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CHAPTER 1

Installation

TAU (Tuning and Analysis Utilities) is a portable profiling and tracing toolkit for
performance analysis of parallel programs written va J&++, C, and éttran.

The model that AU uses to profile parallel, multi-threaded programs maintains
performance data for each thread, ceiptend node in use by an application. The
profiling instrumentation needed to implement the model captures data for func-
tions, methods, basic blocks, and statemeetion at thesevels. All C++ lan-
guage features are supported in tA&Jprofiling instrumentation including
templates and namespaces, whichvalable through an API at the library or
application lgel. The APl also pnades selection of profiling groups forgamnizing
and controlling instrumentation. The instrumentation can be inserted in the source
code using an automatic instrumentor tool based on the Program Datablkite T
(PDT), dynamically using DyninstAPI, at runtime in thealairtual machine, or
manually using the instrumentation API.

TAU'’s profile visualization tool, jra¢ provides graphical displays of all the perfor-
mance analysis results, in aggate and single node/cortéhread forms. The user

can quickly identify sources of performance bottlenecks in the application using the
graphical interdce. In addition, AU can generatevent traces that can be dis-

played with the \mpir or Riraver trace visualization tools.

This chapter discusses installation of tiéJTportable profiling package.
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FIGURE 1. Architecture of TAU

Installing TAU

After uncompressing and untarringU, the user needs to configure, compile and
install the package. This is done byaking:
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%./configure
% make install

TAU is configured by running theonfigure script with appropriate options that
select the profiling and tracing components that are usadltbthe TAU library.
The “configure’ shell script attempts to guess corralctes for @arious system-
dependentariables used during compilation, and creates thesfilats) (one in
each subdirectory of the source directory).

The folloving command-line options argailable to configure:

-prefix=<directory>

Specifies the destination directory where the hedideary and binary files are
copied. By dedult, these are copied to subdirectories <arch>/bin and <arch>/lib in
the TAU root directory

-arch=<architecture>

Specifies the architecture. If the user does not specify this option, configure deter-
mines the architectureoF SGI, the user can specify either of sgi32, sgin32 or
sgi64 for 32, n32 or 64 bit compilation modes respebti The files are installed in

the <architecture>/bin and <architecture>/lib directories.

-C++=<C++ compiler>

Specifies the name of the C++ compieapported C++ compilers include KCC
(from KAl/Intel), CC (SGl, Sun), g++ (from GNU), FCC (from Fuijitsu), xXIC (from
IBM), guidec++ (from KAl/Intel), cxx (Tu64) and aCC (from HP), c++ (from
Apple), icpc and ecpc (from Intel) and pgCC (from PGI).

-cc=<C Compiler>

Specifies the name of the C compil®upported C compilers include cc, gcc (from
GNU), pgcc (from PGI), fcc (from Fujitsu), xlc (from IBM), and KCC (from KAI/
Intel), icc and ecc (from Intel).
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-pdt_c++=<C++ Compiler>

Specifies a diérent C++ compiler for PDT (tau_instrumentor). This is typically
used when the library is compiled with a C++ compiler (specified with -c++) and
the tau_instrumentor is compiled with afeient <pdt_c++> compileFor e.g.,
-c++=pgCC -cc=pgcc -pdt_c++=KCC -openmp ...

uses PGE OpenMP compilers forAlU’s library and KCC for tau_instrumentor

-fortran=<F ortran Compiler>

Specifies the name of therffran90 compilerValid options are: gnu, sgi, ibm,
ibm64, hp, craypgi, absoft, fujitsu, sun, kai, nec, hitachi, compaq, and intel.

-pthread

Specifies pthread as the thread package to be used. Inadhé deide, no thread
package is used.

-tulipthr ead=<directory> -smarts

Specifies SMARS (Shared Memory Asynchronous Runtime System) as the
threads package to be used. <directoryegihe location of the SMAFS root
directory [SMARTS-URL]

-openmp

Specifies OpenMP as the threads package to be used.J[OPENMP-URL]
-opari=<dir>

Specifies the location of the Opari OpenMP dikectenriting tool. The use of
Opari source-to-source instrumentor in conjunction wik Bxposes OpenMP
events for instrumentation. Seragnples/opari directoryOPARI-URL]
-opari_region

Report performance data for only OpenMBioas and not constructs. By deft,
both reions and constructs are profiled with Opari.
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-opari_construct

Report performance data for only OpenMP constructs and gionse By dedult,
both rejions and constructs are profiled with Opari.

-pdt=<dir ectory>

Specifies the location of the installed PDT (Program Datalas&if) root direc-
tory. PDT is used touild tau_instrumentor, a C++, C and F90 instrumentation
program that automatically insert&d annotations in the source code [RDRL].
If PDT is configured with a subdirectory option (-compdir=<opt>) th&d Tan be
configured with the same option by specifying

-pdt=<dir> -pdtcompdir=<opt>

-pcl=<directory>

Specifies the location of the installed PCL (Performance Counter Library) root
directory PCL praides a common inteate to access hardve performance
counters on modern microprocessors. The library supports Sun UltraSparc /I,
PowerPC 604e under AlX, MIPS R10000/12000 under IRIX, Compaq Alpha
21164, 21264 unden@it4Unix and Cray Unicos (T3E) and the Intel Pentiam-f
ily of microprocessors under Linux. This option specifies the use of heggver-
formance counters for profiling (instead of timea).Measure floating point
instructions, set the emonment ariablePCL_EVENT to PCL_FP_INSTR (for
example). See the section “Using Haatle Performance Counters” in Chapter 4
for details rgarding its usage. [PCL-URL]

-papi=<directory>

Specifies the location of the installe8lf® (Performance Data Standard and API)
root directory PCL pravides a common intexte to access hardve performance
counters and timers on modern microprocessors. Most modern CRlittepwo-

chip hardvare performance counters that can recovers¢ e/ents such as the
number of instructions issued, floating point operations performed, the number of
primary and secondary data and instruction cache missespeteabure floating
point instructions, set the @ronment \ariablePAPI_EVENT to PAPI_FP_INS

(for example). This option (by datilt) specifies the use of hardre performance
counters for profiling (instead of time). When used in conjunction with
-PAPIWALLCLOCK or-PAPIVIR TUAL, it specifies the use ofaliclock or vir-
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tual process timers respemly. See the section “Using Hardve Performance
Counters” in Chapter 4 for detailggezding its usage. fPI-URL]

-PAPIWALLCLOCK

When used in conjunction with the -papi=<dir> option, this optiomal[fAU to
use high resolution, Yo overhead CPU timers forallclock time based measure-
ments. This can reduce thAT overhead for accessingaliclock time for profile
and trace measurements. (SeellE®elav.)

-PAPIVIR TUAL

When used in conjunction with the -papi=<dir> option, this optiomall®AU to
use the process virtual time (time spent in the “user” mode) for profile measure-
ments, instead of the defit wallclock time. (See NTE belav.)

-CPUTIME

Specifies the use of user+ system time (colleitiCPU time) for profile measure-
ments, instead of the deflt wallclock time. This may be used with multi-threaded
programs only under the LINUX operating system whiclvigies bound threads.

On other platforms, this option may be used for profiling single-threaded programs
only.

-MULTIPLECOUNTERS

Allows TAU to track more than one quantity (multiple haadg/counters, CPU-
time, wallclock time, etc.) Configure with other options such as -papi=<dir>, -
pcl=<dir>, -LINUXTIMERS, -SGITIMERS, -CPUTIME, ®PIVIRTUAL, etc.

See Section “Using Multiple Haradwe Counters” in Chapter 4 for detailed instruc-
tions on setting the @monment ariables for this option. W’MUL TIPLE-
COUNTERS is used with theTRACE option, tracing empls theCOUNTER1
ervironment \ariable for vallclock time.

NOTE: The de&ult measurement option i\U is to use the allclock time, which

is the total time a program ta&to &ecute, including the time when it isiting for
resources. It is the time measured from a real-time clock. The process virtual time
(-PAPIVIR TUAL) is the time spent when the process is actually running. It does
not include the time spent when the process apped out witing for CPU or

other resources and it does not include the time spent on behalf of the operating
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system (for recuting a system call, for instance). It is the time spent in the “user”
mode. TheCPUTIME on the other hand, includes both the time the process is run-
ning (process virtual time) and the time the system igighrgg services for it (such

as eecuting a system call). It is the sum of the process virtual (user) time and the
system time (Seman gtrusaye()).

-jdk=<dir ectory>

Specifies the location of the installedd@ De&elopment Kit (JDK1.2+) root
directory TAU can profile or trace va applications without gmodifications to
the source code, byte-code or theaJairtual machine. See READMERMA on
instructions on usingAU with Java 2 applications. This option should only be
used for configuring AU to use JVMPI for profiling and tracing ofudaapplica-
tions. It should not be used for configuring yrawhich uses jea from the uses’
path.

-dyninst=<dir>

Specifies the directory where the Dyninst dynamic instrumentation package is
installed. Using DynInst, a user canake tau_run to instrument anx@cutable
program at runtime. [DNINST-URL][PARADYN-URL].

-mpiinc=<dir>

Specifies the directory where MPI header files reside (such as mpi.h and mpif.h).
This option also generates th&U MPI wrapper library that instruments MPI rou-
tines using the MPI Profiling Intexte. See thexamples/NPB2.3/config/makdef

file for its usage with értran and MPI programs. [MPI-URL]

-mpilib=<dir>

Specifies the directory where MPI library files reside. This option should be used in
conjunction with the -mpiinc=<dir> option to generate tA&JTMPI| wrapper
library.

-mpilibrary=<lib>
Specifies the use of a flifent MPI library By defult, TAU uses -Impi or -Impich

as the MPI libraryThis option allavs the user to specify another libragyg., -
mpilibrary=-Impi_r for specifying a thread-safe MPI library
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-epilog=<dir>

Specifies the directory where the EPILOG tracing package [EPILOG-URL] is
installed.This option should be used in conjunction with the -TRAption to gen-
erate binary EPILOG traces (instead of binafyJTiraces). EPILOG traces can

then be used with other tools such as EXPHHPILOG comes with itsven imple-
mentation of the MPI wrapper library and the POMP library used with Opari. Using
option overrides RAU’s libraries for MPI, and OpenMP

-PROFILE

This is the dedult option; it specifies summary profile files to be generated at the
end of eecution. Profiling generates aggaée statistics (such as the total time
spent in routines and statements), and can be used in conjunction with the profile
browserracy to analyze the performanceali¢lock time is used for profiling pro-
gram entities.

-PROFILESTATS

Specifies the calculation of additional statistics, such as the standéatioteof
the clusive time/counts spent in each profiled block. This option ixeEmsion
of -PROFILE, the dedwlt profiling option.

-PROFILECOUNTERS

Specifies use of harde performance counters for profiling under IRIX using the
SGI R10000 perfecounter access intade. The use of this option is deprecated in
favor of the -pcl=<dir> and -papi=<dir> options describedvabo

-SGITIMERS

Specifies use of the free running nanosecond resolution on-chip timer on the
R10000+. This timer has ater overhead than the dailt timer on SGI, and is rec-
ommended for SGls (similar to the -papi=<dirAFPWALLCLOCK options).

-LINUXTIMERS
Specifies the use of the free running nanosecond resolution time stamp counter

(TSC) on Pentium llI+ and Itaniunarily of processors under Linux. This timer
has a laver overhead than the dailt time and is recommended.
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-TRACE

Generateswent-trace logs, rather than summary profileac&s shw when and

where an eent occurred, in terms of the location in the source code and the process
that executed it. Taces can be mged and coverted usingau_merge and

tau_corvert utilities respectiely, and visualized usingavpir, a commercial trace
visualization tool. MAMPIR-URL]

-noex

Specifies that naxeeptions be used while compiling the libraFhis is releant for
C++.

-useropt=<options-list>

Specifies additional user options such as -g orofl nultiple options, the options
list should be enclosed in a single quotar. &ample

%./configure -useropt="-g -l/usr/local/stlI

-help
Lists all the mailable configure options and quits.

Examples:

(See Apendix for POOMA & W indows installation instructions)

a) Install AU using KCC on SGl, with trace and profile options:

%./configure -c++=KCC -SGITIMERS -arch=sgi64 -TRACE
-PROFILE -prefix=/usr/local/packages/tau

b) Installing AU with Java

%./configure -c++=g++ -jdk=/usr/local/packages/jdk1.2
% make install
% set path=($path <taudir>/<tauarch>/bin)
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% setenv LD_LIBRARY_PATH $LD_LIBRARY_PATH:<taudir>/
<tauarch>/lib

% cd examples/java/pi

% java -XrunTAU Pi 200000

% racy

¢) Use AU with KCC, and cc on 64 bit SGI systems and use MPI wrapper libraries
with SGI's low cost timers and use PDT for automated source code instrumenta-
tion. Enable both profiling and tracing.

% ./configure -c++=KCC -cc=cc -arch=sgi64 -mpiinc=/
local/apps/mpich/include -mpilib=/local/apps/mpich/
lib/IRIX64/ch_p4 -SGITIMERS -pdt=/local/apps/pdt

d) Use OpenMP+MPI using KAd’Guide compiler suite, Opari for OpenMP instru-
mentation and useAP| for accessing hardave performance counters for profile
based measurements.

% ./configure -c++=guidec++ -cc=guidec -papi=/usr/
local/packages/papi -openmp  -mpiinc=/usr/pack-
ages/mpich/include -mpilib=/usr/packages/mpich/lib
-opari=/usr/local/opari

e) Use CPUTIME measurements for a multi-threaded application using pthreads
under LINUX.

% configure -pthread -CPUTIME

f) Use multiple hardware performance counters

% configure -MULTIPLECOUNTERS -papi=/ustr/local/papi -
PAPIWALLCLOCK -PAPIVIRTUAL -LINUXTIMERS -mpiinc=/
usr/local/mpich/include -mpilib=/usr/local/mpich/
lib/ -pdt=/usr/local/pdtoolkit -useropt=-02

% setenv COUNTER1 LINUX_TIMERS

% setenv COUNTER2 PAPI_FP_INS

% setenv COUNTER3 PAPI_L1_DCM ...

NOTE: Also see SectiomApplication Scenarios” in Chapter 2 (Compiling) for an
explanation of simplexamples that are included with thAO distribution.

10
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Platforms Supported

TAU has been tested on the foliog platforms:
1. SGI
On IRIX 6.x based systems, including In@over Challenge, Oyx, Oryx2 and

Origin 200, 2000, 3000 Series, CC 7.2+, KAl [KAI-URL] KCC and gge&e
[GNU-URL] compilers are supported.

2. LINUX Clusters
On Linux based Intel x86 PC clusters, KAl/IngeKCC, g++, gcs (GNU), pgCC
(PGI) [PGI-URL], FCC (Fujitsu) [FUJITSU-URL] and icpc/ecpc Intel compilers

have been tested AU also runs under 1A-64, R@rPC, Alpha, Apple ReerMac,
Sparc and other processors running Linux.

3. Sun Solaris

Sun Workshop Pro 5.0 compilers (CC, F90), KAl KCC, KAP/Pro and GNU g++
work with TAU.

4. IBM AIX

On IBM SP2 and AlX systems, KAl KCC, KAP/Pro, IBM xIC, xlc, xIf90 and g++
compilers vork with TAU.

5. HP HP-UX

On HP A-RISC systems, aCC and g++ can be used.
6. HP Alpha Tu64

On HP Alpha Tu64 machines, cxx and g++ may be used wkbJT

7. NEC SX series@ctor machines

On NEC SX-5 systems, NEC c++ may be used wikb).T
8. Cray T3E

On Cray KAI KCC and Cray CC compilers ta been tested withAlU.
9. Hitachi SR8000 gctor machines
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On Hitachi machines, Hitachi KCC, g++ and Hitachi cc compilers may be used
with TAU.

10. Apple OS X

On Apple OS X machines, c++ or g++ may be used wit.T
11. Microsoft Windows

On Windows, Microsoft isual C++ 6.0 or higher and JDK 1.2+ compilerseha
been tested withAU.

NOTE: TAU has been tested with JDK 1.2 on Solarigdvs and Linux. On
Solaris, we needed to disable support for the JIT compiler by specifying -
Djava.compiler= on the y@ commandline along with -XruA&D. With Java 1.3
the -classic option is required.

TAU may work with minor modifications on other platforms.

Softwae Requiements

1. Javav 1.2

TAU'’s GUIjracy requires Jea v1.2 in your path. An older Tcl/Tk based\wser
racy is also included with AU for compatibility

TAU Portable Pofiling and Tacing Dolkit Users Guide



CHAPTER 2 Compiling

Source-based instrumentation witARI measurement code requires compilation.
At compile time, the AU system proides sgeral options and configuration alter-
natives. This chapterxplains compilation options to enable profiling or tracing.
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TAU Stub Makfile

TAU configuration generates a Mdlte stub as well as a librarfhe Malefile
name has the formakefile.tau-<options> , the library name the form
libtau-<options>.a . For example,

%./configure -TRACE -c++=KCC -arch=sgin32

generates

Makefile.tau-trace-kcc libtau-trace-kcc.a

in tau-2.x/sgin32/lib

Using diferent configuration options,\s&ral modular libraries can beiti and
co-ist even in the same architecture @hoose a particulaevsion of the library
the corresponding Malile stub must be included in the application kfid&. The
stub Malefile defines the follwing variables:

e TAU_CXXfor the C++ compiler

e TAU_CCfor the C compiler

e TAU_F90 for the F90 compiler

e TAU_LINKERfor the linker

* TAU_INCLUDEfor the include directories

* TAU_DEFSor the defines on the command-line

e TAU_LIBS for the TAU static library

e TAU_SHLIBS for the TAU shared object (dynamic library)

* TAU_MPI_INCLUDEfor the directory where MPI header files reside

e TAU_MPI_LIBS for the AU MPI library with the MPI libraries for C/C++
e TAU_MPI_FLIBS for the TAU MPI library with MPI libraries for Brtran
* TAU_FORTRANLIBSor additional fortran libraries for linking with C++
* TAU_DISABLEfor the defult TAU stub library for Brtran, and

* USER_OPTor ary user defined options specified during configuration

In addition to these options, the stub midk also contains information about other
packages configured wittAU. The stub madfile defines the follwing variables:

14
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* PDTDIR for the location of the PDT root directory

* OPARIDIR for the location of the Opari root directory

e TULIPDIR for the location of the Ulip root directory

* PCLDIR for the location of the PCL root directory

* PAPIDIR for the location of theA&PI root directory

¢ EPILOGDIR for the location of the EPILOG root directory

* JDKDIR for the location of the JDK root directory

* DYNINSTDIR for the location of the DyninstAPI root directory

A typical malefile that uses these Mefide variables is shan belav:

TAU Portable Pofiling and Tacing Dolkit Users Guide
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TAUROOTDIR  =/usr/local/packages/tau-2.x
include $(TAUROOTDIR)/sgin32/lib/Makefile.tau-trace-kcc

CXX = $(TAU_CXX)

cc = $(TAU_CC)

CFLAGS = $(TAU_INCLUDE) $(TAU_DEFS)
LIBS = $(TAU_LIBS) -Impi

LDFLAGS = $(USER_OPT)

MAKEFILE = Makefile

PRINT =pr

RM = /bin/rm -f

TARGET = matrix

EXTRAOBJS =

HEHHHHH R R HH R R R
all: $(TARGET)

install: $(TARGET)

$(TARGET):  $(TARGET).0
$(CXX) $(LDFLAGS) $(TARGET).0 -0 $@ $(LIBS)
$(TARGET).o : $(TARGET).cpp
$(CXX) $(CFLAGS) -c $(TARGET).cpp
clean:
$(RM) $(TARGET).0 $(TARGET)
HHHH AR R R R

To use a dferent configuration, simply change the included efi¢dk to some

other For example, for

% ./configure -pthread -arch=sgi64

substitute
include $(TAUROOTDIR)/sgi64/lib/Makefile.tau-pthread

in the malkfile abae. Also,
$(TAUROOTDIR)/include/Makefile

points to the most recently configuregtsion of the library

16
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Enabling and Disabling the Instrumentation

Using the AU stub makfile variableTAU_DEFSwhile compiling C++ and C

source code enables profiling (or tracing) instrumentation and generates the perfor-
mance data files.oldisable the instrumentatioRAU _DEFSshould not be used. In

its absence, all theAD profiling macros defined in the source code for instrumen-
tation purposes are automatically defined to null (thaudebehaior). Thus, the
instrumentation can be retained in the source code, since it hasrhead when it

is disabled.

For Fortran havever, the instrumentation can be disabled in the program by using
the TAU stub makfile variableTAU_DISABLE on the link command line. This
points to a library that contains empt instrumentation routines.

Using TAU with MPI

TAU MPI wrapper library (lib&uMpi.a) uses the MPI Profiling Intade for instru-
mentation. © use the library

1. Configure AU with -mpiinc=<dir> and -mpilib=<dir> command-line options
that specify the location of MPI header files and the directory where MPI librar-
ies reside. Example:

% ./configure -mpiinc=/usr/local/packages/mpich/
include -mpilib=/usr/local/packages/mpich/
lib/LINUX/ch_p4 -c++=KCC -cc=cc

2. Include the RU stub Malefile generated in the application refile.
TAUROOTDIR=/usr/local/packages/tau2
include $(TAUROOTDIRY)/i386_linux/Makefile.tau-kcc

3. Use the Makfile variables$(TAU_MPI_LIBS) for C/C++ applications and
$(TAU_MPI_FLIBS) for Fortran 90 applications, to specify thald MPI
libraries before th&(TAU_LIBS) in the link command line. Also, use
$(TAU_MPI_INCLUDE) in the compiler command line to specifies the MPI
include directory to be used. Example:

CXX =$(TAU_CXX)

CFLAGS =$(TAU_INCLUDE) $(TAU_DEFS) $(TAU_MPI_INCLUDE)

LIBS = $(TAU_MPI_LIBS) $(TAU_LIBS)

4. Compile and run the MPI application as usual to generate the performance data.
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Environment ¥riables

When the program has been compiled, it canxkewged as it normally euld be
(for example, using mpirun for an MPI taskAU generates profile data files or
trace files in the currentawking directory One file for each conteand thread is
generated. d better manage dérent experiments, set the @inonment \ariables

* PROFILEDIR to name the directory that should contain the profile data files
and

* TRACEDIRthe directory wherevent traces should be stored.

e LD _LIBRARY_PATHshould include the <tauroot>/<tauarch>/lib directory if
TAU is used with AVA 2 (using the -jdk=<dir> configuration option) or dynin-
stAPI (using the -dyninst=<dir> configuration option).

Example:

% make
% setenv TRACEDIR /users/foo/tracedata/experimentl
% mpirun -np 4 matrix

NOTE: TAU also uses the geimonment \ariablePCL_EVENT and

PAPI_EVENT to specify the hardare performance counter to be used when -
pcl=<dir> or -papi=<dir> configuration options are used, respaygtiSee section
“Using Hardware Performance Counters” in Chapter 4 for further details.

Application Scenarios

TAU’'sexamples directory contains programs that illustrate the usedf T
instrumentation and measurement options.

instrument - This contains a simple C+&ample that shes hav TAU’s API
can be used for manually instrumenting a C++ program.

threads - A simple multi-threaded program that slsohav the main func-

tion of a thread is instrumented. Performance data is generated for

each thread of@cution. Uses pthread library and must be
configured with the -pthread option.

18

TAU Portable Pofiling and Tacing Dolkit Users Guide



Application Scenarios

cthreads

sproc

pi

papi

papithreads

- Same as threads aleg hut for a C program. Arinstrumented C
program may be compiled with a C compiléut needs to be
linked with a C++ linker.

- SGI sproc threadsxample. AU should be configured with the -
sproc option to use this.

- An MPI program that calculates thalwe of pi and e. Itigh-
lights the use of AU’s MPI wrapper libraryTAU needsto be con-
figured with -mpiinc=<dir> and -mpilib=<dir> tase this.

- A matrix multiply xkample that shes haw to use AU statement
level timers for comparing the performance obtalgorithmsfor
matrix multiplication. When used withAP1 or PCL, thiscan high-
light the cache bek#rs of these algorithms AU should be con-
figured with -papi=<dir> or -pcl=<dir> and theser should set
PAPI_EVENT or PCL_EVENT respeet ervironment variables,
to use this.

- Same as papixeept uses threads to highlightvhbardware per-
formance counters may be used in a multi-threaaigplication.
When it is used withA&PI, TAU should beconfigured with -
papi=<dir> -pthread

autoinstrument - Shavs the use of Program DatabasmlKkit (PDT) for automat-

reduce

fortran & f90

NPB2.3

ing the insertion of AU macros in the source coderéquires con-
figuring TAU with the -pdt=<dir> option. TheMakefile is

modified to illustrate the use of a sourcesmurce translator
(tau_instrumentor).

- Shaws the use dfau_reduce a utility that can read profiles and a
set of rules and determine which routines should not be instru-
mented (for frequently called light-weight routines). See <tau>/
utils/TAU_REDUCE.README file for further details. It requires
configuring AU with -pdt=<dir> option.

- Shav how to instrument a simpledrftran 90 (F90) program. A
C++ linker needs to be used when linking the fortran application.

- The NAS Parallel Benchmark 2.3 [NPB-URL]. It sivs hav to
use RAU’s MPI wrapper with a manually instrumenteattfanpro-
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dyninst

gram. LU and SP are thedvibenchmarks. LU is instrumented
completely while only parts of the SP program arestrumented
to contrast the a@rage of routines. In bothases MPI leel instru-
mentation is complete AU needs to beconfigured with -mpi-
inc=<dir> and -mpilib=<dir> to use this.

- An example that shas the use of DyninstAPI [ENINST-URL]
to insert AU instrumentation. Using Dyninsjo modifications
are needed and tau_run, a runtimstrumentorinserts AU calls
at routine transitions irthe program. [This represent®mk in
progress].

dyninstthr eads- The abwe example with threads.

javalpi

javal/api

openmp

opari

openmpi

- Shavs a jaa program for calculating thele of pi. It illustrates
the use of the AU JVMPI layer for instrumenting a\iaprogram
without ary modifications to its source code, byte-code or the JVM.
It requires a Ja 2 compliant JVM andAU needs to be configured
with the -jdk=<dir> option to use this.

The same Pi program as abdhat illustrates the use of thald
API. There are subdirectories for C, C++ and F90 tovshe dif-
ferences in instrumentation and Midiles. AU needs to be config-
ured with the -openmp option to use this.

- Shavs hav to manually instrument an OpenMP program using
the TAU API. There are subdirectories for C, C++ and F90 tawsho
the diferences in instrumentation and M#diles. AU needs tobe
configured with the -openmp option to use this.

- Opari is an OpenMP diregé renriting tool that works with TAU.
Configure AU with -opari=<dir> option to use this. This pides
detailed instrumentation of OpenMP constructs. There are subdi-
rectories for C++, pdt_f90, and OpenMPI to demonstrate the use of
this tool. The pdt_f90 directory contains a@mple that shas the

use of PDT with Opari for adftran 90 program.

- lllustrates AU’s support for yibrid execution models in théorm
of MPI for message passing and OpenMP threails. fleedsto be
configured with -mpiinc=<dir> -mpilib=<dir> -openmpptions to
use this.

20
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fork - lllustrates hw to register a forled process withAU. TAU pro-
vides two options: AU_INCLUDE_FARENT_DATA and
TAU_EXCLUDE_FARENT_DATA which allows the child process
to inherit or clear the performance data when the for&daltace.

mapping - lllustrates tvo examples in the embedded andeznal subdirecto-
ries. These correspond to profiling at the objectl|evhere the
time spent in a method is displayed for a specific object. There are
two ways to achiee this using an embedded association. The first
method requires arxeension of the class definition with AU
pointer and the second scheme us#sreal hash-table lookup that
relies on looking at the object address at each metkodation.
Both of these xamples illustrate the use of thad Mapping API.

multicounters - lllustrates the use of multiple measurement options configured
simultaneously in AU. See README file for instructions on set-
ting the en. variables COUNTERS<1-25> for specifying measure-
ments. Requires configurindh\U with -MULTIPLECOUNTERS.

selectveAccesslllustrates the use ofAU API for runtime access ofAU perfor-
mance data. A program can get information about routixesue
ing in its contet. This can be used in conjunction with multiple
counters.
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CHAPTER 3 Instrumentation

For TAU instrumentation, macros must be added to the source code to identify rou-
tine transitions. It can be done automatically using the C++ instrumentor -
tau_instrumentor, based on the Program DatabasslKit, manually using the
instrumentation API (Application Programmers Inded) or using th&au_run, a
runtime instrumentoibased on the DyninstAPI dynamic instrumentation package.
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Automatic Instrumentation of C++, C and F90
souice code

tau_instrumentor insertsAU instrumentation in C++ source code using PDT
[PDT-URL].

1. Install pdtoolkit. Refer to the README file in the PDT directory
% ./configure -arch=IRIX64 -KCC

2. Install TAU using the -pdt configuration option.
% ./configure -pdt=/usr/local/packages/pdtoolkit-1.0
-c++=KCC -arch=sgi64 -SGITIMERS
% make install

3. Modify the malefile to irvoke cxxparse from PDT which generates a program
database file (.pdb) that contains program entities (such as routine locations)
and tau_instrumentor which uses the .pdb file and the C++ source code to gener-
ate an instrumenteceysion of the source code.

4. tau_instrumentor takes the folleving commandline options:

Usage: /apps/tau-2.x/sgi64/bin/tau_instrumentor
<pdbfile> <sourcefile> [-0 <outputfile>] [-noinline]
[-g groupname][-i headerfile][-c|-c++|-fortran] [-f
<instr_req_file>] [-rn <return_keyword>] [-rv
<return_void_keyword>]

The -noinline option prents the instrumentation of inlined routines. All rou-
tines in the source file can be logically grouped inté\d Group using the -g
“groupname” option. An alternate header file can be used (instead of the
default Profilerh using the -i headerfile option. The instrumentor can automati-
cally deduce the language of the source filexayréning the pdb file. The user
can werride this behaor using the -c, -c++ or -fortran option by specifying

the language associated with the source file. Thestafthe placement of
instrumentation in the source fileo $pecify a seleaté instrumentation file,

use the -f file option. A seleeg instrumentation file can contain a list of rou-
tines to &clude from instrumentation (one per line breted by
BEGIN_EXCLUDE_LIST and END_EXCLUDE_LIST). Alternatelyou can
specify a list of routines that should be included for instrumentation (no other
routines are instrumented besides the ones in this list). Such a list istboack
by BEGIN_INCLUDE_LIST and END_INCLUDE_LIST as slva in the
<taudir>/examples/autoinstrument/select file. The final -rn and -ey<k

words> options to tau_instrumentor aothe user to specify a macro that
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calls return in a routine with a nomid and a wid return type respewugly.

TAU'’s timers need to be stopped before a return statement. When the source
code contains a macro that calls return, it is important to stop the timers before
the macro is imoked in the instrumented source code. These -rn and -rv
options help the tau_instrumentor identify the location of subroukite e

5. See
examples/autoinstrument/Makefile . For example, the original
malefile

CXX =CC

CFLAGS =

LIBS =-lm

TARGET = klargest

HHH R
# Original Rules
HHH R
all: $(TARGET)
$(TARGET): $(TARGET).o

$(CXX) $(LDFLAGS) $(TARGET).0 -0 $@ $(LIBS)
$(TARGET).o : $(TARGET).cpp

$(CXX) $(CFLAGS) -¢ $(TARGET).cpp
clean:

$(RM) $(TARGET).0 $(TARGET)
HHH R

is modified as follaws. Some changes are shmoin bold font.

TAUROOTDIR  =/usr/local/packages/tau2/
include $(TAUROOTDIR)/sgi64/Makefile.tau

CXX = $(TAU_CXX)
CFLAGS = $(TAU_INCLUDES) $(TAU_DEFS)
LIBS =-Im $(TAU_LIBS)

PDTPARSE =$(PDTDIR)/$(CONFIG_ARCH)/bin/cxxparse
TAUINSTR =$(TAUDIR)/$(CONFIG_ARCH)/bin/tau_instrumentor
HHHHHH A R H R R R R R R R

# Modified Rules

HHHHHH A R H R R R R R R R

all:  $(TARGET) $(PDTPARSE) $(TAUINSTR)

$(TARGET): $(TARGET).o
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$(CXX) $(LDFLAGS) $(TARGET).0 -0 $@ $(LIBS)

# Use the instrumented source code to generate the

object code
$(TARGET).0:  $(TARGET).inst.cpp

$(CXX) -c $(CFLAGS) $(TARGET).inst.cpp -0 $(TAR-
GET).o

# Generate the instrumented source from the original
source and the pdb file
$(TARGET).inst.cpp : $(TARGET).pdb $(TARGET).cpp
$(TAUINSTR)

$(TAUINSTR) $(TARGET).pdb $(TARGET).cpp -0 $(TAR-
GET).inst.cpp

# Parse the source file to generate the pdb file
$(TARGET).pdb : $(PDTPARSE) $(TARGET).cpp
$(PDTPARSE) $(TARGET).cpp $(CFLAGS)

clean:
$(RM) $(TARGET).o $(TARGET).inst.cpp $(TARGET)

$(TARGET).pdb
HEHHHHH R HH R R R
$(PDTPARSE):

@ echo Ukkkhkkkhhkkkhhkkkhkhkkkhkhkkkhkhkkkkkhkhkkkkhkhkx?

@echo “Download and Install Program Database Toolkit “

@echo “ERROR: Cannot find $(PDTPARSE)”

@ ec h 0 kkkkkkkhkkkhhhkhkkhhkkhkkhhkhhhkhhkhhrx?

$(TAUINSTR):
@echo Hkkkkkhhhkhkkkkkkkkkkhhhhhhhhhhhkhhkkkxxx"
@echo “Configure TAU with -pdt=<dir> option to use”
@echo “C++ instrumentation with PDT”
@echo “ERROR: Cannot find $(TAUINSTR)”

@ ec h 0 kkkkkkhkkkhhhkhkkhhhkhhkkhhkhhhkhhkhhrx?

6. Compile and eecute the application.

The user may also opt to manually insektJTmacros in the source code using the

C++ instrumentation API. The folldng section describes this API in detalil.

26
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Using TAU with PDT and MPI

To use PDT for source code instrumentation alhld'$ MPI wrapper interposition
library, modify the dediult compilation rule as stum in the @ample belo:

TAUROOTDIR = /usr/local/packages/tau-2.x
include $(TAUROOTDIR)/include/Makefile
USE_TAU =1

# Comment above line to disable TAU

CXX = $(TAU_CXX)

PDTCXXPARSE = $(PDTDIR)/$(PDTARCHDIR)/bin/cxxparse

TAUINSTR = $(TAUROOTDIR)/$(CONFIG_ARCH)/bin/
tau_instrumentor

CFLAGS =$(TAU_INCLUDE) $(TAU_DEFS) $(TAU_MPI_INCLUDE)
LIBS = $(TAU_MPI_LIBS) $(TAU_LIBS) $(LEXTRAL)
$(EXTRALIBS) -Im

LDFLAGS = $(USER_OPT) $(TAU_LDFLAGS)

T T T T T R R T

ifdef USE_TAU

COMP_RULE = $(PDTCXXPARSE) $< $(CFLAGS); \
$(TAUINSTR) $*.pdb $< -0 $*.inst.cpp -g RING; \
P$(CXX) $(CFLAGS) -c $*.inst.cpp -0 $@ ; \
rm -f $*.pdb ;

else

# DISABLE TAU INSTRUMENTATION

TAU_DEFS =

# Don’t use TAU MPI wrapper library

TAU_MPI_LIBS = -L/usr/local/lib -Impich

TAU_LIBS =

TAU_WRAPPER_LIB =

TAU_INCLUDE =

COMP_RULE = $(CXX) $(CFLAGS) -c $<-0 $@ ;

endif

TR T R IR

TARGET =ring

all: $(TARGET)

OBJS = $(TARGET).o
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$(TARGET):  $(OBJS)
$(CXX) $(LDFLAGS) $(OBJS) -0 $@ $(LIBS)
# Compilation rule

.Cpp.o:
$(COMP_RULE)

Using TAU with PDT and Opari

The folloving example shws the use of PDT and Opari for OpenMP instrumenta-

tion in a Malefile.

TAUROOTDIR /ust/local/tau-2.x

include $(TAUROOTDIR)/include/Makefile

CXX $(TAU_CXX)

CG= $(TAU_CC)

F90= $(TAU_F90)

PDTCPARSE = $(PDTDIR)/$(PDTARCHDIR)/bin/cparse
PDTF90PARSE = $(PDTDIR)/$(PDTARCHDIR)/bin/f90parse
TAUINSTR = $(TAUROOTDIR)/$(CONFIG_ARCH)/bin/
tau_instrumentor

OPARI_TOOI= $(OPARIDIR)/tool/opari

CFLAGS = $(TAU_INCLUDE) $(TAU_DEFS)

FFLAGS =

LIBS = $(TAU_LIBS) $(TAU_FORTRANLIBS)
$(LEXTRAL)

#LIBS = $(TAU_DISABLE) $(TAU_FORTRANLIBS)
LDFLAGS =$(USER_OPT)

MAKEFILE = Makefile

TARGET = mandel

HHHHHHH

install: $(TARGET)
$(TARGET): ppm.o $(TARGET).o0 mytimer.o opari.tab.o

@ ec h 0 tkkkkkkhkkkkkhhkkkhhkhhkkkkkhhkkkhkkkhkkkkkhhkkx?

@echo “LINKING: “
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$(TAU_LINKER) $(LDFLAGS) $(TARGET).0 ppm.o mytimer.o

opari.tab.o -0 $@ $(LIBS)

$(TARGET).0 : $(TARGET).f90 ppm.o

@echo Ukkkkkkkhkkkkhkkkkkhkkkkkhkkkkkkkkkkkkkkkkkkkix?
@echo “Creating $(TARGET).0:"

$(RM) opari.rc

$(OPARI_TOOL) -nosrc -table opari.tab.c $*.f90
$*.pomp.fo0

$(PDTF90PARSE) $*.pomp.f90 -MPDT_MODULES
$(TAUINSTR) $*.pomp.pdb $*.pomp.f90 -0 $*.inst.f90
$(F90) $(FFLAGS) -¢ $*.inst.f90 -0 $@

ppm.o : ppm.fo0
@echo S T e
@echo “Creating ppm.o: “
$(PDTF90PARSE) $<
if [ -d PDT_MODULES ] ; then true; \
else mkdir PDT_MODULES ; fi
if [!-f PPM.mod ] ; then true ; \
else mv PPM.mod PDT_MODULES ; fi

$(TAUINSTR) $*.pdb $< -0 $*.inst.fo0
$(F90) $(FFLAGS) -c $*.inst.f90 -0 $@

opari.tab.o: $(TARGET).o
@echo Ukkkkkkkhkhkkhkhkkkhhkkkkkhkkkhkkkkkkkkkkkkkkk?
@echo “Creating opari.tab.o:”
$(CC) $(CFLAGS) -c opari.tab.c

mytimer.o : mytimer.c
@echo e R e
@echo “Creating mytimer.o:”
$(PDTCPARSE) $<
$(TAUINSTR) $*.pdb $< -0 $*.inst.c
$(CC) $(CFLAGS) -c $*.inst.c -0 $@

TAU Portable Pofiling and Tacing Dolkit Users Guide

29



Instrumentation

TAU_REDUCE: A tool foreducing

instrumentation werhead

When all routines in a source file are instrumented, frequexeisuéing light-
weight routines may cause an instrumentatizertvead that distorts the perfor-
mance data.dreduce the instrumentatiomeshead, the user can select routines
that should not be instrumented and specify this in a seddostrumentation file
that can be specified as a commandlilgeiiarent to tau_instrumentor or tau_run.

However, creating lists of routines manually can be tedioosaid the user in iden-
tifying which routines should be rewed, tau_reduce may be used.

tau_reduce is an application that will apply a set of-deéined rules to a pprof
dump file in order to create a select file that will includexatuele list for selectie
implementation for AU. The user must specify the name of the pprof dump file

that this application will use. This is done with the -f filename flag. If no rule file is
specified, then a single deiit rule will be applied to the file. This rule is:

numcalls > 1000000 & usecs/call < 2,
which will exclude all routines that are called at least 1,000,000 timesvanape
less then tw microseconds per call. If a rule file is specified, then this rule is not
applied. If no output file is specified, then the results will be printed out to the
screen.
OPTIONS:
tau_reducehas the follaving options gailable at the command line:

-f <filename> : speciffFilename of pprof dump file (defilt: temp.out)

-p :Print out all routines with their attrilies (for debgging)

-0 <filename> : specify filename for select @etput (dehult: print to screen)

-r <filename> : specify filename fBule file

-v :Verbose mode (for each rule, print out rule and all routthes it excludes)

RULES:
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Users can specify a set of rules for tau_reduce to appéyrules should be speci-
fied in a separate file, one rule per line, and the file name should be specified with
the appropriate option on the command line. The grammar for a rule is:

[GROUPNAME:]FIELD OPERATOR NUMBER.

The GROUPNAME followed by the colon (:) is optional. If included, the rule will
only be applied to routines that are a member of the group specified. Only one
group name can be applied to each rule, and a rule must lipoupname. If

only a groupname is\ggn, then an unrecognized field error will be returned. If the
desired d&ct is to e&clude all routines that belong to a certain group, thewialtri
rule, such as GBRUP:numcalls > -1 may be applied. If a groupnamevisrgilut

the data does not containyagroupname data, then an error message will\@ngi
but the rule will still be applied to the date ignoring the groupname specification.

A FIELD is ary of the routine attribtes listed in the folling table:

TABLE 1. Fields used in specifying rules in tau_educe

ATTRIB UTE NAME MEANING

numcalls Number of times this routine is called

numsubrs Number of subroutines that this routine contains
percent Percent of total implementation time

cumusec Inclusive routine running time, in microseconds
count Exclusive hardvare count

totalcount Inclusive hardvare count

stddey Standard déation

usecs/call Microseconds per call

counts/call Hardware counts per call

Some FIELDS are onlyvailable for certain files. If hardave counters are used,

then usec, cumusec, usecs/per call are not applicable and a error is reported. The
opposite is true if timing data is used rather than harewounters. Also, stddés

only available for certain files that contain that data (wh&k Ts configured with -
PROFILESTATS). An OPERAOR is aw of the follawing: < (less than), > (greater
than), or = (equals). A NUMBER is smumber A compound rule may be formed

by using the & (and) symbol in betweerotaimple rules. There is no “OR”
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because there is an implied or between $&parate simple rules, each on a sepa-
rate line. (i.e. the compound rule usec < 1000 OR numcalls = 1 is the same as the
two simple rules “usec < 1000” and “numcalls = 17).

EXAMPLES:

#exclude all routines that are members U USER and hee less than

#1000 microseconds

TAU_USER:usec < 1000

#exclude all routines that ke less than 1000 microseconds and are
#called only once.

usec < 1000 & numcalls = 1

#exclude all routines that ke less than 1000 usecs per call OReha percent
#less than 5

usecs/call < 1000

percent<5

NOTE: Any line in the rule file that lggns with a # is a comment lineoir

clarity, blank lines may be inserted in between rules and will also be ignored.

C++ Measuement API

The API is a set of macros that can be inserted in the C++ source codeen e
sion of the same API israilable to instrument C andFfran sources. This is dis-
cussed later
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At the bginning of each instrumented source file, include thewiatig header

#include <Profile/Profiler.h>

TAU_PROFILE(function_name, type, group);

Arguments:

char *function_name or string& function_name
char *type_name or string& type

TauGroup_t group

With TAU_PROFILE the functiorfunction_name s profiled.
TAU_PROFILEidentifies the function uniquely by the combination of its name

and type parameters. Each function is also associated with the group specified. This
information can seleately enable or disable instrumentation in a set of profile
groups. A function that belongs to thAU_DEFAULTgroup is alvays profiled.

Other user defined groups ara&U_USERTAU_USER1TAU_USER?
TAU_USER3TAU_USER4The top lgel function in ag thread must be profiled

using the AU_DEFAULT group. for details on using seleesi instrumentation,

please refer to the section “Running the application” in Chapter 4.

Example:

int main(int argc, char **argv)

{
TAU_PROFILE(“main()’”,"int (int, char **)”, TAU_DEFAULT);

string& CT(v ariable);

Arguments:
<type> variable

TheCT macro returns the runtime type information string och@able. This is use-

ful in constructing the type parameter of f&U_PROFILEmacro. er templates,

the type information can be constructed using the type of the return and the type of
each of the guments (parameters) of the template. Tra®le in the follaving

macro will clarify this.
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TAU_TYPE_STRING(variable, type_string);

Arguments:
string & variable;
string & type_string;

This macro assigns the string constructed in type_string tatreble. Thet oper-
ator and th€€T macro can be used to construct the type string of an object. This is
useful in identifying templates uniquels shan belav.

Example:

template<class PLayout>
ostream& operator<<(ostreamé& out, const Particle-
Base<PLayout>& P) {
TAU_TYPE_STRING(taustr, “ostream (ostream, “ + CT(P) +
)
TAU_PROFILE(“operator<<()”, taustr, TAU_PARTICLE |
TAU_IO);

When PLayout is instantiated witJhiformCartesian<3U, double> ,
this generates the unique template name:

“operator<<() ostream const ParticleBase<UniformCarte-
sian<3U, double> > )"

The folloving example illustrates the usage of 8& macro to gtract the name of
the class associated with th&egi object using T(*this);

template<class PLayout>
unsigned ParticleBase<PLayout>::GetMessage(Message&
msg, int node) {
TAU_TYPE_STRING(taustr, CT(*this) + “ unsigned (Mes-
sage, int)");

34
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TAU_PROFILE(“ParticleBase::GetMessage()”, taustr,
TAU_PARTICLE):

When PLayout is instantiated witklhiformCartesian<3U, double> ,
this generates the unique template name:

“ParticleBase::GetMessage() ParticleBase<UniformCarte-
sian<3U, double> > unsigned (Message, int)”

TAU_PROFILE_TIMER(timer , name, type, goup);

Arguments:

Profiler timer;

char *name or string& name;
char *type or string& type;
TauGroup_t group;

With TAU_PROFILE_TIMER a group of one or more statements is profiled. This
macro has a timeraviable as its first gument, and then strings for name and type,
as described earlidt associates the timer to the profile group specified in the last
parameter

Example:

template< class T, unsigned Dim >

void BareField<T,Dim>::fillGuardCells(bool reallyFill)

{
/I profiling macros
TAU_TYPE_STRING(taustr, CT(*this) + “ void (bool)” );
TAU_PROFILE(“BareField::fillGuardCells()", taustr,

TAU_FIELD);

TAU_PROFILE_TIMER(sendtimer, “fillGuardCells-send”,
taustr, TAU_FIELD);
TAU_PROFILE_TIMER(localstimer, “fillGuardCells-
locals”, taustr, TAU_FIELD);

TAU Portable Pofiling and Facing Dolkit Users Guide 35



Instrumentation

TAU_PROFILE_START(timer);

Arguments:
Profiler timer;

The macroTAU_PROFILE_STARTstarts the timer associated with the set of
statements that are to be profiled.

TAU_PROFILE_STOP(timer);

Arguments:
Profiler timer;

The macroaTAU_PROFILE_STORstops the timer

It is important to note that timers can be nestatinbt oerlapping. AU detects
programming errors that lead to susledaps at runtime, and prints aming mes-
sage.

Example:

template< class T, unsigned Dim >
void BareField<T,Dim>::fillGuardCells(bool reallyFill)
{
/I profiling macros
TAU_TYPE_STRING(taustr, CT(*this) + “ void (bool)”);
TAU_PROFILE(“BareField::fillGuardCells()", taustr,
TAU_FIELD);

TAU_PROFILE_TIMER(sendtimer, “fillGuardCells-send”,
taustr, TAU_FIELD);
TAU_PROFILE_TIMER(localstimer, “fillGuardCells-
locals”, taustr, TAU_FIELD);
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...

TAU_PROFILE_START(sendtimer);

/l set up messages to be sent

Message** mess = new Message*[nprocs];

int iproc;

for (iproc=0; iproc<nprocs; ++iproc) {
messJiproc] = NULL;
recvmsg(iproc] = false; }//... other code

TAU_PROFILE_STOP(sendtimer);

TAU_GLOBAL_TIMER(timer , name, type, goup);

Arguments:
Profiler timer;
string name, type;
TauGroup_t group;

As TAU_PROFILE_TIMER is used within the scope of a block (typically a rou-
tine), TAU_GLOBAL_TIMER can be used across faifent routines in the same
file.

TAU_GLOBAL_TIMER_ST ART(timer);

Arguments:
Profiler timer;

TAU_GLOBAL_TIMER_STARTtarts the timefThe timer in this case is declared
in the file scope.

TAU_GLOBAL_TIMER_ST OP(timer);

Arguments:
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Profiler timer;

TAU_GLOBAL_TIMER_STORtops the timer which is declared in the file scope.

Example:

TAU_GLOBAL_TIMER(looptimer, “Loops in foo.cpp”, “ “,
TAU_USER);

void foo()

{

TAU_GLOBAL_TIMER_START (looptimer);
for (i=0; i<N; i++) { /* do something */ }
TAU_GLOBAL_TIMER_STOP(looptimer);

}

void bar()

{
TAU_GLOBAL_TIMER_START(looptimer);
for(j=0; j<N; j++) { /* do something */ }
TAU_GLOBAL_TIMER_STOP(looptimer);

TAU_PROFILE_SET_GROUP_NAME(gr oupname);

Arguments:
char *groupname;

TAU_PROFILE_SET_GROUP_NAMtfacro allevs the user to change the group
name associated with the instrumented routine. This macro must be called within
the instrumented routine.

void foo()

{
TAU_PROFILE(*foo()", “void ()", TAU_USER);
TAU_PROFILE_SET_GROUP_NAME(“Particle”);
[* gives a more meaningful group name */

}
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TAU_PROFILE_TIMER_SET_GR OUP_NAME(timer,
groupname);

Arguments:
Profiler timer;
char *groupname;

TAU_PROFILE_TIMER_SET_GROUP_NAMEanges the group hame associ-
ated with a gien timer

Example:

void foo()

{
TAU_PROFILE_TIMER(looptimer, “foo: loopl1”, “ “,

TAU_USER);

TAU_PROFILE_START (looptimer);
for (inti=0;i<N; i++) { /* do something */ }
TAU_PROFILE_STOP(looptimer);
TAU_PROFILE_TIMER_SET_GROUP_NAME(“Field”);

TAU_PROFILE_STMT(statement);

Arguments:
statement;

TAU_PROFILE_STMTdeclares aariable that is used only during profiling or for
execution of a statement that &skplace only when the instrumentation isvacti
When instrumentation is inaeé (i.e., when profiling and tracing are turneftiasf
described in Chapter 2), all macros are defined as null.

Example:

TAU_PROFILE_STMT(T obj;); // T is a template parameter)
TAU_TYPE_STRING(str, “void () " + CT(obj) );
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TAU_PROFILE_INIT(ar gc, agv);

Arguments:
int argc;
char **argv;

TAU_PROFILE_INIT parses the command-linegaments for the names of pro-

file groups that are to be seleelly enabled for instrumentation. By deft, if this
macro is not used, functions belonging to all profile groups are enabled.

Example:

int main(int argc, char **argv){
TAU_PROFILE("main()”, “int (int, char **)”,
TAU_DEFAULT);
TAU_PROFILE_INIT(argc, argv);

TAU_PROFILE_SET_NODE(myNode);

Arguments:
int myNode;

The TAU_PROFILE_SET_NODEmacro sets the node identifier of tkeeuting
task for profiling and tracing.abks are identified using node, conignd thread
ids. The profile data files generated will accordingly be named
profile.<node>.<context>.<thread>

TAU_PROFILE_SET_CONTEXT(myContext);

Argument:
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int myContext;

TAU_PROFILE_SET_CONTEXSets the congt parameter of thexecuting task
for profiling and tracing purposes. This is similar to setting the node parameter with
TAU_PROFILE_SET_NODE

TAU_REGISTER_THREAD();

To ragister a thread with the profiling systemyake the
TAU_REGISTER_THREABacro in the run method of the thread priorxeceit-

ing ary other AU macro. This sets up thread identifiers that are later used by the
instrumentation system.

TAU_REGISTER_FORK(nodeid, option);

Arguments:

int nodeid,;

enum TauFork_t option;

/* TAU_INCLUDE_PARENT_DATA or TAU_EXCLUDE_PARENT_DATA*/

To rayister a child process obtained from the fork() syscalbke the
TAU_REGISTER_FORHKacro. It taks two parameters, the first is the node id of
the child process (typically the process id returned by the fork callydd.ax-1

range intger). The second parameter specifies whether the performance data for
the child process should be dexd from the parent at the time of fork
(TAU_INCLUDE_PARENT_DATAr should be independent of its parent at the
time of fork TAU_EXCLUDE_PARENT_DAJAf the process id is used as the
node id, before gnanalysis is done, all profile files should bewasted to contigu-
ous node numbers (from 0..N-1). It is highly recommended to use flat contiguous
node numbers in this call for profiling and tracing.

Example:
pID = fork();
if (pID == 0)
{
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printf(“Parent : pid returned %d\n”, pID);
}

else

{
I If we'd used the TAU_INCLUDE_PARENT_DATA, we'd get
/I the performance data from the parent in this process
/Il as well.
TAU_REGISTER_FORK(pID, TAU_EXCLUDE_PARENT_DATA);
printf(“Child : pid = %d”", pID);

TAU_PROFILE_EXIT(message);

Argument:
const char * message;

TAU_PROFILE_EXIT should be called prior to an errotitdfrom the program so
that ary profiles or gent traces can be dumped to disk before quitting.

Example:

if ((ret = open(...)) <0) {
TAU_PROFILE_EXIT(“ERROR in opening a file”);
perror(“open() failed”);
exit(1);

}

TAU_PROFILE_TIMER_SET_N AME(t, newname)

Arguments:
Profiler timer;
string newname;
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TAU_PROFILE_TIMER_SET_NAMBacro changes the name associated with a
timer to the ne@name agument.

Example:

void foo()

{
TAU_PROFILE_TIMER(timer1, “foo:loopl”, * “, TAU_USER);

TAU_PROFILE_TIMER_SET_NAME(timer1, “foo:lines 21-34");
}

TAU_PROFILE_TIMER_SET_TYPE(t, newtype)

Arguments:
Profiler t;
string newtype;

This macro changes the type string associated with the @imeitar to
TAU_PROFILE_TIMER_SET_NAME

TAU_PROFILE_TIMER_SET_GR OUP(t, group)

Arguments:
Profiler t;
TauGroup_t group;

TAU_PROFILE_TIMER_SET_GROUEghanges the group associated with a timer

Example:

void foo()

{
TAU_PROFILE_TIMER(t, “foo loop timer”, “ , TAU_USER1);
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TAU_PROFILE_TIMER_SET_GROUP(t, TAU_USER3);
}

TAU_DISABLE_INSTRUMENTATION();

TAU_DISABLE_INSTRUMENTATIOMhacro disables all entryi instrumenta-
tion within all threads of a conte This allavs the user to selecély enable and
disable instrumentation in parts of his/her code. It is important to re-enable the
instrumentation within the same basic block and scope.

TAU_ENABLE_INSTRUMENTATION();

TAU_ENABLE_INSTRUMENTATIOMacro re-enables alkU instrumentation.

All instances of functions and statements that occur between the disable/enable sec-
tion are ignored byAU. This allavs a user to limit the trace size, if the macros are
used to disable recording of a set of iterations tha tiee same characteristics as,

for example, the first recorded instance.

Example:

main() {
foo();
TAU_DISABLE_INSTRUMENTATIONY();
for (inti=0;i<N;i++){
bar(); // not recorded
}
TAU_ENABLE_INSTRUMENTATION();
bar(); // recorded

}
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TAU_ENABLE_GROUP(group);

Arguments:
TauGroup_t group;

TAU_ENABLE_GROURacro turns on instrumentation in all routines associated
with the profile group.

Example:

void foo()

{
TAU_PROFILE(*foo()", * “, TAU_USERY);

TAU_ENABLE_GROUP(TAU_USER);
}

TAU_DISABLE_GROUP(group);

Arguments:
TauGroup_t group;

TAU_DISABLE_GROUIacro turns dfinstrumentation in all routines associated
with the profile group.

Example:

void foo()

{
TAU_PROFILE(*foo()”, “ *, TAU_USER);

TAU_DISABLE_GROUP(TAU_USER);
}
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TAU _GET_PROFILE_GR OUP(groupname);

Arguments:
string groupname;

TAU_GET_PROFILE_GROUP allavs the user to dynamically create groups based
on strings, rather than use predefined, statically assigned groups such as
TAU_USER1, RU_USER?2 etc. This alles names to be associated in creating
unique groups that are more meaningful, using names of files or directories for
instance.

Example:

#define PARTICLES TAU_GET_GROUP(“PARTICLES”)
void foo()

{
TAU_PROFILE(*foo()", “ “, PARTICLES);

}
void bar()

{
TAU_PROFILE(*bar()", “ “, PARTICLES);

}

TAU_ENABLE_GROUP_NAME(gr oupname);

Arguments:
string groupname;

TAU_ENABLE_GROUP_NAMtacro can turn on the instrumentation associated
with routines based on a dynamic group assigned to them. It is important to note
that this and th@ AU_DISABLE_GROUP_NAMBacros apply to groups created
dynamically usingr’AU_GET_PROFILE_GROUP

46

TAU Portable Pofiling and Tacing Dolkit Users Guide



C++ Measurement API

TAU_DISABLE_GROUP_NAME(gr oupname);

Arguments:
string groupname;

Similar toTAU_ENABLE_GROUP_NAMEis macro turns bthe instrumentation
in all routines associated with the dynamic group created using
TAU_GET_PROFILE_GROUP

Example:

#define PARTICLES TAU_GET_PROFILE_GROUP(“PARTICLES");
void foo()
{
TAU_DISABLE_GROUP_NAME(“PARTICLES");
[* after some work */
TAU_ENABLE_GROUP_NAME(“PARTICLES");

}

TAU_ENABLE_ALL_GR OUPS();

This macro turns on instrumentation in all groups

TAU_DISABLE_ALL_GR OUPS();

This macro turns 6éinstrumentation in all groups.

Example:

void foo()

{
TAU_DISABLE_ALL_GROUPS();
TAU_ENABLE_GROUP_NAME(“PARTICLES");
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TAU_REGISTER_EVENT (variable, event_name);

Arguments:
TauUserEvent & variable;
char * event_name;

TAU can profile usedefined gents usingd AU_REGISTER_EVENT he meaning
of the eent is determined by the user

TAU_EVENT (variable, value);

Arguments: TauUserEvent & variable;
double value;

TAU_EVENTassociates aalue with some useatefined gent. When thewent is
triggered and this macro igexuted, AU maintains statistics, such as maximum,
minimum \alues, standard di&ation, number of samples, etc. for tracking this
event.

Example:

int ArraySend(int arrayid)
{
TAU_REGISTER_EVENT (taumsgsize, “Size of message asso-
ciated with Arrays”);
int size = GetArraySize(arrayid);
TAU_EVENT(size);
...
}
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TAU_REPORT_STATISTICS();

TAU_REPORT_STATISTICSprints the aggigate statistics of usevents across
all threads in each nodeyfically, this should be called just before the main thread
exits.

TAU_REPORT_THREAD_STATISTICS();

TAU_REPORT_THREAD_STATISTICSrints the aggigate, as well as per
thread userwent statistics. yipically, this should be called just before the main
thread eits.

TAU_TRACE_SENDMSG(tag, destination, length);

Arguments:

int tag;

int destination;
int length;

TAU_TRACE_SENDMSG traces an intprocess message communication when a
tagged message is sent to a destination process.

TAU _TRACE_RECVMSG(tag, source, length);

Arguments:
int tag;

int source;
int length;
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TAU_TRACE_RECVMSfaces a recee operation where tag represents the type
of the message reeed from the source process.

Example:

if (pid == 0}
TAU_TRACE_SENDMSG(currCol, sender, ncols * sizeof(T));
MPI_Send(vctr2, ncols * sizeof(T), MPI_BYTE, sender,
currCol, MPI_COMM_WORLD);
}else {
MPI_Recv(&ans, sizeof(T), MPI_BYTE, MPI_ANY_SOURCE,
MPI_ANY_TAG,MPI_COMM_WORLD, &stat);
MPI_Get_count(&stat, MPI_BYTE, &recvcount);
TAU_TRACE_RECVMSG(stat.MPI_TAG, stat. MPI_SOURCE,
recvcount);

NOTE: When RU is configured to use MPI (-mpiinc=<dir> -mpilib=<dir>), the
TAU_TRACE_RECVMSG andAU_TRACE_SENDMSG macros are not
required. The wrapper interposition library in &(7_MPI_LIBS) uses these mac-
ros internally for logging messages.

TAU_DB_DUMP();

TAU_DB_DUMP macro dumps all profile data to disk and records a checkpoint or
a snapshot of the profile statistics at that instant. The dump files are named
dump.<node>.<conk>.<thread>.

TAU_DB_DUMP_INCR();

This is similar to the AU_DB_DUMP macro bt it produces dump files thatueaa
timestamp in their names. This alle the user to record timestamped incremental
dumps as the applicatiorexutes.
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TAU_GET_FUNC_NAMES(functionList, numFuncs);

Arguments:
char **functionList;
int numFuncs;

This macro fills the funcList gument with the list of timer and routine names. It
also records the number of routines\aein the numFuncs gument.

TAU_DUMP_FUNC_NAMES();

This macro writes the names of aetfunctions to a file named
dump_functionnames_<node>.<cotite

TAU_GET_COUNTER_NAMES(counterList,
numCounters);

Arguments:
char **counterList;
int numCounters;

TAU_GET_COUNTER_NAMERuUrns the list of counter names and the number of
counters used for measurement. Wheatfickock time is used, the counter name of
“default” is returned.

TAU_GET_FUNC_VALS(inFuncs, numRoutines,
counterExclusiveValues, counterinclusveValues,
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numcCalls, numSubrs, counterNames,
numOfCounters);

It gets detailed performance data for the list of routines. The user specifies inFuncs
and the number of routinesAD then returns the otherguments with the perfor-
mance data. counterExclushalues and counterinclygValues are te dimen-

sional arrays: the first dimension is the routine id and the second is counter id. The
value is indged by these tevdimensions. numCalls and numSubrs (or child rou-
tines) are one dimensional arrays.

Example:

const char **inFuncs;

/* The first dimension is functions, and the second
dimension is counters */

double **counterExclusiveValues;

double **counterinclusiveValues;

int *numOfCalls;

int *numOfSubRoutines;

const char **counterNames;

int numOfCouns;

TAU_GET_FUNC_NAMES(functionList, numOfFunctions);

[* We are only interested in the first two routines
that are executing in
this context. So, we allocate space for two routine
names and get the
performance data for these two routines at runtime.
*
if(humOfFunctions >=2 }{
inFuncs = (const char **) malloc(sizeof(const char
*) * 2);

inFuncs[0] = functionList[0];
inFuncs[1] = functionList[1];

/lJust to show consistency.
TAU_DB_DUMP();

TAU_GET_FUNC_VALS(inFuncs, 2,
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counterExclusiveValues,
counterinclusiveValues,
numOfCalls,
numOfSubRoutines,
counterNames,
numOfCouns);

TAU_DUMP_FUNC_VALS_INCR(inFuncs, 2);

cout<<‘QQQQPEPPPEPEPEE@@@@" << end;

cout << “The number of counters is: “ << numOfCouns <<
endl;

cout << “The first counter is: “ << counterNames[0] <<
endl;

cout << “The Exclusive value of: * << inFuncs|0]
<< *"ijs: " << counterExclusiveValues[0][0] <<
endl;
cout << “The numOfSubRoutines of: “ << inFuncs[0]
<< *"ijs: " << numOfSubRoutines[0]
<< endl;

cout << “The Inclusive value of: “ << inFuncs[1]
<< *"is: " << counterinclusiveValues[1][0]
<< endl;

cout << “The numOfCalls of: “ << inFuncs[1]
<< *"ijs: " << numOfCalls[1]
<< endl;

cout<<‘Q@QQPEPPPEPEPEE@@@@" << end;
}

TAU_DB_DUMP_INCR();
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TAU_DUMP_FUNC_VALS(inFuncs, numFuncs);

Arguments:
char **inFuncs;
int numFuncs;

TAU_DUMP_FUNC_VAlites the data associated with the routines listed in
inFuncs to disk. The number of routines is specified by the user in numFuncs.

TAU_DUMP_FUNC _VALS INCR(inFuncs,
numFuncs);

Arguments:
char **inFuncs;
int numFuncs;

Similar toTAU_DUMP_FUNC_VALSThis macro creates an incremental selecti
dump and dumps the results with a date stamp to the filename such as
sel_dump__Thu-Ma28-16:30:48-2002__.0.0.0. In this manner thevipres
TAU_DUMP_FUNC_VALS_INCR(...) are not @erwritten (unless theoccur
within a second).

TAU Mapping API

TAU allows the user to map performance data of entities from one layer to another
in multi-layered softwre. Mapping is used in profiling (and tracing) both synchro-
nous and asynchronous models of computationniapping, the follwing macros

are used. First locate and identify the higlegel statement using the
TAU_MAPPINGnacro. Then, associate a function identifier with it using the
TAU_MAPPING_OBJECTRssociate the high Vel statement to a Functioninfo
object that will be visible to leer level code, using AU_MAPPING_LINK and

then profile entire blocks usifigAU_MAPPING_PROFILEIndependent sets of
statements can be profiled usingU_MAPPING_PROFILE_TIMER
TAU_MAPPING_PROFILE_STAR®BNATAU_MAPPING_PROFILE_STOP
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macros using the Functioninfo object. ThH&Ulexamples/mapping  directory
has tvo examples émbedded andexternal ) that illustrate the use of this map-
ping API for generating object-oriented profiles.

TAU_MAPPING(statement, key);

Arguments:
statement ; // any C++ statement
TauGroup_t key; // TAU group/unique key associated

TAU_MAPPINGs used to encapsulate the C++ statement thatame tw map to
some other layeiThe other layer carxecute synchronously or asynchronously
with respect to this statement. They kkorresponds to a number that thedo layer
will use to refer to this statemenbriexample,

int main()
{
Array <2> A(N, N), B(N, N), C(N,N), D(N, N);
/[Original statement:
A=B+C+D;
/linstrumented statement:
TAU_MAPPING(A =B + C + D; , TAU_USER);

TAU_MAPPING_CREATE(name, type, ley,
groupname, tid);

Arguments:

char *name, type, groupname;

TauGroup_t key; // TAU group/unique key associated
int tid; // Thread id

TAU_MAPPING_CREATIS similar toTAU_MAPPINGout it requires the name,
type and group name parameters (as character strings) to be specified. It creates a
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mapping and associates it with they khat is specified. Latgthis key may be spec-
ified to retrize the FunctionInfo object associated with theg for timing pur-
poses. The thread identifier is specified intitie parameter

Example:

TAU_MAPPING_CREATE(“foo()”, “void ()",
function_id,”"USER?”, tid);

TAU_MAPPING_OBJECT(FuncldV ar);

Arguments: Functioninfo *FuncldVar;

To create storage for an identifier associated with a highglrde&atement that is
mapped using AU_MAPPINGwe use th8 AU_MAPPING_OBJECHacro. ler
example, in theTAU_MAPPINGample, the arrayxpressions are created into
objects of a class Expressiogikel, and each statement is an object that is an
instance of this classolembed the identity of the statement we store the mapping
object in a data field in this class. This iswhdelav:

template<class LHS,class Op,class RHS,class EvalTag>
class ExpressionKernel : public Pooma::lterate_t

{
public:

typedef ExpressionKernel<LHS,Op,RHS,EvalTag> This_t;
I
// Construct from an Expr.
// Build the kernel that will evaluate the expression
on the given domain.
/I Acquire locks on the data referred to by the
expression.
I
ExpressionKernel(const LHS&,const Op&,const
RHS&,Pooma::Scheduler_t&);

virtual ~ExpressionKernel();

I
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// Do the loop.
1
virtual void run();

private:

I/l The expression we will evaluate.
LHS Ihs_m;

Op op_m;

RHS rhs_m;
TAU_MAPPING_OBJECT(TauMapFI)

5

TAU_MAPPING_LINK(FuncldV ar, Key);

Arguments: Functioninfo *FuncldVar;
TauGroup_t Key;

TAU_MAPPING_LINKcreates a link between the object defined in
TAU_MAPPING_OBJECTthat identifies a statement) and the actual hitgvext
statement that is mapped wilAU_MAPPINGThe Key agument represents a
profile group to which the statement belongs, as specified iAtbe MAPPING
macro agument. Br the &ample of array statements, this link should be created in
the constructor of the class that representsxpeeesionTAU_MAPPING_LINK
should be recuted before gnmeasurement tak place. It assigns the identifier of
the statement to the object to which Fun@dkéfers. Br example

I

/I Constructor

I/l Input an expression and record it for later use.

I

template<class LHS,class Op,class RHS,class EvalTag>

ExpressionKernel<LHS,Op,RHS,EvalTag>::

ExpressionKernel(const LHS& Ihs,const Op& op,const
RHS& rhs, Pooma:Scheduler_t& scheduler) :
Pooma::Iterate_t(scheduler, forEachTag(Make-
Expression<LHS>::make(lhs), DataBlockTag<Count-
Blocks>(),SumCombineTag()) +
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forEachTag(MakeExpression<RHS>::make(rhs), Dat-
aBlockTag<CountBlocks>(),SumCombineTag()), -1),
Ihs_m(lhs), op_m(op), rhs_m(rhs)
{
TAU_MAPPING_LINK(TauMapFI, TAU_USER)
/I .. rest of the constructor

}

TAU_MAPPING_PROFILE (FuncldV ar);

Arguments; Functioninfo *FuncldVar;

The TAU_MAPPING_PROFILEnacro measures the time and attids it to the
statement mapped TAU_MAPPINGnacro. It taks as its gument the identifier
of the higher leel statement that is stored usingU_MAPPING_OBJECa&nd
linked to the statement usiid\U_MAPPING_LINKmacros.
TAU_MAPPING_PROFILEneasures the time spent in the entire block in which it
is invoked. For example, if the time spent in the run method of the class dods w
that must be associated with the higlesel array &pression, then, we can instru-
ment it as follavs:

I

/I Evaluate the kernel

/I Just tell an InlineEvaluator to do it.
I

template<class LHS,class Op,class RHS,class EvalTag>
void
ExpressionKernel<LHS,Op,RHS,EvalTag>::run()

{
TAU_MAPPING_PROFILE(TauMapFl)

/I Just evaluate the expression.
KernelEvaluator<EvalTag>().evalate(lhs_m,op_m,rhs_m);
I/l we could release the locks here or in dtor

}
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TAU_MAPPING_PROFILE_TIMER(timer
FuncldVar);

Arguments: Profiler timer;
FunctionInfo * FuncldVar;

TAU_MAPPING_PROFILE_TIMERnNables timing of ingidual statements,

instead of complete blocks. It will attrite the time to a highdevel statement. The
second aggument is the identifier of the statement that is obtained after
TAU_MAPPING_OBJEC&ndTAU_MAPPING_LINKhave executed. The timer
argument in this macro is gvariable that is used subsequently to start and stop the
timer.

TAU_MAPPING_PROFILE_START (timer, tid);

Argument:
Profiler timer;
int tid;

TAU_MAPPING_PROFILE_STARStarts the timer that is created using
TAU_MAPPING_PROFILE_TIMERThis will measure the elapsed time in groups

of statements, instead of the entire block. A corresponding stop statement stops the
timer as described ®re The thread identifier is specified in the tid parameter

TAU_MAPPING_PROFILE_STOP(tid);

Arguments:
int tid;

TAU_MAPPING_PROFILE_STOBtops the timer associated with the mapped
lower-level statements. This is used in conjunction with
TAU_MAPPING_PROFILE_TIMERNATAU_MAPPING_PROFILE_START
macros. Example:

template<class LHS,class Op,class RHS,class EvalTag>
void
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ExpressionKernel<LHS,0Op,RHS,EvalTag>::run()
{
TAU_MAPPING_PROFILE_TIMER(timer, TauMapFl);
printf(“ExpressionKernel::run() this = %x\n”, this);
[/l Just evaluate the expression.

TAU_MAPPING_PROFILE_START(timer);
KernelEvaluator<EvalTag>().evaluate(lhs_m, op_m,
rhs_m);
TAU_MAPPING_PROFILE_STOP();
/I we could release the locks here instead of in the
dtor.

}

This concludes our Mapping section.

C Measuement API

The API for instrumenting C source code is similar to the C++ API. Theralifce

is thatthe TAU_PROFILE() macro is not aailable for identifying an entire
block of code or function. Instead, routine transitions apdiatly specified using
TAU_PROFILE_TIMER() macro withTAU_PROFILE_START() and
TAU_PROFILE_STOP() macros to indicate the entry andtdrom a routine.
Note that,TAU_TYPE_STRING() andCT() macros are not applicable for C. Itis
important to declare theAU_PROFILE_TIMER() macro after all theariables
have been declared in the function and before xeewion of the first C statement.

Example:

int main (int argc, char **argv)
{ .
int ret;
pthread_attr_t attr;
pthread_t tid;
TAU_PROFILE_TIMER(tautimer,”"main()”, “int (int, char
**)" TAU_DEFAULT);
TAU_PROFILE_START (tautimer);
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TAU_PROFILE_INIT(argc, argv);
TAU_PROFILE_SET_NODE(0);

pthread_attr_init(&attr);
printf(“Started Main...\n");

/I other statements
TAU_PROFILE_STOP(tautimer);
return O;

Fortran90 Measwrment API

The Fortran90 AU API allows source code written iroRran to be instrumented
for TAU. This APl is comprised ofdftran routines. Asxplained in Chapter 2, the
instrumentation can be disabled in the program by usingAblesiub makfile
variable AU_DISABLE on the link command line. This points to a library that
contains empty AU instrumentation routines.

TAU_PROFILE_INIT()

TAU_PROFILE_INIT routine must be called beforeyasther AU instrumentation
routines. It is called once, in the topdéroutine (program). It initializes theAU
library.

Example:

PROGRAM SUM_OF_CUBES
integer profiler(2)
save profiler

call TAU_PROFILE_INIT()

TAU_PROFILE_TIMER(pr ofiler, name)

Arguments:
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integer profiler(2)
character name(size)

To profile a block of Brtran code, such as a function, subroutine, loop etc., the user
must first declare a profilewhich is an intger array of tw elements (pointer) with

the sae attribute, and pass it as the first parameter ta'thd_PROFILE_TIMER
subroutine. The second parameter must contain the name of the routine, which is
enclosed in a single quofBAU_PROFILE_TIMERdeclares the profiler that must

be used to profile a block of code. The profiler is used to profile the statements
usingTAU_PROFILE_STARTandTAU_PROFILE_STORas aplained later
Example:

subroutine bcast_inputs
implicit none

integer profiler(2)

save profiler

include ‘mpinpb.h’
include ‘applu.incl’

integer IERR

call TAU_PROFILE_TIMER(profiler, ‘bcast_inputs’)

TAU_PROFILE_START (pr ofiler)

Arguments:
integer profiler(2)

TAU_PROFILE_STARTstarts the timer for profiling a set of statements. The timer
(or the profiler) must be declared usingU_PROFILE_TIMERroutine, prior to
usingTAU_PROFILE_START

TAU_PROFILE_STOP(profiler)

Arguments:
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integer profiler(2)

TAU_PROFILE_STOPstops the timer used to profile a set of statements. It is
used in conjunction witfAU_PROFILE_TIMERandTAU_PROFILE_START
subroutines.

Example:

subroutine setbv
implicit none

include ‘applu.incl’
c
¢ local variables
c
integer profiler(2)
save profiler
integer i, j, k
integer iglob, jglob

call TAU_PROFILE_TIMER(profiler, ‘setbv’)
call TAU_PROFILE_START(profiler)
¢ setthe dependent variable values along the top and
¢ bottom faces
doj=1,ny
jglob = jpt +j
doi=1, nx
iglob = ipt + i
call exact(iglob, jglob, 1,u(1,1i,j,1)
)

))

call exact(iglob, jglob, nz, u( 1,1, j, nz

end do
end do
call TAU_PROFILE_STOP(profiler)
return
end
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TAU_PROFILE_SET_NODE(myNode)

Arguments:
integer myNode

The TAU_PROFILE_SET_ NODEmMacro sets the node identifier of tkeeuting
task for profiling and tracing.abks are identified using node, comtand thread
ids. The profile data files generated will accordingly be named
profile.<node>.<context>.<thread>

TAU_PROFILE_SET_CONTEXT(myContext)

Argument:
integer myContext

TAU_PROFILE_SET_CONTEXSets the cont parameter of thexecuting task

for profiling and tracing purposes. This is similar to setting the node parameter with

TAU_PROFILE_SET_NODE

TAU_PROFILE_REGISTER_THREAD()

To ragister a thread with the profiling systemyake the
TAU_PROFILE_REGISTER_THREAButine in the run method of the thread
prior to executing ag other AU routine. This sets up thread identifiers that are
later used by the instrumentation system.

TAU_DISABLE_INSTRUMENTATION()

TAU_DISABLE_INSTRUMENTATION macro disables all entryi¢ instrumenta-
tion within all threads of a conte This allavs the user to seleetly enable and
disable instrumentation in parts of his/her code. It is important to re-enable the
instrumentation within the same basic block.
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TAU_ENABLE_INSTRUMENTATION()

TAU_ENABLE_INSTRUMENTATION macro re-enables alAU instrumentation.

All instances of functions and statements that occur between the disable/enable sec
tion are ignored byAU. This allavs a user to limit the trace size, if the macros are
used to disable recording of a set of iterations thad tide same characteristics as,

for example, the first recorded instance.

Example:
call TAU_DISABLE_INSTRUMENTATION()

call TAU_ENABLE_INSTRUMENTATION()

TAU_PROFILE_EXIT(message)

Argument:
character message(size)

TAU_PROFILE_EXIT should be called prior to an errotit6from the program so
that ary profiles or gent traces can be dumped to disk before quitting.

Example:
call TAU_PROFILE_EXIT(‘abort called’)

TAU_REGISTER_EVENT(variable, event_name)

Arguments:
int variable(2)
character event_name(size)

TAU can profile usedefined gents using AU_REGISTER_EVENT he meaning
of the eent is determined by the us&he first agument to
TAU_REGISTER_EVENTS the pointer to an inger array This array is declared
with a sae attritute as shon belaw.
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Example:

integer eventid(2)
save eventid
call TAU_REGISTER_EVENT((eventid, ‘Error in Iteration’)

TAU_EVENT (variable, value)

Arguments:
integer variable(2)
real value

TAU_EVENTassociates aalue with some useatefined gent. When thewvent is
triggered and this macro igexuted, AU maintains statistics, such as maximum,
minimum \alues, standard diation, number of samples, etc. for tracking this
event.

Example:

call TAU_REGISTER_EVENT (taumsgsize, ‘Message size’)
call TAU_EVENT(size)

TAU_REPORT_STATISTICS()

TAU_REPORT_STATISTICSprints the aggigate statistics of usevents across
all threads in each nodeyfically, this should be called just before the main thread
exits.

TAU_REPORT_THREAD_STATISTICS()

TAU_REPORT_THREAD_STATISTICSBrints the agggate, as well as per
thread userwent statistics. yipically, this should be called just before the main
thread eits.
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TAU_TRACE_SENDMSG(tag, destination, length)

Arguments:
integer tag

integer destination
integer length

TAU_TRACE_SENDMSfaces an inteprocess message communication when a
tagged message is sent to a destination process.

TAU_TRACE_RECVMSG(tag, source, length)

Arguments:
integer tag
integer source
integer length

TAU_TRACE_RECVMSfaces a recee operation where tag represents the type
of the message reeed from the source process.

Summary

In C++, a single macrdAU_PROFILE is suficient to profile a block of state-
ments. In C anddftran, the user must use statemewellémers to achiee this,
usingTAU_PROFILE_TIMER TAU_PROFILE_STARTand
TAU_PROFILE_STOPInstrumentation of C++ source code can be done manually
or by using tau_instrumenta tool that can automatically inseAd annotations

in the source code. Implementation ofatfan 90 instrumentor is in progress.
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CHAPTER 4

Profiling

This chapter describes running an instrumented application and the generation and
subsequent analysis of profile data. Profilingnghthe summary statistics of per-
formance metrics that characterize application performanceibeHaxamples of
performance metrics are the CPU time associated with a routine, the count of the
secondary data cache misses associated with a group of statements, the number of
times a routinexecutes, etc.
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Running the application

After instrumentation and compilation are completed, the profiled application is run
to generate the profile data files. These files can be stored in a directory specified by
the ewironment \ariable PRFILEDIR as eplained in Chapter 2. By dailt, all
instrumented routines and statements are measweldctrely measure groups

of routines and statements, we can use the command-line paraipretie

to specify the statements to be profiled. Example:

% setenv PROFILEDIR /home/sameer/profiledata/
experiment55
% mpirun -np 4 matrix

This profiles all routines
% mpirun -np 4 matrix --profile io+field+2
The abee profiles routines belonging TAU_IO, TAU_FIELD andTAU_USER2

profile groups. Br a detailed list of groups, please refer to
[TAU-PGROUPS-URL]

Running an application using DynInstAPI

Install DyninstAPI package and refer to the installed directory while configuring
TAU. Usetau_run, a tool that instruments the application at runtime.

The commandline options accepted by tau_run are:

Usage:tau_run[-Xrun<Taulibrary>][-f<instrumentation
file> ] <application> [args]

By default, libTAU.so is loaded by tau_run. iWHever, the user canverride this and
specify another file using the -Xrunallibrary>. In this case lib<alllibrary>.so

will be loaded using LD_LIBRAKR_PATH. The -f <instrumentation file> option

can be used to specify axctude/include list of routines for instrumentation. The
list of routines to bexeluded from instrumentation is specified, one per line,
enclosed by BEGIN_EXCLUDE_LIST and END_EXCLUDE_ LISfstead of
specifying which routines should brctuded, the user can specify the list of rou-
tines that are to be instrumented using the include list, one routine name per line,
enclosed by BEGIN_INCLUDE_LIST and END_INCLUDE_ LISExample:
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BEGIN_EXCLUDE_LIST
void quicksort(int *, int, int)
void sort_5elements(int *)
void interchange(int *, int *)
END_EXCLUDE_LIST

To use tau_run,AU is configured with DyninstAPI as sha belav:

% configure -dyninst=/usr/local/packages/dyninstAPI
% make install

% cd tau/examples/dyninst

% make install

% tau_run klargest 2500 23

% pprof; racy

Using Hadware Rerformance Counter

Performance countergist on modern microprocessors. These count harelywer-
formance eents such as cache misses, floating point operations, etc. while the pro-
gram eecutes on the processdhe Performance Data Standard and ARP(P
[PAPI-URL]) and Performance Counter Library (PCL, [PCL-URL]) packages pro-
vide a uniform interdice to access these performance countétd.chn use either
PAPI or PCL to access these haate performance counters @o so, danload

and install RPI or PCL. Then, configureAU using the -pcl=<dir> or -papi=<dir>
configuration command-line option to specify the location of PCLASGH FBuild

TAU and applications as you normallypwuld (as described in Chapters 2 and 3).
While running the application, set thevennment \ariablePCL_EVENT or
PAPI_EVENT respectrely, to specify which hardare performance counteAU
should use while profiling the applicatiororfexample to measure the floating

point operations in routines using PCL,

% ./configure -pcl=/usr/local/packages/pcl-1.2
% setenv PCL_EVENT PCL_FP_INSTR
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% mpirun -np 8 application

TABLE 2. Events measued by setting the ewironment variable

PCL_EVENTIn TAU

PCL_EVENT

Event Measured

PCL_L1CACHE_READ

L1 (Level one) cache reads

PCL_L1CACHE_WRITE

L1 cache writes

PCL_L1CACHE_READWNRITE

L1 cache reads and writes

PCL_L1CACHE_HIT

L1 cache hits

PCL_L1CACHE_MISS

L1 cache misses

PCL_L1DCACHE_READ

L1 data cache reads

PCL_L1DCACHE_WRITE

L1 data cache writes

PCL_L1DCACHE_READWRITE

L1 data cache reads and writes

PCL_L1DCACHE_HIT

L1 data cache hits

PCL_L1DCACHE_MISS

L1 data cache misses

PCL_L1ICACHE_READ

L1 instruction cache reads

PCL_L1ICACHE_WRITE

L1 instruction cache writes

PCL_L1ICACHE_READNRITE

L1 instruction cache reads and writes

PCL_L1ICACHE_HIT

L1 instruction cache hits

PCL_L1ICACHE_MISS

L1 instruction cache misses

PCL_L2CACHE_READ

L2 (Level two) cache reads

PCL_L2CACHE_WRITE

L2 cache writes

PCL_L2CACHE_READNRITE

L2 cache reads and writes

PCL_L2CACHE_HIT

L2 cache hits

PCL_L2CACHE_MISS

L2 cache misses

PCL_L2DCACHE_READ

L2 data cache reads

PCL_L2DCACHE_WRITE

L2 data cache writes

PCL_L2DCACHE_READNRITE

L2 data cache reads and writes

PCL_L2DCACHE_HIT

L2 data cache hits

PCL_L2DCACHE_MISS

L2 data cache misses

PCL_L2ICACHE_READ

L2 instruction cache reads

PCL_L2ICACHE_WRITE

L2 instruction cache writes

PCL_L2ICACHE_READWRITE

L2 instruction cache reads and writes
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TABLE 2. Events measued by setting the exir onment variable

PCL_EVENTIin TAU

PCL_EVENT

Event Measured

PCL_L2ICACHE_HIT

L2 instruction cache hits

PCL_L2ICACHE_MISS

L2 instruction cache misses

PCL_TLB_HIT TLB (Translation Lookaside Bfér) hits
PCL_TLB_MISS TLB misses

PCL_ITLB_HIT Instruction TLB hits
PCL_ITLB_MISS Instruction TLB misses
PCL_DTLB_HIT Data TLB hits

PCL_DTLB_MISS Data TLB misses

PCL_CYCLES Cycles

PCL_ELAPSED_CYCLES

Cycles elapsed

PCL_INTEGER_INSTR

Integer instructionsxecuted

PCL_FP_INSTR

Floating point (FP) instructionxecuted

PCL_LOAD_INSTR

Load instructionsxecuted

PCL_STORE_INSTR

Store instructions»@cuted

PCL_LOADSTORE_INSTR

Loads and storescecuted

PCL_INSTR

Instructions gecuted

PCL_JUMP_SUCCESS

Successful jumpsxecuted

PCL_JUMP_UNSUCCESS

Unsuccessful jumpsxecuted

PCL_JUMP

Jumps gecuted

PCL_ATOMIC_SUCCESS

Successful atomic instructiongezuted

PCL_ATOMIC_UNSUCCESS

Unsuccessful atomic instructionseeuted

PCL_ATOMIC

Atomic instructions gecuted

PCL_SRALL_INTEGER

Integer stalls

PCL_S®LL_FP

Floating point stalls

PCL_S®ALL_JUMP Jump stalls

PCL_SRLL LOAD Load stalls

PCL_SRALL_STORE Store Stalls

PCL_SRALL Stalls

PCL_MFLOPS Millions of floating point operations/second
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TABLE 2. Events measued by setting the ewironment variable

PCL_EVENTIin TAU

PCL_EVENT

Event Measured

PCL_IPC

Instructions gecuted perycle

PCL_L1DCACHE_MISSRAE

Level 1 data cache miss rate

PCL_L2DCACHE_MISSRAE

Level 2 data cache miss rate

PCL_MEM_FP_RAIO

Ratio of memory accesses to FP operatio

To select floating point instructions for profiling usirgA®P, you would:

% configure -papi=/usr/local/packages/papi-2.3

% make clean install
% cd examples/papi

% setenv PAPI_EVENT PAPI_FP_INS

% a.out

TABLE 3. Events measued by setting the ewironment variable

PAPI_EVENT in TAU

PAPI_EVENT Event Measured

PAPI_L1_DCM Level 1 data cache misses

PAPI L1 ICM Level 1 instruction cache misses
PAPI_L2_DCM Level 2 data cache misses

PAPI L2 ICM Level 2 instruction cache misses
PAPI_L3_DCM Level 3 data cache misses

PAPI L3 ICM Level 3 instruction cache misses
PAPI_L1_TCM Level 1 total cache misses

PAPI L2 TCM Level 2 total cache misses

PAPI_L3_TCM Level 3 total cache misses

PAPI_CA_SNP Snoops

PAPI_CA_SHR Request for access to shared cache line (SMP)
PAPI_CA_CLN Request for access to clean cache line (SMP)
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TABLE 3. Events measued by setting the exir onment variable

PAPI_EVENT in TAU

PAPI_EVENT Event Measured

PAPI_CA_INV Cache Line Iaalidation (SMP)
PAPI_CA_ITV Cache Line Intergntion (SMP)
PAPI_L3_LDM Level 3 load misses

PAPI L3 STM Level 3 store misses

PAPI_BRU_IDL Cycles branch units are idle
PAPI_FXU_IDL Cycles intger units are idle

PAPI_FPU_IDL Cycles floating point units are idle
PAPI_LSU_IDL Cycles load/store units are idle
PAPI_TLB_DM Data translation lookasideiffer misses
PAPI_TLB_IM Instruction translation lookasidertier misses
PAPI_TLB_TL Total translation lookasideuffer misses

PAPI L1 LDM Level 1 load misses

PAPI_L1_STM Level 1 store misses

PAPI L2 LDM Level 2 load misses

PAPI_L2_STM Level 2 store misses

PAPI_BTAC_M BTAC miss

PAPI_PRF_DM Prefetch data instruction caused a miss
PAPI L3 DCH Level 3 Data Cache Hit

PAPI_TLB_SD Translation lookasideuffer shootdavns (SMP)
PAPI_CSR_RAL Failed store conditional instructions
PAPI_CSR_SUC Successful store conditional instructions
PAPI_CSR_TOT Total store conditional instructions
PAPI_MEM_SCY Cycles Stalled \Aiting for Memory Access
PAPI_MEM_RCY Cycles Stalled \Afting for Memory Read
PAPI_MEM_WCY Cycles Stalled \Aiting for Memory Write
PAPI_STL_ICY Cycles with No Instruction Issue
PAPI_FUL_ICY Cycles with Maximum Instruction Issue
PAPI_STL_CCY Cycles with No Instruction Completion
PAPI_FUL_CCY Cycles with Maximum Instruction Completion
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TABLE 3. Events measued by setting the ewironment variable

PAPI_EVENT in TAU

2d

PAPI_EVENT Event Measured

PAPI_HW_INT Hardware interrupts

PAPI_BR_UCN Unconditional branch instructiongexuted
PAPI_BR_CN Conditional branch instructionsecuted
PAPI_BR_TKN Conditional branch instructions &k
PAPI_BR_NTK Conditional branch instructions not &k
PAPI_BR_MSP Conditional branch instructions mispredicted
PAPI_BR_PRC Conditional branch instructions correctly predicte
PAPI_FMA_INS FMA instructions completed

PAPI_TOT_IIS Total instructions issued

PAPI_TOT _INS Total instructions xecuted

PAPI_INT_INS Integer instructionsxecuted

PAPI_FP_INS Floating point instructionsxecuted
PAPI_LD_INS Load instructions>xecuted

PAPI_SR_INS Store instructionsx@cuted

PAPI_BR_INS Total branch instructionsxecuted
PAPI_VEC_INS Vector/SIMD instructions»ecuted
PAPI_FLOPS Floating Point Instructionscecuted per second
PAPI_RES_STL Cycles processor is stalled on resource
PAPI_FP_SRAL FP units are stalled

PAPI_TOT_CYC Total g/cles

PAPI_IPS Instructions gecuted per second
PAPI_LST_INS Total load/store instructionsecuted
PAPI_SYC_INS Synchronization instructionxecuted
PAPI_L1_DCH L1 D Cache Hit

PAPI_L2_DCH L2 D Cache Hit

PAPI_L1 DCA L1 D Cache Access

PAPI_L2_DCA L2 D Cache Access

PAPI_L3 DCA L3 D Cache Access

PAPI_L1_DCR L1 D Cache Read
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TABLE 3. Events measued by setting the exir onment variable
PAPI_EVENT in TAU

PAPI_EVENT Event Measured
PAPI_L2_DCR L2 D Cache Read

PAPI_L3 _DCR L3 D Cache Read

PAPI_L1 DCW L1 D Cache Write
PAPI_L2_DCW L2 D Cache Write
PAPI_L3_DCW L3 D Cache Write

PAPI L1 ICH L1 instruction cache hits
PAPI_L2_ICH L2 instruction cache hits

PAPI L3 ICH L3 instruction cache hits
PAPI_L1_ICA L1 instruction cache accesses
PAPI L2 ICA L2 instruction cache accesses
PAPI_L3_ICA L3 instruction cache accesses
PAPI L1 ICR L1 instruction cache reads
PAPI_L2_ICR L2 instruction cache reads
PAPI L3 ICR L3 instruction cache reads
PAPI_L1_ICW L1 instruction cache writes
PAPI L2 ICW L2 instruction cache writes
PAPI_L3_ICW L3 instruction cache writes
PAPI L1 TCH L1 total cache hits
PAPI_L2_TCH L2 total cache hits

PAPI L3 TCH L3 total cache hits
PAPI_L1_TCA L1 total cache accesses

PAPI L2 TCA L2 total cache accesses
PAPI_L3_TCA L3 total cache accesses

PAPI L1 TCR L1 total cache reads
PAPI_L2_TCR L2 total cache reads

PAPI L3 TCR L3 total cache reads
PAPI_L1_TCW L1 total cache writes

PAPI L2 TCW L2 total cache writes
PAPI_L3_TCW L3 total cache writes
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TABLE 3. Events measued by setting the ewironment variable
PAPI_EVENT in TAU

PAPI_EVENT Event Measured
PAPI_FML_INS FM ins
PAPI_FAD_INS FA ins
PAPI_FDV_INS FD ins
PAPI_FSQ_INS FSqins
PAPI_FNV_INS Finv ins

Using Multiple Hadware Countes for
Measuement

TAU can be configured to record more than one harelywerformance counter
along with time for each timer and routine. dse this feature AU is configured
with the -MULTIPLECOUNTERS option. Example:

%./configure -MULTIPLECOUNTERS -LINUXTIMERS -CPUTIME -
papi=/tools/papi-2.3

LIST OF COUNTERS:

Set the follaving values for the COUNTER<1-25>wronment \ariables.

GET_TIME_OF_DAY --- For the dedult profiling option using gettimeofday()

SGI_TIMERS --- For -SGITIMERS configuration option under IRIX
LINUX_TIMERS --- For -LINUXTIMERS configuration option under Linux
CPU_TIME --- Ir user+system time from getrusage() call with -CPUTIME

P_WALL_CLOCK_TIME --- For FAPI's WALLCLOCK time using -RPI-
WALLCLOCK

P_VIRTUAL_TIME  --- For PAPI's process virtual time usingAPIVIRTUAL
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and RAPI/PCL options that can be found iablles 2 & 3. Example:
PCL_FP_INSTR --- For floating point operations using PCL (-pcl=<dir>)
PAPI_FP_INS --- for floating point operations usin@\PI (-papi=<dir>)

NOTE: When -MUITIPLECOUNTERS is used with -TR2E option, the tracing
library uses the allclock time from the function specified in the COUNTERitiv
able. This should typically point toallclock time routines (such as
GET_TIME_OF_DAY or SGI_TIMERS or LINUX_TIMERS).

Example:

% setenv COUNTER1 P_WALL_CLOCK_TIME
% setenv COUNTER2 PAPI_L1_DCM
% setenv COUNTERS PAPI_FP_INS

will produce profile files in directories called MOLP_WALL_CLOCK_TIME,
MULTI__PAPI_L1_DCM, and MUITI_PAPI_FP_INS.

Running a 8VA application with ‘AU
Java applications are profiled/traced usingtkeunTAU command-line parame-
ter as shan belav:

% cd tau/examples/java/pi

% setenv LD_LIBRARY_PATH $LD_LIBRARY_PATH:/home/tau/
solaris2/lib

% java -XrunTAU Pi

On Solaris, you will need to disable the JIT compiler while usid.Trhis is done
using the-Djava.compiler= option

% java -XrunTAU -Djava.compiler= Pi

To disable the JIT compileif you're using AVA HotSpot JVM, you may need the
-classic flag too.

% java -classic -XrunTAU -Djava.compiler= Pi
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(java -version shaws the ersion of JVM. AU has been tested with JDK
1.2.2 and 1.3t should verk with ary release of JDK after 1.2).

Running the application generates profile files with nameisddhe form pro-
file.<node>.<conte>.<thread>. These files can be analyzed ugimgf or racy
(see belw).

pprof

pprof sorts and displays profile data generatedAly.TTo view the profile, merely
execute pprof in the directory where profile files are located (or s@Rlae
FILEDIR ervironment \ariable).

% pprof

Its usage isxplained belw:

usage: pprof [-c|-b|-m|-t|-e]|-i] [-r] [-S] [-n num] [-f
filename] [-I] [node numbers]
-c : Sort by number of Calls
-b : Sort by number of su Broutines called by a func-
tion
-m : Sort by Mlliseconds (exclusive time total)
-t: Sort by Total milliseconds (inclusive time total)
(DEFAULT)
-e : Sort by Exclusive time per call (msec/call)
-i : Sort by I nclusive time per call (total msec/call)
-v : Sort by standard de Viation (excl usec)
-r: Reverse sorting order
-S : print only Summary profile information
-n num : print only first num functions
-f filename : specify full path and Filename without
node ids
- : List all functions and exit
node numbers : prints information about all contexts/
threads for specified nodes
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pyros [~/mc++]% pprof
Reading Profile files in profile.*

NODE 0; CONTEXT O; THRERD O:
%Time Exclusive Inclusive #Call #Subrs Inclusive Name
msec total msec usec/call
113 . 13 1099481722 main int {(int, char**)

0.112 146, 2 1066206082 transport code
19,016 :46. 1 394442 1066200002 me_kcode void (NeutronParti?
:43.032 : 43, 4] 3915 meo_kcode particle updates
:00.470 : . 485452 dist_to_event void (Cartesi?
:25.717 0 particle_xsec_mg void {(Neut?

[y

Bl OTR ~I R O O

:34.123 dist_to_boundary woid {(Cart?
%%,%gg new_cell void {(NeutronParti?

escape void (HDIndex<3U>, NP
i i i |
=

pprof [-c|-bl-m|-t|-e[-i|-v] [-r]
Sort according to number of Calls |
-b : Sort acceording to number of suBroutines called by a function
-m : Sort according to Milliseconds {exclusive time total)
-t : Sort according to Total milliseconds {inclusive time total)
-e : Sort according to Exclusive time per call {msec/call)

-i : Sort according to Inclusive time per call {total msec/call)
-v : Sort according to Standard Deviation {excl usec)

-r : Reverse sorting order

-2 : print only Summary profile information

-n <num> : print only first <num> number of functions

usage: [-5] [-n num] [-f filename] [-1] [node numbers]
-c

(default)

-f filename : specify full path and Filename without node ids
-1 : List all functions and exit
[node numbers] : prints only info about all contexts/threads of given node numbers

pyros [~/mc++]%

FIGURE 2. pprof in an xemacs windev

jracy

jracy is the graphical inteace to pprof. It shas the profile data in terms of histo-
grams and te displays. jrag requires that da \versionl1.2+ be installed and in the

users path. Imoke jrag in the directory that contains the profile files.

% jracy
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| jRacy: fhomedsameervifitau-data/pprof dat |[=I[3l[x]
File Options Windows Help

Mean [N R
nct 0,00 ] [ .
nct 1,00 [ B [T T
nct 2,00 NN .
nct 3,00 I N .
nct 4,00 I [ .
nct 5,00 I [ .
nct 6,00 I .
nct 70,0 I T (.
nct 80,0 I Y .
nct 9,00 NN (I
nct  10,0,0 [N S [ T
nct  11,0,0 I [
net 1200 NN 02T
nct 13,00 I [ .
nct 1400 NN 0T
nct  15,0,0 I P [ I
nct  16,0,0 I O T -
nct 17,0, N [
nct 18,0,0 I N .
nct 19,0,0 I [ [ -
nct  20,0,0 I P T
nct  21,0,0 I P .
nct 22,00 I T [ .
nct  23,0,0 I I
nct 2400 I T T
nct 2500 I -
nct 2600 NN 02 T
nct 2700 NN 0 O T
nct 28,0,0 I T [
nct  29,0,0 I Y I -
nct  30,0,0 I Y T
nct 3,00 NN 00
nct 3200 NN

FIGURE 3. jracy main window

This shavs the relatie time spent in each function as a horizontagtzgrh. Each

node, contet, thread is represented as a horizontal bar with each function assigned
a color In this main jrag window, click middle mouseutton over sayn,c,t 32,0,0

to see the taual profile of node 32, conte0, thread 0 by selectirishow Total
Statistics Window.
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[ Totel 6.1, 32,00 - ome/sameervitau-tatarppror dat

[=I=x]

File Options Windows Help

%tine msec  total msec #call #subrs  usec/call name

46.5  13:17.683  13:17.683 259 0 3079858 MPI_Bcast()

16.5 4:42.448 4:42.448 38177 0 7398
9.7 2:45.675 2:45.675 10533 0 15729 MPI_Waitsome()
8.6 2:27.618 2:27.651 8476 8476 17420 MPI_Tsend()
7.6 1:29.865 2:10.249 209 1.22161E+06 623204 Double<int> vtf_cpt::BRep: :closest_point{vtf_cpt::Grid &, i
3.9 51,158 1:06.028 4080 8160 16183 EXTRAPOLATESOL IDFLUID
1.9 30,513 32,354 209 64473 154806
1.3 21,478 21,478 1.15635E+06 19 void vtf_cpt::Vertex: :make(const vtf_cpt::Point &, const st
2.4 18,904 40,383 1.Z191E+06 1.15635E+06 33
0.6 10,448 10,448 4388 0 2381 PRIMITIVEFROMCONSERVED
0.5 8,852 8,857 1 7 8857689 void GridHierarchy::ACE_Checkpoint{const char *)
0.5 7,979 7,979 612 0 13038 INVISCIDFLUX
0.5 7,825 7,825 1 5 7825139 MPI_Finalize()
9.2 7,522 2:37.582 213 22611 739824 PyObject *pygrace_synchronizeHierarchy(PyObject *, PyObject
0.4 6,937 6,937 204 0 34007 LRSTATESX : :CONSTRUCTLRSTATESXX
0.4 6,207 6,207 204 0 30429 LRSTATESZ : :CONSTRUCTLRSTATESZZ
0.3 5,807 5,807 204 0 28466 LRSTATESY: :CONSTRUCTLRSTATESYY
0.3 5,709 5,709 1444 0 3954 AMR_PROLONG
0.3 5,529 5,529 4284 0 1291 CONSERVEDFROMPRIMITIVE
0.2 4,138 4,138 209 0 19801 INTERPOLATEVEL
1.1 3,575 18,889 213 4003 88684

31.2 3,201 8:54.290 105 29729 5088480 PyObject “pyarm3d_updateBoundarylocation(PyObject &, PyObje
1.8 2,735 30,775 204 204 150862 EULER
0.1 z1m 2,171 z 3 1085825 MPI_Conn_create()

100.0 1,801  28:34.403 1 2298 1714403840 int main(int, char %)
1.9 1,432 32,820 4 52383 8205209
0.1 1,257 1,257 104 0 12087

[»]

[l

FIGURE 4. Text view of the detailed pofile on n,c,t 32,0,0 sorted
by exclusve time.

We see the display sorted bychusive time. The tet window shavs the inclusie
percentage (where main &100% inclusie time), thanseccolumn shws the
exclusive time in milliseconds, thistal mseccolumn shaevs the time ta&n in
inclusive milliseconds (incluse of all child routines called by avgin routine). The
#call column shws the number of calls for thevgh routine anétisubrsshaws the
number of instrumented child subroutines called byargroutine. Theisec/call
column lists the incluse time per call in microseconds. Finalligename column
shaws the routine or timer for which the data is presented. This display is similar to
the pprof display and the user can sort the performance metricariety of ways.

By choosing th@®ptions menu item, the user can select 8wt Order (Ascend-

ing or Descending, Select Metric (Inclusive, Exclusive, Number of Calls, Num-

ber of Subroutines) or Adjust the jrag colors. By selecting Inclugé as the
metric, the routines are sorted by inclesiime as shen in the nat figure.
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= Total n,c.t, 32,0,0 - fhome/sameer/vtitau-data/pprof.dat |Q@]Z
File Options Windows Help
%time msee  total msee #call #subrs usec/call name
100.0 1,801 28:34.403 1 2298 1714403840 int main(int, char #%)
6.5 13:17.683 13:17.683 259 0 3079858 MPI_Bcast(}
31.2 3,201 8:54.290 105 20779 5088480 PyObject *pyarm3d_updateBoundarylocation(PyObject *, PyObje
29.5 6 8:26.087 52 468 9732459 PyObject ¥pyarn3d_scatterBoundary(PyObject ¥, PyObject %) C
17.0 4 4:51.923 51 408 5723999 PyObject *pyarn3d_timestep(PyObject %, PyObject *) C
16.5 287 4:42.3876 38177 119763 7410
16.5 4:42.448 4:42.448 38177 0 7398
13.2 92 3:46.443 8476 16952 26716 int GridTable::send(unsigned int, GridDataBucket¥oid #, int
9.3 11 2:47.204 209 1672 800020
9.7 382 2:46.182 9020 43721 18424 int comm_service::serve(MPI_Request)
2.7 Z2:45.875 2:45.875 10533 0 15729 MPI_Waitseme()
9.7 7,522 2:37.582 213 27611 738824 PyObject *pygrace_synchronizeHierarchy(PyObject *, PyObject
8.6 2:27.618 2:27.651 8476 8476 17420 MPI_Tsend()
7.6 0.436 2:10.411 209 209 623980 veoid CPTF() C
7.6 1 2:10.411 209 418 623978 void cpt()
7.6 1:29.865 2:10.249 209 1.2Z161E+06 623204 Double<int> vtf_cpt::BRep::closest_point(vtf_cpt::Grid &, vy
3.9 136 1:06.164 102 4080 848673
3.9 51,158 1:06.028 4080 8160 16183 EXTRAPOLATESOLIDFLUID
2.7 664 45,510 51 7796 892364 PyObject ‘pygrace_syncGridFunction(Pyobject %, PyObject %) ¢
z.4 18,904 40,383 1.Z191E+06 1.15635E+06 3
2.0 39 35,120 4 62 8780219 PyObject *pyarm3d_regrid(PyObject *, PyObject *) C
1.9 1,432 32,820 4 52383 8205209
1.9 0.476 32,355 209 209 154813 void CPT_INIT_BREP_F(const int #, const vtf_cpt::Real ¥, coi
1.9 0.907 37,355 200 200 154811 void cpt_init_brep(int, const vtf_cpt::Real *, int, const i
1.9 30,513 32,354 209 64473 154806
1.8 10 30,785 102 204 301823 PyObject #pyarn3d_solve(PyObject ¥, PyObject %) C
1.8 2,735 30,775 204 204 ‘ 150862 EULER =
7 i e, D]

FIGURE 5. Performance data sorted by inclusie time

To see the relaté function profile on one node, click the first moustdn on a
node in the racmain windav.

152,00~ fnome/sameen/viai- data/pprot dat =
File Options Windows Help

46.53% I 1P| _B cast)
16.48% [ IMPI_Testsome(
9.66% I MPI_Waitsome(

Double<int> vtf_cptzBRepzclosest_point(vtf_cptzGrid &
2.98% Il EXTRAPOLATESOLIDFLUID

1.78% 0 void vtf_cpt:BRep:make(int, const vtf_cptzReal *, int, cor
oint & const st
ertex &) const

1.1% D int vtf_cpt:BRep:get_vertex(int, vtf_cpt:
0.61% | PRIMITIVEFROMCONSERVED

0.52% | void GridHierarchyzACE_Checkpoint(const char *)
0.47% | INVISCIDFLUX

0.46% | MPI_Finalize(

0.44% | PyObject *pygrace_synchronizeHierarchy(PyObject *, Py

0.33% | AMR_PROLONG
0.32% | CONSERVEDFROMPRIMITIVE
0.24% | INTERPOLATEVEL

0.21%  PyObject *pygrace_updateBoundary(PyObject *, PyObjec
0.19% PyObject *pyarm3d_updateBoundaryLocation(PyObject *
0.16% | EULER

0.13% | MPI_Comm_create(

0.11% | int mainint, char **)

0.08% void GridHierarchyzACE_RecomposeHierarchy(

0.07%| INTERPOLATEPRESSURE

0.07% | void Cluster3R(GridData3 <short> & double, int, BBoxLi
0.07% void vtf_cptzBRepzclear()

0.07% TECOUT

0.06% | FLUIDSOLVE

R ]

[«l

FIGURE 6. Node profile of node 32 sorted by excluge time
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Click, using the first or the third mousatton, on the name of a function, in the
main jray window, to bring up the function win@othat shavs the profile of the

function over all nodes, conkts and threads.

§| Function Data Window: shomessameerviftau-dataspprof.dat

E=1ES

File Options Windows Help

FUNCTION NAME: MPI_BcastQ

44.72% NG o an
1.22% B nct
47.96% NG .t
48.62% [INININININGNGNN .
47.88% NN .
4g.27% IININININGNGNGNGNN .
47.57% IIINININGNGNGNGNN .t
48.36% [IININIGINININGNGNN
47.67% NN .t
47.4% IININININGNGNGNN .
46.63% NN
EyEyy 00wy
50.1% NG .t
46.85% IININIGININGNGNN .t
49.18% NN
46.63% NG
46.3% NN .t
45.55% [ININIGIGNGN .
46.73% NN .t
46.07% NN .
47.75% NN .
47.36% NN
49.54% IININININGNGNN
47.16% NG .t
46.45% NG .
45.53% [IIINININGNGNN .
47.07% NN
48.13% [INININGNGN .
49.2 4% NG .t
47.94% NG .t
48.84% NG
47.58% NN .t
46.53% NG

10,0

2,0,0

3.0,0

4,0,0

2.0,0

6,0,0

70,0

8.0,0

9.0,0

10,0,0
11,0,0
12,0,0
13,0,0
14,0,0
15,0,0
16,0,0
17,0,0
18,0,0
19,0,0
20,0,0
21,00
22,00
23,00
24,0,0
25,00
26,0,0
27,00
28,0,0
29,00
30,0,0
31,00
32,0,0

[v]

FIGURE 7. The function window shows the profile of the function over all

nodes, contexts and theads.

By default exclusive percentages are displayed in this windto see the actual
time talen by the routine, sele€ptions menu and choosgelect \alue or Per-
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centfollowed byValue. Then choos&elect Unitsto Secondgo see the display in
seconds. Other options include Select Metric (Exejdnclusve, Number of
Calls, Number of Subroutines).a/8ee the winde for MPI_Bcast() routine in the
figure belav.

= |Function Data Window: fhomessameer/viitau-data/pprof.dat |[=I[3l[x]
File Options Windows Help

FUNCTION NAME: MPI_BcastQ

767.706801 NN 1
20.99084 Inct 1,00
g24.1061 NG .t 2,0,0
835.463773 IIIIINIGNGGNNEEEEEEN ..: 3.0,0
g22.585977 NG .t 40,0
829.17663% IIININIGIGIGNINGGNNNNNEEEN ..t 5.0,0
g17.120552 NG .. 6.0,0
830.77473c NG .. 7.0,0
g18.720145 NG .. 8.0,0
g14.107454 NG ..t 9.0,0
800.916142 NG .t 10,0,0
821.975740 NG .t 11.0,0
860.232134 NG . 12,0,0
g04.470852 INIINIGNGNNNNEEEEEEEEEN .: 13.0,0
844.443554 IIIIEIEGNGNGNNNNEEEEEEEE t 14,0,0
800.574833 NG ¢ 15,0,0
794.754467 IIIIININEGGNGNNGNNEEEEEEE .. 16,0,0
781.92073c NG .t 17.0,0
802.00431 NG .. 18.0,0
790.681469 IIININGNGGNGNGNNNNEEEEEEN .t 19.0,0
819.319168 INNININEGNGNNEEEE ..t 20,0,0
g12.67782 NG ..t 21.0,0
849.977531 NG .t 22,0,0
809.063155 NG . 23,0,0
796.894497 IIIININGNGNGNGNGNNNNEEEEEN . : 24,0,0
781.077625 IININININGNGNNEEEN . 25,0,0
807.394708 NG .t 26,0,0
825.4964 NG .t 27,0,0
g44.50673 INIINIGNGGNNNNEEEE .t 28,0,0
822.059133 NG ..t 29.0,0
837.44758 IIIIINIGEGNGNNNEEEEEEEE .. 30,0,0
815.706513 NG . 31,0,0
797.68312 1 NG .t 32.0,0

1 [»]

FiE

FIGURE 8. Exclusive time spent in seconds in MPI_Bcastver all nodes
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By clicking the third mouseutton orer the colored bars, you can cho@®ange
Function Color. The jrag color selection windwe allows you to set the color of a
function as by choosing the HSB, &whes or RGB tabs as shoin the figures
below.

=|Plzase select a new color |[=I[=lx]
Swatches  HSE ~ RGEB |
B @ 229
0§ | 100/
o

R| 102
G o]
B 51
B
n - . Sample Text Sample Text

. . . Sample Text Sample Text .

[ ok || cancer || Reset |

Preview

FIGURE 9. Setting function color in jracy using HSB \alues

[Flzase select a new calor =Bl

Swatches | HSE | RGE |

Recent:

Preview:
[a] - W Samnle Text Sample Tex .
. . . Sample Text Sample Text

| 0K || Cancel || Reset |

FIGURE 10. Color selection in jracy
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Jragy also preides selection of routines based on profile groups. By selaiting
dowsin the menu in anjracy windowv and choosinghow Group Ledger, we see
the groups as shm in the figure belw.

| Group Ledger Window: /home/sameer/vittau-dats —|[A][x

File Windows Help

H mPI

B TAU_GROUP_cpt
H arm3d

B TAU_GROUP_adlib
O TAU_GROUP_grace
B TAU_GROUP_pygrace
O TAU_GROUP_pyarm3d
B TAU_DEFAULT

O TAU_GROUP_tetra
O TAU_GROUP_pyadlib
B TAU_GROUP_O
O TAU_GROUP_pyacis

-

FIGURE 11. Jracy group ledger windov

By clicking on a group name, all members of that group are highlighted. Clicking
the second or the third mousetion on a group name alls the user to select from
Show This Group Only, Show All Gr oups Except This OneandShow All

Groups The choice applies to all displays. By partitioning the performance data
into meaningful groups at the instrumentation phases, we can perform anadysis o
groups and see the cumwatiefect of a group of routines. In the node 32, crnte
0, thread 0, we can choose to see all elements of the MPI groumesisitioe net
figure. This is done by selecting the MPI group in the group ledger
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=|n,ct, 32,0,0 - fhomessameer/viftau-data/pprof.dat

E=1ES

File Options Windows Help

0.46%
0.13%
0.06%
0.05%
0.03%
0.02%
0.02%
0.01%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

46.53% I \P|_Bcast(
1648% 1 MPI_Testsome()
9.66% N MPI_Waitsome()

8.61% N MPI_Isend()

MPI_Finalize()
MPI_Comm_create()
MPI_Comm_dup{)
MPI_Wait()
MPI_Reduce()
MPI_Init{
MPI_Wtime()
MPI_Allgather()
MPI_lrecv()
MPI_Allreduce()
MPI_Type_size()
MPI_Cancel ()
MPI_Comm_size()
MPI_Comm_free()

MPI_Group_translate_ranks()

MPI_Comm_group{)
MPI_Errhandler_set()

[l

FIGURE 12. Exclusive time spent in all MPI routines
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CHAPTER 5 Tracing

Typically, profiling shavs the distrilntion of execution time across routines. It can
shaw the code locations associated with specific bottlenecks, tloes not she
the temporal aspect of performanegiations. Tacing the recution of a parallel
program shars when and where ament occurred, in terms of the process thkat e
cuted it and the location in the source code. This chapter discuss&sbtaan be
used to generatevent traces.
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Genenting Event Taces

TAU must be configured with th@ RACEoption to generatevent traces. This can
be used in conjunction witlPROFILE to generate both profiles and traces. The
traces are stored in a directory specified by the@mment ariableTRACEDIR

or the current directoryy defwult. Example:

% ./configure -SGITIMERS -arch=sgi64 -TRACE -c++=KCC
% make clean; make install

% setenv TRACEDIR /users/sameer/tracedata/experiment56
% mpirun -np 4 matrix

This generates files named

tautrace.<node>.<context>.<thread>.trc and
events.<node>.edf

Using the utilitytau_merge , these traces are then ed as shen belov:

% tau_merge

usage: tau_merge [-a] [-r] inputtraces* (outputtrace|-)
Note: tau_merge assumes edf files are named
events.<nodeid>.edf, and generates a merged edf file
tau.edf

% tau_merge tautrace*.trc matrix.trc

This generates matrix.trc as the ged trace file and tau.edf as the geer @ent
description file.

To corvert meged or petthread traces to another trace format, the utility
tau_convert  is used as shm belav:

% tau_convert

usage: tau_convert [-alog | -SDDF | -dump | -paraver [-
t] | -pv | -vampir [-longsymbolbugfix] [-compact] [-
user|-class|-all] [-nocomm]] inputtrc edffile [output-

trc]

Note: -vampir option assumes multiple threads/node
Note: -t option used in conjunction with -paraver
option assumes multiple threads/node

92

TAU Portable Pofiling and Tacing Dolkit Users Guide



Vampir: Visualizing T AU traces

To view the dump of the trace inxieform, use

% tau_convert -dump matrix.trc tau.edf

tau_corvert can also be used to a@nt traces to theampir trace format [XM-
PIR-URL]. For single-threaded applications (such as the MPI applicatiorepbo
the-pv option is used to generatanpir traces as folles:

% tau_convert -pv matrix.trc tau.edf matrix.pv
% vampir matrix.pv &

To corvert TAU traces to SDDF or ALOG trace formatSDDF and-alog
options may be used. When multiple threads are used on a node (adkwith
pthread or-tulipthread options duringconfigure ), the-vampir
option is used to caert the traces to theanpir trace format, as siva belav:

% tau_convert -vampir smartsapp.trc tau.edf smartsapp.pv
% vampir smartsapp.pv &

To corvert to the Braver trace format, use thparaver  option for single
threaded programs anparaver -t option for multi-threaded programs.

NOTE: To ensure that intgsrocess communicatiowents are recorded in the
traces, in addition to the routine transitions, it is necessary to insert
TAU_TRACE_SENDMSG andAU_TRACE_RECVMSG macro calls in the
source code during instrumentation. This is not needed whe@th&P1 Wrap-
per library is used.

Vampir: Msualizing AU traces

Vampir is a robst parallel trace visualization tool sold bgilBs GmbH [RLLAS-
URL]. It provides a cowenient vay to graphically analyze the performance charac-
teristics of a parallel application. Aaxiety of graphical displays present important
aspects of the application runtime beba

* detailed timeline vies of events and communication
* statistical analysis of programecution

e statistical analysis of communication operations

¢ system snapshot and animation
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¢ dynamic calling tree

15.41s 15.42s 15.43s

ETAU_DEFAULT
ISP MImain{() int {(int, char **) TAU_USER3
" ETAU_USER2

Process 1CabItérate<Scheduler>: :rl:in()

Process 26 E AbcIterate<Scheduler>: :run()
: i
Process 36 ‘{ AbcTterate<Scheduler>::-runf() 6

I
Process 4CabIterat€e<Scheduler>: :run()i

TAU_DEFAULT
TAU_USER2
TAU_USER3

100%/100%

_ = TAU_DEFAULT
| E TAU_USER?2
. " TAU_USER3

Y TAU_UTILITY
E 0 1 2 3 4

| P P P P P
1100% 100% 100% 100% 100%

FIGURE 13. Vampir displays space-time diagrams and pie-charts

When interprocess communication is recorded, itvshap as directed line-ge

ments connecting the sending and réogi processes. The details of a message can

be obtained by clicking on it.
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sindex.bpv: Global Timeline
150. ms 200.0 ms

1 TAU_MESSAGE
TAU_UTILITY
ETAU_DEFAULT
TAU_FIELD
BETAU_SPARSE
ETAU_LAYOUT
STAU_DOMATNHMAP

Node 83 |

Node

Message sent from Hode 3 to Node 0
type: 2

length: 38

sent at 108.287 ms, received at 169
Data rate: 624.969Bytes/sec

Node

Node 384 E\V/

| LClose i

EQJ

FIGURE 14. Vampir Space-time diagram shws inter-process
communication

In Figurel5, “Scheduling wrk paclets in SMAR'S; on page94, we shas how
Vampir can be used to display scheduling ofknpaclets or iterates in the Shared
Memory Asynchronous Runtime System (SMPHR [SMARTS-URL]
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Process

Process

Process

Process

Process

15.1s 15.2s 15.3s 15.4s 15.5s

[dmain{) int {int, char **)
| | i i |
IR EEEEE S
: : 3 3 |
EEFREEEEEED

3.3 . F ¢ l6 = I6 = W
46 HII III6 HII6 2 [32 6 2 (2 [ all6 PERG PERG HI6 2 3

%%ﬂ

ETAU_DEFAULT
TAU_USER3
ETAU_USER2

FIGURE 15. Scheduling work packets in SMARTS

In the nat figure, we see the symbobkend and the dynamic call treewgpro-
vided by \ampir.
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Close|d seazch|»| Print|Fold/untold| 7] 4]

FIGURE 16. Vampir symbol legend and calltee display
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Vampir has been used to compare the scheduling policies of the Bpdkkage.

11.2s 11.4s

AU_UTILITY
ETAU_DEFAULT
: TAU_USER3
! ETAU_USER2

Process 222 666‘66666 $66‘6 66‘ ETAU_USER
Proce552666‘66666$| 2222 6‘6
Process 36‘66‘6666‘6' ‘6666

Process (pid 20

Process 4666‘66666$6‘6‘666

11.0s 11.2s 11.4s

L BTAU_DEFAULT
STl dmain{) int (int, char **} TAU_USER3
| ‘ | | ETAU_USER2
Process 1‘6 6 6 6 6 6 6 6l 6 6 6 '6 6 6
Process |6I6I6I66 I6I6I6I6 6.666.66 33

Process 3$I6666 2 (@2 6.66 66 6 P26

Process 466 66 6 666 6 6 .6 I

FIGURE 17. Comparing scheduling policies in SMAR'S

The following figures illustrate the use oWpir with Jaa applications. After con-
verting the traces andviaking Vampir, choose appropriate colors for groups of
methods usingreferences->Colors->Actities menu in \Aampir.
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Vampir: Visualizing T AU traces

544.5 ms 545.0 ms

| P YL THREAD=JVYM-MainThread; THREAD GROUP=system :?HREAD
java
|3 Y EYFMENTHR EAD=SIGQUIT handler; THREAD GROUP=system sun

Process

pPliava/lang/0Object wait
LT ava/lang/Object wait

1473 1

Process 4

473 ljava/lang/String getBytes
Process 5 i i

Process 6

=i ' T =

FIGURE 18. Timeline display in Vampir shows the actiity (method) that
each thread is in wrt time.

Clicking on a process(thread) selects it. Then the user can see the dynamic call tree
of the process by choosing tReocess Displays->Call fleemenu item as sk
below.
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FIGURE 19. Call tr ee display of a thead shavs the dynamic
call tree annotated with perbrmance metrics.

Vampir has a rich set of global displays. By choosingadobal Displays ->Faral-
lelism View the user can see\wanary threads participate in an adty belonging

to a group at anpoint in time. All timeline displays support a zoom option where
the user can zoom into or out of a section of the trace.
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Vampir: Visualizing T AU traces

S Pi
EricalculatevValue

E1DpLE

FIGURE 20. Parallelism view

By choosing other global displays suchSasnmary chart or Activity chart, the
user can see a global summary of the time spentfaretit groups of methods as
shawn in the follaving figure.
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é .91CalculateValue§
5 sun
® THREAD

PO Pl P2
100% 100% 100%

«00

PbH P6
100% 100%

FIGURE 21. Summaric chart and actiity chart global displays highlight
the groups that take the most time using pie charts and histograms
respectvely.

Hybrid execution models can be traced il by enabling support for the appro-
priate message passing model and thread packagex@mele of such a med
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Vampir: Visualizing T AU traces

model program is sk in the follawing figure. It shws a trace of an
OpenMP+MPI (OpenMPI) program that uses OpenMP threads for lgeppiaral-
lelism and MPI for intecontet message communication. The figureveba time-
line display

H i
e Process 1 I-sa 1 3 L = i Edo_jacobi()
i H =0penMP
10 Process 2 I-BB | g g . E do_transfer()

Process 3 I-S!l 3

Process 4 I-E! ‘

Process5 |11-99 |

o —_—

Process 0 MP1_Recv{)
d T
e Process 1

! Process2 I-!S}
Process 3 I-!Si

Process 4 I-!IEI ‘

Process § I-!ISI |

=do_jacobi() 3
= 0penMP
do_transfer()

FIGURE 22. Tracing an OpenMPI application with TAU

Another kample of mixed model programming is sla belav. It shavs an mpi-
Java [MPIAVA-URL] program that uses the message passing aterfMPI) for
inter-node communication and usesashreads within each node for computation.
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5 3.42s

LR3I MTHREAD=JYM=-MainThread; THREAD GROUP=system
g Process 1
o Process 2
Process 3
Process 4
Process §
Process 6
N Process 0
z Process 1
e Process 2
Process 3
Process 4
Process §
Process 6
N Process 0
:; Process 1
e Process 2

Process 3
2 Process 4
Process 5
Process 6

N Process 0
g Process 1
e Process 2 java/

Process 3 javaflang/Obj
(0L WMP | Sendrecy()
Process §
Process 6

=3

FIGURE 23. Tracing hybrid (mixed-model) execution models with MPI
and Java.
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CHAPTER 6 Summary

The TAU performance franveork and toolkit is an ongoing research andetiep-
ment project. The AU Portable Profiling andracing Tolkit described in this doc-
ument represents functionality present in the current aoftvelease. Alhailable
software should be considered research sofvaailable to the community under
the BSD style license.
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Softwae Availability
TAU Portable Profiling andrécing Toolkit may be demnloaded as fraeare from
the folloving website [AU-URL]:

http://www.cs.uoregon.edu/research/paracomp/tau

For more information, please refer to the documentation section at the dRd.
Bug reports and comments may be sent to:
tau-bugs@cs.uoregon.edu

Technical papers abouAU can be danloaded from the AU Publications home-
page at [AU-PUBS-URL]
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CHAPTER 7 Appendix: Configuation Issues
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Appendix: Configuration Issues

Instructions for Installing AU under Vihdows

Supported Systems: MIovsOX/NT.
Compiler: Microsoft \lsual C++ \érsion 5.0 - Servicedek 3, or abee.

NOTE: Service Bck 3 MUST be installed... it contains requireudj iixes.

Sectionl.

The following steps detail e to kuild TAU libraries on Vihdows9x/NT.

For illustrative purposes, we assume that tA&JToot directory is: “C:\RAU-
SOURCE-DIR".

1. Download TAU. TAU is distrituted as source and preblibraries forWndows.
If you wish to use the preiit libraries, skip to steps 25 and 26.
2. Open Microsoft Vsual C++ ... henceforth referred to as VC++.

3. i) If you wish to create a dynamic library proceed to step 4.
ii) If you wish to create a static library proceed to step 12.

4. Creating a dynamic library alles you to profile Ja code using Sus’
JDK1.2+.

From the “File” menu in VC++, select “M&.
Click on the “Projects” tab

Select “Wn32 Dynamic-Linled Library”.
Type in a name for your nelibrary.

Make sure that the radiation on the right of the meproject windev is set to
“Create a n& workspace”.

10. Click “OK”

11. Please skip to step 18 belo

12. From the “File” menu in VC++, select “M&.
13. Click on the “Projects” tab

14. Select “Win32 Static Library”.

15. Type in a name for your nelibrary.

16. Make sure that the radiation on the right of the meproject windev is set to
“Create a ne workspace”.

17. Click “OK”

© ©®© N o O
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Instructions f or Installing T AU under Windo ws

18.

19.

20.
21.

22.

23.

Open Windows Explorerand, from the AU source you denloaded, cop
the C:\IAU-SOURCE-DIR\include\Profile and CAU-SOURCE-DIR\src\Pro-
file directories to your meproject directoryFor example, if you ne/
project vas located in “C:\Program Files\iZ&tudio\MyProjects\Nw-
TauLib”, you would nev have two nev subdirectories of “C:\Program
Files\DesStudio\MyProject\Ne/ TauLib” named, “include\Profile” and
“src\Profile”.

Now, backin VC++, from the “Project” menu, seleatitl To Project” and click
on “Files”. Move to your ne “src\Profile” directory and select the faling
list of files: (holding dan the control ky whilst clicking so that you can
select more than one file)

Functioninfo.cpp

Profilercpp

RtsLayercpp

RtsThread.cpp

TauJaa.cpp

TauMapping.cpp

UserEent.cpp

WindowsThreadLayecpp

Now click OK.
From the “Project” agin, select “Settings” and then click on the “C/C++".tab

Make sure that the Cajery in “General” and in the “Preprocessor definitions:”
box, add the follwing defines: (separated by commas)
TAU_WINDOWS TAU_DOT_H_LESS_HEADER$ROFILING_ON

If you want to profile a da application, also add:
JAVA

Click “OK”

From the “Dols” menu, select “Options”. Click on the “Directories”.tilake

sure that the “Shw directories for:” field has “Include files” selected.viNadd

a ne include directory named
“C:\YOUR_PROJECT_DIRECDRY\include”. Thus, our alve example
would be: “C:\Program Files\&tudio\MyProjects \NeTauLib\include”.
Also add the include directories for jvmpi.h and jni_md.h. These are typi-
cally in “C:\JAVA_ROOT_DIR\include” and
“C:\JAVA_ROOT_DIR\include\win32". Thus, when done, you shouldeha
three nev include directories listed. Noclick “OK”.

Now, from the “Build” menu, select “Build RRIECT_MME.dIl (or .lib)”
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24. 1Ignoring warnings, you should mohave a library file in your project del
directory

25. If you created a dll for use with\ig you only need to malsure that the dll is
in a location that can be found bydavhen it is running. The command to pro-
file  your Jaa application is: jea -XrunTAU “Java Application Name”
“Application parameters”.  The @eft TAU.dIl for use with a Ja app. is
provided in: “C:\TAU-SOURCE-DIR\windavs\lib”. If, when liilding your
dil from the source, you named it something other thEd.dll, you can
either rename it, or replaceAU” in “java -XrunTAU” with your dll name.

26. If you created a static libraryou will need to include a reference to it in when
you lild your application. Wu can do this by adding the library file to you
list of libraries in “Project -> Settings -> Link” inside VC++auwmust then
malke sure  that the library is in a locationwnao VC++. You can do this in
your “Tools ->Options->Directories->Library files” section of VC++

Section 2.

The Windows port ships with a prefit version of pprof which can be used towie
your profiling data (See theAU documentation for more details). Makure that
pprof.exe is in your current path. It can be found in BVFSOURCE-DIR\win-
dows\bin. Currentlythere is no ersion of Rag for Windows, havever, we are re-
writing Rag in Java and will soon hae it running on the \dows platform.

For information on ha to profile your C/C++ and va code, please see thalor
documentation.

For more information on the Wdows port of AU please send mail to
tau-bugs@cs.uoregon.edu
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CHAPTER 8

Refeences

URLs

[TAU-URL]

[TAU-PUBS-URL]

[TAU-PGROUPS-URL]

[KAI-URL]
[GNU-URL]
[PGI-URL]
[FUJITSU-URL]

[TCLTK-URL]
[NPB-URL]

[DYNINST-URL]

http://www .cs.uoregon.edu/resear ch/
paracomp/tau

http://www .cs.uoregon.edu/resear ch/
paracomp/tau/paper s.html

http://www .acl.lanl.go v/tau/docs/selec-
tive .html

http://www .kai.com
http://www .gnu.org
http://www .pgroup.com

http://www .tools.fujitsu.com/lin  ux/
inde x.shtml

http://www .scriptics.com

http://www .nas.nasa.go v/Software/
NPB/

http://www .cs.umd.edu/pr ojects/d ynin-
StAPI/
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