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TAU Performance System®

» Parallel performance framework and toolkit

» Supports all HPC platforms, compilers, runtime system
= Provides portable instrumentation, measurement, analysis _/vf ﬁ

' TAU Architecture |

' Instrumentation = Measurement

Analysis

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

: o heterogeneous =
Wrapping 3
o Interposition (PMPI) - -
o Wrapper generation : o flat, callpath., phase, H

parameter, snapshot
o probe, sampling, hybrid

o Static, dynamic .
= Preloading TF_E".MQ.

o TAU / Scalasca tracing

o Open Trace Format (OTF)

Executable
o Dynamic (Dyninst)
o Binary (Dyninst. MAQAQO)

Metadata
o system, user-defined

Measurement API
Measured data

LLRL AL R AL LR Y]]
.\\.




TAU Performance System

VARTYUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

= [nstrumentation
» Fortran, C++, C, UPC, Java, Python, Chapel
= Automatic instrumentation

» Measurement and analysis support
= MPI, OpenSHMEM, ARMCI, PGAS, DMAPP
» pthreads, OpenMP, OMPT interface, hybrid, other thread models
= GPU, CUDA, OpenCL, OpenACC
= Parallel profiling and tracing
» Use of Score-P for native OTF2 and CUBEX generation
= Efficient callpath proflles and trace generation using Score-P

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

» Performance database technology (TAUdD)
= 3D profile browser
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TAU Performance System

» TAU supports both sampling and direct instrumentation

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

= Interfaces with Score-P for more efficient measurements

» TAU’s instrumentation covers:

» Runtime library interposition (tau_exec)
Compiler-based instrumentation
PDT based Source level instrumentation: routine & loop
Event based sampling (TAU_SAMPLING=1 or tau_exec -ebs)
Callstack unwinding with sampling (TAU_EBS UNWIND=1)
OpenMP Tools Interface (OMPT, tau_exec —T ompt)
CUDA CUPTI, OpenCL (tau_exec -T cupti -cupti)
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Application Performance Engineering using TAU

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

How many instructions are executed in these code regions?
Floating point, Level 1 and 2 data cache misses, hits, branches taken? What is the extent of
vectorization for loops on Intel MIC?

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

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

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

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

How does the application scale? What is the efficiency, runtime breakdown of performance
across different core counts?
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Using TAU

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

Each measurement configuration of TAU corresponds to a unique stub makefile (conflguratlon file)
and library that is generated when you configure it

»To instrument source code automatically using PDT

Choose an appropriate TAU stub makefile in <arch>/lib:

% module load tau

% export TAU_MAKEFILE=3$TAU/Makefile.tau-icpc-papi-mpi-pdt

% export TAU_OPTIONS=‘-optVerbose ...” (see tau_compiler.sh)

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

% mpif90 foo.f90 changes to

% tau f90.sh f00.f90

=Set runtime environment variables, execute application and analyze performance data:

% pprof (for text based profile display)
% paraprof (for GUI)

18TH VI-HPS TUNING WORKSHOP (UGA, GRENOBLE, 18TH-22TH MAY 2015)
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Automatic Source Instrumentation using PDT

% module load tau; Is $TAU/Makefile.*
Makefile.tau-icpc-papi-mpi-pdt
Makefile.tau-icpc-papi-mpi-pthread-pdt
Makefile.tau-icpc-papi-ompt-mpi-pdt-openmp
Makefile.tau-gnu-papi-mpi-pdt
Makefile.tau-papi-mpi-pdt-openmp-opari-scorep
Makefile.tau-papi-mpi-pdt-scorep
Makefile.tau-papi-mpi-pthread-pdt
Makefile.tau-papi-pthread-pdt
Makefile.tau-papi-shmem-mpi-pdt

*For an MPI+F90 application with Intel MPI, you may choose
Makefile.tau-mpi-pdt

= Supports MPI instrumentation & PDT for automatic source instrumentation
% export TAU MAKEFILE=$TAU/Makefile.tau-icpc-papi-ompt-mpi-pdt-openmp
% tau_f90.sh matmult.f90 -o matmult
% mpirun -np 256 ./matmult
% paraprof
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Installing and Configuring TAU

*|nstalling PDT:

= wget http://tau.uoregon.edu/pdt_lite.tgz
» /configure —prefix=<dir>; make ; make install

*|nstalling TAU:

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

Jconfigure —arch=x86_64 -bfd=download -pdt=<dir> -papi=<dir> ...
For MIC:

Jconfigure —arch=mic_linux —pdt=<dir> -pdt_c++=g++ -papi=dir ...
make install

=Using TAU:
= export TAU_MAKEFILE=<taudir>/x86 _64/lib/Makefile.tau-<TAGS>
» make CC=tau_cc.sh CXX=tau_cxx.sh F90=tau f90.sh
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Compile-Time Options

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

-optVerbose Turn on verbose debugging messages

-optComplnst Use compiler based instrumentation

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

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

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

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

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

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

-optMICOffload Links code for Intel MIC offloading, requires both host and
MIC TAU libraries
-optShared Use TAU'’s shared library (libTAU.s0) instead of static library (default)
-optPdtCxxOpts="" Options for C++ parser in PDT (cxxparse).
-optPdtFO0Parser="" Specify a different Fortran parser

-optPdtCleanscapeParser  Specify the Cleanscape Fortran parser instead of GNU gfparser
-optTau="" Specify options to the tau_instrumentor

-optTrackDMAPP  Enable instrumentation of low-level DMAPP API calls on Cray
-optTrackPthread Enable instrumentation of pthread calls

See tau_compiler.sh for a full list of TAU_OPTIONS.

18TH VI-HPS TUNING WORKSHOP (UGA, GRENOBLE, 18TH-22TH MAY 2015)
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Compiling Fortran Codes with TAU

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

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

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

. To use an instrumentation specification file:
% export TAU_OPTIONS= ‘-optTauSelectFile=select.tau -optVerbose -optPreProcess’
% cat select.tau
BEGIN_INSTRUMENT_SECTION
loops routine=“#"
# this statement instruments all outer loops in all routines. # is wildcard as well as comment in first column.
END_INSTRUMENT_SECTION
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Runtime Environment Variables

— Environment Variable Default Description
TAU_TRACE 0 Setting to 1 turns on tracing
TAU_CALLPATH 0 Setting to 1 turns on callpath profiling
TAU_TRACK_MEMORY_FOOTPRINT 0 Setting to 1 turns on tracking memory usage by sampling periodically the resident set size and high water mark of memory
usage
TAU_TRACK_POWER 0 Tracks power usage by sampling periodically.
TAU_CALLPATH_DEPTH 2 Specifies depth of callpath. Setting to O generates no callpath or routine information, setting to 1 generates flat profile and

context events have just parent information (e.g., Heap Entry: foo)

TAU_SAMPLING 1 Setting to 1 enables event-based sampling.

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

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

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

TAU_THROTTLE_NUMCALLS 100000 Specifies the number of calls before testing for throttling

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

TAU_COMPENSATE 0 Setting to 1 enables runtime compensation of instrumentation overhead

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

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

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

Environment Variable Default Description

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

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

TAU_EBS_PERIOD 100000 Specifies the overflow count for interrupts

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

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

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

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

TAU_MEMDBG_PROTECT_FREE 0 Setting to 1 detects invalid accesses to deallocated memory that should not be referenced until it is
reallocated (requires —optMemDbg or tau_exec —memory)

TAU_MEMDBG_ATTEMPT_CONTINUE 0 Setting to 1 allows TAU to record and continue execution when a memory error occurs at runtime.

TAU_MEMDBG_FILL_GAP Undefined Initial value for gap bytes

TAU_MEMDBG_ALINGMENT Sizeof(int) Byte alignment for memory allocations

TAU_EVENT_THRESHOLD 0.5 Define a threshold value (e.g., .25 is 25%) to trigger marker events for min/max

18TH VI-APS TUNING WORKSHOP (UGA, GRENOBLE, 18TH-22TH MAY 2015)
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Simplifying TAU’s usage (tau_exec)

=Uninstrumented execution

= % mpirun -np 4 ./a.out
*Track MPI performance

* % mpirun -np 4 tau_exec ./a.out
*Track POSIX I/O and MPI performance (MPI enabled by default)

* 0% mpirun -np 4 tau _exec —T mpi,pdt —io ./a.out
*Track memory operations

= 06 export TAU_TRACK_MEMORY_LEAKS=1

* % mpirun —np 8 tau_exec —memory debug ./a.out (bounds check)
*Use event based sampling (compile with —q)

» 0% mpirun —np 8 tau_exec —ebs ./a.out

» Also —ebs_source=<PAPI_COUNTER> -ebs_period=<overflow _count>
*|_oad wrapper interposition library

* % mpirun —np 8 tau_exec —loadlib=<path/libwrapper.so> ./a.out
*Track GPGPU operations

» 06 mpirun —np 8 tau_exec —cupti ./a.out

* % mpirun —np 8 tau_exec —opencl ./a.out

» % mpirun —nNp 8 tau_exec —openacc ./a.out
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Binary Rewriting Instrumentation
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o Support for both static and dynamic executables

» Specify a list of routines to instrument

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

% tau_rewrite —T [tags] a.out -0 a.inst

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

% tau _run —T [tags] a.out -0 a.inst

Pebil [UC San Diego]:

% tau_pebil_rewrite —T [tags] a.out —0 a.inst

Execute the application to get measurement data:
% mpirun —np 256 ./a.inst

18TH VI-HPS TUNING WORKSHOP (UGA, GRENOBLE, 18TH-22TH MAY 2015)
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TAU Analysis

event .| Instrumentation . event .
selection information _ _ _ _ _ _ _ _ .

profilers

—_——— = —— =

| profiles

Profile Data Management (PerfDMIF) Trace Data Management

-] = =
profile Metadata profile trace trace
translators (XML) | database translators storage

Profile Analysis (ParaPraf)

Trace Visualizers Trace Analyzers

JumpShot ProfileGen
-‘:’ : : ‘
: e : e . | erver




ParaProf Profile Analysis Framework
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TAU, mpiP, ompP,
HPMToolkit, Cube,
HPCToolkit, Gprof,
Dynaprof, PSRun

Runtime Data
Collection

| Supermon, MRNMet

PostgreSQL, MySQOL
Oracle, DB2, Derby

+
Derived Data

Internal
Representation

177

Histograms

Comparative
Displays

) T TR

Call Graphs

Call Trees

Scripting Interface

Jython




Parallel Profile Visualization: ParaProf
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File Options Windows Help

T
S
AN ‘I‘ﬁrlfl" “Jlrl‘rl‘rllﬂ‘\ﬂﬁ 1
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ParaProf Visualizer: cmod.128x128.128DC.ppk/128x128/aorsa2d/taudata/rs/sameer

/Users/

*) Triangle Mesh

) Bar Plot

_) Scatter Plot

Height Metric
Exclusive
Color Metric

Exclusive

Function

Thread

Height value

~| |GET_TIME_OF_DAY |+

~| |GET_TIME_OF_DAY |+

SICMAD_CQL3D

200:0:0

321.68 seconds

Color value  321.68 seconds
Mesh Plot Axes ColorScale »
Plot Width C
Plot Depth =
Plat Height -
] Transparency S
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Parallel Profile Visualization: ParaProf

[ M N TAU: ParaProf: 3D Visualizer: M2048_npl.ppk

(D] Triangle Mesh
() Bar Plot
() Scatter Plot

;: Topology Plot

Height Metric T
— — N
Exclusive C~ ) |TIME C+) |
|
Colaor Metric |
Exclusive / - \_ TIME / - \_ :
|
MPI_Send() |
Function |
— 4 » |
|
|
1846
Thread |
& [
|
|
Height value 283.977 seconds |
|
Color value 283.977 seconds |
[ Scales Plot Axes Color Render !
height: 0 I 311904
seconds
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ParaProf 3D Communication Matrix

ANG TAL: ParaProf: 3D Communication Matrie: uts_wk6_t3]_64p.ppk
Display Options
11695,1
Color Value
Message volume (bytes)
62
Sencer
&«
61
Receiver
=
Helght value 4054
Colorvalue 16216
" Scales Plot Axes »
height: 0 | 687
call
color 0 I 18748
bytes

% export TAU_COMM_MATRIX=1
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ParaProf Derived Metric Window: Intel MIC

80060 TAU: ParaProf: node 0 - lu_mic_vpu_loops.ppk

Metric: ( PAPI_NATIVE_VPU_ELEMENTS_ACTIVE / PAPI_NATIVE_VPU_INSTRUCTIONS_EXECUTED )
Value: Exclusive

Units: counts

Sorted By: Exclusive (TIME)

7.26 | MPI_Recv()
3,403 e LooP: JACU [{jacu.f}{39,10}-{381,15}]
3507 ] Loop: JACLD [{jacld.f}{39,10}-{381,15}]
6.567 ]| MPI_Send()
3.79s ] Loop: BUTS [{buts.f}{72,7}-{250,12}]
3,686 | EXCHANGE_1 [{exchange_1.f}{5,7}-{177,9}]
3843 | Loop: BLTS [{blts.f} {74,7}-{250,11}]
2.162 Loop: RHS [{rhs.f} {363,7}-{478,12}]
4.15 | EXACT [{exact.f} {4,7}-{53,9}]
1.023 ] Loop: SSOR [{ssor.f} {78,7}-{199,12}]
2566 [ | Loop:RHS [{rhs.f}{242,7}-{358,12}]
8.018 ]| MPI_Wait()
2808 [ | Loop: RHS [{rhs.f} {88,7}-{202,12}]
3.6] || BLTS [{blts.f} {4,7}-{259,9}]
361 ] BUTS [{buts.f}{4,7}-{259,9}]
50 ]l Loop: EXACT [{exact.f} {36,7}-{50,12}]
3.49 ] Loop: SETIV [{setiv.f} {31,7}-{64,12}]
3.23 Loop: RHS [{rhs.f} {223,7}-{240,12}]
3.302 Loop: BLTS [{blts.f} {58,7}-{71,12}]
3. B0 el JACLD [{jacld.f} {5,7}-{384,9}]
3.803 JACU [{jacu.f} {5,7}-{384,9}]
4.408 | Loop: RHS [{rhs.f} {68,7}-{86,12}]
3.416 Loop: BUTS [{buts.f} {58,7}-{69,12}]
3.375 ] MPI_Allreduce()
3415 [ | Loop: RHS [{rhs.f} {38,7}-{46,12]]
4.459 ] Loop: EXCHANGE_ [{exchange_1.f} {76,15}-{82,19}]
3.166 neeeeee— MPI_Init0Q
A5 sl Loop: EXCHANGE_1 [{exchange_1.f} {94,15}-{100,19]]
4.459 Teee—————— L 00p: EXCHANGE_1 [{exchange_1.f} {106,15}-{112,19}]
4450 ™ Loop: EXCHANGE_1 [{exchange_1.f}{123,15}-{129,19}]
0.601 [ | Loop: EXCHANGE_3 [{exchange_3.f} {154,11}-{169,16}]
3.566 [ RHS [{rhs.f}{5,7}-{481,9}]
I E S ] MPIFinalize()
3.593 EXCHANGE_3 [{exchange_3.f} {5,7}-{312,9}]

% export TAU_MAKEFILE=$TAUROOT/mic_linux/lib/Makefile.tau-icpc-papi-mpi-pdt
% export TAU_METRICS=TIME,PAPI_NATIVE_VPU_ELEMENTS_ACTIVE,PAPI_NATIVE VPU_INSTRUCTIONS EXECUTED

T ———
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ParaProf Comparison Window

N Nale) ParaProf: Comparison '

Metric: TIME =] IRMHD_BGP_original.ppk - Total

Value: Inclusive B RMHD_BGP_comm_optimized.ppk - Total
Units: hour:minute:seconds B IRMHD_BGP_comm_ffi_optimized.ppk - Total

528:11:46.595
271:56:13.956 (51.484%) ] REFLECT
70:50:57.758 (13.413%)

A48 1000, 7 B 7 | —
265:17:47.832 (59.196%) [ D\ ANCE_ONE_SNAP
69:17:49.088 (15.462% [l

231:03:53.46]1 |
229:07:47.7 (99.163% N [E R IVE
30:29:44.389 (13.198%) [

177:04:3.263 [
4:09:24.068 (2.348%) | SENDBC
0:18:21.092 (0.173%) |

134:32:11.58 [—]

MPI_Barrier()

127:32:15.924
MPI_Send()

125:45:28.562 (]
124:58:11,317 (99.373% s MPIFFT::CHEBYB
14:19:58.871 (11.397% H

125:41:36.192 [l

124:54:20.196 (99.373% e CCHEBYB
14:16:52.014 (11.362%

100:26:57.17 [E—
98:49:36.853 (98.385% [ MPIFFT::CHEBYF
11:27:44,137 (11.411% B

100:23:55.809 [l |
98:46:33.474 (98.384% [ CCHEBYF A
11:25:9.62 (11.374% B
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ParaProf Histogram Window

%| TAU: ParaProf: Histogram: KG_48racks_bgq.ppk
File Options Windows Help

MPI_Alltoallv()

300,000 -

275,000 4

250,000 1

225,000 -

200,000 1

175,000 1

150,000

Threads

Mumber of threads: 235&80
Fange minimum: 2. 102
Fange maximum: 2. 208

125,000 1

100,000 -

75,000 4

50,000 4

25,000 4

Q

1.586 1.692  1.798 1.904 2.009 2.115 2.221 2.327  2.432 2.538
Exclusive BGQ_TIMERS (seconds)
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Marker Events in TAU Show Sudden Spikes

8 0 6 TAU: ParaProf: Context Events for: node 2 - rapl_marker_16p.ppk
MName MaxValue MinWalue MumSamples MeanValue std. Dev.

¥ int main(int, char **) C [{matmult.c} {165,1}-{237,1}]
v double do_work(void) C [{matmult.c} {126,1}-{157,1}]
v void compute(double **, double **, double **, int, int, int) C [[matmult.c} {84,1}-{103,1}]
[GROUP=MAX_MARKER] rapl:::DRAM_ENERGY :PACKAGEOD (Power in Watts) 17.585 17.469 5 17.521 0.037
[GROUP=MAX_MARKER] rapl:::DRAM_ENERCY:PACKAGCE1 (Power in Watts) 15.261 15.218 4 15.237 0.016
[GROUP=MAX_MARKER] rap ACKAGE_ENERGY:PACKAGEO (Power in Watts) 118.903 114.923 22 116.98 1.201
[GROUP=MAX_MARKER] rap ACKAGE_ENERGY:PACKAGE1L (Power in Watts) 113.466 110.207 22 111.778 0.996
[GROUP=MAX_MARKER] rap PO_ENERGY:PACKAGEO (Power in Watts) 100.138 96.266 24 98.206 1.13

[GROUP=MAX_MARKER] rapl:::PPO_ENERGY:PACKAGE1 (Power in Watts) 95.846 92.758 24 94.319 0.937
[GROUP=MIN_MARKER] rapl:::DRAM_ENERGY:PACKAGEO (Power in Watts) 17.397 17.303 4 17.358 0.035
[GROUP=MIN_MARKER] rapl:::DRAM_ENERCY :PACKAGE1 (Power in Watts) 15.048 15.042 2 15.045 0.003
¥ int mysleep(int) C [[matmult.c} {46,1}-{49,1}]
[GROUP=MIN_MARKER] rapl:::DRAM_ENERGY:PACKAGED (Power in Watts) 15.84 15.84 1 15.84 0
[GROUP=MIN_MARKER] rapl:::DRAM_ENERCY:PACKAGEL (Power in Watts) 14.275 14.275 1 14.275 0
[GROUP=MIN_MARKER] rapl:::PACKAGE_ENERGY:PACKAGE1 (Power in Watts) 96.853 96.853 1 96.853 0
[GROUP=MIN_MARKER] rapl:::PACKAGE_ENERGY:PACKAGEO (Power in Watts) 93.125 93.125 1 93.125 0
[GROUP=MIN_MARKER] rapl:::PPO_ENERCY :PACKAGEO (Power in Watts) 75.096 75.096 1 75.096 0
[GROUP=MIN_MARKER] rapl:::PPO_ENERGY:PACKAGE1 (Power in Watts) 79.646 79.646 1 79.646 0
v void compute_interchange(double **, double **, double **, int, int, int) C [{matmult.c} {105,1}-{124,1}]
[GROUP=MAX_MARKER] rapl:::DRAM_ENERGY:PACKAGEO (Power in Watts) 26.064 25.711 2 25.887 0.176
[GROUP=MAX_MARKER] rapl:::DRAM_ENERGY:PACKAGE1 (Power in Watts) 24373 23.965 4 24232 0.159
[GROUP=MAX_MARKER] rapl:::PACKAGE_EMNERCY:PACKAGEO (Power in Watts) 126.872 125.182 6 125.732 0.557
[GROUP=MAX_MARKER] rapl:::PACKAGE_ENERCY:PACKAGE1 (Power in Watts) 124.377 116.689 5 122.428 2.885
[GROUP=MAX_MARKER] rapl:::PPO_ENERCY:PACKAGEO (Power in Watts) 103.981 102.21 6 102.769 0.584
[GROUP=MAX_MARKER] rapl:::PPO_ENERGY:PACKAGE1 (Power in Watts) 102.615 101.693 4 102.115 0.33
rapl:::DRAM_ENERGY :PACKAGEO (Power in Watts) 26.064 15.84 36 19.053 3.39
rap RAM_ENERGY:PACKAGE1L (Power in Watts) 24.373 14.275 36 16.435 3.155
ACKAGE_ENERGY:PACKAGEO (Power in Watts) 93.125 36 117.729 5.403
rap ACKAGE_ENERGY:PACKAGEL (Power in Watts) 124.377 96.853 36 112.961 4.776
rapl:::PPO_ENERGY:PACKAGEOD (Power in Watts) 103.981 75.096 36 98.208 4.466
rapl:::PPO_ENERGY:PACKAGEL (Power in Watts) 102.615 79.646 36 94.872 3.662

% export TAU_EVENT_THRESHOLD 0.5
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Energy Profiling in TAU

8 0 0O

User Event Window: power_rapl_16p.ppk

Mame: rapl:::DRAM_ENERGY:PACKAGED (Power in Watts)
Yalue Type: Max Value

26.341
26.338
26.337
26.339
26.337
26.339
26.338
26.364
26.338
26.338
26.338
26.338
26.364
26.336
26.336
26.337
26.336

F

0.009 |

Std. Dew.
Mean
node O
node 1
node 2
node 3
node 4
node 5
node 6
node 7
node 8
node 9
node 10
node 11
node 12
node 13
node 14
node 15
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ParaProf Manager Widow: scout.cubex

TAU: ParaProf Manager - | O | X
File Options Help

@ ~pplications =] TrialField walue
¢ [ Standard Applications “|Name SeELt. cUlEEs

¢ [ Default App :|Application ID o]

¢ [ Default Exp :|Experiment 1D 0

¢ [Jscout.cubex (| Trial 1D 0

@ Tirme :|File Type Index 2]

@ Wait at Barrier i|File Type Mame  |Cube
@ Barrier Completion £

@ Late Sender

@ Late Sender == Messages in Wrong Order

@ Late Sender == Messages in Wrong Order == Messages from different sources
@ Late Sender == Messages in Wrong COrder == Messages from same source

@ Late Receiver

@ Early Reduce

@ Early Scan

@ Late Broadcast

@ Walt at Nx M

@ N =N Completion

@ Manzgement

@ Management == Fork

@ FP2P send synchronizations

@ FP2P send synchronizations == Late Receivers

@ P2P recv synchronizations

@ P2P recv synchronizations == Late Senders

@ FP2F recv synchronizations == Late Senders == Messages in Wrong Order

@ Collective synchronizations

@ P2P send communications

@ P2F send communications == Late Receivers 1 1 h fI
@ P2P recv communications MetrICS In t e pro I e
@ FP2P recv communications == Late Senders

@ P2P recv communications == Late Senders == Messages in Wrong Order
@ Collective exchange communications

@ Collective communications as source

@ Collective communications as destination

@ FP2F bytes sent

@ FP2P bytes received

@ Collective bytes outgoing

@ Collective bytes incoming

@ RMA bytes received

@ RFMA bytes put
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ParaProf: Main Window

TAU: ParaProf: scout.cubex
File Options Windows Help

Metric: Time
walue: Exclusive

Std. Dev. [ el — M b | G T ot
Mean | — ——
node 0, thread 0O | —— ——
node 0, thread 1 | —— —
node O, thread2 [ oy === e = s [T T Tl FRRITTIT [l

node 0, thread 3 |
node 1, thread 0 |
node 1, thread 1 |
node 1, thread 2 |
node 1, thread 3 [ [ === S =SS
node 2, thread 0 | _ _
node 2, thread 1 |

node 2, thread 2 I—_—_—ﬁ
node 2, thread 3 |

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

node 3, thread 3 I—_—_j
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ParaProf: Thread Statistics Table

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

File Options Windows Help

Time ~ NN i L]
Marne Exclusive Time % Inclusive Time | Calls | Child Calls |
H'!'$omp do @y solve.f:52 5.81 5.817 3,216 |~ |
H'!'%$omp do @z_solve.f:52 5.657 5.657 3,216
A'!'$omp do @x_solve.f:54 5.609
M '!'$omp do @rhs.f: 191 0.609
W'!%omp do @rhs.f:80 0,583
W MP1_wWaitall 0.402
M !%omp implicit barrier 0.402
¢ l'!'$omp do @rhs.f: 301 0.36 : : :
W ! $omp implicit barrier 0.026 Click to sort by a given metric, drag
B !$omp implicit barrier 0
B s0mp do @rhs.f:37 0.343 and move to rearrange columns
¢ l!'$%omp do @rhs.f: 62 0,225
B !'$omp implicit barrier 0.004 U
B ! $omp implicit barrier O 0O
B MPI_Init_thread 0.218 0
M !%omp do @rhs.f: 384 0.199 0.199 3,232 0
o l!'$omp parallel do @add.f:22 0,099 0,111 3,216 3,216
M '!'$omp do @rhs.f: 428 0.069 0.069 3,232 0
HMPI Isend 0.043 0.043 603 0
M !3%omp do @initialize.R:50 0.04 0.04 32 0
o O 1%omp parallel i@rhs.f:28 0.03 2.536 3,232 51,712
o~ l!'$omp parallel do @exch_qbc.f:215 0.021 0.029 6,432 6,432
o l!'$omp parallel do @exch_qbc.f: 255 0.02 0.033 6,432 6,432
o l!'$omp parallel @exch_gbc.f: 255 0.02 0,053 6,432 6,432
o !'$omp parallel @exch gbc.f:244 Lir-EjE--Sc--eeqsanZDQ3|m~9_
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Example: Score-P with TAU (NPB LU)

L o

» TAU: ParaProf: Statistics for: node 0, thread 0 - profile.cubex
File Options WwWindows Help

AERREREEN HENEENEEEENEEEEEER
MNarme Exclusive Time & Inclusive Time Calls Child Calls
o I APPLU [{Iu.f} {46,73-1162,91] Q 2.035 1 15|~
¢ IsSSOR [{ssorfl {4,71-1241,91] Q.05 5,225 2 27,6842
o [@DRHS [{rhs.fF {5.71-{504,.83] 0.743 2.524 303 506
o~ ELTS [{hits.f} {4,71-{259,91}] 0.6132 0.652 9,331 12,662
¢ BEEUTS [{buts.fl {4,71-1259,91] 0.812 1.871 9,221 12,6862
¢ M EXCHANGE 1 [{exchange 1.f1 {5 71-{177.91] 0.024 1.2580 15,662 15,662
O MPI_Recw 1.235 1.235 128,862 o
M +Fl_Send o] o] 0 o
M )acU [fjacu.ft {5,71-{354,51] 0.532 0.532 8,331 o
W ACLD [{jacld.f} {5.7}-12284,97] 0.522 0.522 G,331 o}
W P _Allreduce 0.012 0.012 2 o}
o Il L2MORM [{12norm.fF f4,71-{68,987] a 0.035 4 a
Il FI_Barrier 0 0 2 4]
M TIMER_START [{timers.f} {232,71-{37,9}] Q Q 2 Q
W TIMER_STOF [{timers.f} {43,71-{59,91] a a . o] §
Wl TIMER_CLEAR [{timers.f} {4,7}-117.83] al al 2 ol
Wl TIMER_READ [{timers.fl {65,71-177.93] Q Q 2 0
o Il SETIYV [{setiv.f} 14,71-167,91] 0.043 0.111 2 95,232
B FROC_GRID [{proc_grid.fT {5.7}-{34,91] 0.011 0.011 1 o
o Il ERHS [{erhs.fF {4,71-15236,93] Q.004 0.102 1 2
o- I ERRCOR [{errorfl f4,71-121,91] Q.004 Q.008 1 F. 237
o [l SETEW [{setbw.fl {5.71-{79.91] 0.002 0.004 2 3,400
o Il READ_IMPUT [fread_input.f} {5,73}-{125,971] Q 0.001 1 2
W ERIFY [ {verify.fl {5,93-1402,117] Q Q 1 o
W FRINT RESULTS [{print_results.f} {2, 71-1115,123] o] o] 1 o
o- M@ FINTGR [{pintgr.f} {5.71-{2258,9}] Q Q 1 5]
o= [ IMIT_COordra [finit_comm.f} {5,731 -{57,93] Q 1.565 1 4
Ml +F_Finalize o} o} 1 o]
Il SETHY¥FPER [{sethyper.fl {5, 7}-{94,97}] o o 1 o
M MEIGHEORS [{neighbors.f} {5,7}-{42,91] Q Q 1 o)
B SETCOEFF [{setcoeff.fl {5,71-{157.97] o] o] 1 ol
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ParaProf:. Callpath Thread Relations Window

TAU: ParaProf: Call Path Data n,c.t, 0,0,0 = scout.cubex
File 0Options windows Help
Metric Name: Time

Sorted By: Exclusive
Units: seconds

0,04 0,04 32732 I$omp parallel @initialize.f:28
-—z Q.04 0,04 32 I$omp do g@initialize.f:50
0.03 2.536 3232/3232 compute_rhs_
- 0,03 2.536 3232 !$omp parallel @rhs.f:28
0.3E-4 0,.3E-4 323273232 I$omp master @rhs.f:424 =
Q. 225 0,223 323273232 3omp do @rhs.f:62
0,002 0,002 323273232 I$omp master @rhs.f:74
0,002 0,002 323273237 I$omp master @rhs.f:203
0,199 0.199 323273232 I$omp do @rhs.f:384
0,002 0.002 323273237 '$omp master @rhs.f:183
Q.343 0.343 323273232 I%omp do @rhs.f:37
0.016 0,016 323273232 I$omp do @rhs.f:372
0,014 0,027 323273232 $omp do @rhs.f:413
0.609 0,609 323273232 I$omp do @rhs.f:191
0.36 0,386 323273232 1$omp do @rhs.f:301
0,533 0.553 323273232 I$omp do @rhs.f:80
0.019 0.019 323273232 I$omp do @rhs.f:400
@, 005 0,006 3232/51680 $omp implicit barrier
0.069 0,069 323273232 I$omp do @rhs.f:428
0,015 0.015 323273232 $omp do @rhs.f:359
0,021 0.029 6G432/6432 I$omp parallel @exch_gbc.f:215
- 0,021 0.029 6432 '$omp parallel do @exch_gbc.f:215
0,007 0,007 G432 /51680 $omp implicit barrier
0,02 0,033 6432/6432 I$omp parallel @exch_gbc,T:255
. 0.02 0.033 6432 I$omp parallel do @exch_gbc.f:255
0,013 0.013 6432 /51680 I$omp implicit barrier
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ParaProf: 3D Visualization Window

File Options Windows Help

18TH VI-HPS TUNING WORKSHOP (UGA, GRENOBLE, 18TH-22TH MAY 2015)

TAU: ParaProf: 3D Visualizer: scout.cubex

e

Triangle Mesh
® Bar Plot
Scatter Plot

Topology Plot

Height Metric =
Exclusive v | Time -
Color Metric

Exclusive w | [Time -

$omp do @z solve.f:52
Function

1:2
Thread
1 4
Height value 5.558 seconds

Color value 5,558 seconds

Scales | Plot | Axes | Color | Render

height: © [ 5.907

seconds

color: 0 [ 5.907 -
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ParaProf: 3D Scatter Plot

TAU: ParaProf: 3D Visualizer: scout.cubex
File Options Windows Help

18TH VI-HPS TUNING WORKSHOP (UGA, GRENOBLE, 18TH-22TH MAY 2015)

Triangle Mesh
Bar Plot
® Scatter Plot

Topology Plot

['$omp do @y_solve 52

width
Exclusive - | (Time
['$omp do @z_solve.f:52
Depth
Exclusive | [Time
['$omp do @x_solve f:54
Height
Exclusive w | |Time
['$omp implicit barrier
Color

Exclusive | |Time

ColorScale | Render
ScatterPlot Axes

Speed
Auto-Rotate

Reverse Video

33
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ParaProf: Scatter Plot

ann TAU: ParaProf: 3D Visualizer: M2048_npl.ppk

() Triangle Mesh
() Bar Plot
® Scatter Plot

) Topology Plot

MPI_Send() £ ..
Depth -
F & N 1
Exclusive |[ « ) [TIME L) N
|
|
CCHEBYB [impifcheby_ffw.foo} (.. ) ||
Height |

" rd B
Exclusive |[ « ) [TIME L) [
|
|
= CCHEBYF [impifcheby_fftw.f90} (.. ) |
: Color !
I F Fa \ |
I Exclusive |{ » ) |TIME SN
B |
| ScatterPlot ~ Axes ~ColerScale| Render ! :
180.775 :
T— |_| Show ColorScale i

Font Size 0—
® Rainbow () Crayscale

]

) Inverse Grayscale () Blue-Red
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ParaProf: Topology 3D View (IBM BG/P)

‘ano TAU: ParaProf: 3D Visualizer: M2048_npl.ppk

O Triangle Mesh
() Bar Plot
() Scatter Plot

(O] Topology Plot

antl

|
|
|
|
|
|
|
|
|
event3 (Color) |_| Atomic :
|
MPI_Send() i_: |
Exclusive (~ ) |TME (C+) l

| ScatterPlot =~ Axes ColorScale -~ Render |

Speed
| Auto-Rotate

i
. =
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ParaProf: Topology View Torus (IBM BG/Q)

a.n o % TAW; Parafrof: 3D Visualizer, KG_48racks_bgq.ppk
File Options Windaws  Help
Triangle Mesh
Eir Flot
Scatter Plot

& Topology Plot

Layoul | Events

Minimum Visibie

Masimanm Vsl

Lok Hamne
X Ay
¥ Als

Z Axis

Ava Color Valge: 2 493 556008

Topolegy  |EGO 3 [ — map
% Ais
Aoy

2 Awis

Statteifion | Axes | ColorScale | Remder

speed
Aute- Hotate =
Reverse Video
WA Lines Full Sereen Ad
Sepasation
Aperare

Gl Infe
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VARTYUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

File Options Windows Help

Metric: Time
Walue: Exclusive
Units: seconds

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

3L |l MAIN__ == adi_ ==y solve_ == !$omp parallel @y_solve.f;43 == $omp do @v_solve fi52 -
3.71 | | '$omp do @y_solve.f:52

3,597 Il MAIN == adi_ ==z solve_ == !$omp parallel @z_sole.f 43 == $omp do @z_solve. f:52

s3se: e ] Ysomp do @2_solve.fi52

3.55

3.55 |

MAIN__ == adi_ == solve_ == !$omp parallel @x_sohle.f:46 == !$omp do @«_solve.f:54
] '$omp do @x_solve.f:54

0.4 [ !'$omp do @rhs.f:191

0,293 B MAN_ == adi_ == compute_rhs_ == |$omp parallel @rhs.f:28 == 1$omp do @rhs.fi181
0,283 [ '$omp do @rhs. 80
0,381 [ MAIN_ == adi_ == compute_rhs_ == !$omp parallel @rhs.f:28 == $omp do @rhs.f.80
0,352 [] !'$omp implicit barrier
0,209 [@E !$omp parallel @rhs.f:28
0.208 [] MAIN_ == adi_ == compute_rhs_ == !$omp parallel @rhs.f:28
0.28 [ !'$omp do @rhs.f:37
0,279 @ MAIN_ == adi_ == compute_rhs_ == !$omp parallel @rhs.f:28 == 1$omp do @rhs.f:37
0.261 [ !$omp do @rhs 301
0,258 [] MAIN_ == adi_ == compute rhs == !$omp parallel @rhs.f:28 == I$omp do @rhs.f:301
0,228 [ !'$omp do @rhs.fi62
0,227 [ MAIN_ == adi_ == compute_rhs_ == !$omp parallel @rhs.f:28 == $omp do @rhs.f:62
0.214 [ MAIN__ == mpi_setup_ == MPI_Init_thread
0.214 [E MPLInit_thread
0,161 @ MAIN__ == exch_gho_ == copy »_face_
0.161 [ copy # face_
0.16 [0 MAIN_ == exch_ghc_ == copy v face_
0,16 @ copyy face_
0,15 @ MAIN__ == exch_ghc_
0.15 @ exch gbhc
0.141 [ !'$omp do @rhs.f:384
0.14 [ MAIN_ == adi_ == compute_rhs_ == !$omp parallel @rhs.f28 == '$omp do @rhs.f354
0,127 [0 MAIN__ == exch_ght_ == MPI|_Waitall
0,127 [0 MP_waitall
0,103 @ MaN_ == adi_
0,103 @ adi_
0,004 @ MAIN_ == adi == add_ == !$omp parallel @add.:22 == ! $omp parallel do @add.f:22
0.084 [ !$omp parallel do @add.f.22

4
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ParaProf: Add Thread to Comparison Window

| ParaProf: Comparison Window

| File Options Windows Help

|

Metric: Time O profile.cubex - node 0, thread o
Walue: Exclusive M profile.cubex - node O, thread 1
Units: seconds

3,703 (98 ?933';1} I—I mMalMN__ == adi_ == v_solve_ == !$omp parallel @y_solve fi43 == !$omp do @y_solve.fi32 [
Al e |
T (00, 700 ey teomp do @y_sOle. 52
3.503 | | _ . |
3486(97.021%) E—— MaN_ == adi_ ==z solve_—> Ijomp parallel @2 solve.fi43 == I$omp do @z_solve fi52
3,593
3.486 (9?-021%)| —I t$omp do @z_sohe.fi52
355 Ml ) | |
D55 (00, D07 Y MAIN__ == adi_ == »_solve_ == !$omp parallel @+_solve fi46 == | $omp do @_solve.f:54
3.55 (98 993?.5653' _ t$omp do @ soke f:54
0.666 (156 184$6l)352=:| '$omp implicit barrier
0.4
0,403 (100.575%) [l $omp do @rhs.f191
0.401 (10005'2558) B MAMN_ == adi_ == compute_rhs_ == |$omp parallel @rhs.f:28 == !$omp do @rhs.f:191
0,383
0,356 (83,04%) ([ '$omp do @rhs.fi80
0,954 (93 00435'3;} :I= MAIN_ == adi_ == compute_rhs_ == !$omp parallel @rhs.f:28 == l$omp do @rhs.fi80
0.233 (?f'?zfqi) I:I= Isomp parallel @rhs.f:22
0298 [ MAIN_ == adi_ == compute_rhs_ == !$om arallel @rhs.f: 28
0.232 (F7.737%) B _ _ pute_rhs_ =l
0.28
0,251 (85,753% E l$omp do @rhs. £ 37 —
< I DN

18TH VI-HPS TUNING WORKSHOP (UGA, GRENOBLE, 18TH-22TH MAY 2015) 38



VARTYUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

ParaProf: Score-P Profile Files, Database

TAU: ParaProf Manager
File Options Help

@ Applications : TrialField Walue
¢ [J Standard Applications |Mame profile.cubex
¢ ] Default App i|Application ID ]
¢ [ Default Exp :|Experiment 1D ]
¢ O profile. cubesx i{Trial 1D 0
@ Tirme i|File Type Index g
@ Minimum Inclusive Time File Type Mame Cube

@ Marimum Inclusive Time

@ PAPLTOT C¥C

@ PAP| TOT INS

@ PAPLFP_INS

@ ru_utime

@ ru_stime

@ ru_maxrss

@ ru_ixrss

@ ru_idrss

@ ru_isrss

@ ru_minflt

@ ru_majflt

@ ru_nswap

@ ru_inblock

@ ru_oublock

@ ru_msgsnd

@ ru_msgrev

@ ru_nsignals

@ ru_nvesw

@ ru_nivesw

@ bytes sent

@ bytes received
o [ Default {jdbe:h2:thome/livetaus. ParaProfiperfdmf; AUTO_SERVER=TRUE!
o~ ] perfexplorer_working {jdbc:h2:/home/livetaus. ParaProfiperfexplorer_wo Add Application gy e,
Add Experiment

Add Trial
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ParaProf: File Preferences Window

ParaProf Preferences

File
Font
= Serif
ansSeri b n,c,t 0,0,0 BN
Bold Size n,c,t 0,0,1 N
n,c,t 0,0,2 [
I {
Italic 'U
0 10 20 30 40
window defaults Settings
Show Path Title in Reverse
Units Seconds - Reverse Call Paths

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

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

Show Values as Percent v| Show Source Locations

v| Auto label nodescontext/threads

Restore Defaults Apply Cancel
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ParaProf: Group Changer Window

TAU: ParaProf: Group Changer: profile.cubex - (b

Region Current Available

filter: |

| | | new group

ISomp atomic @error.f:104
ISomp atomic @error.f:51
ISomp do @error.f:33
ISomp do @error.f:91
ISomp do @exact rhs.f:147 ="
ISomp do @exact rhs.f: 247
ISomp do @exact rhs.f:31
ISomp do @exact rhs.f: 346
ISomp do @exact rhs.f: 46
ISomp do @initialize.f:100
ISomp do @initialize.f:119
ISomp do @initialize.f:137
ISomp do @initialize.f:156

CUBE_DEFAULT CUBE_CALLPATH

L] »

I5omp do @initialize.f:174 =
ISomp do @initialize.f:192
ISomp do @initialize.f:31 -
0] ] |
I EEEEREEEEEECET_—"_ 2 _—
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ParaProf: Derived Metric Panel in Manager Window

TAU: ParaProf Manager
File Options Help

@ Applications : MetricField Walue
¢ ] Standard Applications |Name Time
¢ ] Default App ‘|Application 1D 0
o ] Default Exp Experiment 1D
¢ [ profile. cubesx ATrial 1D
@ Time HMetric 1D
@ Minimum Inclusive Time :
@ Maximum Inclusive Time
@ PAPI_TOT_CVC
@ PAPLTOT INS
@ PAPIFP_INS
@ ru_utime
@ ru_stime
@ ru_maxrss
@ ru ixrss
@ ru_idrss
@ ru isrss
@ ru_minflt
@ ru_maijflt
@ ru_nswap :
@ ru_inblock —
@ ru_oublock :
@ ru_rmsgsnd
@ ru_msgrev :
@ ru_nsignals Iz
@ ru nwvcsw :

[»

[ o ) o
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Sorting Derived FLOPS metric by Exclusive Time

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

Metric: { FAPI_FP_INS / Time

wWalue: Exclusive

Units: Derived metric shown in seconds format
Sorted By Exclusive (Time)

3.0217ES el MAIN_ == adi_ ==y _solve_ == !$omp parallel @y_sclve.f:43 == !$omp do @y _solve.f:32 -
3.0217ES | ] '$omp do @vy_sohe.f:32
3.2921Ef sl MAIN__ == adi_ == z_solve_ == !$omp parallel @z_sole.f:43 == l$omp do @z_solve.f:52 L
3.2421E8 | | '$omp do @z_solve f:52

3067 2ED Y MAIN == adi_ == x_solve_ == !$omp parallel @x_solve.f:46 == $omp do @x_solve.f:54
3.0673E9 | | '$omp do @« solve.f:54
3.3299E9 | | '$omp do @rhs.fi191
3.3298E0 | | MAIN_ == adi_ == compute_rhs_ == $omp parallel @rhs.f:28 == $omp do @rhs.f191
|
|

3.5138ES | $omp do @rhs.f20
3.314E8 | MAIN_ == adi_ == compute_rhs_ == !$omp parallel @rhs.f28 == !$omp do @rhs.f:80
1965740.083 | !'$omp implicit barrier
2518815.107 | !$omp parallel @rhs.f28
25189881.066 | MAIN__ == adi_ == compute_rhs_ == l$omp parallel @rhs.f:28
3.502E8 [@al !'$omp do @rhs.f37
3.4975E8 [ MAIN_ == adi_ == compute_rhs_ == $omp parallel @rhs.f:28 == $omp do @rhs.f:37
4. 0207EF D | $omp do @rhs fi301

4.0205E9 | | MAIN_ == adi_ == compute_rhs_ == !$omp parallel @rhsz.f:28 == !$omp do @rhs.f:301
3932146.074 | '$omp do @rhs.fi62
39323024.443 | MAIN == adi_ == compute_rhs_ == !'$omp parallel @rhs.f:22 == !$omp do @rhs.f:62
60.754 | MAIN__ == mpi_setup_ == MPI_Init_thread
60.754 | MPLInit_thread
2218222.802 | MAIN__ == exch_ghc_ == copy_x_face_
2218222.902 | copy_x _face_
2217983431 | MAIN__ == exch_gbc_ == copy_y_face_
22179232.431 | copy y face_
2691052818 | MAIN_ == exch_gbo_
2691052.918 | exch_gbc_
1sgd4des [ ] '$omp do @rhs.f224
1.56844E9 [ ] MAIN__ == adi_ == compute_rhs_ == !$omp parallel @rhs.f:28 == '$omp do @rhs.f:224
65007.137 | MAIN_ == exch_gbo_ == MPI_waitall -
1] i | 3
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Download TAU from U. Oregon

http://tau.uoregon.edu

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

Free download, open source, BSD license
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