC DEFINITIONS.

#

# ___________________________________________________________________________

# ___________________________________________________________________________

# Configured for generic MPI with GCC compiler

# ___________________________________________________________________________

#OPENMP = -fopenmp # GCC compiler

OPENMP = -openmp # Intel compiler

# _____________________________________________________________________

# The Fortran compiler used for MPI programs

# _____________________________________________________________________

# MPIF77 = mpif77 # OpenMPI with Intel compiler

MPIF77 = mpif77

# Alternative variant to perform instrumentation

b MPIFT7 = tau £90.sh Uncomment MPIF?? and_
# PREP is a generic preposition macro for instrumentation preparation comment Score-P’s Compller
#MPIF77 = $(PREP) mpif77 —-f77=ifort

#MPIF77 = scorep . wrapper to generate

uninstrumented binary!




VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING

o\°
=
[\))
w
()]

___________________________________________ = Type "make” for

— NAS PARALLEL BENCHMARKS 3.3 - Instructions

= MPI+OpenMP Multi-Zone Versions =
= F77 =

To make a NAS multi-zone benchmark type
make <benchmark-name> CLASS=<class> NPROCS=<nprocs>

where <benchmark-name> is “bt-mz”, “lu-mz”, or “sp-mz”
<class> is “s”, “wW”, “A” through “F”
<nprocs> is number of processes

R IR b b b b b b b b A b b A b b A b b A b b g b b S b b b b b b b b b b b b b I b b b b b I b b A b b b b b g b b i b b g

* Custom build configuration is specified in config/make.def *
* Suggested tutorial exercise configuration for HPC systems: *
* make bt-mz CLASS=C NPROCS=8 o

R R R A b b A b b A b b A b R d b b G b b A b b G b b G b A S b A b b A b AR b b A b b A b b A b b G b b g b b i b b g b ¢
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Building an NPB-MZ-MPI Benchmark

= Specify the

% make suite

make[1l]: Entering directory “BT-MZ' benchmark

make[2]: Entering directory " sys' ] ]

cc -0 setparams setparams.c -1lm Conflgurat|0n
make[2]: Leaving directory sys = benchmark name:
../sys/setparams bt-mz 8 C

make[2]: Entering directory ~../BT-MZ' bt-mz, Iu-mz, Sp-Mz
tau £90.sh -¢ -03 —-g -openmp bt.f » the number of MPI
[...] . _
tau £f90.sh -c¢ -03 —-g -openmp mpil setup.f processes. NPROCS=8
cd ../common; mpiifort -c¢ -03 —-g -openmp print results.f = the benchmark class
cd ../common; mpiifort -c -03 —-g -openmp timers.f (S W A B.C.D E)
tau £90.sh -03 —-g -openmp -0 ../bin.tau/bt-mz C.8 bt.o Lo = '

CLASS=C

initialize.o exact solution.o exact rhs.o set constants.o adi.o
rhs.o zone setup.o x solve.o y solve.o exch gbc.o solve subs.o
z solve.o add.o error.o verify.o mpi setup.o ../common/print results.o
../common/timers.o
make[2]: Leaving directory "BT-MZ'
Built executable ../bin.tau/bt-mz C.8 Shortcut: & make suite
make[1l]: Leaving directory "BT-MZ' !
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NPB-MZ-MPI / BT (Block Tridiagonal Solver)

= What does it do?
= Solves a discretized version of the unsteady, compressible Navier-Stokes equations in three spatial

dimensions
= Performs 200 time-steps on a regular 3-dimensional grid

= Implemented in 20 or so Fortran77 source modules

= Uses MPI & OpenMP in combination

= 8 processes each with 8 threads should be reasonable for 2 compute nodes of romeo
= bt-mz_B.8 should run in less than 4 seconds
= bt-mz_C.8 should run in around 15 seconds
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NPB-MZ-MPI / BT with TAU (tau_exec -T ompt)

% cd bin

$ cp ../jobscript/romeo/tau_ompt.slurm . n Copy jobscript and
% sbatch./tau_ompt.slurm .

% cat npb btmz_ ref.o<job id> launch as a hYbrld
NAS Parallel Benchmarks (NPB3.3-MzZ-MPI) - BT-MZ MPI+OpenMP Benchmark

Number of zones: 16 x 16 MPI+OpenMP

Iterations: 200 dt: 0.000300 ” i N

Number of active processes: 8 app catio

Total number of threads: 64 ( 8.0 threads/process)

Time step 1

Time step 20
[...]
Time step 180
Time step 200
Verification Successful

BT-MZ Benchmark Completed.
rime In secencs = 17,9 tau_exec launches un-instrumented binaries!
% paraprof & =
% paraprof —-pack bt.ppk
<Copy file over to desktop using scp>

Q

% paraprof bt.ppk &
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NPB-MZ-MPI / BT with TAU’s Sampling (tau_exec -T ompt -ebs)

% cd bin

% cp ../jobscript/romeo/tau_ompt ebs.slurm . n Copy jobscript and
% sbatch ./tau_ompt ebs.slurm .

% cat npb btmz_ ref.o<job id> launch as a hYbrld
NAS Parallel Benchmarks (NPB3.3-MzZ-MPI) - BT-MZ MPI+OpenMP Benchmark

Number of zones: 16 x 16 MPI+OpenMP

ITterations: 200 dt: 0.000300 ” i N

Number of active processes: 8 app catio

Total number of threads: 64 ( 8.0 threads/process)

Time step 1

Time step 20
[...]
Time step 180
Time step 200
Verification Successful

BT-MZ Benchmark Completed.
rime In secencs = 17,9 tau_exec launches un-instrumented binaries!
% paraprof & =
% paraprof —--pack bt ebs.ppk
<Copy file over to desktop using scp>

Q

% paraprof bt ebs &
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NPB-MZ-MPI / BT with TAU’s native OTF2 traces

o\°

cd bin

$ cp ../jobscript/romeo/tau otf.slurm . " Copy JObSCFlpt and launch
O CEEEl R0 @Rce B as a hybrid MPI+OpenMP
% cat npb btmz ref.o<job id>

NAS Parallel Benchmarks (NPB3.3-MzZ-MPI) - BT-MZ MPI+OpenMP Benchmark application

Number of zones: 16 x 16

Tterations: 200 dt: 0.000300 = TAU TRACE=1

Number of active processes: 8 _
Total number of threads: 64 ( 8.0 threads/process) " TAU—TRACE—FORMAT_Oth
Time step 1

Time step 20

[...]
Time step 180
Time step 200

Verification Successful

BT-MZ Benchmark Completed. TAU generates native OTF2 traces for Vampir with
Time 1n seconds = 17.34

% ls traces.otf2
module load vampir
vamplr traces.otf?2 &
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TAU OMPT TR4 vs OMPT TR6 support

= Both standards (TR4 and TR6) allow us to replace an OpenMP library with one that
will generate events.

= TR6 has a lower overhead, finer granularity of support

Generate OpenMP events on just thread O, or threads 0.. N-1 (TAU_OMPT_SUPPORT_LEVEL=full)
export TAU_OMPT_SUPPORT_LEVEL=full

mpirun -np <N> tau_exec -T ompt,tr6 -ompt ./a.out instead of
mpirun -np <N> tau_exec -T ompt -ompt ./a.out

» TR6: Can use eager address resolution or defer address resolution to postmortem
= export TAU_OMPT_RESOLVE_ADDRESS_EAGERLY=1

= cp /home/projects/tauscripts/tau_ompt_tr6.slurm . ; sbatch ./tau_ompt_tr6.slurm
= Can be used with Event Based Sampling (EBS)
= cp /home/projects/tauscripts/tau_ompt_tr6_ebs.slurm . ; sbatch ./tau_ompt_tr6_ebs.slurm
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TAU’s Source
Instrumentation
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TAU’s Static Analysis System: Program Database Toolkit (PDT)

Application
/ Librar
C/C++ <i‘> Fortran parser
parser F77/90/95
IL IL
C/C++ Fortran

IL analyzer IL analyzer

P .
rogram Automatic source
Database DUCTAP . .
Files Instrumentation
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Automatic Source Instrumentation using PDT

TAU source Application
analyzer source

Parsed
program

-

\ 4
_ Instrumented
tau_instrumentor copy of source

N

\/

Instrumentation
specification file

o

U
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Installing and Configuring TAU

=Installing PDT:

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

=|nstalling TAU:

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

= /configure —ompt=download —arch=x86_64 -mpi -bfd=download -pdt=<dir> -papi=<dir> ...

* make install

=Using TAU:
= export TAU MAKEFILE=<taudir>/x86_64/lib/Makefile.tau-<TAGS>
» make CC=tau_cc.sh CXX=tau_cxx.sh F90=tau f90.sh
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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:
% module load tau

% export TAU_MAKEFILE=$TAU/Makefile.tau-icpc-papi-ompt-mpi-pdt-openmp
% export TAU_OPTIONS= ‘-optVerbose ...’ (see tau_compiler.sh)

Use tau f90.sh, tau_cxx.sh, tau_upc.sh, or tau_cc.sh as F90, C++, UPC, or C compilers
respectively:

% mpif90 foo.f90 changes to
% tau_f90.sh foo.f90

»Set runtime environment variables, execute application and analyze performance data:
% pprof (for text based profile display)
% paraprof (for GUI)
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Different Makefiles for TAU Compiler and Runtime Options

z module load tau

% ls STAU/Makefile.~*

/apps/tau/2.27.2pl/x86_ 64/lib/Makefile. tau-icpc

/apps/tau/2.27.2pl/x86 64/lib/Makefile. tau-icpc-mpi-pdt
/apps/tau/2.27.2pl/x86_ 64/lib/Makefile. tau-icpc-papi-mpi-pdt-openmp-opari
/apps/tau/2.27.2pl/x86_ 64/lib/Makefile. tau-icpc-papi-mpi-pthread-pdt
/apps/tau/2.27.2pl/x86_64/lib/Makefile. tau-icpc-papi-ompt-mpi-pdt-openmp
/apps/tau/2.27.2pl/x86_ 64/lib/Makefile. tau-mpi-pdt

For an MPI+OpenMP+F90 application with Intel MPI, you may choose
Makefile. tau-icpc-papi-ompt-mpi-pdt-openmp

o®

export TAU MAKEFILE=STAU/Makefile.tau-icpc-papi-ompt-mpi-pdt-openmp

tau £90.sh matmult.f90 -o matmult
mpirun -np 8 ./matmult
paraprotf

o\® o\© o©
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Configuration tags for tau_exec

VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING

% ./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/libTAU.so

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

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

o

$ mpirun -np 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.
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Simplifying TAU’s usage (tau_exec)

*Uninstrumented execution

= % mpirun -np 16 ./a.out
*Track MPI performance

= % mpirun -np 16 tau_exec ./a.out
*Track POSIX I/O, OpenMP, and MPI performance (MPI enabled by default)

* % mpirun -np 16 tau exec —T mpi,pdt,ompt —io ./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=<PAP|_COUNTER> -ebs period=<overflow_ count>
= oad wrapper interposition library

» % mpirun —np 16 tau_exec —loadlib=<path/libwrapper.so> ./a.out
*Track GPGPU operations

= % mpirun —np 16 tau_exec —cupti ./a.out

» % mpirun —np 16 tau_exec —openacc ./a.out
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Binary Rewriting Instrumentation

« Support for both static and dynamic executables

« Specify a list of routines to instrument

« Specify the TAU measurement library to be injected
« MAQAO [UVSQ, Intel Exascale Labs]:

% tau rewrite -T [tags] a.out -o a.inst

* DyninstAPI [U. Maryland and U. Wisconsin, Madison]:

% tau run -T [tags] a.out -o a.inst

» Pebil [UC San Diego]:

% tau pebil rewrite -T [tags] a.out -o a.inst

Execute the application to get measurement data:

% mpirun -np 256 ./a.inst
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NPB-MZ-MPI / BT: config/make.def

# SITE- AND/OR PLATFORM-SPECIFIC DEFINITIONS.

#
S
# ___________________________________________________________________________
# Configured for generic MPI with GCC compiler
b
#OPENMP = -fopenmp # GCC compiler

OPENMP = -openmp # Intel compiler
e

# The Fortran compiler used for MPI programs
e

# MPIF77 = mpif90 # OpenMPI with Intel compiler

# Alternative variant to perform instrumentation
MPIF77 = tau £90.sh

Uncomment TAU’s compiler

# PREP is a generic preposition macro for instrumentation preparation Yvrapper to dO SOU.I'CG
#MPTF77 = $(PREP) mpif77 -f77=ifort instrumentation with TAU

TMPLIETT = scorep .. Comment out Score-P wrapper
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Building an NPB-MZ-MPI Benchmark with Source Instrumentation

% module load tau;

% export TAU MAKEFILE=$TAU/Makefile.tau-icpc-papi-ompt-tr6-mpi-pdt-openmp » Specify the

% make suite ; cd bin.tau; cp ../jobscript/reference.sbatch . ; \ P Y

sbatch reference.sbatch; paraprof benchmark

make[l]: Entering directory "BT-MZ' . ]

make[2]: Entering directory “sys' Conflguratlon

cc -0 setparams setparams.c -1lm - .
make[2]: Leaving directory sys' benchmark name:
../sys/setparams bt-mz 8 C bt-mz, Iu-mz, Sp-mz
make[2]: Entering directory ~../BT-MZ' » the number of MPI
tau £90.sh -¢ -03 —-g -openm bt.f

- 9 Topemp processes: NPROCS=8
tau £90.sh -¢ -03 —-g -openmp mpi setup.f = the benchmark class
cd ../common; mp}}fort -c  -03 —-g -openmp p]lflnt_results.f (S, W, A, B, C, D, E):
cd ../common; mpiifort -c -03 —-g -openmp timers.f

tau £90.sh -03 —-g -openmp -0 ../bin.tau/bt-mz C.8 bt.o CLASS=C

initialize.o exact solution.o exact rhs.o set constants.o adi.o
rhs.o zone setup.o X solve.o y solve.o exch gbc.o solve subs.o

z solve.o add.o error.o verify.o mpi setup.o ../common/print results.o
. ./common/timers.o
make[2]: Leaving directory BT-MZ' Shortcut: ¢ make suite
= O

Built executable ../bin.tau/bt-mz C.8
make[l]: Leaving directory BT-MZ'
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Compile-Time Options for TAU’s compiler scripts (e.g., tau_f90.sh)

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 /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

-optMICOffload Links code for Intel MIC offloading, requires both host and

MIC TAU libraries
-optShared Use TAU'’s shared library (libTAU.so) instead of static library (default)
-optPdtCxxOpts="" Options for C++ parser in PDT (cxxparse).
-optPdtF90Parser="" Specify a different Fortran parser
-optPdtCleanscapeParser Specify the Cleanscape Fortran parser instead of GNU gfparser
-optTau=" Specify options to the tau_instrumentor
-optTrackDMAPP Enable instrumentation of low-level DMAPP API calls on Cray
-optTrackPthread Enable instrumentation of pthread calls

See tau_compiler.sh for a full list of TAU_OPTIONS.
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Compiling Fortran Codes with TAU

If your Fortran code uses free format in .f files (fixed is default for .f), you may use:
% export TAU_OPTIONS= ‘-optPdtF950pts="“-R free” -optVerbose ’

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

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

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

29TH VI-HPS TUNING WORKSHOP (ROMEO, REIMS, FRANCE, 15-19 OCTOBER 2018)
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TAU’s Selective Instrumentation (Filter) File Format

% export TAU OPTIONS=‘'-optTauSelectFile=/path/to/select.tau ..’
% cat select.tau

BEGIN_ INCLUDE LIST

int main#

int dgemm#

END INCLUDE LIST

BEGIN FILE INCLUDE_ LIST

Main.c

Blas/*.£f77

END FILE INCLUDE LIST

# replace INCLUDE with EXCLUDE list for excluding routines/files

BEGIN_ INSTRUMENT SECTION

loops routine=“foo”

loops routine=“int main#”

END INSTRUMENT SECTION

% export TAU SELECT FILE=select.tau (to use at runtime)
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Runtime Environment Variables

E15-19 OCTOBER

0

Environment Variable Default Description

TAU_TRACE 0 Setting to 1 turns on tracing

TAU_TRACE_FORMAT default Setting to “otf2” generates OTF2 traces natively.

TAU_CALLPATH 0 Setting to 1 turns on callpath profiling

TAU_CALLSITE 0 Setting to 1 generates callsite information in events. May be used with tracing.

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

TAU_TRACK_LOAD 0 Setting to 1 tracks system load periodically.

TAU_CALLPATH_DEPTH 2 Specifies depth of callpath. Setting to O 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. A routine is throttled if it takes less than 10 microseconds per call (and called > 10000
times).

TAU_COMPENSATE 0 Setting to 1 enables runtime compensation of instrumentation overhead

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

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

ENERGY, TIME,P_VIRTUAL_TIME,PAPI_FP_INS,PAPI_NATIVE_<event>:<subevent>)
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Runtime Environment Variables (contd.)

Environment Variable Default Description

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

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

TAU_EBS_PERIOD 100000 Specifies the overflow count for interrupts

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

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

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

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

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

reallocated (requires —optMemDbg or tau_exec —memory)

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

TAU_MEMDBG_ALINGMENT Sizeof(int) Byte alignment for memory allocations

TAU_EVENT_THRESHOLD 0.5 Define a threshold value (e.g., .25 is 25%) to trigger marker events for min/max
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TAU’s Analysis Tools:
ParaProf
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TAU Analysis

event .| rustrumentation event
selection

' other
: profilers

—_———_a ===

. . profiles
Analysis : profiles traces

Profile Data Management (PerfDMF) Trace Data Management

o
profile Metadata profile trace trace
translators (XML) database translators storage

Profile Analysis (ParaProf)

Trace Visualizers Trace Analyzers

| ~ —
JumpShot ProfileGen
erver




ParaProf Profile Analysis Framework

VIRFUALINSTITUTE = HIGH' PRODUCTIVITY SUPERCOMPUTING

Iy T I —

Profiles | } ‘

TAU, mpiP, ompP,
HPMToolkit, Cube,
HPCToolkit, Gprof,
Dynaprof, PSRun

~ v

Runtime Data
Collection

\ Supermon, MRNet

|

DBMS

PostgreSQL MySQL
Oracle, DB2, Derby

J

Call Graphs

Histograms

Comparative
Displays

CaII Trees

Scripting Interface

Jython
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Parallel Profile Visualization: ParaProf

File Options Windows Help

T
T ﬁﬂ—‘v“““um\\“ﬂl
[_\‘H 4_'.1 oy ‘H-r\—rLH‘H’T*
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ParaProf Visualizer: cmod

128x128.128DC.ppk/128

28/aorsa2d/taudata/rs/sameer/Users

) Triangle Mesh
) Bar Plot

) Scatter Plot

Height Metric

Color Metric

Function

200:0:0
Thread

Height value 321.68 seconds

Colorvalue  321.68 seconds

Mesh Plot  Axes  ColorScale

SIGMAD_CQL3D

Exclusive ¥ |GET_TIME_OF_DAY |+

Exclusive ~| |GET_TIME_OF_DAY |+v|

L

Plot Width LS
Plot Depth -

Plot Height O

) Transparency
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ParaProf 3D Communication Matrix

000 TAU: ParaProf: 30 Communication Matrix: uts_xk6_t3|_64p.ppk

Display Options
Callpath
int findwork(int) C (futs_shm.c} (695,1}... |+
Height Value:
Number of calls v )
Color Value

Message volume (bytes) vy

Sender

Receiver

Height value 4054

Colorvalue 16216

Scales Plot Axes >
height: 0 | 4687
calls
color 0 | 18748
bytes

% export TAU_COMM_MATRIX=1
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TAU Source Instrumentation

» Edit config/make.def to adjust build configuration
= Uncomment specification of compiler/linker: MPIF77 = tau_f90.sh

= Make clean and build new tool-specific executable

% make clean
% make bt-mz CLASS=C NPROCS=8
Built executable ../bin.tau/bt-mz C.8

= Change to the directory containing the new executable before running it with the
desired tool configuration

o\°

cd bin. tau
cp ../jobscript/romeo/run.msub .
sbatch reference.slurm

o\°

o\°
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NPB-MZ-MPI / BT with TAU
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o\°

cd bin. tau

cp ../jobscript/romeo/run.msub
sbatch reference.slurm

cat npb btmz <job id>.oe

o\°

o° o©

= Copy jobscript and
launch as a hybrid

NAS Parallel Benchmarks (NPB3.3-MzZ-MPI) - BT-MZ MPI+OpenMP Benchmark

Number of zones: 16 x 16 MPI+OpenMP
ITterations: 200 dt: 0:000300 application
Number of active processes: 8

Total number of threads: 64 ( 8.0 threads/process)

Time step 1

Time step 20
[...]
Time step 180
Time step 200
Verification Successful

BT-MZ Benchmark Completed.
Time in seconds = 22.34
% paraprof &
% paraprof —-pack bt.ppk
<Copy file over to desktop using scp>

[®)

s paraprof bt.ppk &
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Hint: save the benchmark output (or

note the run time) to be able to refer to
it later
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tau__exec

$ tau exec

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

-V Verbose mode

S Show what will be done but don't actually do anything (dryrun) H H

-gsub Use gsub mode (BG/P only, see below) Ilbrarles 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)

Example : = tau_exec can enable

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) IaunCh|ng 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+)

gsub mode (IBM BG/Q only): _ebs ﬂag'

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

Qo

% paraprof

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 main window

Metric: TIME
Value: Exclusive

Std. Dev.

Mean

Max

Min

node 0, thread 0
node 0, thread 1

node 0, thread 2 Colors represent code

node 0, thread 3

node 1, thread 0 e I’eg |OnS

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

node 6, thread 3 TOg ether
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 = O

File | Options | windows Help

Metril ¥ Show Meta Data in Panel
Value ¥ Normalize Bars

¥ Hide Total

¥ Descending Order

¥ Stack Bars Together

222 Select Metric... L =
no Sflrt by... X

node 0, thread 3 | —— =
node 1, thread 0O =
node 1, thread 1 S =
node 1, thread 2 -
node 1, thread 3 | n

node 2, thread O | m
node 2, thread 1 | -
node 2, thread 2 | 0

node 2, thread 3 | =
node 3, thread O | 2lE 0 expana ead O C m
node 3, thread 1 =
node 3, thread 2 0 DaACC =
node 3, thread 3
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Paraprof main window

Left/right
click here
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Metric: TIME
Value: Exclusive

Std. Dev.

node 0,
nodeg 0,

de O,
node 0,
node 1,
node 1,
node 1,
node 1,
node 2,
node 2,
node 2,
node 2,
node 3,
node 3,
node 3,
node 3,
node 4,
node 4,
node 4,
node 4,
node 5,
node 5,
node 5,
node 5,
node 6,
node 6,
node 6,
node 6,
node 7,
node 7,
node 7,
node 7,

Mean
Max
Min
thread 0
thread 1
thread 2
thread 3
thread 0
thread 1
thread 2
thread 3
thread 0
thread 1
thread 2
thread 3
thread 0
thread 1
thread 2
thread 3
thread 0
thread 1
thread 2
thread 3
thread 0
thread 1
thread 2
thread 3
thread 0
thread 1
thread 2
thread 3
thread 0
thread 1
thread 2
thread 3

(LAY

(i

|

|

Ly

|0/

/a c/ N s |

o |

i___
ﬂﬂﬂ”ﬂﬂﬂnﬂﬂﬂnﬂﬂﬂ”ﬂﬂﬂ”ﬂﬂﬂ”ﬂﬂﬂ”ﬂﬂﬂ”””ﬂ"

Each routine occupies its own space.

Can see the extent of imbalance
across all threads.
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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 [ SFPRPMYMY OpenMP_LOOP: L_y_solve__43__par_region0_2_43 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/y_solve.f} {43,0}]

789G ... | 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 [ 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_gbc.f} {255,0}]

EXCIUSive 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_gbc.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_gbc.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_qgbc.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}]

5 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}]
(O penM P |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}]
M PI rank 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}]
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_loopl_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_loopl_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}]
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Paraprof 3D visualization window

Triangle Mesh
* Bar Plot
Scatter Plot

Topology Plot

Height Metric

Exclusive v TIME -

Click Bar Plot

Height value 8.572 seconds

Colorvalue  8.572 seconds M Ove F u n Cti 0 n
Scales  Plot Axes Color TS and Thread Sliders

Windows ->
3D visualization

GL Info
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Paraprof Thread Statistics Table with TAU_SAMPLING=1

Metric: TIME
Value: Exclusive

Std.Dev. | | DB BOLI 001!

Mean |:|E|] | DI DDDDDM

Max LEOEUEUEE0O0E

mMin EOEOROEE0O] 1

node O, thread 0 LIWEELE EE [

node O, thread 1 [J@ [ [LEELLIHA

node 0, thread 2 ] 0 LOHELOLI

node O, thread 3 [ [ [HELLLE

node 1, thread 0 LIWEELE EE [

: : node 1,thread 1 L@ [0 UEELOOOE
Right click node 1, thread 2 LI [ OBEEOOIE
here . el WU (1L

node 2, thre Show Thread Bar Chart
1
node 2, thregs

Show Metadata for Thread

node 4, thre Add Thread to Comparison Window
node 4, threww = O L e

node 4,thread 2 I 0O LOEEUOOL
node 4, thread 3 [] O OEECDED
node 5, thread 0 []EEOELE [

I
| [ [
1|:1|:J|:J

—.r—

O e e e T e e e e

p =]

T O/s/ T /||, /| /| [/ /|mT /| T [/

| e Y Y s § | e e | s | e ey s
10 o e ) e ) e e e e ] e e e ) e e e e ] e e e e

o | = ¥ s | = | s | s | = | s | s | =¥ s | s R

Show Thread Statistics Text Wmdow

Show Thread Statistics Table
node 2, thre Show Thread Call Graph

node 3, thre  show Thread Call Path Relations
node 3, thre Show User Event Bar Chart

node 3, thre Show User Event Statistics Window
node 3, thre Show Context Event Window

1 [ e e e [ e ) e [ e [ [ [ [ T e [ T e e e
prm—
p—

[ S N [ [ S [ Y [ N [ N (Y N [ N [ S e [ e Y
1 |——=]—=[—u| | —=[——=] [——=]—m[——=] [——=]—m[——=] [——=]——=[—x] L e——
P /= = =3 == | S [a=—==
A o = e O e O e e e e O e O e O e O e e e e e e e
B N SN TN S TN T SN S T S N S [ S [ S [ SN S T T S
b [ s [ e | e | e s | s | e Y s | s | s | | s | e s | e s | | e | s s | e s | R

frmm—

pm—
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Statement Level Profiling with TAU
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Source
location
where
samples are
taken.
Compute
intensive

353
354
1355
356
357
1358
359
360
361
G662
363
364
1365
366

368
369
370
371
372

File Help

X TAU: Pa‘raProf: éuurce Browser: /scralch/sameer/NF‘BS‘G»MZ-MPI/BT-MZ/x_solve.f

o0

o0on0oo0o0

0

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

multiply c(i,j,k) by b_inverse and copy back to c
multiply rhs{1,j,k) by b_inverse(1,j,k) and copy to rhs
call binverhs( lhs(1,1,bb,i),
> lhs(1,1,cc,i),
> rhs{1,i,j,k) )
enddo
rhs(isize) = rhs{isize) - A*rhs{isize-1)
call matvec_sub(lhs(1,1,aa,isize),
> rhs(1,isize-1,j,k),rhs{1,isize,j,k))
B(isize) = B{isize) - C{isize-1)*A(isize)
call matmul_sub(lhs(1,1,aa,isize),
> lhs(1,1,cc,isize-1),
> 1lhs(1,1,bb,isize})

call binvrhs( lhs(1,1,bb,isize),
= rhs(1,isize,j,k) )

back solwve: 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

do i=isize-1,0,-1
do m=1,BLOCK_SIZE
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
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Paraprof Thread Statistics Table

INRNRRRRERNEEENN HEREEEN AN EEENNNNNENEREENR
Name Exclusive TIME Inclusive TIME Calls Child Calls

v l.TAU application 1.754 36.26 1 88,049

v M OpenMP_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 M OpenMP_IMPLICIT_TASK: L_z_solve_ 43_ par_region0_2_44 [{/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {43,0}] 0.04 8.568 6,432 6,432

v @M 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 E[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} {58]] oo courcecode 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}] _eset 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|g ht 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 W [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
W [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 W [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

“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
B [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

Source B [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
B [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

COd e” for a W[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

Sam ple 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
W [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

W [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
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Instrumenting Source Code with PDT and Opari

Frequently
executing
lightweight
routines are
automatically
throttled at

runtime.

Reduces
runtime

dilation.

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
9.331
1.691

0.823

0.633
0.489
0.483

0.382

do (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/y_solve.f <52, 405>]

] do (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/x_solve.f <54, 406>]

BT [{bt.pomp.f} {49,8}-{321,10}]
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>]
(|

ENV_SETUP [{mpi_setup.pomp.f} {67,7}-{257,9}]
@ do (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/rhs.f <37, 54>]
[J do (loop body) [OpenMP location: file:/scratch/sameer/NPB3.3-MZ-MPI/BT-MZ/rhs.f <301, 353>]
[E 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>]
7|

O MPILWaitall()

[ ZONE_SETUP [{zone_setup.pomp.f} {2,8}-{94,10}]

0 MPLInit_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_gbc.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_gbc.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}]

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

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

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

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>]
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>]
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ParaProf Comparison Window

o0 e

ParaProf

: Comparison Window

Metric: TIME

Value: Exclusive
Units: seconds
Sorted By: Exclusive

9.354

7.482 (79.987%) [l do (loop body) [OpenMP location
9.354 (99.997%) e

8.803 |
7.366 (83.672%) sl do (loop body) [OpenMP location
8.798 (99.943%) | |

8.471 | |

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

0.226 []
5.777 (2555.478%) (s MPI_Waitall()

[ bt-mz.opari.ppk - node 0, thread 0
M 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 [
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%) [I
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: file:/home1/00494/tg457572/tutorial/isc16/NPB3.3-MZ-MPI/BT-MZ/y_solve.f <52, 405>]

: file:/home1/00494/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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ParaProf Manager Widow: scout.cubex
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TAU: ParaProf Manager
File Options Help

@ ~pplications
¢ [ Standard Applications

¢ [ Default App
¢ [] Default Exp

9 [ 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
@ wWait at Nx N
@ N N Completion
@ Management
@ Management => Fork
@ P2F 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
IName scout.cubex
|Application ID 0
|Experiment ID 0
Trial ID o]
|File Type Index 9
:|File Type Name Cube

Metrics in the profile
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ParaProf: Main Window

TAU: ParaProf: scout.cubex
File Options Windows Help

Metric: Time
Yalue: Exclusive

Std. Dev. [ [l [l — 00— [ W T ol

Mean | [ T s EEEEEEnEh T
nodeo,thread0 [ eeesssssss  eesssssssl e || [ [566 [TH T w—"0
nodeO,thread 1 [ e  ©Soeesssssss sy [ (] [ {0 T
nodeo,thread2 [ [  ©eeeesssss e L0 ool [ DRI T
nodeo,thread3 [ [  ©Seessssssss e [ [ [ [ {65 17w
nodel,thread0 [ e Seeesssssssl e [ | [ (S0 [T —"
node 1, thread 1 [ [y = ey ey [ [ [ ] [ [0
node 1, thread2 [ ey e ey (] [l 17w
node l,thread3 [ [  [Seeeeesssss Seeessssss ([ [ FRRTT T
node2,thread0 [ e  Seeesssssssl el | || [ [ [T iw—""
node2,thread1 [ e = Seoessssssss e [ [ [ S0 T
node2,thread2 [ [  ©eeeesssss s (0ol G T
node2,thread3 [ e  ©Seessssssssl e | [ [ (bl T
node 3, thread0 [ T = [Seessssssss S| [ [ [ (6 (7 T5 5w
node 3, thread 1 [ ey = e ey [ (] [ [ [0 [
node 3, thread2 [ [y  [eesssssssssl e [ ([ [ [ (] {77
node 3, thread 3 [ [ (oo — ey [T TSP G
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ParaProf: Thread Statistics Table

TAU: ParaProf: Statistics for: node O, thread O - scout.cubex - | O
File Options Windows Help

Time '~ INERENRNEN SENENEEER
Name Exclusive Time v Inclusive Time ‘ Calls l Child Calls l
E'!'$omp do @y _solve.f:52 5.81 5.817 3,216 o~
E'!'$omp do @z_solve.f:52 5.657 5.657 3,216 0
E'!'$omp do @x_solve.f:54 5.609 609 0
M '!$omp do @rhs.f:191 0.609 Q 0
W '!'$omp do @rhs.f:80 0.583 0
W MP1_Waitall 0.402 0
H !'$omp implicit barrier 0.402
¢ M '!'$omp do @rhs.f:301 0.36 . . .
W ! $omp implicit barrier 0.026 Click to sort by a given metric, drag
M ! $omp implicit barrier 4]
B s50mp do @rhs.f:37 0.343 and move to rearrange columns
¢ Il '!'$omp do @rhs.f:62 0.225
W !'$omp implicit barrier 0.004 v
! $omp implicit barrier 0o 0o 16 0
Bl MPI_Init_thread 0.218 0.218 1 0
M '!'$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!$omp parallel do @exch_gbc.f:215 0.021 0.029 6,432 6,432
o l!$omp parallel do @exch_gbc.f:255 0.02 0.033 6,432 6,432
ol '!$omp parallel @exch_gbc.f:255 0.02 0.053 6,432 6,432
o ll!$omp parallel @exch gbc.f:244 FinderScreenSnapz003.png




VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING

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 !$omp parallel g@initialize.f:28
S 0.04 0.04 32 I$omp do @initialize.f:50
0.03 2.536 323273232 compute_rhs_
- 0.03 2.536 3232 !$omp parallel @rhs.f:28
9.8E-4 9.8E-4 323273232 '$omp master @rhs.f:424
0.225 0.228 323273232 '$omp do @rhs.f:62
0.002 0.002 323273232 '$omp master @rhs.f:74
0.002 0.002 3232/3232 !$omp master @rhs.f:293
0.199 0.199 323273232 '$omp do @rhs.f:384
0.002 0.002 323273232 '$omp master @rhs.f:183
0.343 0.343 323273232 $omp do @rhs.f:37
0.016 0.016 3232/3232 '$omp do @rhs.f:372
0.014 0.027 323273232 '$omp do @rhs.f:413
0.609 0.609 323273232 !$omp do @rhs.f:191
0.36 0.386 323273232 !$omp do @rhs.f:301
0.583 0.583 323273232 1$omp do @rhs.f:80
0.019 0.019 323273232 '$omp do @rhs.f:400
0.006 0.006 3232751680 '$omp implicit barrier
0.069 0.069 3232/3232 '$omp do @rhs.f:428
0.015 0.015 323273232 $omp do @rhs.f:359
0.021 0.029 643276432 '$omp parallel @exch_gbc.f:215
- 0.021 0.029 6432 !$omp parallel do @exch_gbc.f:215
0.007 0.007 6432751680 '$omp implicit barrier
0.02 0.033 643276432 '$omp parallel @exch_gbc.f:255
--> 0.02 0.033 6432 !$omp parallel do @exch_gbc.f:255
0.013 0.013 6432/51680 !$omp implicit barrier
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ParaProf: 3D Visualization Window Showing Entire Profile

‘AU: ParaPr

Triangle Mesh
* Bar Plot
Scatter Plot
Topology Plot
Height Metric
Exclusive
Color Metric

Exclusive TIME

. do (loop body) [OpenMP Ic
Function

Thread

T
Pt
[“HHIHH““:H
DUl

! Height value 8.471 seconds
i
D
T
1
l
AN

Color value 8.471 seconds
mall
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ARRN 1 .

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

Width
Exclusive ~ TIME ~
do (loop body) [OpenMP location: file:/home1/00494/tg457572/tutorial/isc16/NPB3.3-MZ-MPI/BT-MZ/z_solve.f

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

Height
Exclusive ~ TIME ~
MPI_WaitallQ

Color
Exclusive o~ TIME =~

ScatterPlot Axes Render
15.223

™ Show ColorScale

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

- Blue-White—Red

o
MPI_WaitallQ (Exclusive, TIME)

29TH VI-HPS TUNING WORKSHOP (ROMEO, REIMS, FRANCE, 15-19 OCTOBER 2018) 64



ParaProf: Node View

VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING

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

Metric: Time

3.71

MAIN__ => adi_ ==y solve_ => !$omp parallel @y_solve.f:43 == !$omp do @y_solve.f:52 -
3.71 '$omp do @y_: solve.f:52
3,593 s MAIN__ => adi_ => z_solve_ == !$omp parallel @z_solve.f:43 == !$omp do @z_solve.f:52
3.593 | ] !$omp do @z_solve.f:52
3.55 e AN => adi_ => %_solve_ => !$omp parallel @x_solve.f:46 == !$omp do @x_solve.f:54
3.55 | '$omp do @x_solve.f:54
0.4 [E2] '$omp do @rhs.f:191
0.398 [ MAIN__ => adi_ => compute_rhs_ => !$omp parallel @rhs.f:28 == !$omp do @rhs.f:191
0.383 [_] !$omp do @rhs.f:20
0.381 [] MAIN__ => adi_ => compute_rhs_=> !$omp parallel @rhs.f:28 == !$omp do @rhs.f:80
0.352 [_] !$omp implicit barrier
0.299 [ !$omp parallel @rhs.f:28
0.298 [] MAIN__ => adi_=> compute_rhs_ => !$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 [@ !$omp do @rhs.f:62
0.227 [] MAIN__ => adi_ => compute_rhs_ => !$omp parallel @rhs.f:28 == !$omp do @rhs.f:62
0.214 [ MAIN__ => mpi_setup_ == MPI_| Init _thread
0.214 [ MPLInit_thread
0.161 B MAIN_ == exch_gbc_ == copy x_face_
0.161 [ copy x face_
0.16 [] MAIN_ == exch_gbc_ == copy y face_
0.16 [ copy y face_
0.15 [ MAIN__ == exch_gbc_
0.15 @ exch _gbc_
0.141 [] !'$omp do @rhs.f:384
0.14 [J MAIN__ => adi_ => compute_rhs_ => !$omp parallel @rhs.f:28 == !$omp do @rhs.f:384
0.127 [ MAIN__ == exch_gbc_ == MP|_Waitall
0.127 [0 MPI_Waitall
0.103 [ MAIN_ => adi_
0.103 @ adi_
0.094 [l MAIN__ => adi_=> add_ => !$omp parallel @add.f:22 == !$omp parallel do @add.f:22
0.004 [ '$ornp parallel do @add.f:22
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ParaProf: Add thread to comparison window

i ParaProf: Comparison Window

File Options Windows Help

|
Metric: Time [ profile.cubex - node 0, thread 0
walue: Exclusive M profile.cubex - node 0, thread 1

Units: seconds

3.71
EREvic] Gl Rrisich Ly gy ———

3.71 | ]
3. 703 (00, 7O ) |

3.593 |
3,486 (07, 021%) |

3.593 |
3. A8 (07, 021%)

3.55 [ 1
ERCLN NI g =

3.55 |
3,55 (00,007 %) |

0.352 [

0.666 (189.184%) [
0.4 ]

0.403 (100.578%) |
0.398 [

0.401 {100.57%) |
0.382 [

0.356 (93.04%) [
0.381 [

0.354 (93.045%) [
0.209 [
0.232(77.74%) =
0.298 [

0.232 (77.737%) B4

0.28 1
0.251 {89.753%) [

MAIN__ => adi_ => y_solve_ => !$omp parallel @y_solve.f:43 == !$omp do @y_solve.f:52
'$omp do @y_solve.f:52

MAIN__ => adi_ => z_solve_ => !$omp parallel @z_solve.f:43 == ! $omp do @z_solve.f:52
'$omp do @z_solve.f:52

MAIN__ == adi_ == x_solve_ == !$omp parallel @»_solve.f:46 == !$omp do @x_solve.f:54
'$omp do @x_solve.f:54

'$omp implicit barrier

I$omp do @rhs.f:191

MAIN__ == adi_ == compute_rhs_ == !$omp parallel @rhs.f:28 == !$omp do @rhs.f:191
'$omp do @rhs.f:80

MAIN__ => adi_ == compute_rhs_ => !$omp parallel @rhs.f:28 == !$omp do @rhs.f:80
'$omp parallel @rhs.f:28

MAIN__ => adi_ => compute_rhs_ => !$omp parallel @rhs.f:28

'$omp do @rhs.f:37
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ParaProf: Score-P Profile Files, Database

TAU: ParaProf Manager
File Options Help

@ ~pplications TrialField Value
¢ [ Standard Applications Name profile.cubex
¢ [ Default App Application ID 0
¢ [ Default Exp Experiment ID 0
¢ [ profile.cubex Trial ID 0
@ Time File Type Index )
@ Minimumn Inclusive Time File Type Name Cube

@ Maximum Inclusive Time
@ PAPI_TOT (
@ PAPI_TOT_INS
PAPI_FP_INS
ru_utime
ru_stime
ru_rna

"SS

ru_idrs
ru_isrss
ru_rninflt
ru_rnajflt
ru_nswap
ru_inblock
ru_oublock
ru_rsgsnd
ru_rsgrev
ru_nsignals
ru_nwve
ru_nivesw
byt
@ bytes _received
o (] Default {jdbc:h2:/home/livetau/.ParaProfiiperfdmf; AUTO_SERVER=TRUE}
o ] perfexplorer_working (jdbc:h2:/home/livetau/. ParaProfiperfexplorer_wo Add Application rpyg)
Add Experiment
Add Trial

Q0000 OOOOOOOOOPOPOPOPE
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ParaProf: File Preferences Window

ParaProf Preferences

File
Font
S Serif
ansseri = n,c.t 0,0,0 "N
Bold size n,c,t0,0,1 1N
n,c,t 0,0,2 [ |
Italic
(4] 10 20 30 40
Window defaults Settings
Show Path Title in Reverse
Units Seconds - 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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filter:

Region

'Somp atomic @error.f:104
I$omp atomic @error.f:51

$Somp do
'Somp do
'Somp do
'$omp do
'Somp do
'$omp do
'Somp do
'$omp do
'Somp do
'$omp do
'Somp do
'Somp do
'Somp do
'Somp do
. ;

@error.f:33
@error.f:901
@exact_rhs.f:147
@exact_rhs.f:247
@exact rhs.f:31
@exact_rhs.f:346
@exact_rhs.f:46
@initialize.f:100
@initialize.f:119
@initialize.f:137
@initialize.f:156
@initialize.f:174
@initialize.f:192
@initialize.f:31

TAU: ParaProf: Group Changer: profile.cubex

T

29TH VI-HPS TUNING WORKSHOP (ROMEO, REIMS, FRANCE, 15-19 OCTOBER 2018)

Current

CUBE_DEFAULT

e

Available

new group

CUBE_CALLPATH
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ParaProf: Derived Metric Panel in Manager Window

TAU: ParaProf Manager
File Options Help

@ ~pplications = MetricField Value
¢ [ Standard Applications Name Time
¢ [J Default App Application ID 0
¢ [ Default Exp Experiment ID 0
¢ [ profile.cubesx Trial ID 0
@ Time Metric ID 0
@ Minimum Incl

@ PAPI_TOT_CYC
@ PAPI_TOT_INS
PAPI_FP_INS
ru_utime
ru_stime
ru_ma

ru_rninflt
ru_rmaijflt
ru_nswap
ru_inblock
ru_oublock
ru_msgs

Q00000 OOOOOOOOPOPE

Expression: |"PAPI_FP_INS"/"Time" Clear

+ - * f = { } 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)

3.0217ES |
3.0217E9 | 1
3.2421ES |
3.2421E9 | ]
3.0673ES
3.0673E9 | ]
3.3299E9 | ]
3.3298E9 | ]
]

]

3.5138E9 |
3.514E9 |

1965740.083 |

2518815.107 |

2518981.066 |

32.502E2 =

3.4975E8 [

4.0207E9 ||

393146.074 |
393024.443 |
60.754 |
60.754 |
2218222.902 |
2218222.902 |
2217983.431 |
2217983.431 |
2691052.918 |
2691052.918 |

1.5944ES

1.5944ES
65007.137 |
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MAIN__ == adi_ ==y solve_ == !$omp parallel @y_solve.f:43 == !$omp do @y_solve.f:52

'$omp do @y_solve.f:52

MAIN__ == adi_ => z_solve_ == !$omp parallel @z_solve.f:43 == !$omp do @z_solve.f:52

'$omp do @z_solve.f:52

MAIN__ == adi_ => ¥_solve_ == !$omp parallel @x_solve.f:46 == !$omp do @x_solve.f:54

'$omp do @x_solve.f:54

I$omp do @rhs.f:191

MAIN__ == adi_ => compute_rhs_ => !$omp parallel @rhs.f:28 ==
'$omp do @rhs.f:80

MAIN__ => adi_ => compute_rhs_ => !$omp parallel @rhs.f:28 ==
'$omp implicit barrier

'$omp parallel @rhs.f:28

MAIN__ == adi_ => compute_rhs_ => !$omp parallel @rhs.f:28
'$omp do @rhs.f:37

MAIN__ == adi_ => compute_rhs_ == !$omp parallel @rhs.f:28 ==
'$omp do @rhs.f:301

MAIN__ == adi_ => compute_rhs_ == !$omp parallel @rhs.f:28 ==
'$omp do @rhs.f:62

MAIN__ == adi_ == compute_rhs_ == !$omp parallel @rhs.f:28 ==
MAIN__ == mpi_setup_ == MPI_Init_thread

MPI_Init_thread

MAIN__ == exch_gbc_ => copy_x face_

copy_¥_face_

MAIN__ == exch_gbc_ => copy_ vy face_

copy vy face_

MAIN__ == exch_qgbc_

exch_qgbc_

'$omp do @rhs.f:384

MAIN_ == adi_ => compute_rhs_ => !$omp parallel @rhs.f:28 ==
MAIN__ == exch_gbc_ == MPI_Waitall

'$omp do @rhs.f:191

'$omp do @rhs.f:80

'$omp do @rhs.f:37
'$omp do @rhs.f:301

'$omp do @rhs.f:62

'$omp do @rhs.f:384
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TAU’s Analysis Tools:
PerfExplorer
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TAU Analysis

ev_ent —| Instrumentation f:vent ;
selection information _ _ _ _ _ __ _

profilers

———_aq -

| profiles
profiles traces

Profile Data Management (PerfDMF) Trace Data Management
]
profile Metadata profile trace trace
translators (XML) database translators storage
Trace Visualizers Trace Analyzers
JumpShot ProfileGen
erver
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TAUdb: Performance Data Management Framework

TAU Performance System Performance Analysis g
profile scalability . cluster
O metadata i ParaProf analysis
8 O
raw profiles . Query and Analysis Toolkit ‘Data Mining)

i -

u gprot F 1 ] :

* mpiP

* psrun _ /V Y Y  J -

. HPMroolkit _ Java PerfDMF API |y vy y
w1 [soL(PostgresQL, MySQL, DB2, Oracle))

document |

..\_ (Weka)
C Statistics )
(R / Omega) )

formatted —_— —
profile data
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Using TAUdb

= Configure TAUdb (Done by each user)

% taudb_configure --create-default
= Choose derby, PostgreSQL, MySQL, Oracle or DB2
= Hosthame
= Username
= Password
= Say yes to downloading required drivers (we are not allowed to distribute these)
» Stores parameters in your ~/.ParaProf/taudb.cfg file

= Configure PerfExplorer (Done by each user)
% perfexplorer_configure

» Execute PerfExplorer
% perfexplorer

29TH VI-HPS TUNING WORKSHOP (ROMEO, REIMS, FRANCE, 15-19 OCTOBER 2018) 75



VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING

Local Installation (romeo, U. Reims)

= Setup preferred program environment compilers

o°

module load tau

cp $TAU/data.tgz . ; tar zxf data.tgz
cd data

cat README

and follow the steps

cd tau

./upload.sh

perfexplorer

o° o°

o°

o° o°

o°
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Performance Data Mining (PerfExplorer)

» Performance knowledge discovery framework

» Data mining analysis applied to parallel performance data
= comparative, clustering, correlation, dimension reduction, ...

» Use the existing TAU infrastructure
» TAU performance profiles, taudb

» Client-server based system architecture
» Technology integration
» Java APl and toolkit for portability
= taudb
» R-project/Omegahat, Octave/Matlab statistical analysis
= WEKA data mining package
» JFreeChart for visualization, vector output (EPS, SVG)
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PerfExplorer: Using Cluster Analysis

» Performance data represented as vectors - each dimension is the cumulative time for an event

» k-means: k random centers are selected and instances are grouped with the "closest" (Euclidean)
center

* New centers are calculated and the process repeated until stabilization or max iterations

» Dimension reduction necessary for meaningful results

= Virtual topology, summaries constructed
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PerfExplorer - Cluster Analysis (sPPM)

e O 6 PerfExplorer Client
File Analysis Views Charts Visualization Help
v Database Profiles - @ Analysis Management @ Cluster Results @ Correlation Results
»> AVUS ~
B BigScience o 100 1.00 § 0 10,000 0 10,000 0 10,000
i
> O crosHip - || .- lY d | d | ol
[
> FLASH_2.5_hydro_radiation e \-
0.25
> LAMMPS (Large-scale Atomic Molecula T - - II Il I
0.00 — 1 1 1
> Miranda 00 05 10
I POP
> SHAMRC o 50 100 1.00 L- 0 10,000 0 10,000 0 10,000
0.75
= SMG2000 o - : - ol ol oMl
M -5C
> & SPhot 1 i 0.25 b il | i
»> Uintah
»> WRF 00 05 1.0 Il ll .
»> bacc_app
o 50 100 100 0 10,000 0 10,000 0 10,000
B> gyro.Bl-std = 075 | ® = ~ =
—
> gyro.Bl-std.HPM - . . u ul u
> 3 gyro.B2-cy 1 | 0.50 . 1l 1l 1 1
) 2 I s - 2l 2l 2| P
o gwre-B2mar P > - 0.00 : sl 3 >
= gyro.B3-gtc 00 05 1.0
> .B3-gtc.HPM
v gy:) gtc 0 25 50 75 100 & 0 10,000 0 10,000 0 10,000
sPPM o 0.75 1 = om o om
v Frost 1 . 0.50 e TN i TN
v 16.16 2 0.25 . 1 2 2 2
> @ P_WALL_CLOCK_TIME f =1 S - -~ f :: f :: f :
> @ PAPI_FP_INS — 00 05 10
> @ PAPLINT_INS 0O 25 S0 75 100 § 0 10,000 0 10,000 0 10,000
> @ PAPI.TOT_CYC O mE—— 0.75 { ", o m o m o m
> @ PAPI_TOT_IIS l = 0.50 - l:'l l:'u l:l.
1 z
> @ PAPI_TOTLINS " 3 0.25 \‘ 3m 3am 3 m
= socorro_Si256_input A ‘; I— 0.00 — - g :: g :: ; : S
> Views v 00 05 10 3
( 9 - »
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PerfExplorer - Correlation Analysis (Flash)

» Describes strength and direction of a linear relationship between two variables (events) in the

d t e o0 e PerfExplorer Client
a a File Analysis Views Charts Visualization Help
Performance Data @ Analysis Management @ Cluster Results @ Correlation Results |
v Database Profiles
> AVUS 1.00 - 1.00 1 1.00 .* 1.00 100{ ® 1.00 1
> B 5 5 5 = ] ® I 0.75 .‘l. .75 f -
igScience 0.75 075 | mm - 0 0.75 T 0751 o 075{ g 5 0.75 o
o
> CFDSHIP 0.50 0.50 - o 050 = 0.50 E 0.50 0.50 o
ol X | = E ol e | oo ian poodl LR R el K L. -
- FLASH_2.5_hydro_radiation 025 & 0.25 - o 025 @ 025 I 0.25 " 0.25 - o
v LLNL_UBGL 0.00 * 0.00 {-=% o 0.00 1 0.00 0.00 0.00 - o
- 0.0 05 10 00 05 10 00 05 1.0 00 05 1.0 00 05 1.0 00 05 1.0
v 0064
> @ Time 1.00 { == 1.00 1 1.00 wgh 1.00 1.00 1.00 1
= 0124 0.75 h" 0.75 4 o 075 | om 0.75 0.75 \ 0.75 o
- 0256 0.50 '. 0.50 o 0.50 0.50 3 0.50 0.50 o
- 0512 0254 ® = 0.25 o 0.25 0.25 t 0.25 \ 25 o
0.00 s—— 0 o o o [ o
v 1024 00 05 10 0 3

> @ Time

- LAMMPS (Large-scale Atomic Molecular M 1.00 { % == 1
> |3 Miranda ors ¢ N = >
> POP 0.50 g 0.
25 = -
> SHAMRC 0.25 - o
> |3 5MG2000 ey i
> SPhot
> Uintah = - ‘ - '_ -k
b WRF D78 L N 0.7
s s
> | bacc_app 00 a @ S
=5 — -
- gyro.B1-std 025 -
0.00 -]
> gyro.B1l-std . HPM 90 05 10
> gyro.B2-cy
> gyro.B2-cy.HPM l - k- l
s
> gyro.B3-gic o )
5 gyro.B3-gtc.HPM 0507 - W o
0.25 - 0.2
b SPPM =
0.00 = 0.0
> socorro Si2S6_input 00 05 10
> Views
1 1.0
) 0.7
o o
) o
0.0 o
o 1
0.75 o
€
€ > « >
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PerfExplorer - Correlation Analysis (Flash)

analysis_result

®.0.995 indicates strong, negative relationship B
®As CALC_CUT_ 2] y—

BLOCK_CONTRIBUTIONS() increases in o2

0.75

execution time, MPI_Barrier() decreases

0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00
0.0

0.1 0.2 0.3 0.4 0.5 0.8 0.7 0.8 0.9 1.0
CALC_CUT_BLOCK_CONTRIBUTIONS

M FLASH_2.5_hydro_radiation:LLNL_UBGL:00584:Time M Fitted Linear Regression Line
M Fited Power Regression Line

OK
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PerfExplorer - Comparative Analysis

VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING

» Relative speedup, efficiency
= total runtime, by event, one event, by phase

= Breakdown of total runtime

= Group fraction of total runtime

» Correlating events to total runtime
» Timesteps per second
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PerfExplorer - Interface

S O 6O PerfExplorer Client
File Analysis Charts Help
v gyro.Bl-std (@ Analysis Management @ @ Performance Explorer
> Bl—std—hwpc.phognnx.OxOOZ Ficld VA
o Bl-std-inst.phoenix.0x002 Name Bl-std-nl2.cheetah.noaffnosng
> Bl-std-inst.phoenix.0x002.profil o~ Experiment ID 16
> Bl-std—-nl2.cheetah.affnosng system_name
> Bl-std—-nl2.cheetah.affsng i system_machine_type
= Bl-std—nl2.cheetah.neaffnosng System—a"d‘
= B1l-std—nl2.phoenix.0x zz:tzm—:emory cize
> Bl-std-nl2.phoenix.0x00 system._processor_amt
> Bl-std.53newest.phoenix.0 svstem |I1_cache_size
> Bl-std.cheetah.affnos _cache_size
_ M serdata
- si-swcneemnamng | Select experiments and [0 :
[E Bl-std.cheetah.noaffn . . cpp_version Exper‘lmen-r
> L= Bl-std.hockney trials of interest cc_name
1= Bl-std.new.phoenix.0 | cc_version meTadaTa
> Bl-std.phoenix.0x002 . compiler_java_dirpath
1= Bl-std.phoenix.0x002scr , compiler_java_version
= Bl-std.ramOx002.a Egnmﬂ‘":]erre-“sfe"f‘i’:‘a
> Bl-std.ramOx002.b ! configure_:rch
v Bl-std.seaborg__
> Bl-std.timing. KD 1_ . d . l- 1_-
- Bl-std.timing.seaborg.16 0 Cl Of‘anIZZ |n Gpp lCCl IOH,
1= Bl-std.timing.seaborg.256 M M l
> (3 B1_std timing.ceaborg. 32 experiment, trial structure
1= Bl-std.timing.seaborg.512 '” ” b M f
> 3 B1_ctd.trming ceabora 64 (will allow arbitrary in future
> Bl-std.tg
> gyro.B2 -cy ?
> gyro.B3 —-gtc v
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PerfExplorer - Interface

File Analysis m Help

Set Group Name

PerfExplorer Client

v gyro.Bl-s 8 @ Analysis Management @ Performance Explorer
> Bl-ste >S€t Metric of Interest
> Bl-ste Set Event of Interest Field Value
. B1_ Set Total Number of Timesteps Name_ Bl-std-nl2.cheetah.noaffnosng
st T Per S d Experiment ID 16

> Bl-st — meteps r SCOT system_name
> B1l-stc Belat!ve Efﬁc!ency system_machine_type
> B1-stc Relative Efficiency by Event system_arch
> B1-ste Relative Efficiency for One Event system_os )
> B1-<t¢c Relative Speedup SVS‘em—memory—f'zfm
> B1-st¢ Relative Speedup by Event size
> B1-ste Relative Speedup for One Event Selec'r C(hC(IYSlS “size
> B1l-stc Communication Time / Total Ru
> B1l-ste. Runtime Breakdown compiler_cpp_name

R compiler_cpp_version
> B1l-std.hockney compiler_cc_name
> Bl-std.new.phoenix.0x002 compiler_cc_version
> Bl-std.phoenix.0x002 compiler_java_dirpath
= Bl-std.phoenix.0x002scr compiler_java_version
- Bl-std.ramOx002.a com.pller_userc-iata

configure_prefix

> Bl-std.ramOx002.b configure_arch
v Bl-std.seaborg configure_cpp

> Bl-std.timing.seaborg.128 configure_cc
> Bl-std.timing.seaborg.16 configure_jdk
1= Bl-std.timing.seaborg.256 configure_profile
> Bl-std.timing.seaborg.32 Lc‘cs')::"lcg’;:{:_userdata
> Bl-std.timing.seaborg.512
= Bl-std.timing.seaborg.64
1= Bl-std.tg
> gyro.B2-cy
> gyro.B3 -gtc
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PerfExplorer - Relative Efficiency Plots

Relative Efficiency

File Help

Relative Efficiency - GYRO:Time

1.0 7
0.9
0.8
0.7

0.6

Value

0.5

0.4
0.3
0.2
Ok

0.0
0] 50 100 150 200 250 300 350 400 450 500

Number of Processors

= Bl-std.cheetah *® Bl-std.phoenix.dfs.dft Bl-std.phoenix.dfs.fft
Bl-std.phoenix.scratch.dft Bl-std.phoenix.scratch.fft ¥ Bl-std.seaborg Bl-std.tg
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PerfExplorer - Relative Efficiency by Routine

Relative Efficiency by Event

File Help
Relative Efficiency by Event for GYRO:Time
1.0 T~
“. —‘\-\ _
i /@%ﬁ
0-8 / \_\‘\‘\
" = —
0.7 ;
v AN .
0.6 V
(<5
=
S 0.5
0.4 T o
0.3
0.2
0.1
0.0
(0] 50 100 150 200 250 300 350 400 450 500
Number of Processors
= Coll < Coll_tr 1/0O NL NL_tr ~ extras field lin_RHS other
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PerfExplorer - Relative Speedup

Relative Speedup

File Help
Relative Speedup - GYRO:Time

32.5
30.0
27.5
25.0
22.5
20.0
17.5
15.0
12.5
10.0
7.5
5.0
2.5

0.0
0 50 100 150 200 250 300 350 400 450 500

Number of Processors

= Bl-std.cheetah < Bl-std.phoenix.dfs.dft Bl-std.phoenix.dfs.fft
Bl-std.phoenix.scratch.dft Bl-std.phoenix.scratch.fft + Bl-std.seaborg
Bl-std.tg * ideal

Value
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PerfExplorer - Timesteps Per Second

limesteps per Second

File Help
Timesteps Per Second (100 total timesteps):Time
2.25
2.00
1.75
1.50
a
£ 1.25
£
i—= 1.00
0.75 //
0.50
0.25 =
0.00 =
(0] 50 100 150 200 250 300 350 400 450 500
Number of Processors
= Bl-std.cheetah < Bl-std.phoenix.dfs.dft Bl-std.phoenix.dfs.fft
Bl-std.phoenix.scratch.dft Bl-std.phoenix.scratch.fft * Bl-std.seaborg
Bl-std.tg
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Evaluate Scalability

: Goal: How does my application scale? What bottlenecks occur at what core counts?
L Load profiles in taudb database and examine with PerfExplorer

ocoo X! TAU/PerfExplorer: Total Runtime Breakdown

O 00O X! TAU/PerfExplorer: Relative Speedup
File Help

File Help

Total Runtime Breakdown for S3D (Jaguar, ORNL):Harness Scaling Study:
GET_TIME_OF_DAY

Relative Speedup - S3D (Jaguar, ORNL):Harness Scaling Study: 100
GET_TIME_OF_DAY 90

80
12,000 2
= 70
11,000 =
= 60
10,000 E so
S
9,000 2 a0
S
8,000 3 30
k]
a 7,000 £ .
=
£ 6,000 ©
° |
5,000 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,0(
4.000 Number of Processors
’ M DERIVATIVE_X_COMM [{derivative_x.pp.f90}{53,14)] M Loop: CHEMKIN_M::REACTION_RATE_BOUNDS [{chemkin_m.pp.f90} {374,31-(386,7]]
3.000 ™ Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90}{432,10}-{441,15}] Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90} {566, 19}-{589,24}]
’ Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {431,10}-{440,15)] M Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {435,10}-{444,15]]
2 000 Loop: INTEGRATE [{integrate_erk.pp.f90} {73,31-{93,13}1 = Loop: RHSF [{rhsf.pp.f90}{209,3}-{211,7}] ™ Loop: RHSF [{rhsf.pp.f90} {515,3}-(535,16}1
» M Loop: RHSF [{rhsf.pp.f90} (537,31-(543,16}] M Loop: RHSF [{rhsf.pp.f90} {545,3}-(551,16}1
1.000 ™ Loop: THERMCHEM_M::CALC_INV_AVG_MOL_WT [{thermchem_m.pp.f90} {127,5}-{129,9]]
& Loop: THERMCHEM_M::CALC_SPECENTH_ALLPTS [{thermchem_m.pp.f90} {506,3}-(512,8]]
0 M Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90} {175,5}-{216,9}]
™ Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90} {492,5}-{520,9]]
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 M Loop: TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.fo0} {782,5}-(790, 193]
Number of Processors M Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [[mixavg_transport_m.pp.f90} {630,5}-{656, 193]
M Loop: VARIABLES_M::GET_MASS_FRAC [{variables_m.pp.f90} {96,31-{99,7]] " MPI_Comm_compare0  MPI_Wait0
®m Harness Scaling Study e ideal ™ READWRITE_SAVEFILE_DATA [{io.pp.f90]} {544,14}] RHSF [{rhsf.pp.f90} {1,12}] WRITE_SAVEFILE [{io.pp.f90} {240,14}] M other
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Evaluate Scalability

s eNe) TAU/PerfExplorer: Total LINUX_TIMERS
Total LINUX_TIMERS Bar Chart for S3D Jaguar CNL:Scaling

LINUX_TIMERS
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850

- —
1 N
'8
4 ™
64 -
§ -
§ 512 [ |
g
= |
s -
_fg‘ 1728 M
E N
é’ -—
4096 ™
||
6400 F
8000 ™

™ DERIVATIVE_X_COMM m DERIVATIVE_Y_COMM m Loop: CHEMKIN_M::REACTION_RATE_VEC [{chemkin_m.pp.fo0} {457,3}-{471,8}]
Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90} {432,10}-{441,15}] ™ Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {431,10}-{440,15}]
Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {435,10}-{444,15}] Loop: INTEGRATE [{integrate_erk.pp.f90} {73,3}-{93,13}] ™ Loop: RHSF [{rhsf.pp.f90} {209,3}-{211,7}]
M Loop: RHSF [{rhsf.pp.f90} {515,3}-{535,16}] M Loop: RHSF [{rhsf.pp.f90} {537,3}-{543,16}] ™ Loop: RHSF [{rhsf.pp.f90} {545,3}-{551,16}]
Loop: THERMCHEM_M::CALC_INV_AVG_MOL_WT [{thermchem_m.pp.f90} {127,5}-{129,9}] M Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90} {175,5}-{216,9}]
W Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.fo0} {492,5}-{520,9}]
M Loop: TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.fo90} {782,5}-{790,19}]
B Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90} {630,5}-{656,19}] M Loop: VARIABLES_M::GET_MASS_FRAC [{variables_m.pp.f90} {96,3}-{99,7}]
MPI_Barrier() MPI_Isend() = MPI_Wait() RHSF other P
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e O O TAU/PerfExplorer: Total TIME
Total TIME Bar Chart for IRMHD:Scaling_BGP
TIME
Q 2‘0 4,0 6.0 89 IQO 1;0 1‘}0 1§0 180 ZQO 2%0 2‘}0

4096
2
= 8192
a
Q
9
o
Q.
w— 16384
o
p—
2
£
= 32768

65536

= ADVANCE_DIFFUSION = CCHEBYB CCHEBYF CHEBDIFF = DERIVE ENERGY

MPIFFT::CRFFT2D_MPI = MPIFFT::HC2R s MPIFFT::R2HC m MPIFFT::RCFFT2D_MPI
= MPIFFT::REORDER_COMPLEX MPI_Allreduce() m MPI_Alltoall() m MPI_Barrier() m MPI_Init() = MPI_Waitall(
®m RK3NL::ERK3_STAGE = WDERIVS other
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PerfExplorer

e O O TAU/PerfExplorer: Total TIME Breakdown
Total TIME Breakdown for IRMHD:Scaling_BGP
105 4
100 |
95 |

w
=
—
[
©
L
o
[
N
o
@
o
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o
@
o
B
L
a.
30
25
20
154

5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000 50,000 55,000 60,000 65,000
Number of Processors

& ADVANCE_DIFFUSION @ CCHEBYB = CCHEBYF CHEBDIFF & DERIVE © ENERGY © MPIFFT::CRFFT2D_MPI & MPIFFT::HC2R @ MPIFFT::R2HC
A MPIFFT::RCFFT2D_MPI & MPIFFT::REORDER_COMPLEX = MPI_Allreduce() a MPL_Alltoall() & MPI_Barrier() 4 MPI_Init() & MPI_Waitall()
& RK3NL::ERK3_STAGE = WDERIVS  other
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Performance Regression Testing

FACETS Bassi Regression: 32 Procs (events above 2%)

(@)

Exclusive Time (seconds)
o
Q

v

- int main(int, char ™) -e- std::vector<double, std::allocator<double> > FcCoreCellUpdate...
void FcTmCoreFluxCalc::computeFluxes() - MFPI_Recwv()
double FcDataAssimilator::getValue(const std::string &, cons... MPFPI_InitQ
—=— FCHAfSTmpl<DATATYFPE> :writeDataSet
void FcDataAssimilatorUfiles::parselfiles(const std:.vector<...
void FcUpdaterComponent::dumpToFile(const std::string &) con... -« other

T —————
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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]

Free download, open source, BSD license
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