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Getting Started with TAU Commander

tau initialize

tau g++ *.cxx -o foo

tau srun -n 64 ./foo

tau show

Just put “tau in front of
everything and see what
happens.

* This works on any
supported system, even if
TAU is not installed or has
not been configured
appropriately.

* TAU and all its
dependencies will be

downloaded and installed
if required.
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Commands have subcommands

* tau [subcmd] [subsubcmd] [subsubsubcmd] ...

e Commands are tree-like and become more
specific as you move to the right:

tau application edit dfft my dfft
e Common commands:

— tau initialize

— tau dashboard

— tau select [target] [application] [measurement]

— tau target create <name> [options]

— tau application edit <name> [options]

— tau measurement copy <name> <new name> [options]

— tau

show [trial number]
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Command Line Hacks

* All commands and flags support abbreviation:
—tau 1nitialize
—tau 1nitial
—tau 1nit

* Boolean flags are flexible:

—tau 1nit --mpi=True
—tau 1nlit —--mpi=yes
—tau 1nit —--mpi=1
—tau 1nit --mpi1i

* Use --help at any point to get help.
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Quick Help: tau --help

@ @ jlinford — ssh cori.nersc.gov — 80x47

@® @ jlinford — ssh cori.nersc.gov — 80x35

jlinford@cori@®9 ~/workspace/openshmeml7/applications/ISx $ tau —-help
usage: tau [arguments] <subcommand> [options]

TAU Commander 1.0a [ 1

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.
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:

tau <compiler> Execute a compiler command
- Example: tau gcc *.c -o 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@cori@9 ~/workspace/openshmeml7/applications/ISx $

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 Application uses NVIDIA CUDA.
- default: False
—-linkage <linkage> Application linkage.
- <linkage>: static, dynamic
- default: static

—-mpc Application uses MPC.

- default: False
——-mpi Application uses MPI.

- default: False
——opencl Application uses OpenCL.

- default: False
—-—openmp Application uses OpenMP.

- default: False
——pthreads Application uses pthreads.

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

—--shmem Application uses SHMEM.
- default: False
-—tbb Application uses Thread Building Blocks (TBB).

- default: False
jlinford@cori®9 ~/workspace/openshmeml7/applications/ISx $
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Online Manual: tau help <command line>

@® jlinford — jlinford@east03: ~ — ssh east03 — 90x63

jlinford@east®3:~$ tau help application

== Usage: tau application

usage: tau application <subcommand> [arguments]
Create and manage application configurations.
Positional Arguments:

<subcommand> See 'subcommands' below.

[arguments] Arguments to be passed to <subcommand>.

Optional Arguments:
-h, —--help Show this help message and exit.

Subcommands:
copy Copy and modify application configurations.
create Create application configurations.
delete Delete application configurations.
edit Modify application configurations.
list Show application configuration data.

See 'tau application <subcommand> --help' for more information on <subcommand>.

== Help: tau application

TAU Commander Applications:

Creating new applications:
Enter: tau application create <new_application_name>

Copying a TAU Commander Application:
Enter: tau application copy <existing_application_name> <new_application_name>
The new application has the same properties as the original existing application.

Editing a TAU Commander Application:
Enter:
tau application edit <application_name> --<application_property> <property setting>

The following properties are set to True/False (T/F):

cuda, mpc, mpi, opencl, openmp, pthreads, shmem, tbb

e.g. tau application edit <application_name> —-mpi T
The property linkage is set to static/dynamic (default is dynamic) this is
changed by:

tau application edit <application_name> --linkage static

The application name can be changed with -new-name as shown below:
tau application edit <application_name> <new_application_name>

A selective instrumentation file may be specified with --select-file and
its path.
e.g. tau application edit <application_name> --select_file <path>

Delete a TAU Commander Application:
Enter: tau application delete <application_name>

List TAU Commander Applications in a project:
Enter: tau application list

tau application list -1 (long description)
tau application list -s (short description)
jlinford@east03:~$

(Q Copyright © ParaTools, Inc.

= Command line usage

= Manual page with examples,
common use cases, etc.
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TAU COMMANDER PROJECTS
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T-A-M Model for Performance Engineering

* Target
— Installed software Measurement
— Available compilers

— Host architecture/0OS Application

* Application
— MPI, OpenMP, CUDA, ‘ N %

OpenACC, etc.
* Measurement Target
— Profile, trace, or both _
Experiment =

— Sample, source inst... (Target, Application, Measurement)
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TAU Commander Projects

Project X
Target 1 Application 1 Measurement 1
l
Target 2 Application 2 Measurement 2
i
Target N Application N Measurement N
L
. o ” I o
Experlment foo | Target 4 Application 2 Measurement 3
Experiment “bar” Target 2 ‘ Application 2 ‘ Measurement 1 J

Bar: trial 0 Bar: trial1 ®**®* Bar:trial N
— . — — —

P SIte ,2 B D ){ [\\ Copyright © ParaTools, Inc.

:



TAU Commander Lexicon

Project:
— A container for TAM objects and data

Target:

— Description of hardware and software environment
Application:

— Description of a software application
Measurement:

— Description of desired performance data

Experiment:

— Exactly one target, application, and measurement with zero or
more trials

Trial:
— Performance data and record of experiment environment
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T-A-M Objects Have Matching Commands

Configuration Subcommands:

application Create and manage application configurations.
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.

$ tau application —-help
usage: tau application <subcommand> [arguments]

Create and manage application configurations.

Positional Arguments:
<subcommand> See 'subcommands' below.
[arguments] Arguments to be passed to <subcommand>.

Optional Arguments:
-h, —-help Show this help message and exit.

Subcommands:
copy Copy and modify application configurations.
create Create application configurations.
delete Delete application configurations.
edit Modify application configurations.
list Show application configuration data.

See 'tau application <subcommand> —-help' for more information on <subcommand>.
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View object attributes and show which command line option affects with attribute.

"tau list ™ shows objects

$ tau app list —-long

Attribute

cuda
linkage
mpc

mpi
opencl
openmp
projects
pthreads
shmem
tbhb

Value

True
dynamic
False
False
False
False

gpu_suite.1.1.0

False
False
False

Command Flag

——cuda
——1linkage
——mpc
——mpi
——opencl
——openmp
N/A
——pthreads
——shmem
——tbb

Application
Application
Application
Application
Application
Application

Description

uses NVIDIA CUDA.
linkage.

uses MPC.

uses MPI,

uses OpenCL.

uses OpenMP.

Projects using this application.

Application
Application
Application

uses pthreads.
uses SHMEM.

uses Thread Building Blocks (TBB).
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"tau dashboard™ Shows Project

® @® jlinford — jlinford@godzilla:~/gpu_suite.1.1.0 — ssh talapas-In1.uoregon.edu — 134x51

jlinford@godzilla ~/gpu_suite.1.1.0 $ tau dashboard

Name Targets Applications Measurements # Experiments
gpu_suite.1.1.0 godzilla gpu_suite.1.1.0 sample, profile, trace 1
Name Host 0S Host Arch Host Compilers MPI Compilers SHMEM Compilers
godzilla Linux x86_64 GNU System OpenSHMEM
Name Linkage OpenMP Pthreads TBB MPI CUDA OpenCL SHMEM MPC
gpu_suite.1.1.0 dynamic No No No No Yes No No No
Name Profile Trace Sample Source Inst. Compiler Inst. OpenMP CUDA I/0 MPI SHMEM
sample tau none Yes never never ignore Yes No No No
profile tau none No automatic never ignore | Yes No No No
trace none otf2 No automatic never ignore Yes No No No
Name Trials Data Size Target Application Measurement TAU Makefile
godzilla-gpu_su 1 23.9KiB godzilla gpu_suite.1.1.0 sample Makefile.tau-
ite.1.1.0-sampl 092e8e8f-cupti
e

godzilla-gpu_suite.1.1.0-sample

jlinford@godzilla ~/gpu_suite.1.1.0 $

Copyright © ParaTools, Inc.




ParaTools, Inc.

INSTRUMENTING CODE

\1)

e r’!"['\ 0Y0 | [\\ Copyright © ParaTools, Inc.



Compiling with TAU Commander

tau <compiler> [options]

— tau gcc *.c -o foo
— tau i1ifort -c bar.f90
— tau g++ baz.o -0 baz

tau <compiler> isashortcut:
— Expandsto tau build <compiler>

Use tau build --help toshow all known
compilers.

NOTE: Compilation isn’t always necessary. Use
sampling to gather data on uninstrumented
executables.
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Makefiles

e Put “tau” in front of your compiler command
 If necessary, automatically instruments source code, links with TAU libraries.
« Handles special compiler flags needed for instrumentation.
« Lazy: does nothing whenever possible.

Makefile without taucmdr Makefile with taucmdr

CXX = mpicxx CXX = tau mpicxx

F90 = mpif90 F90 = tau mpif90

CXXFLAGS = CXXFLAGS =

LIBS = -1m LIBS = -1m

OBJS = fl.0 £f2.0 £f3.0 .. fn.o OBJS = fl.0 £f2.0 £f3.0 .. fn.o

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

.Cpp.o: .Cpp.o:
$ (CXX) $ (CXXFLAGS) -c $< l;? $ (CXX) $(CXXFLAGS) -c $< l;7

Note: see advanced usage slides for CMake and Autotools
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Running with TAU Commander

* tau <command>
—tau srun -n 4 ./a.out
—tau mpirun -np 4 ./a.out
—tau ./a.out

e tau <command> is just a shortcut:

— Expandsto tau trial create <command>

Copyright © ParaTools, Inc.



Common Mistakes
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— “tau” always goes first
— Correct: tau mpirun -np 4 ./a.out

e+
L.,11

— /N‘1-|/\
oo o U

S

R R hat+ ~h
_YO\./J_J_tJL, e N L L U111

=

L

—

’

— You probably don’t want to profile “gsub”

— Correct: put “tau” in front of the command you want
to profile inside myscript.batch, e.g. “tau ./a.out”

]
11 |

r Y ] 4+ A1l 1~ o n
C L UL A 1 C O.J:JJ:JJ__LL/CLL, 1

~
L Ul

Ry PP
— On tau’s command line, the verb follows the object
— Correct: tau application list myapp
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PROFILING WITH
EVENT-BASED SAMPLING
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Step 1: Initialize TAU Project

$ cp -R /path/to/taucmdr-1.2.0/examples $HOME
$ cd $HOME/examples/mm
$ 1s

Makefile Makefile.intel matmult.c
matmult_initialize.c matmult_initialize.h README.stampede

$ tau init ialize WARNING: Don’t execute tau initialize in SHOME!

A (this bug is fixed in version 1.2.0.4)

* 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
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Serial examples/mm Dashboard

jlinford — jlinford@east03: ~/examples/mm — ssh east03.paratools.com — 120x63

jlinford@east®3:~/examples/mm$ tau init B
TAU] System MPI C++ compiler '/opt/intel/compilers_and_libraries_2017.2.174/linux/mpi/intel64/bin/mpicxx' wraps

TAU] '/usr/bin/g++'

TAU] System MPI C compiler '/opt/intel/compilers_and_libraries_2017.2.174/linux/mpi/intel64/bin/mpicc' wraps

TAU] '/usr/bin/gcc’

TAU] System MPI Fortran compiler '/opt/intel/compilers_and_libraries_2017.2.174/linux/mpi/intel64/bin/mpif90' wraps

TAU] '/usr/bin/gfortran’

TAU] Created a new project named 'mm'.

TAU] Added application 'mm' to project configuration 'mm'.
TAU] Added target 'east@3' to project configuration 'mm'.

TAU] Added measurement 'sample' to project configuration 'mm'.
TAU] Added measurement 'profile' to project configuration 'mm'.
TAU] Added measurement 'trace' to project configuration 'mm'.
TAU] Created a new experiment 'east@3-mm-sample'

TAU] Selected experiment 'east@3-mm-sample'.

Name | Targets Applications Measurements # Experiments

mm east@3 mm sample, profile, trace 1

Name Ho#t 0S Host Arch Host Compilers MPI Compilers SHMEM Compilers One ta r‘get With G N U Compiler‘s
m o Gmmic M N M N M Mo N One application, all features = “no”

Name Profile Trace Sample Source Inst. Compiler Inst. OpenMP CUDA I/0 | MPI SHMEM
sample tau none Yes never never ignore No No No No
profile tau none No automatic never ignore No No No No Th ree measu rements
trace none otf2 No automatic never ignore No No No No
Name Trials Data Size Target | Application Measurement TAU Makefile
east@3-mm-sample 0 0.08B east03 mm sample Makefile.tau-beec6777 One experl ment

east@3-mm-sample

~/examples/mm$
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examples/mm/Makefile

ifdef MPI
= tau mpicc
= —DTAU_MPI
=.mpl
else Note “tau” in front of compiler
= tau gcc commands
endif

ifdet OPENMP
= —fopenmp —-DTAU_OPENMP
=.openmp
else

endif
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Compiling examples/mm

O, @ jlinford — jlinford@east03: ~/examples/mm — ssh east03.paratools.com — 120x14

@

jlinford@east@3:~/examples/mm$ make

tau gcc -c matmult.c -o matmult.o

[TAU] TAU_MAKEFILE=/home/jlinford/taucmdr-1.2.0.4/system/tau/./tau-2.26.3/x86_64/1ib/Makefile.tau-beec6777
[TAU] TAU_OPTIONS=-optNoCompInst —optLinkOnly -optQuiet

[TAU] /usr/bin/gcc -g -c matmult.c -o matmult.o

tau gcc -c matmult_initialize.c -0 matmult_initialize.o

[TAU] TAU_MAKEFILE=/home/jlinford/taucmdr-1.2.0.4/system/tau/./tau-2.26.3/x86_64/1ib/Makefile.tau-beec6777
[TAU] TAU_OPTIONS=-optNoCompInst -optLinkOnly -optQuiet

[TAU] /usr/bin/gcc -g -c matmult_initialize.c -o matmult_initialize.o

tau gcc matmult.o matmult_initialize.o -0 matmult.exe

[TAU] TAU_MAKEFILE=/home/jlinford/taucmdr-1.2.0.4/system/tau/./tau-2.26.3/x86_64/1ib/Makefile.tau-beec6777
[TAU] TAU_OPTIONS=-optNoCompInst -optLinkOnly -optQuiet

[TAU] /usr/bin/gcc -g matmult.o matmult_initialize.o -o matmult.exe

jlinford@east@3:~/examples/mm$

* In general: 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.
* In this case: No instrumentation required.
» Selected experiment (east03-mm-sample) uses event-based sampling.
* The “tau” command becomes a null-operation and passes through to the compiler.
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Running examples/mm in serial

® ® jlinford — jlinford@east03: ~/examples/mm — ssh east03.paratools.com — 120x35
jlinford@east@3:~/examples/mm$ 1s a8
Makefile matmult.c matmult_initialize.c matmult_initialize.o README.stampede

Makefile.intel matmult.exe matmult_initialize.h matmult.o

jlinford@east@3:~/examples/mm$ t ./matmult.
[TAU]
TAU] == |BEGIN Experiment at 2017-09-27 20:11:22.150137

[

[

[TAU | PROFILEDIR=/home/jlinford/examples/mm/.tau/mm/east@3-mm-sample/0
[TA SCOREP_ENABLE_TRACING=false

[TA TAU_CALLPATH=1

[TA TAU_CALLPATH_DEPTH=100

[TA TAU_CALLSITE=0

[TAU | TAU_COMM_MATRIX=0

[TA TAU_MERGE_METADATA=1

[TA TAU_METRICS=TIME,

[TA TAU_PROFILE=1
[
[
[
[
[
[
[
[
[

TAU | TAU_SAMPLING=1

TAU | TAU_THROTTLE=1

TAU | TAU_THROTTLE_NUMCALLS=100000
TAU | TAU_THROTTLE_PERCALL=10

TAU | TAU_TRACE=0

TAU | TAU_TRACK_HEAP=0

TAU_VERBOSE

=0

TAUl Command: tau exec -T beec6777,serial -ebs ./matmult.exe

[
[
[
[
[TAU] Experiment: east@3-mm-sample
[
[
[




show displays the most recent trial

$ tau show

% TAU: ParaProf Manager
File Options Help

@ Applications : TrialField akle
¢ [ Standard Applications |Name OfeastO3-mm-sample/... |
o O] Default App JApplication D 8]
¢ O Default Exp “|Experiment ID 0
¢ @ OfeastO3-mm-sample/mm/.tau/mm/exi  Trial ID 0
o 9 CRA @ @ % TAU: ParaProf: fhome/jlinford/examples/mm/.tau/mm/east03-mm-sample/0

o ged File Options Windows Help

& I perl Metric: TIME
= KYC value: Exclsive

o= [ Armt
T8 sta. pev. |
Mean | — s — [ [0 [ [
Max | — s — L I [ GO
Min | — s — L [ H
node O | sl 20 O eesssss 20| [ [ [HH

Per-process performance summary (“node” == “process”)
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ParaProf Manager Window

[ NON ) TAU: ParaProf Manager
File Options Help

@ Applications TrialField Value M eta d ata

¢ 3 Standard Applications [ [Mame O/east03-mm-sample/mm/ L. |
¢ CdDefault App Application 1D 18]
¢ [ Default Exp | Experiment 1D (5] i
¢ @ Ofeast03-mm-sample/mm/.tau/mn Trial ID 0
@ TIME LICPU Cores 4 7
o J CRAFT (jdbc:postgresql:ffeastOl.paratools, CPU MHz 3699,132
o [Jgeos (jdbcpostgresqli/feastOl paratools.cqd HEPL Type Intel(R) Core(TM) i7-4820K ... |
o g perfexplorer_working (jdbc:h2:/homedjlinfol CPU Wendor Geruinelntel
o[ KY0B (jdbc:postgresgl/feastOl.paratools.of [|CWD /homefjlinford/examples/mm |
o g ArmyPhasell (jdbc:postgresql:ffeastOl.parg Cache Size 10240 KB
o [ KY0O5 (jdbc:postgresql/feastOl.paratools.cf [[Command Line Jmatmult.exe ]
o O Un3d (dbc:postgresql:/feastOl paratools.4 |Ending Timestamp 1506543084136135
Exeautable /homefjlinford/examples/mm. .|
1
TAU profiles ]
cast03

2017-09-27T16:11:22-04:00 |
55917224 kB

east03

x86_64

Linu s

4.4.0-96-generic

| C ersion #119-Ubuntu SMP Tue Sep ...
Starting Timestamp 1506543082212707

| TAU Architecture default

tag=beect777 -arch=x86 ...
/homefjlinford/taucmdr-1.2.0...

TAL Wersion 2.26,3-git
TAL BFD LC on

TAU CALLPATH on

TAU CALLPATH DEPTH 100

[ TAL LLSITE DEPTH 1

TAU COMPENSATE off
HTALU CUDA BINARY EXE

TAU CUPTI_API runtime
LTAU EBS INCLUSIVE Ousec
TAU EBS KEEP_UNRESO .. |off
[TAL EBS PERICD 10000

TAU EBS_SAMPLES DROPPE...[O
[[TAU EBS SAMPLES DROPPE...|JO

TAU EBS SAMPLES TAKEMW O [192
HTAU EBS UNWIND off
TAU G _HWP_COUNTERS|off
AL THREADS 1

TAU MEASURE TAU off

TAL MEMDBG PROTECT AB...|off
TALU MEMDBG PROTECT BE... [off

[TAU_MEMDBG _PROTECT FREE|off
TAU_OPENMP._RUNTIME on
{[TAU_OPENMP_RUNTIME_EVE...Jon
TAU_OPENMP_RUNTIVE_STA. .[off
[TAU_OUTPUT CUDA_Cov off
TAU_PAPI MULTIPLEAING off
(| TAL_PROFILE on
3 ] TAU PROFILE FORMAT profile
opyrig ParaToo 6



ParaProf Manager Window

Metrics in this trial’s
dataset

Copyright

(] (] | TAU: ParaProf Manager
File Options Help
@ Applications o TrialField Valle
¢ [ Standard Applications MName O/east03-mm-sample/mm/.t...|~|
Ation 1D 18]
O3 Defadlt Exp [Exp{ Iment ID (5]
¢ @ Ofeast03-mm-sample/mm/{.tau/mm/| [Trial 0
@ TIME CPU 4
f idbcipostaresal; ] - 3699.132

LER

o g perfexplorer_working (jdbc:hZ:/homedjlinford,
o[ KY0B (jdbc:postgresgl/feastOl.paratools.co
o g ArmyPhasell (jdbc:postgresql:ffeastOl.parat
oG KYOS5 (jdbc:postgresgl/feastOl.paratools.co
e[ un3d (jdbcpostgresqgl/feastO] . paratools.co

Command Line

e Type Intel(R) Core(TM) i7-4820K ...
CPU Wendor Geruinelntel
CWD fhomefjlinford/examples/mm
Cache Size 10240 KB

Jmatmult.exe

Ending Timestamp
Exeautable

1506543084136135
/homefjlinford/examples/mm...

1
TAU profiles

cast03
2017-09-27T16:11:22-04:00

55917224 kB
east03

x86_64
Linu s

4.4.0-96-generic

o ersion #119-Ubuntu SMP Tue Sep ...
Starting Timestamp 1506543082212707
TAL Architecture default

-tag=beect777 -arch=x86_...

fhomefjlinford/taucmdr-1.2.0...

TAL Wersion 2.26,3-git
TAL BFD LC on
TAU CALLPATH on
TAU CALLPATH DEPTH 100
TAL LLSITE DEPTH 1
TAU MPENSATE off
TAU CUDA BINARY EXE
TAU _CUPTI_API runtime
TAU EBS INCLUSIVE Ousec
TAU EBS KEEP_UNRESO .. |off
TAU EBS PERICD 10000
TAU EBS _SAMPLES DROPPE...|O
TAL EBS SAMPLES DROPPE...[O
TAU EBS SAMPLES TAKEW O [192
TAU EBS UNWIND off
TAU G_HWP_COUNTERS|[off
TAL THREADS 1
TAU MEASURE TAL off
TAL MEMDBG PROTECT AB... |off
TAU MEMDBG _PROTECT BE... [off
TAL MEMDBG PROTECT FREE|off
TAU _OPENMP_RUNTIME on
TAL ENMP RUNTIME EWVE...|on
TAU _OPENMP_RUNTIME _STA...[off
TAL OUTPUT CUDA CSW off
TAU PAPI MULTIPLEXING off
TAL PROFILE on

< i [»]iTAU _PROFILE FORMAT profile
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ParaProf Summary Bar Chart

O O % TAU: ParaProf: fhome/jlinford/examples/mm/.tau/mm/east03-mm-sample/0
File Options Windows Help

Metric: TIME
Vale: Exclsive

Std. Dev. |
Mean |

—— I I
Max | ——
—

[ T G
I I [ T BRI
Min | [ T Gl
Aode N I = = I | I I iz m
=howy Thread Bar Chart
=howy Thread Statistics Text Window
Show Thread Statistics Table Right-click a node label to see available data
Show Thread Call Graph views for that process.
~howy Thread Call Path Relations
=how Metadata for Thread

Add Thread to Comparison Window
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Node O Inclusive Seconds (TIME metric)

Event-based sampling TIME data on process (a.k.a. “node”) 0

e0ce

%| TAU: ParaProf: node 0 - fhome(fjlinford/examples/mm/.tau/mm/east03-mm-sample/0
File Options Windows Help

Metric: TIME
Yalle: Exclsive
lUnits: seconds
1.923 | TAU application
0.82 [SAMPLE] compute [{/homefjlinford/fexamples/mm/matmult.c} {101}]
0.87 e [SAMPLE] compute [ {/homefilinford/examples/mm/matmult.c} {101} ] <= [CONTEXT] .TAU application <= .TAU application
0.51 [ [SUMMARY] multiply [ {fhomedjlinford/fexamples/mmy/matmult.c} ]
0.5 [ ] [SAMPLE] compute_interchange [{/homefjlinfordfexamplesfmm/matrult.c} {122}1]
0.5 [ [SAMPLE] compute_interchange [ {/homefjlinfordfexamplesf/mm/matrult.c} {122} ] <= [CONTEXT] .TAU application <= .TAU application
0.32 [SAMPLE] multiply [ {/homefjlinford/examples/mm/matmult.c} {61} ]
0.32 [SAMPLE] multiply [{/homefjlinford/fexamples/mm/matmult.c} {61} ] <= [SUMMARY] multiply [ {/homefjlinford/examples/mm/matmult.c}]
0.13 ] [SAMPLE] rmrultiply [ {/homefjlinfordfexamples/mm/matmult.c} {5931
0.13 [] [SAMPLE] multiply [ {/homefjlinfordfexamples/mm/matmult.c} {5911 <= [SUMMARY] multiply [ {/homefjlinfordfexamples/mm/matrult.c}]
0.07 H [SAMPLE] compute_interchange [{/homefjlinfordfexamples/mm/matrult.c} {120}1]
0.07 @ [SAMPLE] compute_interchange [{/homefjlinfordfexamplesfmm/matrult.c} {120} ] <= [CONTEXT] .TAU application <= TAl application
0.06 @ [SAMPLE] multiply [ {/homefilinford/examples/mm/matmult.c} {607} ]
0.06 [] [SAMPLE] multiply [ {/homefjlinfordfexamples/mm/matrult.ct {80} ] <= [SUMMARY] multiply [ { /homedilinford/examples/mm/matmult.ct ]
0.02 | [SAMPLE] compute [ {/homefjlinford/examples/mm/matnult.c} {929}]
0.02 | [SAMPLE] compute [{/homefjflinford/examples/mm/matrult.c} {99} ] <= [CONTEXT] .TAU application <= TAU application
O | [CONTEXT] . TAU application
0 | [CONTEXT] .TAU application <= .TAU application
q Il
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Use the Group Legend to Filter Data

ece

File Options

Windows

Help

Metric: TIME

ParaProf Manager

X| TAU: ParaProf: node 0 - fhome/jlinford/examples/mm/.tau/mm/east03-mm-sample/0

Yalle: Exclsi
Units: second

1.923

3D Visualization
30 Communication Matrix
Communication Matrix

Function
Thread

Function Legend

Group Legend

Group Changer

Close All Sub-Windows

1

TAU application

[SAMPLE] compute [{/homeflinfordfexamples/mm/matmult.ct {101} ]

[SAMPLE] compute [ {/homefjlinfordfexamples/mm/matrult.c} {101} ] <= [CONTEXT] .TAU application <= TAlJ application

[SUMMARY] multiply [ {/homefjlinfordfexamples/mm/matmult.c} ]

[SAMPLE] compute_interchange [ {/homefjlinfordfexamples/mm/matrult.c} {122} ]

[SAMPLE] compute_interchange [ {/homeflinfordfexamples/mm/matmult.ct {122} ] <= [CONTEXT] . TAU application == TAL application
[SAMPLE] multiply [{ /homefjlinfordfexamples/mm/matnult.c} {61}]

[SAMPLE] multiply [ {/homefjlinfordfexamples/mm/matmult.c} {81} ] <= [SUMMARY] rmultiply [ {/homefjlinford/examples/mm/matmult.c} ]
[SAMPLE] multiply [ {/homefjlinford/fexamples/mm/matrult.c} {59} 1]

[SAMPLE] multiply [ {/homefjlinfordfexamples/mm/matmult.c} {59} ] <= [SUMMARY] rmultiply [ {/homefjlinford/examples/mm/matrult.c}]
[SAMPLE] compute_interchange [ {/homefjlinfordfexamples/mm/matmult.c} {120} ]

[SAMPLE] compute_interchange [ {/homefjlinfordfexamples/mm/matrult.c} {120} ] <= [CONTEXT] .TAU application == TAU application
[SAMPLE] multiply [ {/homefjlinford/fexamples/mm/matrult.ct {60} ]

[SAMPLE] multiply [ {/homefjlinfordfexamples/mm/matmult.c} {80} ] <= [SUMMARY] rmultiply [ {/homefjlinford/examples/mm/matrmult.c}]
[SAMPLE] compute [ {/homefjlinfordfexamples/mmimatmult.c} {997}]

[SAMPLE] compute [ {/homefjlinford/examples/mm/matrult.c} {99} ] <= [CONTEXT] .TAU application <= TAU application

[COMTEXT] .TAU application

[COMNTEXT] . TAU application <= .TAU application @ © @ [X] TAU: ParaProf: Group Legend: Ofeas...

File Windows Help

B TAU_CALLPATH

Click here to open this

T M TAUCALLPATH_DERIED —
O TAU DERWVED -_—

L] TAU_SAMPLE

B TAUSAMPLE_CONTEXT

W TAU_USER
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Show or Hide Groups

O @ x| TAU: ParaProf: Group Legend: O/eas...
File ‘Windows Help

TAU CALLPATE
= TaLU CALLpAT) Hide This Greup
O] TAU DERIED| Show This Group
L] TAU_SAMPLE Show This Group Gnly

- - Show All Groups Except This One
B T2 S o M G B i

Show All Groups
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Node 0 Data With Callpath Data Hidden

[ ] ] % TAU: ParaProf: node 0 - fhome/jlinford/examples/mm/.tau/mm/east03-mm-sample/0
File Options “Windows Help
Metric: TIME

Vale: Exclsive
nits: seconds

1.923 | TAU application

SAMPLE] compute [{/homefjlinfordfexamples/mm/matrult.ct {101} ]

SUMMARY ] multiply [ { /homefjlinfordfexamples/mm/matmult.c} ]

SAMPLE] compute_interchange [ {/homefjlinfordfexamples/mmimatmult.c} {122} ]
SAMPLE] multiply [ { fhomefjlinfordfexamples/mm/matrult.ct {€17}]

[

[

[

[ ]

[SAMPLE] multiply [ {/homefjlinfordfexamples/mm/matrult.c} {597 ]
[ ]

[ ]

[

[

SAMPLE] compute_interchange [ {/homefjlinford/examples/mmimatrmult.c} {120} ]
SAMPLE] multiply [{/homefjlinford/examples/mmyimatmult.ct {60} ]

SAMPLE] compute [{/homefjlinfordfexamplesfmm/matrult.c} {99} ]

COMTEXT] . TAU application

Copyright © ParaTools, Inc.



View Sampling Data in the Statistics Table

O [ % TAU: ParaProf: fhome/jlinford/examples/mm/.tau/mm/east03-mm-sample/0
File Options Windows Help

Metric: TIME
Valle: Excllsive

std. Dev. |
Mean | | I— | |l
Max | | I— | R
Min | I —— I ||l
nods0| | — | | [odull

show Thread Bar Chart

Show Thread Statistics Text Window
show Thread Statistics Table

Show Thread Call Graph

show Thread Call Path Relations
show Metadata for Thread
Add Thread to Comparison Window
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Node O Statistics Table

Sort by “Inclusive TIME” descending to put most expensive source code line on top.

o @ %| TAU: ParaProf: Statistics for: node 0 - /home(jlinford/examples/mm/.tau/mm/east03-mm-sample/0
File Options Windows Help

ARRNERRRRS BERRRNNERRNNNEEENNER
Name Excusive TIME | Inclusive TMEv | Calls  |Child Calls |
o [ .TAL application 1.923 1.923 1 0
¢ M[COMNTEXT] . TAL application 0 1.92 192 0
O[SAMPLE] compute [ {/homefjlinford/fexamples/mmfmatmult.c} {1017} ] 0.82 0.82 82 0
o @ [SUMMARY] multiply [ { /homefjlinfordfexamples/mm/matmult.c} ] 0.51 0.51 51 0
E[SAMPLE] multiply [ {/homefjlinfordfexamples/mmyimatmult.c} {61} ] 0.32 0.32 3z 0
W [SAMPLE] multiply [{/homefjlinford/examples/mm/matmult.c} {59} ] 0.13 0.13 13 0
W[ SAMPLE] multiphy [{/homefjlinford/fexamples/mm/matmult.c} {601 ] 0.06 0.06 & 0
EH[SAMPLE] compute_interchange [{/homefjlinfordfexamples/mmyfmatmult.c} {122} 0.5 0.5 50 0
B [SAMPLE] compute interchange [ {/homeflinford/examples/mm/matmult.c} {1207} 0.07 0.07 7 0
W [SAMPLE] compute [ {/homefjlinford/examples/mm/matmult.c} {297 ] 0.02 0.02 Z2 0
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Performance Data Measurement

Direct via Probes Indirect via Sampling
’\\‘\\Ss(‘t)
call TAU START (‘potential’) ;"’ { T \
call TAU STOP (‘potential’) T N 3\1 T sz :
« Exact measurement * No code modification
* Fine-grain control * Minimal effort
« Calls inserted into code * Relies on debug

symbols (-g option)
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Look for “automatic” in “Source Inst.”

The default “profile” measurement uses automatic source-based instrumentation.

. ® jlinford — jlinford@east03: ~/examples/mm — ssh east03.paratools.com — 120x14
jlinford@east@3:~/examples/mm$ tau measurement list L]
Name Profile Trace Sample Source Inst. Compiler Inst. OpenMP CUDA I/0 MPI SHMEM

profile automatic ignore No No No

jlinford@east@3:~/examples/mm$
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"tau select  Creates a New Experiment

® ® jlinford — jlinford@east03: ~/examples/mm — ssh east03.paratools.com — 120x5
jlinford@east03:~/examples/mm$ tau select profile L]
[TAU] Selected experiment 'east@3-mm-profile’.
[TAU] Application rebuild required:
[TAU] - source_inst changed from 'never' to 'automatic'
jlinford@east03:~/examples/mm$
@® @ jlinford — jlinford@east03: ~/examples/mm — ssh east03.paratools.com — 120x12
B

jlinford@east03:~/examples/mm$ tau experiment list

TAU Makefile

Name Trials Data Size | Target @ Application | Measurement
east@3-mm-sample 1 7.9KiB east03 mm sample Makefile.tau-beec6777
east@3-mm-profile 0 0.0B east03 mm profile Makefile.tau-807d6138-pdt

jlinford@east@3:~/examples/mm$
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Compiling examples/mm with source-inst

Note: compiler command has changed from “gcc” to “tau_cc.sh”
. @ jlinford — jlinford@east03: ~/examples/mm — ssh east03.paratools.com — 120x32

jlinford@east03:~/examples/mm$ make clean B
/bin/rm —rf matmult.o matmult_initialize.o matmult.exex profile.x *.trc *.edf *.z MULT* *.inst.x *.pdb Comp_gnu.o *.pom
p.* *.opari.inc pompregions.x *x.output *.error x.cobaltlog
jlinford@east03:~/examples/mm$ make
tau gcc -c matmult.c -o matmult.o

: me/jlinford/taucmdr-1.2.0.4/system/tau/./tau-2.26.3/x86_64/1ib/Makefile.tau-807d6138-pdt
[TAU] TAU_OPTIONS=-op |Revert -optQuiet -optNoCompInst
[TAU] tau cc.sh -DTAU |[ENABLED=1 -c matmult.c -o matmult.o
i om |/home/jlinford/taucmdr-1.2.0.4/system/tau/tau-2.26.3/include/Profile/Profiler.h:86:0,

rom matmult.inst.c:1:

/home/jlinford/taucmdr-1.2.0.4/system/tau/tau-2.26.3/include/TAU.h:23:0: warning: "TAU_ENABLED" redefined
#define TAU_ENABLED

<command-1ine>:0:0: note: this is the location of the previous definition

tau gcc —c matmult_initialize.c -o matmult_initialize.o

- : = me/jlinford/taucmdr-1.2.0.4/system/tau/./tau-2.26.3/x86_64/1ib/Makefile.tau-807d6138-pdt

[TAU] TAU_OPTIONS=-op |[Revert -optQuiet -optNoCompInst

[TAU] tau cc.sh -DTAU |[ENABLED=1 -c matmult_initialize.c -o matmult_initialize.o

/home/jlinford/taucmdr-1.2.0.4/system/tau/tau-2.26.3/include/Profile/Profiler.h:86:0,
from matmult_initialize.inst.c:1:

/home/jlinford/taucmdr-1.2.0.4/system/tau/tau-2.26.3/include/TAU.h:23:0: warning: "TAU_ENABLED" redefined

#define TAU_ENABLED

<command-1ine>:0:0: note: this is the location of the previous definition

tau gcc matmult o matmult_initialize.o -o matmult.exe

: i ime/jlinford/taucmdr-1.2.0.4/system/tau/./tau-2.26.3/x86_64/1ib/Makefile.tau-807d6138-pdt
[TAU] TAU_OPTIONS=-op |Revert -optQuiet -optNoCompInst
[TAU] tau_cc.sh -DTAU |[ENABLED=1 matmult.o matmult_initialize.o -o matmult.exe

jlinTord@eas i~/examples/mm$
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Execute exactly the same as before

. ® jlinford — jlinford@east03: ~/examples/mm — ssh east03.paratools.com — 120x35
jlinford@east@3:~/examples/mm$ 1s L
Makefile matmult.c matmult_initialize.c matmult_initialize.o README.stampede

Makefile.intel matmult.exe matmult_initialize.h matmult.o
jlinford@east03:~/examples/mm$ tau ./matmult.exe

[TAU]

TAU] == BEGIN Experiment at 2017-09-27 21:12:47.855738

TAU] PROFILEDIR=/home/jlinford/examples/mm/.tau/mm/east@3-mm-profile/@
TAU] SCOREP_ENABLE_TRACING=false

TAU] TAU_CALLPATH=1

TAU] TAU_CALLPATH_DEPTH=100

TAU] TAU_CALLSITE=0

TAU] TAU_COMM_MATRIX=0

TAU] TAU_MERGE_METADATA=1

TAU] TAU_METRICS=TIME,

TAU] TAU_PROFILE=1

TAU] TAU_SAMPLING=0

TAU] TAU_THROTTLE=1

TAU] TAU_THROTTLE_NUMCALLS=100000

TAU] TAU_THROTTLE_PERCALL=10

TAU] TAU_TRACE=0

TAU] TAU_TRACK_HEAP=0

TAU] TAU_VERBOSE=0

TAU] TRACEDIR=/home/jlinford/examples/mm/.tau/mm/east@3-mm-profile/0
TAU] ./matmult.exe

Done

TAU] Trial @ produced 1 profile files.

TAU]

TAU] == END Experiment at 2017-09-27 21:12:52.352675
TAU]

TAU] Command: ./matmult.exe

TAU] Current working directory: /home/jlinford/examples/mm
TAU] Data size: 8.2KiB bytes
jlinford@east@03:~/examples/mm$

[
[
[
[
[TAU] Experiment: east@3-mm-profile
[
[
[
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“tau show ' Displays the Most Recent Trial’s Data

$ tau show

% TAU: ParaProf Manager
File Options Help

@ Applications TrialField Walle
¢ [ Standard Applications Mame OfeastO3-mm-profile/... ||
¢ CJ Default App Application 1D 0
¢ CdDefault Exp Experiment 1D 0
¢ @ OfeastO3-mm-profile/mm/.tau/mm/exal i|Trial ID 0
T @ @ %| TAU: ParaProf: fhome(jlinford/examples/mm/.tau/mm/east03-mm-profile/0

o I CRAFT (jdbd . Y] P

o 9 geos (dbe File Options ‘Windows Help
o [ perfexplordg| Metric: TIME

o KY0E (jdbci|Vale: Exclsive
o 3 ArmyPhasg
oI KY0E (jdb

Std, Dew.
3 un3d (jdb Meeavn l z
Max | ——— ——
Min | ——— ——
node O | —— ———

Note: Compare to event-based sampling data

q 4
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Node 0 Source-Inst Data

[ ] @ % TAU: ParaProf: node 0 - fhome(jlinford/examples/mm/.tau/mm/east03-mm-profile/0
File Options Windows Help

Metric: TIME
Valle: Exclsive
Units: seconds

2.313 essssssssse w/0id compute(double **, double **, double **, int, int, int) C[{matrult.c} {20,1}-{109,1}]
3 3EEEEEE ] void computeidouble **, double **, double **, int, int, int) C [{matmult.c} {90,1}-{109,1}] <= double do_work(void) C [{matmult.c}
2. 13 [ woid compute_interchange(double **, double **, double **, int, int, int) C [{matmult.c} {111,1}-{130,1}]
2.131 | | void compute_interchange(double **, double **, double **, int, int, int) C [{matmult.c} {111,1}-{130,1}] <= deuble do_work{void) C
0.024 | deuble multiply(double, double) C [{matmult.ct {59,1}-{61,1}] [THROTTLED]
0.024 | double multiply(double, double) C[{matrult.c} {59,11-{61,1}] <= woid compute(double **, double **, double ** int, int, int) C[{ma
0.002 | void initialize(double **, int, int) C [{matnult_initialize.c} {3,1}-{16,1}]
0.002 | void initialize(deuble **, int, int) C [{matmult_initialize.c} {3,1}-{16,1}] <= dauble do_work{void) C[{matrult.c} {132,1}-{168,1}1]
0.001 | double **allocateMatrix(int, int) C[{matnult.c} {42,1}-{49,1}]
0.001 | double **allocateMatrix{int, int) C[{matmult.c} {42,1}-{49,1}] <= double do_work{void) C[{matrmult.c} {132,1}-{168,1}] <= int
1.2E-4 | woid freeMatrix{double **, int, int) C[{matrult.c} {51,1}-{57,1}]

1.2E-4 | void freeMatrix{double **, int, int) C[{matrmult.c} {51,1}-{57,1}] <= double do_work({void) C[{matnult.c} {132,1}-{168,1}] ==
3.1E-5 | double do_work(veoid) C[{matnult.c} {132,1}-{168,1}]

3.1E-5 | double do_work(void) C[{matmult.c} {132,1}-{168,1}] <= int main(int, char **) C[{matmult.c} {209,1}-{299,1}] <= .TAU appli
2.7E-5 | int main(int, char **) C[{matrult.c} {202,11-{299,1}]

2.7E-5 | int main(int, char **) C[{matrult.c} {202,1}-{299,1}] <= .TAU application

8.0E-& | .TAU application
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Node 0 Source-Inst with Callpath Hidden

[ ] @

File Options Windows Help
Metric: TIME

alle: Exclsive

Units: seconds

| TAU: ParaProf: node 0 - fhome/jlinford/examples/mm/.tau/mm/east03-mm-profile/0

2.313 eessssssss———————————— e /01 cOMpute(double **, double **, double **, int, int, int) C [{matmult.c} {90,1}-{109,1}]
2.1 N woid compute_interchange(double **, double **, double **, int, int, int) C[{matmult.c} {111,1}-{130,1}

0.024 [ double multiply(double, double) C [{matmult.c} {59,11-{61,11]1 [THROTTLED]
0.002 | void initialize(double **, int, int) C [{matmult_initialize.c} {3,1}-{16,1}]
0.001 | dauble **allocateMatrix(int, int) C [{matrmult.c} {42,1}-{49,1}]
| void freeMatrix(double **, int, int) C[{matmult.ct {51,1}-{57,1}]
double do_workivoid) C[{matnult.c} {132,1}-{168,1}]

|
| int main(int, char **) C [{matrmult.c} {209,11-{299,11]
|

E-4
E-5
E-5
E-6 | .TAL application

1.2
3.1
2.7
8.0
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THROTTLED and Selective Instrumentation

[THROTTLED] Indicates that instrumentation was automatically
disabled in this code region.

The cost of instrumentation was higher than the cost of the
code region itself.

Use selective instrumentation to statically disable.

| TAU: ParaProf: node 0 - fhome/jlinford/examples/mm/.tau/mm/east03-mm-profile/0

0@

File Options Windows Help

Metric: TIME
alle: Exclsive
Units: seconds

2 Y voild compute_Interchange(double **, double **, double **, int,

0.024 [ double multiply(double, double) C[{matmult.ct {59,11-{61,1
0.002 | void initialize(double **, int, int) C [{matmult_initialize.c} {3,1

-4 | void freeMatrlx(dcubIe *=* int, int)
| double do_work(void) C {matm,llt ct £132,11-1188,111
| int main(int, char **) C [{matrmult.c} {209,11-{299,11]

| . TAU application

O‘JU’IU‘I

A

2.313 eessssss—————ee /01 compute(double **, double **, double **, int, int, int) C[{§

£, int) C [{matr bit.ch {111,1}-{130,1}]
1 [THROTTLED]

C T B e T 'I1_{109J1}]

0.001 | dauble **allocateMatrix(int, int) C[{matrmlt.c} 142,11-{49,1}1
C[{matrmult.c} {51,1}-{57,1}]
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Node 0 Call Graph Showing Time Hot-Spots

@ @ [X| TAU: ParaProf: Call Graph for n,c,t, 0,0,0 - /home/jlinford/examples/mm/.tau/mm/east03-mm-p...
File Options Windows Help

HNRREE SNNENENNNNEEE

TAL applicati...

-,

void compute...

double multipl...
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Node O Statistics Table

"] [ ] N\ TAU: ParaProf: Statistics for: node 0 - [home/jlinford/examples/mm/.tau/mm/east03-mm-profile/0
File Options ‘Windows Help
ARRNNRRRRRR NERRRNNNEERRNENEERRRNENR
Name Exclsive TME | Incusive TMEw| Calls | Child Calls |
¢ W .TAL application 0 4.471 1 1
¢ Wint main(int, char **) C[{matrmult.c} {209,1}-{299,1}1] 0 4,471 1 1
¢ M double do_work(void) C[{matnult.c} {132,1}-{168,1}] 8] 4,471 1 11
¢ Owoid computeidouble #*, double **, double **, int, int, int) C[{matnult.c} {20,1}-{109,1}] 2.313 2.337 1 100,001
M double multiphy(double, double) C[{matrult.ct {59,1}1-{61,1}1] 0.024 0.024 100,001 0
[Owoid compute_interchange(double **, double *#*, dauble *#*, int, int, int) C[{matmult.c} {111,1}-{130,1}] 2.131 2.131 1 0
W oid initialize(double **, int, int) C[{matmult_initialize.c} {3,11-{16,1}1] 0.002 0.002 3 0
W double #*allocateMatrix(int, int) C[{matrult.c} {42,11-{49,1}1] 0.001 0.001 3 0
W oid freeMatrik{double **, int, int) C[{matrult.ct {51,1}-{57,1}1] 0 0 & 0

 Compare to event-based sampling statistics table
e Coarser granularity: code region, not source line.
* Time and call metrics are much more accurate.
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"tau target metrics’ Shows Available Metrics

. @ jlinford — jlinford@east03: ~/examples/mm — ssh east03.paratools.com — 120x10
jlinford@east03:~/examples/mm$ tau target list B
Name Host 0S ' Host Arch Host Compilers | MPI Compilers SHMEM Compilers
east03 Linux x86_64 GNU System None
jlinford@east@03:~/examples/mm$
O] @ jlinford — jlinford@east03: ~/examples/mm — ssh east03.paratools.com — 120x22
=

jlinford@east03:~/examples/mm$ tau target metrics —--help
usage: tau target metrics <target_name> [arguments]

Show metrics available on this target.

Positional Arguments:
<target_name> Target name.

Optional Arguments:

——all Show all metrics and their modifiers.
- default: False
—--modifiers Show metric modifiers.

- default: False
--systems system
List metrics from these measurement systems.
- system: TAU, PAPI_PRESET, PAPI_NATIVE, CUPTI
- default: TAU, PAPI_PRESET
-@ <level> Use the target at the specified storage level.
- <level>: project, user, system
- default: project
-h, —-help Show this help message and exit.
jlinford@east@3:~/examples/mm$
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Example Metrics

®

=
D

jlinford@east!

PAPI_BR_CN
PAPI_BR_INS
PAPI_BR_MSP
PAPI_BR_NTK
PAPI_BR_PRC
PAPI_BR_TKN
PAPI_BR_UCN
PAPI_DP_OPS

PAPI_FDV_INS
PAPI_FP_INS
PAPI_FP_OPS
PAPI_L1_DCM
PAPI_L1_ICM
PAPI_L1_LDM
PAPI_L1_STM
PAPI_L1_TCM
PAPI_L2_DCA
PAPI_L2_DCH
PAPI_L2_DCM
PAPI_L2_DCR
PAPI_L2_DCW
PAPI_L2_ICA
PAPI_L2_ICH
PAPI_L2_ICM
PAPI_L2_ICR
PAPI_L2_STM
PAPI_L2_TCA
PAPI_L2_TCM
PAPI_L2_TCR
PAPI_L2_TCW
PAPI_L3_DCA
PAPI_L3_DCR
PAPI_L3_DCW
PAPI_L3_ICA
PAPI_L3_ICR
PAPI_L3_TCA
PAPI_L3_TCM
PAPI_L3_TCR
PAPI_L3_TCW
PAPI_LD_INS

PAPI_REF_CYC
PAPI_SP_OPS
PAPI_SR_INS

PAPI_STL_ICY
PAPI_TLB_DM
PAPI_TLB_IM

PAPI_TOT_CYC

PAPI_TOT_INS
PAPI_VEC_DP
PAPI_VEC_SP

Name
CLOCK_

GET_TIM
LINU

LOGIC

MEMO!

P,

PAPI_VIRT
P_VIRT
P_WALL_CL
TAU_MPI_MESS.

us

jlinfordeeast

jlinford — jlinford@east03: ~/examples/mm — ssh east03.paratools.com — 120x76
03:~/examples/mm$ tau target metrics east@3

Description

Conditional branch instructions.

Branch instructions.

Conditional branch instructions mispredicted.
Conditional branch instructions not taken.
Conditional branch instructions correctly predicted.
Conditional branch instructions taken.
Unconditional branch instructions.

Floating point operations; optimized to count scaled double precision vector operations.
Floating point divide instructions.

Floating point instructions.

Floating point operations.

Level 1 data cache misses.

Level 1 instruction cache misses.
Level 1 load misses.

Level 1 store misses.

Level 1 cache misses.

Level 2 data cache accesses.
Level 2 data cache hits.

Level 2 data cache misses.

Level 2 data cache reads.

Level 2 data cache writes.

Level 2 instruction cache accesses.
Level 2 instruction cache hits.
Level 2 instruction cache misses.
Level 2 instruction cache reads.
Level 2 store misses.

Level 2 total cache accesses.
Level 2 cache misses.

Level 2 total cache reads.

Level 2 total cache writes.
Level 3 data cache accesses.
Level 3 data cache reads.

Level 3 data cache writes.

Level 3 instruction cache accesses.
Level 3 instruction cache reads.
Level 3 total cache accesses.
Level 3 cache misses.

Level 3 total cache reads.

Level 3 total cache writes.

Load instructions.

Reference clock cycles.

Floating point operations; optimized to count scaled single precision vector operations.
Store instructions.

Cycles with no instruction issue.

Data translation lookaside buffer misses.
Instruction translation lookaside buffer misses.
Total cycles.

Instructions completed.

Double precision vector/SIMD instructions.
Single precision vector/SIMD instructions.

Description

GET_TIME Wall clock that calls clock_gettime.
CPU_TIME = CPU timer that calls getrusage.
E_OF_DAY = Wall clock that calls gettimeofday.
X_TIMERS Linux high resolution wall clock.
AL_CLOCK Logical clock that increments on each request.
RY_DELTA Instantaneous resident set size (RSS)
API_TIME Alias for P_WALL_CLOCK_TIME. Wall clock that calls PAPI_get_real_usec.
UAL_TIME Alias for P_VIRTUAL_TIME. PAPI virtual clock that calls PAPI_get_virt_usec.
UAL_TIME PAPI virtual clock that calls PAPI_get_virt_usec.
O0CK_TIME Wall clock that calls PAPI_get_real_usec.
AGE_SIZE Running sum of all MPI messsage sizes.
TIME Alias for GET_TIME_OF_DAY. Wall clock that calls gettimeofday.
ER_CLOCK User-defined clock. Implement 'void metric_write_userClock(int tid, double value)' to
the clock value.

03:~/examples/mm$
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PAP| Preset metrics show high-level
hardware performance

e Cache hits/misses

* Floating point instructions executed

* Branch instructions predicted/missed
 CPU cycles

* Load/store instructions

* Vector/SIMD instructions




Create a New Measurement

® ® jlinford — jlinford@east03: ~/examples/mm — ssh east03.paratools.com — 120x18

jlinford@east03:~/examples/mm$ tau measurement create —-help
usage: tau measurement create <measurement_name> [arguments]

Create measurement configurations.

Optional Arguments:
-@ <level> Create the measurement at the specified storage level.

- <level>: project, user, system
- default: project
-h, —-help Show this help message and exit.

Data Arguments:
——callpath ept Maximum depth for callpath recording.

R

——metrics <metric>

Performance metrics to gather, e.g. TIME, PAPI_FP_INS.
- default: TIME
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Create and Select a New Measurement

$ tau measurement create sample.papi \
—metrics TIME PAPI_L2_DCA PAPI_L2_DCM

[TAU] Added measurement 'sample.papi' to project configuration 'mm'.

. @® jlinford — jlinford@east03: ~/examples/mm — ssh east03.paratools.com — 120x22
jlinford@east®3:~/examples/mm$ tau measurement list =
Name Profile Trace Sample Source Inst. Compiler Inst. OpenMP CUDA I/0 MPI SHMEM
sample tau none Yes never never ignore No No No No
profile tau none No automatic never ignore No No No No
trace none otf2 No automatic never ignore No No No No

jlinford@east@3:~/examples/mm$ tau measurement create sample.papi --metrics TIME PAPI_L2_DCA PAPI_L2_DCM
[TAU] Added measurement 'sample.papi' to project configuration 'mm'.

jlinford@eastf3:~/examples/mm$ tau select sample.papi

[TAU] Created a new experiment 'east@3-mm-sample.papi'

[TAU] Selected experiment 'east@3-mm-sample.papi'.

[TAU] Application rebuild required:

[TAU] - source_inst changed from 'automatic' to 'never'

[TAU] - metrics changed from [TIME] to [TIME, PAPI_L2_DCA, PAPI_L2_DCM]

jlinford@east@3:~/examples/mm$
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Rebuild examples/mm as before

@ ® jlinford — jlinford@east03: ~/examples/mm — ssh east03.paratools.com — 120x17

jlinford@east@3:~/examples/mm$ make clean L]

/bin/rm —rf matmult.o matmult_initialize.o matmult.exex profile.* *.trc *.edf *.z MULT* *.inst.x *.pdb Comp_gnu.o *.pom
p.* *.opari.inc pompregions.x *.output *.error *.cobaltlog

jlinford@east@3:~/examples/mm$ make

tau gcc -c matmult.c -o matmult.o

[TAU] TAU_MAKEFILE=/home/jlinford/taucmdr-1.2.0.4/system/tau/./tau-2.26.3/x86_64/1ib/Makefile.tau-19cec192-papi
[TAU] TAU_OPTIONS=-optNoCompInst -optLinkOnly -optQuiet

[TAU] /usr/bin/gcc -g -c matmult.c -o matmult.o

tau gcc —c matmult_initialize.c -o matmult_initialize.o

[TAU] TAU_MAKEFILE=/home/jlinford/taucmdr-1.2.0.4/system/tau/./tau-2.26.3/x86_64/1ib/Makefile.tau-19cec192-papi
[TAU] TAU_OPTIONS=-optNoCompInst -optLinkOnly -optQuiet

[TAU] /usr/bin/gcc -g -c matmult_initialize.c -o matmult_initialize.o

tau gcc matmult.o matmult_initialize.o -o matmult.exe

[TAU] TAU_MAKEFILE=/home/jlinford/taucmdr-1.2.0.4/system/tau/./tau-2.26.3/x86_64/1ib/Makefile.tau-19cec192-papi
[TAU] TAU_OPTIONS=-optNoCompInst —-optLinkOnly -optQuiet

[TAU] /usr/bin/gcc -g matmult.o matmult_initialize.o -o matmult.exe

jlinford@east@03:~/examples/mm$
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Run as before

. @ jlinford — jlinford@east03: ~/examples/mm — ssh east03.paratools.com — 120x32
jlinford@east03:~/examples/mm$ tau ./matmult.exe =]
TAU]

TAU] == BEGIN Experiment at 2017-09-27 21:46:29.228853

TAU]

[

[

[

[TAU] PROFILEDIR=/home/jlinford/examples/mm/.tau/mm/east@3-mm-sample.papi/0@
[TAU] SCOREP_ENABLE_TRACING=false
[TAU] TAU_CALLPATH=1

[TAU] TAU_CALLPATH_DEPTH=100
[TAU] TAU_CALLSITE=0

[TAU] TAU_COMM_MATRIX=0
[TAU] TAU_MERGE_METADATA=1
[TAU] TAU_METRICS=TIME,PAPI_L2_DCA,PAPI_L2_DCM,
[TAU] TAU_PROFILE=1

[TAU] TAU_SAMPLING=1

[TAU] TAU_THROTTLE=1

[TAU] TAU_THROTTLE_NUMCALLS=100000

[TAU] TAU_THROTTLE_PERCALL=10

[TAU] TAU_TRACE=0

[TAU] TAU_TRACK_HEAP=0

[TAU] TAU_VERBOSE=0

[TAU] TRACEDIR=/home/jlinford/examples/mm/.tau/mm/e
[TAU] tau exec -T serial,19cec192,papi -ebs ./mat
pone.

[TAU] Trial @ produced 3 profile files.

03-mm-sample.papi/@

aYye

One profile per metric, per thread

[TAU] == END Experiment at 2017-09-27 21:46:31.4
[TAU]

[TAU] Experiment: east@3-mm-sample.papi

[TAU] Command: tau_exec -T serial,19cec192,papi -ebs ./matmult.exe
[TAU] Current working directory: /home/jlinford/examples/mm

[TAU] Data size: 12.9KiB bytes

jlinford@east@3:~/examples/mm$
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“tau show ' Displays the Most Recent Trial’s Data

$ tau show

Metrics appear in
the manager
window.
Double-click a
metric to view it.

File Cptions Help

% TALU: ParaProf Manager

@ Applications : TrialField Vale
¢ 3 Standard Applications |Name O/feastO3-mm-sample....|4|
e JApplication 1D 0
I oreTad s T | Experiment ID 0
¢ @ Ofeast03-mm-sample.papif {.tau/mn i Trial 1D 0
@ PAPI L2 DCM :[CPU Cores 4 5
@ PAPI L2 DCA J|CPU MHz 3696.386
@ TIME |CPU Type Intel(R) Core(TM) i7-4...
o~ CIRRAFT (jdbrnnstaresal ffeastl] nallitnnle comilERrT i n e [P P P |
aProf: [home/jlinford/examples/mm/.tau/mm/east03-mm-sample.papi/0
o Jperfexplor File Options  Windows Help
I g Erﬂjpﬁ:ﬁi Metric: TIME
- CIKYO5 (jdba Walle: Exclsive
o J fun3d (jdbd
Std, Dev. |
Mean | [— s [ [ [ LLIE]
Max | — eeess——" [ [ | [ [0
Min | —] sy [ o] [ /Wl
node O | sl 2 0 esssesssss 0 [ [ [[L[[ME0
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View Sampling Data in the Statistics Table

Source code line with the most L2 data cache misses is highlighted.

[ [ ] X/ TAU: ParaProf: Statistics for: node 0 - fhome/jlinford/examples/mm/.tau/mm/east03-mm-sample.papi/0
File Options Windows Help
pap_L2_Dc | v [IHERERNERER AN NNNNNNNEEEE
Name Exclsive PAP| L2 DCM .. |..|.. [Exclusive TIME [Incusive TIME | Calls | Child Calls |
¢ [l .TAU application 17,451,060......... 2.116 2.118 1 0
¢ E[CONTEXT] . TAU application 0..0.. 0 2.1 210 0
O[SAMPLE] compute [ {/homefjlinford/fexamples/mm/matmult.c}t {101}] 12,003,292 ......... 0.81 0.81 81 (9]
¢ @SUMMARY ] multiply [ {/homefjlinford/examples/mm/matrmult.c}] 4,033,337 ..., 0.59 0.59 59 0
O[SAMPLE] multiply [ {/homefjlinford/examples/mm/matmult.c} {61}] 2,662,892 ... 0.36 0.36 36 0
B [SAMPLE] multiply [ {/homefjlinfordfexamples/mm/matmult.c} {59} 1] 1,017,812......... 0.11 0.11 11 0
W [SAMPLE] multiply [ {/homefjlinford/examples/mm/matmult.c} {60} ] 352,633......... 0.12 0.12 12 0
W [SAMPLE] compute [{/homefjlinford/examples/mm/matmult.c} {291] 1,042,620......... 0.07 0.07 7 0
W[SAMPLE] compute_interchange [{/home/jlinford/fexamples/mm/matmult.c} {122} 344,786......... 0.59 0.59 59 0
W[SAMPLE] compute_interchange [{/homefjlinford/fexamples/mm/matmult.c} {120} 17,719......... 0.04 0.04 4 0
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Derive L2

| NN
File | Cptions | Help

Miss Rate

% TAU: ParaProf Manager

@ Ap M Show Derived Metric Panel
¢ =

MetricField Vale

Arame

Apply Expression File
Re-Apply Expression File

¢ @ Ofeast03-mm-sample. papi/m

PAPI L2 DCM

0

o

T T [:J

@ PAPI L2 DCM
@ PAPI L? DCA
@ TIME

o geos (jdbc:postgresgl:/feast0l1.paratools.com: s
o perfexplorer working (jdbchZ:/homefjlinford/.Ps
o KYOE (jdbc:postgresgl/feastO].paratools.com:§:

e G EYOL (jdbcpostgresglffeastO] paratools.com:!
o] un3d {jdbc:postgresgl ffeastO] paratools. com:

[Metric 1D 0

Check “Show Derived Metric Panel”
to show this panel.

Apply
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Create a New Derived Metric

| NON % TAU: ParaProf Manager
File Options Help

@ Applications MetricField Vale
¢ [ Standard Applications |Name ( PAPI L2 DCM / PAPI L...
¢ Default App |Application 1D C
¢ Default Exp |Experiment 1D
¢ @ OfeastO3-mm-sample. papifmm{.tau/mn | Trial 1D
@ PAP| L2 DCM [Metric ID
@ PAPI LZ DCA :
@ TIME
@ ( PAPI L2 DCM f PARI L2 DCA ) :
o- J CRAFT (jdbc:postgresqgl:ffeastO] . paratools.com
o- 3 geos {jdbc:postgresgl:/feast0l.paratools.com:§
o= perfexplorer working (jdbc:h2:/home/fjlinford/. Py
- I KYO0B (jdbc:postgresqliffeastO] . paratools.com:y’
o ArmyPhasell (jdbc:postgresglffeastO] . paratools
o O KY0S (jdbo:postgresgl:ffeastO]1 . paratools. com:f
o un3d (jdbc:postgresql/feastO].paratools.com:|

[l ] o

Expression: |"PAPI L2 DCM"f'PAPI L2 DCA" Clear
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Fraction of L2 Accesses that Miss

@ @ % TAU: ParaProf: node 0 - fhome(jlinford/examples/mm/.tau/mm/east03-mm-sample.papi/0
File Options Windows Help

Metric: { PAPI_LZ DCM f PAPI L2 DCA )

Vale: Exclusive

nits: counts

0.104 | [ SAMPLE] compute [ {/homefflinford/examples/mm/matmult.ct {99} ]

0.104 | | [SAMPLE] compute [{/homefjlinford/fexamples/mm/matnult.c} {101}]
0.027 | [ SAMPLE] multiply [ { homefjlinford/examples/mm/matnult.ct {59711
0.097 | | . TaU application

0.094 | | [SAMPLE] multiply [ {/homefjlinford/examples/mm/matnult.c} {61}]

[
[SUMMARY ] multiply [ { /homefjlinford/examples/mm/matrult.c}]
| [SAMPLE] multiply [{/homefjlinford/examples/mm/matmult.c} {607}]
0.033 | | [SAMPLE] compute_interchange [{/homefjlinfordfexamples/mm/matrult.c} {1223}]
[
[

SAMPLE] compute_interchange [ {/homefjlinfordfexamples/mm/matmult.ct {120} ]
0 | [CONTEXT] .TAU application

* 10.4% of L2 data cache accesses at matmult.c:99 miss.
* Only 3.3% of L2 data cache accesses miss at the equivalent line in compute_interchange()
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Same Data When Using source-inst

tau measurement create profile.papi \
—metrics TIME PAPI_L2_DCA PAPI_L2_DCM \
——source-inst automatic ——sample no

[ ] o %| TAU: ParaProf: node 0 - fhome/jlinford/examples/mm/.tau/mm/east03-mm-profile.papi/0
File Options Windows Help

Metric: [ PAPI L2 DCM f PAPI L2 DCA )

Yale: Exclsive

Inits: counts

0.905 || +/0id freeMatrix(double **, int, int) C[{matrnult.c} {51,1}-{57,1}1]
0. 85 ] [ INt Main({int, char **) C [{matrult.c} {209,1}-{299,1}]
0.60 [ double do_work{void) C [{matrult.c} {132,1}-{168,1}]

0.641 ] . TAU application
0.275 [ | double **allocateMatrix(int, int) C [{matmult.c} {42,1}-{49,1}]

0.104 [ void compute(double **, deuble **, double **, int, int, int) C[{matmult.c} {90,1}-{109,1}]
0.05 [ woid initialize(dcuble **, int, int) C [{matmult_initialize.c} {3,1}-{16,1}]
0.033 [ wvoid compute interchange(double **, double **, double **, int, int, int) C[{matrult.ct {111,1}-{130,1}1
0.022 J double multiply{deuble, double) C[{matmult.ct {59,1}-{61,1} ] [THROTTLED]
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Other Useful Measurements

Fraction of CPU cycles with no instruction issue:

tau measurement create noissue \
——metrics TIME PAPI_STL_ICY PAPI_TOT_CYC

Fraction of instructions that are SIMD instructions:

tau measurement create SIMD \
—metrics PAPI _TOT INS PAPI _VEC DP PAPI_VEC_SP

Executed instruction breakdown:

tau measurement create ins_breakdown \
——metrics PAPI_BR_INS PAPI_FP_INS \

PAPI_LD_INS PAPI_SR_INS PAPI_TOT_INS

Note: available metrics depend on your CPU.
Use 'tau target metrics’ tosee what’s available.
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