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Outline

 Introduction to TAU Commander

* Instrumentation: PDT, MPI, OpenMP OMPT
* Event-based sampling

« PDT based source instrumentation

« Selective instrumentation

« Compiler-based Instrumentation

* Event-tracing with Jumpshot and Vampir

* Conclusions
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Tutorial Goals

This tutorial is an introduction to portable performance evaluation tools.
You should leave here with a better understanding of...

Concepts and steps involved in performance evaluation

Understanding key concepts in understanding code performance

How to collect and analyze data from hardware performance counters (PAPI)
How to instrument your programs with TAU

Measurement options provided by TAU

Environment variables used for choosing metrics, generating performance data
How to use ParaProf, TAU’s profile browser

General familiarity with TAU use for Fortran, C++, C, and mixed language

How to generate trace data in different formats
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TAU Performance System®

http://tau.uoregon.edu

Tuning and Analysis Utilities (20+ year project)
Comprehensive performance profiling and tracing
* Integrated, scalable, flexible, portable

« Targets all parallel programming/execution paradigms

Integrated performance toolkit
* Instrumentation, measurement, analysis, visualization
« Widely-ported performance profiling / tracing system
* Performance data management and data mining
* Open source (BSD-style license)

Integrates with application frameworks
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Understanding Application
Performance using TAU

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

 How many instructions are executed in these code regions?
Floating point, Level 1 and 2 data cache misses, hits, branches taken?

 What is the memory usage of the code? When and where is memory
allocated/de-allocated? Are there any memory leaks?

 What are the I/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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TAU Commander

TAU Commander

./ (ParaTools

Universal tool or integrated toolkit o
Unbiased, accurate measurements -
* File I/O: serial and parallel | =
« Communication: inter- and intra-node = Yy

* Memory: allocation and access /ﬂ p—
. : : JH : ' ‘u Visualization
* CPU: vectorization, cache utilization, etc. ““ = /
Minimal overhead | ETEEREEY) w\/
* Provide multiple measurement methods \@;:gg:fzzzaﬁon TAU Eme’;;gsseug::msemces/
* Focus on one performance aspect at a time
Easy to use

* Intuitive, systematic, and well documented
* Easy to understand and configure
* BSD style license, Github open source

* http://www.taucommander.com
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TAU Commander’s Approach

Say where you’re going, not how to get there
give context to the user’s actions
* Defines desired metrics and measurement approach
* Defines operating environment
* Establishes a baseline for error checking

43 74 35' N

g 6939 15" W
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T-A-M Model for Performance Engineering

Target
* [Installed software
* Available compilers
* Host architecture/
ON)
Application
* MPI, OpenMP,
CUDA, OpenACC,

etc.
Measurement
* Profile, trace, or
both Experiment =
* Sample, source (Target, Application,
inst... Measurement)

UNIVERSITY OF OREGON 10
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Which platform is best for my application?

 Many targets:
* Different MPI
implementations
 Different CPU
architectures
« GPU vs MIC
« Cray vs SGI
« One measurement
* One application

http://tau. .edu/tau.pdf
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What are the performance characteristics of my
application?

* One target

« Many measurements:
* File I/O
« Communication
 Memory allocation
 Performance counters

* Vectorization -
 One application

UNIVERSITY OF OREGON
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How well does my target perform various
tasks?

* One target
« One measurement
« Compute bound
 Dense LA
 Memory bound
« Sparse LA
 Graph
« Scaling
 Thread-level
* Process-level

http://tau. .edu/tau.pdf
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Getting Started with TAU Commander

1. tau initialize This works on any
2. tau oshf90 *.f90 -o foo  supported system, even
3. tau oshrun -np 64 ./foo if TAU is not installed or
has not been configured
4. tau show )
appropriately.
TAU and all its
. .. dependencies will be
Just put tau in downloaded and
front of installed if required.
everything and
see what
happens.
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TAU Commander Online Help

[ JOX ) jlinford — ssh cori.nersc.gov — 80x47

00 jlinford — ssh cori.nersc.gov — 80x35

[jlinford@cori@9 ~/workspace/openshmeml?/applications/ISx $ tau --help
usage: tau [arguments] <subcommand> [options]

TAU Commander 1.0a [ www.taucommander.com ]

Positional Arguments:
<subcommand>  See subcommand descriptions below.
[options] Options to be passed to <subcommand>.

Optional Arguments:
-V, --version Show program's version number and exit.
-h, --help Show this help message and exit.
-q, —-quiet Suppress all output except error messages.
-v, --verbose Show debugging messages.

Configuration Subcommands:
application Create and manage application configurations.

tau <compiler> Execute a compiler command
- Example: tau gcc *.c -0 a.out
- Alias for 'tau build <compiler>'
tau <program>  Gather data from a program
- Example: tau ./a.out
- Alias for 'tau trial create <program>'
tau metrics Show metrics available in the current experiment
- Alias for 'tau target metrics'

tau select Select configuration objects to create a new experiment
- Alias for 'tau experiment create'
tau show Show data from the most recent trial

- Alias for 'tau trial show'

See 'tau help <subcommand>' for more information on <subcommand>.
jlinford@cori69 ~/workspace/openshmenl7/applications/ISx $ ||

experiment Create and manage experiments.

measurement Create and manage measurement configurations.

project Create and manage project configurations.

target Create and manage target configurations.

trial Create and manage experiment trials.
Subcommands :

build Instrument programs during compilation and/or linking.

configure Configure TAU Commander.

dashboard Show all project components.

help Show help for a command or suggest actions for a file.

initialize Initialize TAU Commander.

select Create a new experiment or select an existing experiment.
Shortcuts:

jlinford@cori®9 ~/workspace/openshmeml7/applications/ISx $ tau app cre --help
usage: tau application create <application_name> [arguments]

Create application configurations.

Optional Arguments:
-@ <level> Create the application at the specified storage
level.
- <level>: project, user, system
- default: project
-h, --help Show this help message and exit.

Application Arguments:
<application_name> Application configuration name.
--cuda [T/F] Application uses NVIDIA CUDA.
- default: False
--linkage <linkage> Application linkage.
- <linkage>: static, dynamic
- default: static

--mpc [T/F] Application uses MPC.
- default: False
--mpi [T/F] Application uses MPI.
- default: False
--opencl [T/F] Application uses OpenCL.
- default: False
--openmp [T/F] Application uses OpenMP.
- default: False
--pthreads [T/F] Application uses pthreads.

- default: False
--select-file path  Specify selective instrumentation file.

--shmem [T/F] Application uses SHMEM.
- default: False
--tbb [T/F] Application uses Thread Building Blocks (TBB).

- default: False
jlinford@cori@9 ~/workspace/openshmeml7/applications/Isx $ ||

Paratools
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Step 1: Initialize TAU Project

$ tau initialize --mpi --compilers Intel

——mpi-compilers Intel

$ tau init —--shmem

Paratools

Creates a new project configuration using
defaults
Project files exist in a directory named
“.tau”
Like git, all directories below the directory
containing the “.tau” directory can access
the project

« E.g. tau dashboard™ works in

miniapp1/baseline

UNIVERSITY OF OREGON 16
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Project Initialization

ParaTools — ssh cori.nersc.gov — 120x50

jlinford@cori®9 ~/workspace/openshmeml7/applications/ISx $ tau initialize --shmem

[TAU] Cray C++ compiler '/opt/cray/pe/craype/2.5.7/bin/CC' wraps

[TAU] '/opt/intel/compilers_and_libraries_2017.2.174/linux/bin/intel64/icpc’

[TAU] Cray Fortran compiler '/opt/cray/pe/craype/2.5.7/bin/ftn' wraps

[TAU] '/opt/intel/compilers_and_libraries_2017.2.174/linux/bin/intel64/ifort"

[TAU] Cray C compiler '/opt/cray/pe/craype/2.5.7/bin/cc' wraps

[TAU] '/opt/intel/compilers_and_libraries_2017.2.174/linux/bin/intel64/icc'

[TAU] Cray MPI C compiler '/opt/cray/pe/craype/2.5.7/bin/cc' wraps

[TAU] '/opt/intel/compilers_and_libraries_2017.2.174/linux/bin/intel64/icc'

[TAU] Cray MPI C++ compiler '/opt/cray/pe/craype/2.5.7/bin/CC' wraps

[TAU] '/opt/intel/compilers_and_libraries_2017.2.174/1inux/bin/intel64/icpc’

[TAU] Cray MPI Fortran compiler '/opt/cray/pe/craype/2.5.7/bin/ftn' wraps

[TAU] '/opt/intel/compilers_and_libraries_2017.2.174/1inux/bin/intel64/ifort’

[TAU] Cray SHMEM C compiler '/opt/cray/pe/craype/2.5.7/bin/cc' wraps

[TAU] '/opt/intel/compilers_and_libraries_2017.2.174/1inux/bin/intel64/icc’

[TAU] Cray SHMEM C++ compiler '/opt/cray/pe/craype/2.5.7/bin/CC' wraps

[TAU] '/opt/intel/compilers_and_libraries_2017.2.174/1inux/bin/intel64/icpc’

[TAU] Cray SHMEM Fortran compiler '/opt/cray/pe/craype/2.5.7/bin/ftn' wraps

[TAU] '/opt/intel/compilers_and_libraries_2017.2.174/linux/bin/intel64/ifort’

[TAU] Created a new project named 'ISx'.

[TAU] Added application 'ISx' to project configuration 'ISx'.

[TAU] Added target 'cori@9' to project configuration 'ISx'.

[TAU] Added measurement 'sample' to project configuration 'ISx'.

[TAU] Added measurement 'profile' to project configuration 'ISx'.

[TAU] Added measurement 'trace' to project configuration 'ISx'.

[TAU] Created a new experiment 'cori@9-ISx-sample'

[TAU] Installing PDT to '/global/project/projectdirs/m88/jlinford/taucmdr-test/system/pdt/77f947dd’
[TAU] Using PDT source archive '/global/project/projectdirs/m88/jlinford/taucmdr-test/system/src/pdt.tgz’
[TAU] Checking contents of '/global/project/projectdirs/m88/jlinford/taucmdr-test/system/src/pdt.tgz’
[TAU] Completed in 8.276 seconds

[TAU] Extracting '/global/project/projectdirs/m88/jlinford/taucmdr-test/system/src/pdt.tgz' to create
[TAU] '/dev/shm/tmpQl6qTD/./pdtoolkit-3.24"

[TAU] Completed in 5.216 seconds

[TAU] Configuring PDT...

[TAU] Completed in 17.439 seconds

[TAU] Compiling PDT...

[TAU] Completed in 6.394 seconds

[TAU] Installing PDT...

[TAU] Completed in 0.115 seconds

[TAU] Checking installed files...

[TAU] Completed in 0.115 seconds

[TAU] Setting file permissions...

[TAU] Completed in 0.136 seconds

[TAU] Verifying PDT installation...

[TAU] Installing TAU Performance System at

[TAU] '/global/project/projectdirs/m88/jlinford/taucmdr-test/system/tau/./tau-2.26.2"
[TAU] Configuring TAU...

[TAU] Completed in 26.358 seconds

[TAU] Compiling and installing TAU...

[TAU] 5.0 seconds [CPU: 32.4

Paratools

"™ Compiler detection

Project initialization

™ Download and install PDT

TAU installation progress

O UNIVERSITY OF OREGON
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Project Dashboard (" tau dashboard )

[ JOX ) ParaTools — ssh cori.nersc.gov — 120x50
== Project Configuration (/global/project/projectdirs/m88/jlinford/openshmeml7/applications/ISx/.tau/project.json) ==

Name = Targets Applications Measurements # Experiments

ISx  cori@9 ISx sample, profile, trace 1

== Targets in project 'ISx'

Name  Host 0S = Host Arch = Host Compilers = MPI Compilers = SHMEM Compilers

cori09 CNL x86_64 Cray Cray Cray

== Applications in project 'ISx'

Name | Linkage OpenMP = Pthreads = TBB = MPI | CUDA = OpenCL = SHMEM = MPC

ISx | static No No No No No No Yes No

== Measurements in project 'ISx'

Name Profile = Trace Sample Source Inst. Compiler Inst. OpenMP = CUDA = I/0 MPI = SHMEM

sample tau none Yes never never ignore = No  No ' No Yes
profile tau none No automatic never ignore = No  No ' No Yes
trace none slog2 No automatic never ignore = No  No | No Yes

== Experiments in project 'ISx'

Name Trials Data Size Target Application Measurement = TAU Makefile
cori@9-ISx- 0 0.08 cori09 ISx sample Makefile.tau-
sample intel-
3f5a233a-
shmem-pdt

Selected Experiment: cori@9-ISx-sample

http://tau. .edu/tau.pdf
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Step 2: Use tau to compile

[ JON ParaTools — ssh cori.nersc.gov — 120x50

1 CC = tau cc

2 LD = $(CC) Prepend ‘tau
3 DEBUGFLAGS = -g -p -00 -DDEBUG

4 OPTFLAGS = -03 -DNDEBUG -xCORE-AVX2

command to
5 CFLAGS += -Wall -Wextra -std=c99 #$(OPTFLAGS)

[m

6 LDLIES += -lrt -ln compiler command
7 LDFLAGS +=
Compile as
[ JOX ) ParaTools — ssh cori.nersc.gov — 120x44 4 normal
[jlinford@cori®9 ~/workspace/openshmeml7/applications/ISx/SHMEM $ make optimized

tau cc -Wall -Wextra -std=c99 -03 -DNDEBUG -xCORE-AVX2 -D SCALING_OPTION=1 -c pcg_basic.c -0 obj/pcg_basic.o_s
[TAU] Cray SHMEM C compiler '/opt/cray/pe/craype/2.5.7/bin/cc' wraps
[TAU] "/opt/intel/compilers_and_libraries_2017.2.174/linux/bin/intel64/icc’

[TAU] TAU_MAKEFILE=/global/project/projectdirs/m88/jlinford/taucmdr-test/system/tau/./tau-2.26.2/craycnl/1ib/Makefile.ta
u-intel-3f5a233a-shmem-pdt

[TAU] TAU_OPTIONS=-optNoCompInst -optLinkOnly -optQuiet

[TAU] tau_cc.sh -g -Wall -Wextra -std=c99 -03 -DNDEBUG -xCORE-AVX2 -D SCALING_OPTION=1 -c pcg_basic.c -0
[TAU] obj/pcg_basic.o_s

 TAU Commander constructs a new compilation
command line.

« May replace compiler commands with TAU'’s
compiler wrapper scripts.

« May set environment variables, parse configuration
files, etc.

» If no changes are required then nothing is changed.
Paratools %
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Step 3: Use tau torun

000 jlinford — ssh cori.nersc.gov —150x39

[jlinford@nid00030 ~/workspace/openshmeml7/applications/ISx/SHMEM $ tau srun -n 64 ./bin/isx.strong 134217728 output_strong
[TAU]

[TAU] == BEGIN Experiment at 2017-06-21 19:57:33.728778 ‘

[TAU]

[TAU] PROFILEDIR=/global/proj ect/pmtdirs/mBB/j linford/openshmem1¥/applications/ISx/.tau/ISx/cori@9-ISx-sample/0@
[TAU] SCOREP_ENABLE_TRACING=false
[TAU] TAU_CALLPATH=1

[TAU] TAU_CALLPATH_DEPTH=100
[TAU] TAU_CALLSITE=1

[TAU] TAU_COMM_MATRIX=0

[TAU] TAU_METRICS=TIME,

[TAU] TAU_PROFILE=1 Prepend ‘tau’ ; :

(TAU] TAU_SAMPLING=1 — P vironment variables
[TAU] TAU_THROTTLE=1 command to

[TAU] TAU_THROTTLE_NUMCALLS=100000

[TAU] TAU_THROTTLE_PERCALL=10 command line

[TAU] TAU_TRACE=0
[TAU] TAU_TRACK_HEAP=0
[TAU] TAU_VERBOSE=0
[TAU] TRACEDIR=/global/project/projestdirs/m88/jlinford/openshmeml7/applications/ISx/.tau/ISx/cori@9-ISx-sample/@
[TAU] srun -n 64 ./bin/isx.strong 134217728 output_strong
ISx v1.1

Number of Keys per PE: 2097152

Max Key Value: 268435456

Bucket Width: 4194304

luber of Tterations: 1 Application executes, possibly with tau_exec
umoer o S

STRONG Scaling! -
Average total time (per PE): 0.170602 seconds New data is added to
Average all2all time (per PE): 0.023284 seconds
[TAU] Trial @ produced 64 profile files. the performa nce
[TAU]
[TAU] == END Experiment at 2017-06-21 19:57:38.794719 sz==
Tl database

[TAU] Experiment: cori@9-ISx-sample

[TAU] Current working directory: /global/project/projectdirs/m88/jlinford/openshmeml7/applications/ISx/SHMEM
[TAU] Data size: 1110404 bytes

[TAU] Command: srun -n 64 ./bin/isx.strong 134217728 output_strong

jlinford@nid0@@3e ~/workspace/openshmeml7/applications/ISx/SHMEM § ||
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Step 4: Use tau to view data
("tau show )

TAU: ParaProf: Mean Statistics - cori09-ISx-sample.trial0.ppk

[ ([T i AR
Name Exclusive TIME Inclusive TIME Calls Child Calls

v [.TAU application 0.306 1.347 1 326

Ovoid shmem_init(void) C 0.498 0.498 1 0

[ void shmem_finalize(void) C 0.462 0.462 1 0

v [ [CONTEXT] .TAU application 0 0.32 6.406 0

v [ [SUMMARY] main [{/global/project/projectdirs/m88/jlinford /openshmem17 /applications/ISx/SHMEM/isx.c}] 0.262 0.262 5.172 0

[S[SAMPLE] main {/global/project/projectdirs/m83 jinford  openshmem /applicatons/Sx/SHMEM /isx.} (49711 0.149 0.149 2.922 0

[ [SAMPLE] main [{/global/project/projectdirs/m88 jlinford /openshmem17 /applications/ISx/SHMEM/isx.c} {374}] 0.041 0.041 0.812 0

[ [SAMPLE] main [{/global/project/projectdirs/m88 jlinford /openshmem17 applications/ISx/SHMEM/isx.c} {376}] 0.036 0.036 0.719 0

[l [SAMPLE] main [{/global/project/projectdirs/m88 jlinford /openshmem17 /applications /ISx/SHMEM/isx.c} {378}] 0.011 0.011 0.219 0

[l [SAMPLE] main [{/global/project/projectdirs/m88 jlinford /openshmem17 /applications/ISx/SHMEM/isx.c} {260}] 0.008 0.008 0.172 0

[l [SAMPLE] main [{/global/project/projectdirs/m88 jlinford /openshmem17 /applications /ISx/SHMEM/isx.c} {38 1}] 0.005 0.005 0.094 0

[l [SAMPLE] main [{/global/project/projectdirs/m88 jlinford /openshmem17 /applications/ISx/SHMEM/isx.c} {476}] 0.004 0.004 0.078 0

[l [SAMPLE] main [{/global/project/projectdirs/m88 jlinford /openshmem17 /applications /ISx/SHMEM/isx.c} {379}] 0.004 0.004 0.078 0

[l [SAMPLE] main [{/global/project/projectdirs/m88 jlinford /openshmem17 /applications /ISx/SHMEM/isx.c} {380}] 0.004 0.004 0.078 0

> [ [SUMMARY] pcg32_boundedrand_r [{/global/project/projectdirs/m88/jlinford /openshmem17 /applications/ISx/SHMEM/pcg_basic.c}] 0.057 0.057 1.203 0

[ [SAMPLE] _ close_nocancel [{/home /abuild/rpmbuild /BUILD/glibc-2.19/nptl/../sysdeps/unix/syscall-template.S} {81}] 0.001 0.001 0.016 0

[ [SAMPLE] _ wrap_shmem_n_pes [{/global/project/projectdirs/m88 jlinford /openshmem17 /applications/ISx/SHMEM/bin/isx.strong} {0}] 0.001 0.001 0.016 0

W void shmem_int_put(int *, const int *, size_t, int) C 0.037 0.037 126 0

[l long long shmem_longlong_fadd(long long *, long long, int) C 0.018 0.018 128 0

W void *shmem_malloc(size_t) C 0.015 0.015 16 0

[l void shmem_barrier_all(void) C 0.009 0.009 27 0

[l void shmem_feollect64(void *, const void *, size_t, int, int, int, long *) C 0.001 0.001 7 0

[l void shmem_collect32(void *, const void *, size_t, int, int, int, long *) C 0 0 1 0

[l void shmem_longlong_sum_to_all(long long *, const long long *, size_t, int, int, int, long long *, long *) C 0 0 1 0

W int shmem_my_pe(void) C 0 0 9 0

B void shmem_free(void *) C 0 0 8 0

W int shmem_n_pes(void) C 0 0 1 0

v [I[CALLSITE] void shmem_init(void) C 0.996 0.996 2 0

v [ [CONTEXT] [CALLSITE] void shmem_init(void) C 0 0.481 1.688 0

[C1[SAMPLE] _ioct! [{/home /abuild /rpmbuild /BUILD/glibc-2.19/misc/.../sysdeps/unix/syscall-template.S} {8 1}] 0.473 0.473 1.344 0

[ [SAMPLE] _pmi_smp_barrier_join [{/usr/src/packages/BUILD/cray-pmi-5.0.10/src/pmi_core/smp_barrier.c} {70}] 0.006 0.006 0.281 0

[l [SAMPLE] Tau_lite_stop_timer [{/global/project/projectdirs/m88 /jlinford /taucmdr-test/system/tau/tau-2.26.2 /src/Profile/TauCAPL.cpp} { 0.002 0.002 0.047 0

[l [SAMPLE] _dmappi_sheap_alloc [{/home/abuild /rpmbuild /BUILD/cray-dmapp-7.1.1/src/dmapp_sheap.c} {318}] 0.001 0.001 0.016 0
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Create a New Experiment

© ParaTools — ssh cori.nersc.gov —

Select a new
measurement to create a
new experiment

jlinford@nid00073 ~/workspace/openshmeml7/applications/ISx/SHMEM $ tau select profile

[TAU]
[TAU]
[TAU]
[TAU]
[TAU]
[TAU]
[TAU]
[TAU]
[TAU]
[TAU]
[TAU]
[TAU]
[TAU]
[TAU]
[TAU]

Created a new experiment 'cori@9-ISx-profile'
Installing TAU Performance System at

'/global/project/projectdirs/m88/jlinford/taucmdr-test/system/tau/./tau-2.26.2"

Configuring TAU... —
Completed in 155.459 seconds

Compiling and installing TAU...

Completed in 48.596 seconds

Checking installed files...

Completed in 10.551 seconds

Setting file permissions...

Completed in 2.556 seconds

__ TAU Performance System®
automatically reconfigured and
recompiled.

Verifying TAU Performance System installation..
Selected experiment 'cori@9-ISx-profile'.
Application rebuild required:

- source_inst changed from 'never' to 'automa

Paratools

o ; autonatig, User advised that an application
jlinford@nid@0073 ~/workspace/openshmeml7/applications/ISx

rebuild is required to use source-
based instrumentation.

O
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TAU Architecture and Workflow

' TAU Architecture |

/lnstrumentation . Measurement Analysis h
Solrcs P :
o C, C++, Fortran > static/dynamic
o Python, UPC, Java
o Robust parsers (PDT)

o Interposition (PMPI) ’ .
o Wrapper generation
o Static, dynamic <: I°H
o Preloading H =

E: o}
Executabl S o
o Dynamic (Dyninst) § : si
© Binary (Dyninst, MAQAO) | = =

<

UNIVERSITY OF OREGON
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ParaProf 3D Profile Browser

ParaProf Visualizer: cmod.128x128.128DC.ppk/128x128/aorsa2d/taudata/rs/sameer/Users/

File Options Windows Help

+) Triangle Mesh
_) Bar Plot

) Scatter Plot

. Height Metric
IR }H‘zjm T Exclusive ~| [GET_TIME_OF_DAY |+
N T T T MJM“W‘.L‘H
v ] (10 A} 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 ® —
Plot Depth e s
Plot Height ® a—
"] Transparency = { Jm—
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TAU Architecture and Workflow

Instrumentation: Add probes to perform measurements
« Source code instrumentation using pre-processors and compiler scripts

«  Wrapping external libraries (I/0, MPI, Memory, CUDA, OpenCL, pthread)
* Rewriting the binary executable

Measurement: Profiling or tracing using various metrics
« Direct instrumentation (Interval events measure exclusive or inclusive duration)

* Indirect instrumentation (Sampling measures statement level contribution)
« Throttling and runtime control of low-level events that execute frequently
* Per-thread storage of performance data

+ Interface with external packages (e.g. PAPI hw performance counter library)

Analysis: visualization of profiles and traces
« 3D visualization of profile data in paraprof or perfexplorer tools

« Trace conversion & display in external visualizers (Vampir, Jumpshot, ParaVer)

Para%OOlS O UNIVERSITY OF OREGON
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Profiling and Tracing

Profiling

e0e TAU: ParaProf: node 0 - fun3d_d19.ppk

Metric: TIME
Value: Exclusive
Units: seconds

43.649 Loop: POINT_SOLVER::POINT_SOLVE_S5 [{point_solver.F0} {2757,5}-{2917,19}]
36.231 Loop: JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {440,7}-{1584,22}]
27473 ] Loop: FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.fo0} {397,5}-{597,20}]
19.688 FILL_JACOBIANS::FILLJACOBIAN [{fill_jacobians.f90} {19,3}-{341,30}]
16.273 | PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.f90} {1641,14}]
13.381 [ | GRADIENT_DRIVER::GRAD_VARIABLE [{gradient_driver.f90} {110,3}-{508,30}]
10.059 [l MPI_Waitall()
9.954 [ | MPI_Reduce()
8.04 [l FLUX_PERFGAS::VISRHS_TET [{flux_perfgas.f90} {3023,14}]
7.319 [Ema] TURB_SPALART::SA_RESID [{turb_spalart.f90} {219,14}]
3.78 [] FLUX_TURB::TURBULENT_GRADIENTS [{flux_turb.f0} {796,3}-{899,36}1
3.562 [] TIMESTEP::DELTAT2 [{timestep.f90} {20,3}-{331,24}]
3.384 [@ POINT_SOLVER::POINT_SOLVE_1 [{point_solver.F90} {1083,3}-{1206,30}]
1.309 [] TURB_SPALART::EDGE_ASSEMBLY_RES_CONV_DIFF [{turb_spalart.fo0} {5048,14}]
1.086 [] MPI_Bcast()
0.977 [| TURB_SPALART::EDGE_ASSEMBLY_JAC_CONV_DIFF [{turb_spalart.f90} {5209, 14}]

0.66 | UPDATE_MEAN::UPDATE_Q [{update_mean.F90} {723,3}-{803,25}]
0.637 || POINT_LU_DDQ::LU_S [{point_lu_ddq.f90} {1566,3}-{1636,21}]
0.624 || SOLUTION::WREST_INTERLEAF [{solution.F90} {3214,14}]
0.586 | DUAL_NUMBERING::FMATRIX_TO_GRID [{dual_numbering.f90} {122,3}-{143,32}]
0.565 | GRID_METRICS::DUALMETRIC [{grid_metrics.f90} {2289,3}-{2791,27}]
0.524 | TURB_SPALART::SA_JACOB [{turb_spalart.f90} {757,14}]
0.49 | MPI_Barrier()
0.479 | UPDATE_TURB::UPDATE_VALUES_TURB [{update_turb.f90} {854,3}-{877,35}]
0.41 | DUAL_NUMBERING::FGRID_TO_MATRIX [{dual_numbering.f90} {94,3}-{115,32}]
0.371 | LMPI_APP::SINGLE_START_MATRIX_XFER [{Impi_app.F90} {7907,3}-{8132,41}]
0.36 | TURB_SPALART::JACOBIAN_SA [{turb_spalart.f90} {88,14}]
0.352 | TIMEACC::TIME_DIAG_NC [{timeacc.f90} {1067,3}-{1330,29}]
° 0.336 | MPL_Init0)

0.283 | PPARTY_METIS::MY_METIS [{pparty_metis.F90} {116,3}-{545,24}]
0.275 | PPARTY::NODE_CELL_CHOPPER [{pparty.f90} {41,3}-{453,33}]
0.269 | FLUX_UTIL::L2NORM [{flux_util.f90} {31,3}-{249,23}]

[a]v]

Tracing

TimeLine : Helmsolve_Trace.slog2 <ldentity Map>

LEIEIE)

Lowest / Max. Depm: Zoom Level Global Min Time  View Init Time Zoom Focus Time  View Final Time  Global Max Time  Time Per Pixel
31.6712742385 | 31.6739037714 31.6803407627 135.690379

0/12 14 0.00
| cumulati.. 4|

0.0000132552

0.668 [ PPARTY_MIXED_ELEMENT::EDGE_POINTER_DRIVER [{pparty_mixed_element.f90} {74,3}-{502,36}]

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

[+ SLOG-2
0
1

o N O v oA W oN

10
11
12
13
14
15

TimeLines

e 17.0

« Profiling and tracing

@ LinelD

| |
1 31.672 31673

| | | | | | |
31.674 31.675 31.676 31.677 31.678 31.679 31.68
Time (seconds|

|

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

Tracing shows you when the events take place on a timeline

Paratools

http://tau.uoregon.edu/tau.pdf
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Inclusive vs. Exclusive Measurements

« Performance with respect to code regions
« Exclusive measurements for region only
* Inclusive measurements includes child regions

int foo()

{ ™)

ey g

S

} 4

UNIVERSITY OF OREGON
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Instrumentation

Direct and indirect performance observation
* Instrumentation invokes performance measurement

* Direct measurement with probes

* Indirect measurement with periodic sampling or hardware performance
counter overflow interrupts

* Events measure performance data, metadata, context, etc.

User-defined events
 Interval (start/stop) events to measure exclusive & inclusive duration

- Atomic events take measurements at a single point
— Measures total, samples, min/max/mean/std. deviation statistics

- Context events are atomic events with executing context
— Measures above statistics for a given calling path

Para%OOlS O UNIVERSITY OF OREGON
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Incluswe Measurements

TAU: ParaProf: node 0 - fun3d_d19.ppk
Metric: TIME

Value: Inclusive
Units: seconds

221.305 .TAU application

221.304 NODET [{main.f90} {4,1}-{35,17}]
197980 ] FLOW::ITERATE [{flow.F90} {1692,14}]

195.577 | FLOW::STEP_SOLVER [{flow.F90} {1845,14}]
195.569 | RELAX_STEADY::RELAX [{relax_steady.f90} {30,3}-{307,22}]

61.927 UPDATE_MEAN::UPDATE_LINEAR_SYSTEM_MEAN [{update_mean.F90} {195,3}-{275,42}]
61.28 | UPDATE_MEAN::UPDATE_JACOBIAN_DRIVER_MEAN [{update_mean.F90} {460,3}-{505,44}]

61.275 UPDATE_MEAN::UPDATE_JACOBIAN [{update_mean.F90} {513,3}-{588,32}]

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

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

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

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

54.402 [l RELAX_MEAN::RELAX [{relax_mean.f90} {22,3}-{84,22}]

53.103 LINEARSOLVE_NODIVCHECK::NODIVCHECK_RELAX_Q [{linearsolve_nodivcheck.F90} {56,14}]
52.867 UPDATE_MEAN::RESIDUAL_S [{update_mean.F90} {42,3}-{94,27}]

52.866 FUN3D_RES_FLOW::RES_FLOW [{fun3d_res_flow.f90} {27,3}-{279,25}]

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

52.747 [Gmssss| POINT_SOLVER::POINT_SOLVE_S5 [{point_solver.F90} {2700,3}-{2921,30}]

52.744 [ |

Loop: POINT_SOLVER::POINT_SOLVE_5 [{point_solver.F90} {2757,5}-{2917,19}]
36.232 [l JACOBIAN_VISCOUS::VISCOUS_JACOBIAN [{jacobian_viscous.f90} {20,14}]
36.231 [ JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {324,14}]

36.231 Loop: JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {440,7}-{1584,22}]

I

27.474 [L] FLUX_PERFGAS::INVISCID_FLUX_DRIVER [{flux_perfgas.f90} {37,14}]

27.474 [ FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.fo0} {236,14}]

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

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

22.694 [__| FLOW::INITIALIZE_DATA2 [{flow.F90} {663,14}]

20.916 [__] PPARTY_PREPROCESSOR::PPARTY_PREPROCESS [{pparty_preprocessor.f90} {28,14}]
16.726 [&] PPARTY_PREPROCESSOR::PPARTY_READ_GRID [{pparty_preprocessor.f90} {735,14}]
16.726 [ PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N [{puns3d_io_c2n.fo0} {1543,14}]
16.657 [ PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.f90} {1641,14}]
14.159 [ ] GRADIENT_DRIVER::GRAD_VARIABLE [{gradient_driver.f90} {110,3}-{508,30}]
13.852 []

UPDATE_TURB::UPDATE_RHS_TURB [{update_turb.f90} {742,3}-{845,32}]

O UNIVERSITY OF OREGON
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Exclusive Time

TAU: ParaProf: node 0 - fun3d_d19.ppk

Metric: TIME
Value: Exclusive
Units: seconds

43.649 | Loop: POINT_SOLVER::POINT_SOLVE_5 [{point_solver.F90} {2757,5}-{2917,19}]
36.231 | Loop: JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {440,7}-{1584,22}]
27.473 | Loop: FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.f90} {397,5}-{597,20}]

19.688 [ | FILL_JACOBIANS::FILL_JACOBIAN [{fill_jacobians.f90} {19,3}-{341,30}]
16.273 [ PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.f90} {1641,14}]
13.381 [ | GRADIENT_DRIVER::GRAD_VARIABLE [{gradient_driver.f90} {110,3}-{508,30}]
10.059 (Sl MPI_Waitall()
9.954 [ | MPI_Reduce()
8.04 [ FLUX_PERFGAS::VISRHS_TET [{flux_perfgas.f90} {3023,14}]
7.319 [Ea] TURB_SPALART::SA_RESID [{turb_spalart.fo0} {219,14}]
3.78 [_] FLUX_TURB::TURBULENT_GRADIENTS [{flux_turb.f90} {796,3}-{899,36}]
3.562 [_] TIMESTEP::DELTAT2 [{timestep.f90} {20,3}-{331,24}]
3.384 [ POINT_SOLVER::POINT_SOLVE_1 [{point_solver.F90} {1083,3}-{1206,30}]
1.309 [] TURB_SPALART::EDGE_ASSEMBLY_RES_CONV_DIFF [{turb_spalart.f90} {5048,14}]
1.086 [] MPI_Bcast()
0.977 [| TURB_SPALART::EDGE_ASSEMBLY_JAC_CONV_DIFF [{turb_spalart.f90} {5209,14}]
0.668 || PPARTY_MIXED_ELEMENT::EDGE_POINTER_DRIVER [{pparty_mixed_element.f90} {74,3}-{502,36}]
0.66 | UPDATE_MEAN::UPDATE_Q [{update_mean.F90} {723,3}-{803,25}]
0.637 || POINT_LU_DDQ::LU_5 [{point_lu_ddq.f90} {1566,3}-{1636,21}]
0.624 || SOLUTION::WREST_INTERLEAF [{solution.F90} {3214,14}]
0.586 | DUAL_NUMBERING::FMATRIX_TO_GRID [{dual_numbering.f90} {122,3}-{143,32}]
0.565 | GRID_METRICS::DUALMETRIC [{grid_metrics.f90} {2289,3}-{2791,27}]
0.524 | TURB_SPALART::SA_JACOB [{turb_spalart.f90} {757,14}]
0.49 | MPI_Barrier()
0.479 | UPDATE_TURB::UPDATE_VALUES_TURB [{update_turb.f90} {854,3}-{877,35}]
0.41 | DUAL_NUMBERING::FGRID_TO_MATRIX [{dual_numbering.f90} {94,3}-{115,32}]
0.371 | LMPI_APP::SINGLE_START_MATRIX_XFER [{Impi_app.F90} {7907,3}-{8132,41}]
0.36 | TURB_SPALART::JACOBIAN_SA [{turb_spalart.f90} {88,14}]
0.352 | TIMEACC::TIME_DIAG_NC [{timeacc.f90} {1067,3}-{1330,29}]
0.336 | MPLInit()
0.285 | LMPI_APP::SINGLE_MATRIX_COMPLETE_XFER [{Impi_app.F90} {11520,3}-{11626,44}]
0.283 | PPARTY_METIS::MY_METIS [{pparty_metis.F90} {116,3}-{545,24}]
0.275 | PPARTY::NODE_CELL_CHOPPER [{pparty.f90} {41,3}-{453,33}]
0.269 | FLUX_UTIL::L2NORM [{flux_util.f90} {31,3}-{249,23}]
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Sampling

O T T S S S S
[ [ [N N

Time

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

Running program is periodically interrupted to take
measurement

* Timer interrupt, OS signal, or HWC overflow
* Service routine examines return-address stack

* Addresses are mapped to routines using symbol
table information

Statistical inference of program behavior

* Not very detailed information on highly volatile
metrics

* Requires long-running applications
Works with unmodified executables

Paratools

int main ()

{

int 1i;

i .

for (1
foo (

0; 1 < 3; 1++)
) i

return 0O;

}

void foo (int 1)

{

if (1 > 0)
foo(i - 1);

31
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Instrumentation

~—

t.t..t
i

-
N
—
N
—
w

51 52 53 54 tis tfs 57 58 tig
foo (0) foo (1) foo (2)

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

Paratools

int main ()

{
int 1i; .
Start( main ) ;
for (i=0; i < 3;

foo}i); Y

Stop( main ) ;
return 0;

}

i++)

void foo(int 1)

{ (14 »
Start( foo ) ;
if (1 > 0)

foo(i - 1);
Stop (“£00”) ;

O
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Paratools

Examples

http://tau.uoregon.edu/tau.pdf

O
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Setting up Accounts, Examples at TACC

On Stampede2. tacc.utexas.edu

% tar zxf ~tg457572/workshop.tgz

% idev —m 50

% source ~tg457572/tau.impi.bashrc

% which tau

% cd workshop/mm

% tau init --mpi --compilers Intel --mpi-compilers Intel
% make clean;

% make

% tau mpirun —np 64 ./matmult

% tau show

And try the examples. Try:
% tau --help

% tau meas edit --help

4
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Simplifying the use of TAU!

Uninstrumented code:

% make

% mpirun —np 256 ./a.out

With TAU using event based sampling (EBS):

% tau init --mpi --mpi-compilers Intel --compilers Intel
% tau mpirun —np 256 ./a.out

% tau show

UNIVERSITY OF OREGON

ParaTools O
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Automatic Source
Instrumentation

http://tau. .edu/tau.pdf
Parafools = ntod//tavsoregonedu/tanp O OOOOOOOOOOOOOOOOOO N



TAU' s Static Analysis System:
Program Database Toolkit (PDT)

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

IL IL

C/C++ Fortran
IL analyzer IL analyzer

Program
Database
Files

Automatic source

DUCTAP . .
Instrumentation

Para%OOlS http:/Itau_uo'-egon_edultau_pdf O OOOOOOOOOOOOOOOOOO 37



utomatic Source Instrumentation
using PDT

TAU source Application
analyzer source

Parsed
program

\ v
Instrumented }}

tau_instrumentor copy of source

N

Para%OOlS http:”tau_uoregon_edultau_pdf O OOOOOOOOOOOOOOOOOO 38



Automatic Source Instrumentation

 Use TAU’s compiler wrappers

* % tau select profile

« Simply replace cxx with tau <compiler>

« Automatically instruments source code, links with TAU libraries.

Before
CXX = mpiicpc
F90 = mpiifort

CXXFLAGS =
LIBS = -1m
OBJS = fl.o £f2.0 £f3.0 .. fn.o

app: $(OBJS)
$ (CXX) $(LDFLAGS) $(OBJS) -o $@
$ (LIBS)

.cpp.o:
$ (CXX) $(CXXFLAGS) -c $<

y

Paratools

After

CXX = tau mpiicpc

F90 = tau mpiifort

CXXFLAGS =

LIBS = -1m

OBJS = fl.0 £f2.0 £3.0 .. fn.o

app: $(OBJS)
$ (CXX) $(LDFLAGS) $(OBJS) -o $@
$ (LIBS)

.cpp.o:
$ (CXX) $(CXXFLAGS) -c $<

y

O UNIVERSITY OF OREGON

39



TAU and PDT for Source Instrumentation

On Stampede2. tacc.utexas.edu

% tar zxf ~tg457572/workshop.tgz

% idev —m 50

% source ~tg457572/tau.impi.bashrc
% which tau

% cd workshop/mm

% tau init --mpi --compilers Intel --mpi-compilers Intel
% tau dash

% tau select profile

% make clean

% make CC=‘tau mpiicc’

% tau mpirun —np 64 ./matmult

% tau show

4
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Selective Instrumentation File

% tau dash

% tau application edit <app name> --select-file select.tau
% cat select. tau

BEGIN INCLUDE LIST

int main#

int dgemm#

END INCLUDE LIST

BEGIN FILE INCLUDE LIST

Main.c

Blas/*.£77

END FILE INCLUDE LIST

# replace include with exclude list (BEGIN_EXCLUDE_LIST/END"-)

BEGIN INSTRUMENT SECTION

loops routine=“foo”

loops routine=“int main#”

END INSTRUMENT SECTION

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

Para%OOlS O UNIVERSITY OF OREGON
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TAU and PDT for Source Instrumentation

On Stampede2. tacc.utexas.edu
tar zxf ~tg457572/workshop. tgz
idev —m 50

o0 oe

source ~tg457572/tau.impi.bashrc

o oP

which tau

o°

cd workshop/mm

oe

tau select profile

o0 oe

cat select. tau

o oP

make CC=‘tau mpiicc’

o°

tau mpirun —np 64 ./matmult
% tau show

tau init --mpi --compilers Intel --mpi-compilers Intel

tau application edit mm --select-file select. tau

4

Paratools
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Routine Level Profile

How much time is spent in each application routine?

e OO0 TAU: ParaProf: node 0 - M2048_np1l.before.ppk

Metric: TIME
Value: Exclusive
Units: seconds

220.587 | | CCHEBYB
176, 2606 |y CCHEBYF

173.284 MPI_Barrier()
150.058 e MPI_Send()

70.325 s DUMP_DIST_ARRAY
46.536 | MPI_Recv()
20.5 [__] DUMP_HFORCE
17.441 [_] MPIFFT::RCFFT2D_MPI
13.718 [l MPIFFT::CRFFT2D_MPI
10.188 [_] WDERIVS
6.267 [] RK3NL::ERK3_STAGE
4.374 [] DERIVE
4.06 [] CHEBDIFF
3.147 [] ENERGY
2.738 [ MPI_Allreduce()
1.775 | ADVANCE_DIFFUSION
1.666 | MPIFFT::R2HC
1.464 | MPIFFT::HC2R

0.569 | DUMP_RMSPROF
0.457 | ADVANCE_ONE_SNAP

0.684 | RANDOM::RANDOM_NORMAL

Paratools
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ParaProf 3D Profile Browser

8 TAU: ParaProf: 3D Visualizer: lu-c-512.ppk

Triangle Mesh
(*) Bar Plot
Scatter Plot

Topology Plot

Height Metric

Exclusive v TIME v
Color Metric
Exclusive v TIME -
MPI_Recv()
Function
480
Thread

Height value 4 seconds

Color value 4 seconds

Scales l P I Axes  Color = Render |

Plot Width =
Plot Depth —
Plot Height =S
Bar Size ==
Transparency =)™
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ParaProf

r

- Yale)

Paratools

TAU: ParaProf: 3D Visualizer: M2048_npl.ppk

® Triangle Mesh
v Bar Plot
() Scatter Plot

O Topology Plot

Height Metric
Exclusive " v ) |TIME s

Color Metric

Exclusive (v ) |TIME (v
MPI_Send()
Function
(SR <« »
1846
Thread
(= S

Height value 283.977 seconds

Color value 283.977 seconds

_—

(Scales Plot = Axes = Color Render

height: 0 I 311.904

seconds

O UNIVERSITY OF OREGON
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ParaProf 3D Topology Display

TAU:i ParaProf: 3D Visualizer: mm_fx_216p.ppk

® 00
Triangle Mesh

Bar Plot
Scatter Plot

(*) Topology Plot

Layout l Events

N—

Minimum Visible
3.557 seconds

_;-r\\\
L3
: ’v. Maximum Visible
! . L 3.616 seconds
L3 . 3
v ’ . Lock Range
. - v X Axis P
L3 ’ .
Do Y Axis S
%
: . ® . Z Axis e

Avg Color Value: 3.608 seconds

Topology FUJITSUk v map

X Axis
Y Axis

Z Axis
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ParaProf Comparison Window

ParaProf: Comparison Window

Metric: TIME [ fun3d_d19.ppk - node 5
Value: Exclusive [ fun3d_d19.ppk - node 0
Units: seconds

46.323
43.649 (94.226%)

Loop: POINT_SOLVER::POINT_SOLVE_5 [{point_solver.F90} {2757,5}-{2917,19}]

36.386 . . ; ; ; -
36.231 (99.572%) —] Loop: JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {440,7}-{1584,22}]

29.457 |

|
1.086 (3.686%) | ""-Beast0

27ass L ] . -
27.473 (101 150% ] L0OP" FLUX_PERFGAS:ROE_FLUX [{flux_perfgas.f90} {397,5}-{597,20]

19666 [ | . ill_jacobi -
19,688 (100.111% oy F'-J/ACOBIANS::FILLJACOBIAN [fill_jacobians.f90} {19,3}-(341,30}

5.5E-5 | . )
16.273 (2.9587E7%) ] PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.f90} {1641,14}]

13.38 [ ) e )
13.381 (100.009%) = GRADIENT_DRIVER::GRAD_VARIABLE [{gradient_driver.f90} {110,3}-{508,30}]

8352 [ ] .
10.059 (120.428%) [ 17— 211310

0.058 |

9.954 (17200.166%) [ - educel

7.834 [ B
8.04 (102.623%) [l FLUX_PERFGAS::VISRHS_TET [{flux_perfgas.f90} {3023,14}]

7.115 ] .
7.319 (102.866%) [l TURB_SPALART::SA_RESID [{turb_spalart.f90} {219,14}]

3.734 ] . -
3.78 (101.223%) FLUX_TURB:: TURBULENT_GRADIENTS [{flux_turb.f90} {796,3}-{899,36}]

3.522 [ - ) ~
3.562 (1011279 [ TMESTEP+:DELTAT2 [ftimestep.f90} {20,3}-(331,24}]

3.316 [ .. : -
3.384 (102.048%) [l POINT_SOLVER::POINT_SOLVE_1 [{point_solver.F90} {1083,3}-{1206,30}]

Comparing Rank 0 with 5.
Right click on “node 5" -> Add node to comparison window
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Event Based Sampling in TAU

1® 00 - \ TAU: ParaProf: Statistics for: ndd; -0_- /.JSI:/.;iob;i)t;)ofs;7{au-/t;a.i;l-i-ng"/_ttaa-“Z.-2.§-I-examples/mm
File Options Windows Help

ERRRRRRRRRRET (NN ENEEEEEERRREREENENN
Name 4 [Exclusive TME | Inclusive TME | Calls | Child Calls |
¢ lint main(int, char **) C [{matmult.c} {159,1}-{229,1}] 0.033 2,837.969 1 3
o Ml MPI_Finalize() 16.403 16.444 1 5
o COMPI_Init() 1,140.687 1,141.011 1 45
¢ M double do_work(void) C [{matmult.c} {120,1}-{151,1}] 0.041 1,680.481 1 8
W double **allocateMatrix(int, int) C [{matmult.c} {36,1}-{43,1}] 2.959 2.959 3 0
¢ Ovoid compute(double **, double **, double **, int, int, int) C [{matmult.c} {78,1}-{97,1}] 956.539 956.539 1 0
¢ E[CONTEXT] void compute(double ** double **, double **, int, int, int) C [{matmult.c} {78,1}-{97,1}] 0 949.969 95 0
B [SAMPLE] compute [{/usr/global /tools /tau/training/tau-2.23/examples/mm /matmult.c} {87}] 59.993 59.993 3] 0
O [SAMPLE] compute [{/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult.c} {91}] 889.976 889.976 89 0
¢ Ovoid compute_interchange(double **, double **, double **, int, int, int) C [{matmult.c} {99,1}-{118,1}] 718.179 718.179 1 0
¢ I [CONTEXT] void compute_interchange(double **, double **, double **, int, int, int) C [{matmult.c} {99,1}-{118,1}] 0 720 72 0
B [SAMPLE] compute_interchange [{/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult.c} {108}] 60 60 ] 0
O [SAMPLE] compute_interchange [{/usr/global /tools/tau/training/tau-2.23/exa 112}] 660 660 66 0
M void initialize(double *¥, int, int) C [{matmult_initialize.c} {3,1}-{16,1}] Shpw Source Code 2.763 2.763 3 0

Show Function Bar Chart

Show Function Histogram

Assign Function Color
Reset to Default Color
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Mixed MPI and OpenMP Instrumentation

® 00 '\ TAU: ParaProf: /usr/global/tools/tau/training/tau-2.23/examples/mm
File Options Windows Help
Metric: TIME
Value: Exclusive
Std.Dev. ] @ E1 B | EH L | BE O B8 [ &H B C00HTIIE
Mean [] U U B L I&0 [(CCOJBE 0 CJEE [ 3 CANRYIANAR
Max [ | I s I ] | | e | === | == =R
Min [ [ &4 | N OO
node O,thread 0 [ | |l | L1 11 A ] B 000 O0HE
node 0, thread 1 [ | . L] E L] | [ | B 000 |
node 0, thread 2 ] ] B L] ] B 00 |
node 0, thread 3 ] . ] B [ | [ ] & | B 000l
node 1,thread 0 [ | |ESSS[ | C 1] ] B B OO T
node 1, thread 1 L] [ L] ] U 11 1
node 1, thread 2 ] . [ [ | [ ]| B (100 [F
node 1, thread 3 ] . [ ] [ & | B 0l
node 2,thread 0 [ |l | e[ | L] | ] B ] B 001 (W
node 2, thread 1 ] . ] B L ]ES [ ] & | B 000 [ |
node 2, thread 2 e [ ] [ CJEswl B UL
node 2, thread 3 L for {loop body) [OpenMP location: file: fusrfglobal/tools/tau/training/tau-2.2 3 jexamples/mmj/matmult.c <84, 95>]
node 3, thread 0 EI =|:| =D Exclusive TIME: 0.954 seconds
node 3, thread 1 Jlnclusive TIME: 0.854 seconds
node 3, thread 2 ]scjllz:éaﬁsoo 0
node 3, thread 3 T [y [ 1 i | W v

Options -> Uncheck “Stack Bars Together”
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TAU’s support for Intel and GNU OMPT

i® 0 0 |X| TAU: ParaProf: Statistics for: node 0, tHread 0 - /usr/global/tools/tau/training /tau-2.23/examples/mm

File Options Windows Help
NN ENNEENENNENENNNNNENRNENEEE

Name & Exclusi... |Inclusi... Calls Child Calls
¢ l.TAU application 0 2.943 1 1
¢ Wint main(int, char **) C [{matmult.c} {159,1}-{229,1}] 0 2.942 1 3
o Ml MPI_Finalize() 0.034 0.034 1 5
o OMPI_Init_thread() 1.148 1.151 1 45
¢ M double do_work(void) C [{matmult.c} {120,1}-{151,1}] 0 1.757 1 8
W double **allocateMatrix(int, int) C [{matmult.c} {36,1}-{43,1}] 0.003 0.003 3 0
¢ lvoid compute(double *¥, double **, double **, int, int, int) C [{matmult.c} {78,1}-{97,1}] 0 0.951 1 1
¢ M OpenMP_PARALLEL_REGION: [OPENMP] compute [{/usr/global /tools /tau/training/tau-2.23/examples/mm /matmult.c} {80}] 0 0951 1 2
¢ M OpenMP_BARRIER: [OPENMP] compute [{/usr/global /tools /tau/training /tau-2.23/examples/mm /matmult.c} {80}] 0.004 0.004 1 0
o Il [CONTEXT] OpenMP_BARRIER: [OPENMP] compute [{/usr/global /tools/tau/training /tau-2.23/examples/mm /matmult.c} {80}] 0 0.007 1 0
¢ O OpenMP_LOOP: [OPENMP] compute [{/usr/global /tools/tau/training/tau-2.23 /examples/mm /matmult.c} {80}] 0.946 0.946 1 0
¢ E[CONTEXT] OpenMP_LOOP: [OPENMP] compute [{/usr/global /tools /tau/training/tau-2.23/examples/mm /matmult.c} {80}] 0 0.944 62 0
M [SAMPLE] L_compute_80__par_region0_2_150 [{/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult.c} {87}] 0.047 0.047 2 0
O[SAMPLE] L_compute_80__par_region0_2_150 [{/usr/global /tools/tau/training/tau-2.23 /examples/mm /matmult.c} {91}] 0.897 0.897 60 0
> [Ovoid compute_interchange(double ** double ** double **, int, int, int) C [{matmult.c} {99,1}-{118,1}] 0 0.787 1 1
¢ Mvoid initialize(double *¥, int, int) C [{matmult_initialize.c} {3,1}-{16,1}] 0.005 0.016 3 3
¢ lOpenMP_PARALLEL_REGION: [OPENMP] initialize [{/usr/global /tools /tau/training/tau-2.23/examples/mm /matmult_initialize.c} {5} 0 0.011 3 6
¢ M OpenMP_BARRIER: [OPENMP] initialize [{/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult_initialize.c} {5}] 0.01 0.01 3 0
o [l [CONTEXT] OpenMP_BARRIER: [OPENMP] initialize [{/usr/global /tools/tau/training /tau-2.23/examples/mm /matmult_initializ 0 0.03 2 0
W OpenMP_LOOP: [OPENMP] initialize [{/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult_initialize.c} {5}] 0.001 0.001 3 0

% tau meas edit profile —-openmp ompt
% tau select profile

% make clean

% make CC=‘tau mpiicc’

% tau mpirun —np 16 ./matmult

% tau show
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Loop Level Instrumentation

Goal: What loops account for the most time? How much?
Flat profile with wallclock time with loop instrumentation:

[ JON ] TAU: ParaProf: node 0 - fun3d_d19.ppk

Metric: TIME
Value: Exclusive
Units: seconds

43.649 | Loop: POINT_SOLVER::POINT_SOLVE_S [{point_solver.F90} {2757,5}-{2917,19}]
36.231 | Loop: JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {440,7}-{1584,22}]
27.473 | Loop: FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.f90} {397,5}-{597,20}]
19.688 FILL_JACOBIANS::FILL_JACOBIAN [{fill_jacobians.f90} {19,3}-{341,30}]

16.273 [l PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.f90} {1641,14}]
13.381 [ | GRADIENT_DRIVER::GRAD_VARIABLE [{gradient_driver.f90} {110,3}-{508,30}]
10.059 [l MPI_Waitall()
9.954 [ | MPI_Reduce()
8.04 [EE550] FLUX_PERFGAS::VISRHS_TET [{flux_perfgas.f90} {3023,14}]
7.319 [E] TURB_SPALART::SA_RESID [{turb_spalart.f90} {219,14}]
3.78 [L] FLUX_TURB::TURBULENT_GRADIENTS [{flux_turb.f90} {796,3}-{899,36}]
3.562 [_] TIMESTEP::DELTAT2 [{timestep.f90} {20,3}-{331,24}]
3.384 [@ POINT_SOLVER::POINT_SOLVE_1 [{point_solver.F90} {1083,3}-{1206,30}]
1.309 [] TURB_SPALART::EDGE_ASSEMBLY_RES_CONV_DIFF [{turb_spalart.f90} {5048,14}]
1.086 [] MPI_Bcast()
0.977 [| TURB_SPALART::EDGE_ASSEMBLY_JAC_CONV_DIFF [{turb_spalart.f90} {5209,14}]
0.668 [ PPARTY_MIXED_ELEMENT::EDGE_POINTER_DRIVER [{pparty_mixed_element.f90} {74,3}-{502,36}]
0.66 | UPDATE_MEAN::UPDATE_Q [{update_mean.F90} {723,3}-{803,25}]
0.637 [ POINT_LU_DDQ::LU_5 [{point_lu_ddq.f90} {1566,3}-{1636,21}]
0.624 [ SOLUTION::WREST_INTERLEAF [{solution.F90} {3214,14}]
0.586 [ DUAL_NUMBERING::FMATRIX_TO_GRID [{dual_numbering.f90} {122,3}-{143,32}]
0.565 [ GRID_METRICS::DUALMETRIC [{grid_metrics.f90} {2289,3}-{2791,27}]
0.524 | TURB_SPALART::SA_JACOB [{turb_spalart.f90} {757,14}]
0.49 | MPI_Barrier()
0.479 | UPDATE_TURB::UPDATE_VALUES_TURB [{update_turb.f90} {854,3}-{877,35}]
0.41 | DUAL_NUMBERING::FGRID_TO_MATRIX [{dual_numbering.f90} {94,3}-{115,32}]
0.371 | LMPI_APP::SINGLE_START_MATRIX_XFER [{Impi_app.F90} {7907,3}-{8132,41}]
0.36 | TURB_SPALART::JACOBIAN_SA [{turb_spalart.f90} {88,14}]
0.352 | TIMEACC::TIME_DIAG_NC [{timeacc.f90} {1067,3}-{1330,29}]
0.336 | MPI_Init()
0.285 | LMPI_APP::SINGLE_MATRIX_COMPLETE_XFER [{Impi_app.F90} {11520,3}-{11626,44}]
0.283 | PPARTY_METIS::MY_METIS [{pparty_metis.FO0} {116,3}-{545,24}]
0.275 | PPARTY::NODE_CELL_CHOPPER [{pparty.f90} {41,3}-{453,33}]
0.269 | FLUX_UTIL::L2NORM [{flux_util.f90} {31,3}-{249,23}]
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Computing FLOPS per loop

Goal: What is the execution rate of my loops in MFLOPS?

Flat profile with PAPI_FP_INS and time with loop instrumentation:

Metric: PAPI_FP_INS / GET_TIME_OF_DAY
Value: Exclusive
Units: Derived metric shown in microseconds format

770.699 | | Loop: MULTIPLY_MATRICES [{matmult fa0} {31,9}-{36,14}]

223.39 [ Loop: INITIALIZE [{matmuilt £90} {10,9}-{14,14}]

223.24

171.855

Loop: INITIALIZE [{matmult.f90} {17,9}-{21,14}]
Loop: MAIN [{matmult.f90} {71,9}-{74,14}]

170.862 [l Loop: MAIN [{matmult.f90} {112,9}-{115,14}]
122.96 [ | Loop: MAIN [{matmult.f90} {117,9}-{128,14}]
37.549 [_| MULTIPLY_MATRICES
21.367 [ INITIALIZE
13.795 [] Loop: MAIN [{matmult f90} {86,9}-{106,14}]

1 ]
8.935 |
1.131
0.794
0.647
0.355
0.171
0.115

0.023

Paratools

MPI_Comm_size()

Loop: MAIN [{matmult.f90} {77,9}-{84,14}]
MPI_Send()

MPI_Comm_rank{()

MPI_Bcast()

MPI_Recv()

MPI_Barrier()

MPI_Finalize()

MAIN
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Callpath Profiling: FUN3D

000 TAU: ParaProf: Statistics for: node 0 - fun3d_d19.ppk

ARNNRRNRRRRD EEEE NN ENNNENNNNNNEEEEEED

Name |Exclusive... 7| Inclusive... | Calls | Child... |

v l.TAU application 0.001 221.305 1 1

v ENODET [{main.f90} {4,1}-{35,17}] 0 221.304 1 105

» B FLOW:INITIALIZE_PROJECT [{flow.F90} {366,14}] 0 0.517 1 9

v EFLOW:ITERATE [{flow.F90} {1692,14}] 0 197.989 100 500

» M FLOW::STEP_POST [{flow.F90} {2098,14}] 0.001 2.394 100 1,202

v EFLOW::STEP_SOLVER [{flow.F90} {1845,14}] 0.001 195.577 100 702

v MRELAX_STEADY::RELAX [{relax_steady.f90} {30,3}-{307,22}] 0.049 195.569 100 800

» M UPDATE_TURB::UPDATE_VALUES_TURB [{update_turb.f90} {854,3}-{877,35}] 0.479 0.737 100 300

» M RELAX_TURB::RELAX [{relax_turb.f90} {22,3}-{68,22}] 0.024 4.77 100 300

v ERELAX_MEAN::RELAX [{relax_mean.f90} {22,3}-{84,22}] 0.002 54.402 100 300

» EWU_DEFS::TIMES [{wu_defs.f90} {59,3}-{174,22}] 0.003 0.065 200 200

v B GCR_SOLVE::GCR_SOLVER_QSET [{gcr_solve.f90} {47,3}-{415,32}] 0.002 54.334 100 801

» BGCR_UTIL::RES_RMS_QSET [{gcr_util.f90} {375,3}-{395,29}] 0.001 0.15 100 100

» BGCR_UTIL::MATRIX_TO_GRID_RES [{gcr_util.f90} {313,3}-{336,35}] 0.001 0.536 100 100

» EGCR_UTIL::MATRIX_TO_GRID_DQ [{gcr_util.f90} {282,3}-{305,34}] 0.001 0.195 100 100

» BGCR_UTIL::GRID_TO_MATRIX_RES [{gcr_util.f90} {344,3}-{367,35}] 0 0.341 100 100

v I GCR_SOLVE_UTIL::GCR_PRECONDITIONER_QSET [{gcr_solve_util.f90} {40,3}-{131,40}] 0 53.104 100 100

v ELINEARSOLVE_NODIVCHECK::NODIVCHECK_RELAX_Q [{linearsolve_nodivcheck.F90} {56,14}] 0.008 53.103 100 4,900

» EWU_DEFS::TIMES [{wu_defs.f90} {59,3}-{174,22}] 0.02 0.34 3,200 3,200

v EPOINT_SOLVER::POINT_SOLVE [{point_solver.F90} {31,3}-{214,28}] 0.004 52.751 1,500 1,500

v EPOINT_SOLVER::POINT_SOLVE_S [{point_solver.F90} {2700,3}-{2921,30}] 0.003 52.747 1,500 1,500

v OLoop: POINT_SOLVER::POINT_SOLVE_S [{point_solver.F90} {2757,5}-{2917,19}] 43.649 52.744 1,500 36,000

» B LMPI_APP::SINGLE_START_MATRIX_XFER [{Impi_app.F90} {7907,3}-{8132,41}] 0.271 0.512 18,000 85,500

v ELMPI_APP::SINGLE_MATRIX_COMPLETE_XFER [{Impi_app.F90} {11520,3}-{11626,44}] 0.228 8.583 18,000 30,000

v ELMPI::LMPI_WAITALL [{Impi.F90} {20175,3}-{20200,29}] 0.139 8.355 30,000 30,000

EMPI_Waitall() 8.217 8.217 30,000 0

» ELMPI::INTEGR_SCALAR_REDUCE [{Impi.F90} {4584,3}-{4611,37}] 0 0.002 100 100

» B LINEAR_SPECTRAL::SET_FIELD_POINTS [{linear_spectral.f90} {173,3}-{184,33}] 0 0.002 100 200
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ParaProf Function Window

[ NN ] TAU: ParaProf: Function Data Window: fun3d_d19.ppk

Name: .TAU application => NODET [{main.f90} {4,1}-{35,17}] => FLOW::ITERATE [{flow.F90} {1692,14}] =>
FLOW::STEP_SOLVER [{flow.F90} {1845,14}] => RELAX_STEADY::RELAX [{relax_steady.f90} {30,3}-{307,22}] =>
RELAX_MEAN::RELAX [{relax_mean.f90} {22,3}-{84,22}] => GCR_SOLVE::GCR_SOLVER_QSET [{gcr_solve.f90}
{47,3}-{415,32}] => GCR_SOLVE_UTIL::GCR_PRECONDITIONER_QSET [{gcr_solve_util.f90} {40,3}-{131,40}] =>
LINEARSOLVE_NODIVCHECK::NODIVCHECK_RELAX_Q [{linearsolve_nodivcheck.F90} {56,14}] =>
POINT_SOLVER::POINT_SOLVE [{point_solver.F90} {31,3}-{214,28}] => POINT_SOLVER::POINT_SOLVE_5 [{point_solver.FO0}
{2700,3}-{2921,30}] => Loop: POINT_SOLVER::POINT_SOLVE_S [{point_solver.F90} {2757,5}-{2917,19}]

Metric Name: TIME

Value: Exclusive

Units: seconds

49.586 max

node 11

43.712 node 12

45.642 node 13

49.549 node 14
49.559 node 15
47.114 node 16
46.499 node 17
48.507 node 18
42.481 node 19

45.057 node 20

44,152 node 21

48.897 node 22
43.959 node 23
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ParaProf Callpath Thread Relations Window

@ @ TAU: ParaProf: Call Path Data n,c,t, 5,0,0 - fun3d_d19.ppk
Metric Name: TIME
Sorted By: Exclusive
Units: seconds
Exclusive Inclusive Calls/Tot.Calls Name[id]
46.323 53.014 1500/1500 POINT_ SOLVER::POINT SOLVE_ 5 [{point solver.F90} {2700,3}-{2921,30}]
- 46.323 53.014 1500 Loop: POINT SOLVER::POINT SOLVE 5 [{point_ solver.F90} {2757,5}-{2917,19}]
0.16 6.379 18000/30100 LMPI_APP::SINGLE_MATRIX COMPLETE_XFER [{lmpi_app.F90} {11520,3}-{11626,44}]
0.166 0.311 18000/30100 LMPI_APP::SINGLE_START MATRIX XFER [{lmpi_app.F90} {7907,3}-{8132,41}]
36.386 36.386 78/178 JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f£90} {324,14}]
-—> 36.386 36.386 78 Loop: JACOBIAN VISCOUS::EDGEJP [{jacobian viscous.f90} {440,7}-{1584,22}]
4.7E-4 4.7E-4 45/27956 PPARTY METIS::MY METIS [{pparty metis.F90} {116,3}-{545,24}]
0.242 0.242 777/27956 LMPI::LOGICL_SCALAR BCAST [{lmpi.F90} {3691,3}-{3727,36}]
0.002 0.002 2/27956 LMPI::DOUBLE_TENSOR_BCAST [{lmpi.F90} {4185,3}-{4214,36}]
16.689 16.689 31/27956 LMPI::INTEGR MATRIX BCAST [{lmpi.F90} {3240,3}-{3276,36}]
0.013 0.013 48/27956 LMPI::INTEG8_ VECTOR_BCAST [{lmpi.F90} {3376,3}-{3412,36}]
0.587 0.587 489/27956 LMPI::INTEGR_VECTOR_BCAST [{lmpi.F90} {3196,3}-{3232,36}]
0.003 0.003 1197/27956 LMPI::CHARACTER BCAST [{lmpi.F90} {3100,3}-{3136,32}]
1.521 1.521 5371/27956 LMPI::DOUBLE_VECTOR_BCAST [{lmpi.F90} {4096,3}-{4132,36}]
1.2E-5 1.2E-5 2/27956 LMPI::LOGICL_VECTOR_BCAST [{lmpi.F90} {3736,3}-{3772,36}]
0.012 0.012 1040/27956 LMPI::DOUBLE_SCALAR_BCAST [{lmpi.F90} {4051,3}-{4087,36}]
0.055 0.055 3/27956 LMPI::INTEG8_SCALAR BCAST [{lmpi.F90} {3331,3}-{3367,36}]
10.328 10.328 18941/27956 LMPI::INTEGR_SCALAR BCAST [{lmpi.F90} {3151,3}-{3187,36}]
0.005 0.005 10/27956 LMPI::DOUBLE_MATRIX BCAST [{lmpi.F90} {4140,3}-{4176,36}]
- 29.457 29.457 27956 MPI Bcast()
27.158 27.158 100/100 FLUX_PERFGAS::ROE_FLUX [{flux perfgas.f90} {236,14}]
- 27.158 27.158 100 Loop: FLUX PERFGAS::ROE_FLUX [{flux perfgas.f90} {397,5}-{597,20}]

Shows the contribution of parents and children for each routine (marked by an arrow)
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ParaProf Callpath Thread Relations Win
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POINT SOLVER::POINT SOLVE 5 [{point_solver.F90} {2700,3}-{2921,30}]

Loop: POINT SOLVER::POINT SOLVE_5 [{point_solver.F90} {2757,5}-{2917,19}]
LMPI_APP::SINGLE MATRIX COMPLETE XFER [{lmpi_app.F90} {11520,3}-{11626,44}]
LMPI_APP::SINGLE START MATRIX XFER [{lmpi_app.F90} {7907,3}-{8132,41}]

JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f£90} {324,14}]
Loop: JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {440,7}-{1584,22}]

FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.f90} {236,14})
Loop: FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.£90} {397,5}-{597,20}]

LMPI: :CHARACTER_BCAST [{lmpi.F90} {3100,3}-{3136,32}]
LMPI::INTEGR_VECTOR_BCAST [{lmpi.F90} {3196,3}-{3232,36}]
LMPI::INTEG8_SCALAR BCAST [{lmpi.F90} {3331,3}-{3367,36}]
LMPI::DOUBLE_MATRIX BCAST [{lmpi.F90} {4140,3}-{4176,36}]
LMPI::INTEGR _MATRIX_BCAST [{lmpi.F90} {3240,3}-{3276,36}]
LMPI::DOUBLE_SCALAR_BCAST [{lmpi.F90} {4051,3}-{4087,36}]
LMPI::DOUBLE_VECTOR BCAST [{lmpi.F90} {4096,3}-{4132,36}]
LMPI::LOGICL_VECTOR_BCAST [{lmpi.F90} {3736,3}-{3772,36}]
LMPI::DOUBLE_TENSOR_BCAST [{lmpi.F90} {4185,3}-{4214,36}]
LMPI::INTEG8_VECTOR BCAST [{lmpi.F90} {3376,3}-{3412,36}]
PPARTY_METIS::MY METIS [{pparty metis.F90} {116,3}-{545,24}]
LMPI::INTEGR_SCALAR_BCAST [{lmpi.F90} {3151,3}-{3187,36}]
LMPI::LOGICL_SCALAR BCAST [{lmpi.F90} {3691,3}-{3727,36}]

UPDATE_MEAN: : UPDATE_JACOBIAN [{update mean.F90} {513,3}-{588,32}]
FILL_JACOBIANS::FILL_JACOBIAN [{fill_jacobians.£90} {19,3}-{341,30}]
SOURCE: : SOURCE_JACOBIAN [{source.f90} {93,3}-{168,32}]
LMPI::LMPI_CONDITIONAL STOP [{lmpi.F90} {611,3}-{672,38}]

BC_NAMES: :BC_HAS_PRESSURE_CLOSURE [{bc_names.£90} {1618,3}-{1693,38}]
BC_NAMES::ELEMENT BASED_BC [{bc_names.£90} {1390,3}-{1439,31}]
JACOBIAN_VISCOUS::VISCOUS_JACOBIAN [{jacobian_viscous.£90} {20,14}]

( ] @ TAU: ParaProf: Call Path Data n,c,t, 13,0,0 - fun3d_d19.ppk
Metric Name: TIME
Sorted By: Exclusive
Units: seconds
Exclusive Inclusive Calls/Tot.Calls Name[id]
45.642 52.774 1500/1500
- 45.642 52.774 1500
0.299 6.259 18000/30100
0.6 0.873 18000/30100
37.689 37.689 78/178
—> 37.689 37.689 78
28.431 28.431 100/100
—> 28.431 28.431 100
0.003 0.003 1197/27956
0.542 0.542 489/27956
0.033 0.033 3/27956
0.005 0.005 10/27956
16.724 16.724 31/27956
0.032 0.032 1040/27956
1.48 1.48 5371/27956
1.5E-5 1.5E-5 2/27956
0.002 0.002 2/27956
0.013 0.013 48/27956
6.1E-4 6.1E-4 45/27956
5.481 5.481 18941/27956
0.243 0.243 777/27956
-3 24.557 24.557 27956 MPI_Bcast()
20.045 61.19 78/178
—> 20.045 61.19 78
1.4E-4 1.4E-4 78/78
0.006 2.491 3822/16665
0.003 0.003 3822/8622
0.008 0.008 7644/17444
3.2E-4 37.689 78/178
0.443 0.445 78/123

TIMEACC::TIME DIAG NC [{timeacc.£90} {1067,3}-{1330,29}]
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ParaProf Function Window

O O TAU: ParaProf: Function Data Window: fun3d_d19.ppk

Name: Loop: JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {440,7}-{1584,22}]
Metric Name: TIME

Value: Exclusive

Units: seconds

0.505 [] std. dev.

37.253 | | mean
38.128 | | max
36.231 | | min

36.231 node 0

36.897 | ] node 1

36.689 | | node 2
37.723 | ] node 3

37.265 | | node 4
36.386 | node 5
37.371 | node 6
37.269 | | node 7
74 "] node 8
37.988 | node 9
37.097 | node 10
37.117 | | node 11
37.256 | | node 12
380 [ ——————————— 1] node 13
37.651 node 14
37.784 node 15
37.642 | | node 16
37.916 | | node 17
38.128 | | node 18
36.697 node 19
37.462 node 20
37.068 node 21
37.173 node 22
36.446 | | node 23
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Generating Communication Matrix

% tau init --mpi --mpi-compilers Intel --compilers Intel
% tau meas edit sample --comm-matrix

% tau mpirun —-np 16 ./a.out

% tau show
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Communication Matrix Display

Goal: What is the volume of inter-process communication? Along
which calling path?

Message Size Heat Maps

File Windows Help

Display Options
TOTAL VOLUME BYTES v catoatn

int findwork(int) C [(uts_shm.c} (695,1... |~ )

All Paths
0 RECEIVER 63
=

8.39E7

aaaaaaaa

...............

DISPLAY OPTIONS

Callpath:
& ‘AII Paths MIE @493 2 e = s S . T
g Dataset:
i ‘TOTAL VOLUME BYTES v

nnnnn

63 | 3.36E7
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SHMEM Communication Matrix

000

TAU: ParaProf: 3D Communication Matrix: uts_shmem_comm_t1.ppk

Display Options

Callpath:
All Paths v
Height Value:
Message volume (bytes) -
Color Value:
Message volume (bytes) v
4
Sender
o <>
7
Receiver
(S RIE
Height value 49322
Color value 49322
4 Axes ColorScale Render |
50923
J— M Show ColorS...
Font Size O—
® Rainbow O Grays...
O Inverse Grays... () Blue-...
O Blue-White-...
6540
Message volume (bytes)
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Use Compiler-Based Instrumentation

% tau init --mpi --mpi-compilers Intel --compilers Intel
% tau meas edit profile --compiler-inst always

% tau select profile

% make CC=‘tau mpiicc’

% tau mpirun —np 16 ./a.out

% tau show

4
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Compiler-based instrumentation

X\ TAU: ParaProf: Statistics for: node O - fhome1/00494/tg457572/pkgs/workshop/mm/.tau/mm/c455-07 1-mm-profile/O
File Options Windows Help

[ [ [ [ [ [N NNNEEENENEERNRRRNRNRNEED AR NEEEEEEEEEEEEEEEENEEENENR
Name & |Exc|usive... Inclusive T... Calls Child ...

¢ l.TAU application 0.05 11.338 1 1

¢ Mmain [ {/homel/00494/tgd57572/pkgs/workshop/mm/matmult.c} {105,0}] 0 11.288 1 3

EMPI_Finalize() 0.028 0.028 1 0

EMPI_Init() 0.111 0.111 1 0

¢ ldo_work [{/homel/00494/tgd57572/pkgs/workshop/mm/matmult.c} {79,0}] o] 11.149 1 8

M allocateMatrix [ {/homel/00494/tgd457572/pkgs/workshop/mm/matmult.c} {35,0}] 0.007 0.007 3 0

Ocompute [{/homel/00494/tg457572/pkgs/workshop/mm/matmult.c} {45,0}1] 5.698 5.698 1 0

Ocompute_interchange [ {/homel/00494/tg457572/pkgs/workshop/mm/matmult.c} {62,0}] 5.431 5.431 1 0

Minitialize [{/homel/00494/tgd57572/pkgs/workshop/mm/matmult_initialize.c} {3,0}1] 0.013 0.013 3 0
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Jumpshot Trace Visualizer in TAU

7TimeLir;e J gtc32-’de;tailed—valid.sIong <Thread7V' w>
om|[m]e] <[> ajmla|n (08 2@

Zoom Level Global Min Time View Init Time Zoom Focus Time View Final Time Global Max Time Time Per Pixel [m ‘ : ‘ Height

Ila]v
Lowest / Max. Deptl :
0/11
| cumdati.. %] TimeLines -

15 0.00 161.2548961625 161.2563033262 161 3 223.657684 0.000005

Row Height|
24

@ SLOG-2
Yo

W K N O WV A W N = O

Drawable Info Box

| — - hpx-thread-scheduler-loop K

20 duration = 221.09787 sec
—— " [0]: time = 0.099966, NodelD = 0, ThreadID = 17
21 [1]: time = 221.197833, NodelD = 0, ThreadID = 17

Drawable Info Box

- gtcx_partition_loop_action Drawable Info Box =y

duration = 83.00 usec D gtex_partition_set_tdata_action
28 time = 161.256237, NodelD = 0, ThreadID = 15
29 = 161.256320, NodelD = 0, ThreadID = 15 duration = 26.00 usec

— [0): time = 161.257930, NodelD = 0, ThreadID = 14
30 | close | [1]: time = 161.257956, NodelD = 0, ThreadID = 14 o

31 — close

500,

FRPRPRFIFPRPRPRPRIPRIPRPRPERIPERPRPEREPEREREREPERRERREZE
-
©

38

@ NodelD (| | Fit All Row
@ Threadil | I | | | | | I | | | J

161.255 161.2555 161.256 161.2565 161.257 161.2575 161.258 161.2585 161.259 161.2595 161.26
Time (seconds)
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Tracing Communication in Jumpshot

X! TimelLine : ring.slog2 <ldentity Map>

ala e n B8 @

Zoom Level Global Min Time View Init Time Zoom Focus Time View Final Time Global Max Time Time Per Pixel
7 .00 |[2.2753254479 2.2860925737 22963596973 [2.565614 |0.0000293382

lv]oiem|wle) <

Lowest / Max. Depth
0/1

CumulativeExc...
[75L0G-2
Go
01
02
R
4
Os
Ohe
0Oz
e
RE!
[ 10
[REH!
412
13
[ 14
[y1s

< | »
@ LinelD

[«]

| »

| | | | | | | | | | |
2.278 2.28 2.282 2.284 2.286 2.288 2.29 2.292 2.254 2.296

Time (seconds)

|
e
e
5
=]

4]

% tau init

http: . . .pdf
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Performance Analysis

ev_ent — Instrumentafion ]—* gvent ;
selection information _ _ _ _ __ _ _.

.

—_———— ==

profilers | |
e symbol

| profiles table |
profiles traces '

Profile Data Management (PerfDMF) Trace Data Management
profile etadata profile trace trace
translators (XML) database translators storage
Trace Visualizers Trace Analyzers
Profile Data Mining (PerfExplorer) Vampir
T o T Paraver g p
: === erver

UNIVERSITY OF OREGON
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Generating Event Traces

% cd workshop/mstmult
tau init --mpi --mpi-compilers Intel --compilers Intel
% tau meas edit profile --trace slog2
(if it is profiling is being used in another experiment, you may
have to delete it:
tau experiment delete <exp name>
and retry -

o0

% make CC=‘tau mpiicc’

oe

tau mpirun —np 16 ./matmult
% tau show

NOTE: For OTF2 traces replace slog2 with otf2. 7
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Visualizing Event Traces with Vampir

Goal: Identify the temporal aspect of performance. What happens in my code at a given
time? When?

Event trace visualized in Vampir [www.vampir.eu]

® 00 ‘W Trace View - /Users/sameer/ppk/scorep-20130722_1148 2175610264438917 /traces.otf2 - Vampir

ENLEOTIERLZS B 2| | :

Timeline ][] Function Summary

0.8000 s 0.8025 s 0. 8050 S 0 8075 s 8100 s 8125 s 0.8150 s All Processes, Accumulated Exclusive Ti...
: : 00s

Thread0:0 A I I L- AN 5 multiply_ma...}{37,0}]
: : — : 51.4ms [ MPI_Recv
Thread 0:1 6.978 ms | MPI_Bcast
A /| | ———— : 5.175 ms I MAIN__ [{/h...{132,0}]
Thread 0:2 1.513 ms ;| MPI_Send

‘NI
H A AT AWI/111) 1|1 S L

Thread 0:3 J l

I M |
L..-l'l""l L

Thread 0:4 h
B H A 111 ul : Call Tree

All Processes

Thread 0:5
Function
) v [ main [{-1}{0,0}]
Thread 0:6 (- v M MAIN__ [{/home1/00494/tg457572
L. ] : - mulﬁply_matrices_ [{Ihome1/00'
Thread 0:7 - ™ MPI_Send
i : ™ MPI_Recv
Thread 0:8 ™ MPI_Bcast
-llill_ IH—“ | |
Thread 0:9 1}
lllii— 11— —
Thread 0:10 8 — | ———————————— & : — P Funcion Summary | "‘;‘ V =
Thread 0:11 ‘
Property Value
Thread 0:12 D|sp|§y Function Sur
Function ™
Thread 0:13 Function Group EMPI
Accumulated Exclusive Time 1.512741 ms
Thread 0:14 Percentage 0.535275%
Thread 0:15
0.807825 s 4

http://tau. .edu/tau.pdf
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Vampir [T.U. Dresden] Timeline Display

0@

Master thread:0
Master thread:1
Master thread:2
Master thread:3
Master thread:4
Master thread:5
Master thread:6
Master thread:7
Master thread:8
Master thread:9
Master thread:10
Master thread:11
Master thread:12
Master thread:13
Master thread:14
Master thread:15
Master thread:16
Master thread:17
Master thread:18
Master thread:19
Master thread:20
Master thread:21
Master thread:22
Master thread:23

7.88s

E" Timeline - /Users/sameer/rs/taudata/fun3d/fun3d_trc3/traces.otf2 - Vampir

Rank 0 performs I/O while all other ranks wait in MPI_Bcast()
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Vampir Timeline Display

227.366 s

Master thread:0
Master thread:1
Master thread:2
Master thread:3
Master thread:4
Master thread:5
Master thread:6
Master thread:7
Master thread:8
Master thread:9
Master thread:10
Master thread:11
Master thread:12
Master thread:13
Master thread:14
Master thread:15
Master thread:16
Master thread:17
Master thread:18
Master thread:19
Master thread:20
Master thread:21
Master thread:22
Master thread:23

227.3691 s

Paratools

Timeline - /Users/sameer/rs/taudata/fun3d/fun3d_trc3/traces.otf2 - Vampir
227.367 s 227.368 s 227.369 s 227.370 s 227.371s 227.372s

227.373s 227.374s 227.375s

A —

S S — = — — S S iy e U N | S | |

L S SSS T S S OSSR AT A
AN\ SoSa e T NEh
S N S N TSRS A SIS
S S
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e —— S R e —
e N ——

——— —

G

e —— 7~ — S~ N B e NN T e e

—_ L . NN X TS i S S AN SIS AN SN e TRl PSS/ ]

S R o S
ol i o~ e W — e S SIS NSNS ~

e — e —— — — Sy | C— S e o - S~ e e

O e W;—ii-‘!E_i_E’

—— e o« ot — i

(57575 7.19}] T —— F—
= TS ———SXJ —— 7=

—— R ——— e

R
= i =
| S S

| B —iet o e ————__—
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Vampir Communication Matrix Display

Number of Messages

Master thread:0 397 397 897 396 396 397 390 394 394 32k
Master thread:1 397 ~ 350 . 318 ‘ 243 i171 ‘ 133:.: o - 34 ok
Master thread:2 | 314 166 135 67 67
Master thread:3 404 360 — : . 33‘ ® 133 28k
Master thread:4 402 : 317 : o | 397 397 358 242 . 172 . 136 26k
Master thread:5 402 242 312 356 397 307 358 316 243 205 133
Masterthread:s Q10 170 - : :358 307 ’:203:‘: 100 100 100 34 24k 1
Master thread:7 %0 183 | 242 L 358 307 397 358 318 '.*.‘ 168 |8 100 skl
Master thread:8 401 166 || 243 316 - 203 166 168 100 34 67 168
Master thread:9 a0t T 13 T 0 172" 202 T 358 [ 237 199 133 100 D 67 [ 34 20k T
Master threac:10 (£ 3 ' :74 :133:136:205:.:318: ) 245 275 203 134 :.0“.-2437 ol
L %96 34 67 100 133 204 W 318 358 307 240 201 167 133 133 100 377
B Master thread:12 395 - 133 | 247 284 358 ® . 202 232 169 133 390 16k |
a Master thread:13 - 34'34:67:87:100:167:204:.:.:393.397 307 306 307 393.383'.:303-393 e L
Master thread:14 . 100 100 166 2368 246 397 395 305 394 389 394 374 385
Master thread:15 34 100 0 167 190 273 394 305 ] 12k 1
Master thread:16 " 100 133 204 . B o7
Master thread:17 " 34 100 135 239 " 300 308 | 10k T
Master thread:18 f ’ 67 | . 1 [ 200 | [ 381 ’ 396 | 9 [ 8k T
Master thread:19 B 0 63 202 ) T304 199 302
Master thread:20 2 EEEXEDY T oK
Master thread:21 ® 1 | ® 1 133 169 | " 304 60 133 | * 1 4k
Master thread:22 B 3¢ [W 100 133 (M 375 33 100 W 168 |
Master thread:23 101 167 202 236 378 389 302 ass W W W 2k
0

V
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PRL, University of Oregon, Eugene

www.uoregon.edu
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Download TAU from U. Oregon

http://www.hpclinux.com [LiveDVD]

Free download, open source, BSD license
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