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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 i@ J&++, C, and éttran.

The model that AU uses to profile parallel, multi-threaded programs maintains
performance data for each thread, ceiitend node in use by an application. The
profiling instrumentation needed to implement the model captures data for func-
tions, methods, basic blocks, and statemeat@tion at these Vels. All C++ lan-
guage features are supported in tA&Jprofiling instrumentation including
templates and namespaces, whictvilable through an API at the library or
application leel. The API also pnides selection of profiling groups forgamniz-

ing and controlling instrumentation. The instrumentation can be inserted in the
source code using an automatic instrumentor tool based on the Program Database
Toolkit (PDT), dynamically using DyninstAPI, at runtime in thealairtual

machine, or manually using the instrumentation API.

TAU's profile visualization tool, Rgcprovides graphical displays of all the perfor-
mance analysis results, in aggaee and single node/cortéhread forms. The
user can quickly identify sources of performance bottlenecks in the application
using the graphical intex€e. In addition, AU can generatevent traces that can
be displayed with thedmpir trace visualization tool.

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

Installing TAU

After uncompressing and untarring tau, 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 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++ compieuapported C++ compilers include KCC
(from KAI), CC (SGl, SUN, Cray), g++ (from GNU), FCC (from Fuijitsu), 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) and KCC (from KAL).

-pthread

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

-tulipthr ead=<directory>

Specifies Tlip threads (HPC++) as the threads package to be used as well as the
location of the root directory where the package is installed. [TULIP-URL]
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-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.[OPENMP-URL]

-pdt=<dir ectory>

Specifies the location of the installed PDT (Program Datalas&if) root direc-
tory. PDT is used todild tau_instrumentor, a C++ instrumentation program that
automatically insertsAU annotations in the source code. [RPDRL]

-pcl=<directory>

Specifies the location of the installed PCL (Performance Counter Library) root
directory PCL pravides a common intesite to access hardve performance
counters on modern microprocessors. The library supports Sun UltraSparc /11,
PaverPC 604e under AlIX, MIPS R10000/12000 under IRIX, Compag Alpha
21164, 21264 undenrit4Unix 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 time). See the section “Using Bigdw
Performance Counters” in Chapter 4 for detaifgrding its usage. [PCL-URL]

-papi=<dir ectory>

Specifies the location of the installelf? (Performance Data Standard and API)
root directory PCL pravides a common intexte to access hardve performance
counters and timers on modern microprocessors. Most modern CRlitepyo-
chip hardvare performance counters that can recoverse eents such as the
number of instructions issued, floating point operations performed, the number of
primary and secondary data and instruction cache misses, etc. This option (by
default) specifies the use of harame performance counters for profiling (instead
of time). When used in conjunction withAPIWALLCLOCK or -PAPIVIRTUAL,

it specifies the use ofaliclock or virtual process timers respgety. See the sec-
tion “Using Hardvare Performance Counters” in Chapter 4 for detagiarcéng its
usage. [RPI-URL]
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-PAPIWALLCLOCK

When used in conjunctionwith the -papi=<dir> option, this optiomal®AU 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. SeelE®elow.

-PAPIVIR TUAL

When used in conjunctionwith 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 wall-clock time. (See NOE belav.)

-CPUTIME

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

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

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

is the total time a program tak to &ecute, inclding the time when it isaiting for
resources. It is the time measured from a real-time clock. The process virtual time
(-PAPIVIRTUAL) 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
system (for recuting a system call, for instance). It is the time spent in the “user”
mode. The CPUTIME on the other hand, includes both the time the process is run-
ning (process virtual time) and the time the system igighreg services for it (such

as &ecuting 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 installedd2 De&elopment Kit (JDK1.2+) root
directory TAU can profile or trace va applications without imodifications to
the source code, byte-code or theayartual machine.
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-dyninst=<dir>

Specifies the directory where Dyninst dynamic instrumentation package is
installed. Using DynInst, a user canake tau_run to instrument anx@cutable
program at runtime. This representsriwin progress [WNINST-URL][PARA-
DYN-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 Intex€e. 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.

-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 analyse the performanceall¢lock time is used for profiling pro-
gram entities.

-PROFILESTATS

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

-PROFILECOUNTERS

Specifies use of hardwe 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
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-SGITIMERS

Specifies use of the free running nano-second 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).

-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 usingavhpir, 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 oral. nfiultiple 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
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b) Installing AU with Jara

% ./configure -c++=g++ -jdk=/usr/local/packages/jdk1.2

% make install

% set path=($path <taudir>/<tauarch>/bin)

% 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 lowv 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 KA’Guide compiler suite and us&M for access-
ing hardvare 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

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

% configure -pthread -CPUTIME

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

Platforms Supported

TAU has been tested on the faliog platforms:
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1. SGI

On IRIX 6.x based systems, including In@aver Challenge, Oyx, Onyx2 and
Origin 200 and 2000 Series, CC 7.2+, KAl [KAI-URL] KCC and gge&[GNU-
URL] compilers are supported.

2. LINUX PCs

On Linux based Intel x86 PC clusters, KAl KCC, g+g¢c®(GNU), pgCC (PGI)
[PGI-URL], FCC (Fujitsu) [FUJITSU-URL] compilers i@ been tested.evsions

of g++ prior to 2.8.1 need an additional -useropt=-fguiding-decls to be added to the

list of configure options. Among the GNi@ngions, we recommend using gcc-
2.95+ g++.

3. Sun Solaris

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

4. 1BM 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, g++ can be used.
6. Compag (DEC Alpha arkstations)

On Compagq (DEC) Alpha arkstations running Digital Unix, g++ may be used
with TAU.

7. LINUX Compaq (DEC Alpha 21164) clusters

On Linux based Alpha erkstation clusters, g++ may be used wiUT
8. Cray T3E

On Cray KAI KCC and Cray CC compilers ta been tested withAlU.

9. Microsoft Windows

On Windows, Microsoft isual C++ 5.1 and JDK 1.2+ compilersvhaeen tested
with TAU.
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10. IA-64 Linux.

On IA-64 Linux platform, g++ compiler has been tested wAUT

TAU has been tested with JDK 1.2 on Solarigmdws and Linux. On Solaris, we
needed to disable support for the JIT compiler by specifyingralljampiler= on
the jasa commandline along with -XruA&U. On Linux, it worked with or without
the JIT compiler

TAU may work with minor modifications on other platforms.

Softwae Requiements
1. TcliTk

TAU'’s GUIracy requires Tcl/Tk 7.4/4.0 or better (8.x is recommended). Tcl/Tk is
available from Scriptics [TCLK-URL] as freavare.

2. Xauth

The display must be secure to runyrabe profile bravser Xauthority -- not

xhost+ should be used for secure (authentication based) interaction between the
X client and the sears. Refer to theAU FAQ [TAU-SECURITY-URL] for
instructions. Contact your system administrator if your X-eseis/not configured

for generating Xauth cookies.

10
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Software Requirements

CHAPTER 2 Compiling

Source-based instrumentation withU measurement code requires compilation.
AT compile time, the AU system preides sgeral options and configuration alter-
natives. This chapterxplains compilation options to enable profiling or tracing.
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Compiling

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

* TAU_INCLUDE for the include directories

e TAU_DEFSor the defines on the command-line

e TAU_LIBS for the AU 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

A typical malefile that uses these Maidile variables is shan belav:
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TAU Stub Makefile

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 =

HEHHHH R R H R R R
all: $(TARGET)

install: $(TARGET)

$(TARGET):  $(TARGET).0
$(CXX) $(LDFLAGS) $(TARGET).0 -0 $@ $(LIBS)
$(TARGET).o0 : $(TARGET).cpp
$(CXX) $(CFLAGS) -¢c $(TARGET).cpp
clean:
$(RM) $(TARGET).0 $(TARGET)
BHHHHHHH A R R R R A

To use a dferent configuration, simply change the included efit 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
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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 instrumentatiom AU_DEFSshould not be used.

In its absence, all theAU profiling macros defined in the source code for instru-
mentation purposes are automatically defined to null (treuttdfehsior). Thus,

the instrumentation can be retained in the source code, since it hasrineaal

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 emptU 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. &r 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. ofFexample:

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.

TAU Portable Pofiling and Tacing Dolkit Users Guide



Environment V ariables

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 currentarking directory One file for each comteand 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_PATH should 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).

For 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 Harware 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+xample that shes hav TAU’'s API
can be used for manually instrumenting a C++ progradtthigh-
lights instrumentation for templates and uséefined eents.

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

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

each thread ofxecution.
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cthreads

pi

papi

papithr eads

- Same as threads afeg hut for a C program. Aninstrumented C
program may be compiled with a C compildmt needs to be
linked with a C++ linker.

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

- A matrix multiply example that shes hav to use AU statement
level timers for comparing the performance obtalgorithms for
matrix multiplication. When used withAPl or PCL, this can
highlight the cache betimrs of these algorithms AU should be
configured with -papi=<dir> or -pcl=<dir> and theser should set
PAPI_EVENT or PCL_EVENT respeet evironment variables,
to use this.

- Same as papixeept uses threads to highlighthbardware per-
formance counters may be used in a multi-threadgqblication.
When it is used withAPI1, TAU should be configured with -
papi=<dir> -pthread

autoinstrument - Shavs the use of Program Databas®[kit (PDT) for auto-

fortran & f90

NPB2.3

dyninst

mating the insertion of AU macros in the source code. iequires
configuring AU with the -pdt=<dir> option. TheMakefile is
modified to illustrate the use of a source source translator
(tau_instrumentor).

- 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 shvg hav to
use RAU’s MPI wrapper with a manually instrumenteattiran
program. LU and SP are thedwenchmarks. LU is instrumented
completely while only parts of the SP program aiastrumented
to contrast the a@rage of routines. In botltases MPI el 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 Dyninstno modifications
are needed and tau_run, a runtinmestrumentarinserts AU calls

16
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Application Scenarios

at routine transitions inthe program. [This representsnk in
progress].

dyninstthr eads - The abwe example with threads.

java - Shaws a jaa program for calculating thehe of pi. It illustrates
the use of the AU JVMPI layer for instrumentinga J&a program
without ary modifications to its source coddyyte-code or the
JVM. It requires a da 2 compliant JVM andTAU needs to be
configured with the -jdk=<dir> option to uséhis.

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

openmpi - lllustrates AU’s support for fibrid exection models in theform
of MPI for message passing and OpenMP threadls. ffeeds to
be configured with -mpiinc=<dir> -mpilib=<dir> -openmp
options to use this.

fork - lllustrates hw to register a forked 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 forktghlace.

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, that
requires anxdension of the class definition with AU pointer and
a second scheme afternal hash-table lookup that relies on look-
ing at the object address at each metheddation. Both these
examples illustrate the use of thAT Mapping API.
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CHAPTER 3 Instrumentation

For TAU instrumentation, macros must be added to the source code to identify
routine transitions. It can be done automatically using the C++ instrumentor -
tau_instrumentor, based on the Program DatabaselKit, manually using the
instrumentation API (Application Programmers Inded) or using theau_run, a
runtime instrumentgbased on the DynInstAPI dynamic instrumentation package.
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Automatic Instrumentation of C++ socgs

tau_instrumentor insertAU instrumention macros in C++ source code using PDT
[PDT-URL].

1. Install pdtoolkit. Refer to the README file in the PDT directory
% ./configure -arch=IR1X64 -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 that uses the .pdb file and the C++ source code to generate
an instrumentedersion of the source code. See

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

CXX =CC

CFLAGS =

LIBS =-Im

TARGET = klargest

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

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

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

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

is modified as follws. Some changes are shoin bold font.

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

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

20

TAU Portable Pofiling and Tacing Dolkit Users Guide



Automatic Instrumentation of C++ sour ces

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

# Modified Rules

B H A R H R R R R R R

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

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

# Use the instrumented source code to generate the
object code
$(TARGET).0o:  $(TARGET).inst.cpp

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

GET).0

# 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).0 $(TARGET).inst.cpp  $(TARGET)

$(TARGET).pdb
HEHHHH R R H R R R
$(PDTPARSE):
@ echo Ukkkkkkkkhkkkhkhkkkkkhkkkkkkhkkkkkkkkkkkkkkkkhkx?
@echo “Download and Install Program Database Toolkit “
@echo “ERROR: Cannot find $(PDTPARSE)”
@echo B e
$(TAUINSTR):
@echo *kkkkkk *kkkkkkkkhkk *kkkkkkkkkk
@echo “Configure TAU with -pdt=<dir> option to use”
@echo “C++ instrumentation with PDT”

TAU Portable Pofiling and Tacing Dolkit Users Guide
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@echo “ERROR: Cannot find $(TAUINSTR)”

@ ec h 0 kkkkkkhkkkhhkhhkhhkkhhkhhhhhhkhhkhhrx?

4. Compile and gecute 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.

C++ Measuement API

The API is a set of macros that can be inserted in the C++ source codeern e
sion of the same API isvailable to instrument C andFRran sources. This is dis-
cussed later

At the bginning of each instrumented source file, include theviatlg header

#include <Profile/Profiler.n>

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 araU_USERTAU_USER1TAU_USER?
TAU_USER3TAU_USER4 The top lgel function in ag thread must be profiled

using the AU_DEFAULT group. fer details on using seleed instrumentation,

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

Example:

22
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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 ch@able. This is use-

ful in constructing the type parameter of T&U_PROFILEmacro. lBr 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.

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 belaw.

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_lO);
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}

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

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

The folloving example illustrates the usage of (B& macro to gtract the name of
the class associated with the&egi object usin@T(*this);

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

When PLayout is instantiated witkJhiformCartesian<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 timetaviable 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

24
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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, “filGuardCells-send”,
taustr, TAU_FIELD);
TAU_PROFILE_TIMER(localstimer, “fillGuardCells-
locals”, taustr, TAU_FIELD);

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 cerlapping. AU detects
programming errors that lead to suskeidaps at runtime, and prints aming mes-
sage.
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Example:

template< class T, unsigned Dim >
void BareField<T,Dim>::fillGuardCells(bool reallyFill)
{
Il 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, “filGuardCells-
locals”, taustr, TAU_FIELD);
...
TAU_PROFILE_START(sendtimer);
/I 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_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 turneftiast
described in Chapter 2), all macros are defined as null.

Example:
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TAU_PROFILE_STMT(T obj;); // T is a template parameter)
TAU_TYPE_STRING(str, “void () " + CT(obj) );

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 thkeeuting
task for profiling and tracing.aBks are identified using node, comtend thread
ids. The profile data files generated will accordingly be named
profile.<node>.<context>.<thread>
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TAU_PROFILE_SET_CONTEXT(myContext);

Argument:
int myContext;

TAU_PROFILE_SET_CONTEXSets the conig 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 rayister a thread with the profiling systemyake the
TAU_REGISTER_THREADnNacro in the run method of the thread priortecait-

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_FORMKnacro. It taks two parameters, the first is the node id of
the child process (typically the process id returned by the fork callydd.aw-1

range intger). The second parameter specifies whether the performance data for
the child process should be dexdl from the parent at the time of fork
(TAU_INCLUDE_PARENT_DAT/Ar 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 ananalysis 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:
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pID = fork();
if (pID == 0)
{
printf(“Parent : pid returned %d\n”, pID);
}
else
{

I 1f 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);

}
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TAU_DISABLE_INSTRUMENTATION();

TAU_DISABLE_INSTRUMENTATIOMacro 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 and scope.

TAU_ENABLE_INSTRUMENTATION();

TAU_ENABLE_INSTRUMENTATIOMacro 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 that llee same characteristics as

(say) the first recorded instance.

Example:

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

}

TAU_REGISTER_EVENT(variable, event_name);

Arguments:
TauUserEvent & variable;
char * event_name;

TAU can profile usedefined gents using AU_REGISTER_EVENTI he meaning
of the eent is determined by the user
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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);
...
}

TAU_REPORT_STATISTICS();

TAU_REPORT_STATISTICSprints the aggigate statistics of usevents across
all threads in each nodeygically, 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 &its.
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TAU_TRACE_SENDMSG(tag, destination, length);

Arguments:

int tag;

int destination;
int length;

TAU_TRACE_SENDMSG traces an inter-process message commu-
nication when a tagged message is sent to a destination
process.

TAU_TRACE_RECVMSG(tag, source, length);

Arguments:
int tag;

int source;
int length;

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

Example:

if (pid == O}
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);
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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 follwving 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_OBJECTAssociate the highvel 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_TIMERnd
TAU_MAPPING_PROFILE_STAR&andTAU_MAPPING_PROFILE_STOP
macros using the Functioninfo object. ThHeUTexamples/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_MAPPINGSs used to encapsulate the C++ statement thatamé te 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);
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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_CREATE similar toTAU_MAPPINGout it requires the name,

type and group name parameters (as character strings) to be specified. It creates a
mapping and associates it with they khat is specified. Latgthis key may be spec-

ified to retrize the Functioninfo object associated with thag for timing pur-

poses. The thread identifier is specified intitie parameter

For example:

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

TAU_MAPPING_OBJECT(FuncldVar);

Arguments: Functioninfo *FuncldVar;

To create storage for an identifier associated with a highelrdeatement that is
mapped usingAU_MAPPINGwe use th&AU_MAPPING_OBJECHmacro. er
example, in theTAU_MAPPINGxample, the arrayxpressions are created into
objects of a class Expressiogikdel, 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 iswwhdelaw:

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

{
public:

typedef ExpressionKernel<LHS,Op,RHS,EvalTag> This _t;
1
/I Construct from an Expr.
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// Build the kernel that will evaluate the expression
on the given domain.

/I Acquire locks on the data referred to by the
expression.

1

ExpressionKernel(const LHS&,const Op&,const
RHS&,Pooma::Scheduler_t&);

virtual ~ExpressionKernel();

1

// 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 Atble MAPPING
macro agument. Br the &ample of array statements, this link should be created in
the constructor of the class that representsxpeession. TAU_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
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I
/I Constructor
/I 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::lterate_t(scheduler, forEachTag(Make-
Expression<LHS>::make(lhs), DataBlockTag<Count-
Blocks>(),SumCombineTag()) +
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

TAU Portable Pofiling and Tacing Dolkit Users Guide



TAU Mapping API

ExpressionKernel<LHS,0Op,RHS,EvalTag>::run()

{
TAU_MAPPING_PROFILE(TauMapFI)

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

}

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 atttite the time to a highdevel statement. The
second gument 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_STARTStarts 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
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TAU_MAPPING_PROFILE_ST OP(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. Br example:

template<class LHS,class Op,class RHS,class EvalTag>
void
ExpressionKernel<LHS,0Op,RHS,EvalTag>::run()
{
TAU_MAPPING_PROFILE_TIMER(timer, TauMapFI);
printf(“ExpressionKernel::run() this = %x\n”, this);
/I 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.
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Note that TAU_TYPE_STRING() andCT() macros are not applicable for C. It is
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);
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 using on the link command line,
the TAU stub makfile variable AU_DISABLE. This points to a library that con-
tains 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.
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For example:

PROGRAM SUM_OF_CUBES
integer profiler(2)
save profiler

call TAU_PROFILE_INIT()

TAU_PROFILE_TIMER(pr ofiler, name)

Arguments:
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 s&e attritute, and pass it as the first parameter ta'#ld_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

For 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:

40
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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:
integer profiler(2)

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

For 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
C bottom faces
doj=1,ny
jglob = jpt +j
doi=1,nx
iglob = ipt + i
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call exact(iglob, jglob, 1, u(1,i,j,1)
)

))

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

end do
end do
call TAU_PROFILE_STOP(profiler)
return
end

TAU_PROFILE_SET_NODE(myNode)

Arguments:
integer myNode

The TAU_PROFILE_SET_NODEmacro sets the node identifier of thkeeuting
task for profiling and tracing.abBks 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:
integer myContext

TAU_PROFILE_SET_CONTEX$Sets the conig 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 rayister a thread with the profiling systemyake the
TAU_PROFILE_REGISTER_THREAutine in the run method of the thread
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prior to executing alg 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 seleeély enable and
disable instrumentation in parts of his/her code. It is important to re-enable the
instrumentation within the same basic block.

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 that llee same characteristics as
(say) 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:
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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 usingd AU_REGISTER_EVENT he meaning
of the eent is determined by the usérhe first agument to
TAU_REGISTER_EVENTS the pointer to an inger array This array is declared
with a sae attritute as shan belaw.

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 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:

call TAU_REGISTER_EVENT(taumsgsize, ‘Message size’)
call 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 agggate, 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:
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.
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Summary

In C++, a single macrdAU_PROFILE is suficient to profile a block of state-
ments. In C anddttran, the user must use statemewtllémers 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 of an instrumented application and generation and
subsequent analysis of profile data. Profilingnghthe summary statistics of per-
formance metrics that characterize application performanceibelaxamples 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 profiledr &ample:

% 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.

% 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 countersist on modern microprocessors. These count harelwer-
formance eents such as cache misses, floating point operations, etc. while the pro-
gram e&ecutes on the processdhe Performance Data Standard and ARP(P
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[PAPI-URL]) and Performance Counter Library (PCL, [PCL-URL]) packages pro-
vides a uniform integfce to access these performance count@td.cin 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 PCLASY FBuild

TAU and applications as you normallypwuld (as described in Chapters 2 and 3).
While running the application, set thevennment \ariablePCL_EVENTor
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
% mpirun -np 8 application

TABLE 1. Events measued by setting the exir onment variable

PCL_EVENTIin TAU

PCL_EVENT

Event Measured

PCL_L1CACHE_READ

L1 (Level one) cache reads

PCL_L1CACHE_WRITE

L1 cache writes

PCL_L1CACHE_READWRITE

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
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TABLE 1. Events measued by setting the ewironment variable

PCL_EVENTIin TAU

PCL_EVENT

Event Measured

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

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 instructions>ecuted

PCL_STORE_INSTR

Store instructions»x@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
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TABLE 1. Events measued by setting the exir onment variable

PCL_EVENTIin TAU

PCL_EVENT

Event Measured

PCL_ATOMIC_SUCCESS

Successful atomic instructionsezuted

PCL_ATOMIC_UNSUCCESS

Unsuccessful atomic instructionseeuted

PCL_ATOMIC Atomic instructions xecuted

PCL_SHRALL INTEGER Integer stalls

PCL_SRALL_FP Floating point stalls

PCL_SHRALL _JUMP Jump stalls

PCL_S®RLL_LOAD Load stalls

PCL_SRALL_STORE Store Stalls

PCL_SALL Stalls

PCL_MFLOPS Milions of floating point operations/second
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 operations

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

% configure -papi=/usr/local/packages/papi-1.1
% make clean install

% cd examples/papi

% setenv PAPI_EVENT PAPI_FP_INS

% a.out

TABLE 2. Events measued by setting the exir onment 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
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TABLE 2. Events measued by setting the ewironment variable

PAPI_EVENT in TAU

PAPI_EVENT Event Measured

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)
PAPI_CA_INV Cache Line Iualidation (SMP)

PAPI_CA_ITV Cache Line Intersntion (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 lookasideitier 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 shootdans (SMP)
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TABLE 2. Events measued by setting the exir onment variable

PAPI_EVENT in TAU

PAPI_EVENT Event Measured

PAPI_CSR_RL 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 \aiting for Memory Read

PAPI_MEM_WCY

Cycles Stalled \Afting 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
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 predicted
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
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TABLE 2. Events measued by setting the ewironment variable
PAPI_EVENT in TAU

PAPI_EVENT Event Measured
PAPI_TOT_CYC Total g/cles

PAPI_IPS Instructions gecuted per second
PAPI_LST_INS Total load/store instxecuted
PAPI_SYC_INS Sync. inst. gecuted
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
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
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TABLE 2. Events measued by setting the exir onment variable
PAPI_EVENT in TAU

PAPI_EVENT Event Measured
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
PAPI_FML_INS FM ins

PAPI_FAD_INS FA ins

PAPI_FDV_INS FD ins

PAPI_FSQ_INS FSqins

PAPI_FNV_INS Finv 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 usild.Trhis is done
using the-Djava.compiler= option

% java -XrunTAU -Djava.compiler= Pi
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To disable the JIT compilelf you're using AVA HotSpot JVM, you may need the
-classic flag too.

% java -classic -XrunTAU -Djava.compiler= Pi

(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
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-f filename : specify full path and Filename without
node ids

-l : List all functions and exit

node numbers : prints information about all contexts/
threads for specified nodes

pyros [~/mc++]% pprof
Reading Profile files in profile.*

NODE 0; CONTEXT O; THRERD O:
2Time Exclusive Inclusive #Call #Subrs Inclusive Name
msec total msec usec/call
13 1099481722 main int {(int, char**)
2 1066206082 transport code
394442 1066200002 me_kcode woid (NeutronParti?)
4] 3915 meo_kcode particle updates
485452 dist_to_event void (Cartesi?
0 particle_xsec_mg void {(Neut?
dist_to_boundary woid {(Cart?
new_cell void {(NeutronParti?
escape void (HDIndex<3U>, NP
i i i 3

=

[y
S

s TR I R D DD

usage: pprof [-¢|-b|-m|-t|-e|-i|-v] [-r]
-c¢ @ Sort according to number of Calls |

[-s] [-n num] [-£f filename] [-1] [node numbers]

-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) (default)
-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

-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

racy

Racy is the graphical inteace to pprof. It shes the profile data in terms of histo-
grams and td displays. Inoke rag in the directory that contains the profile files.

% racy
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In the project management winglaselect a project by typing in a project file name
with a .pmf etension (e.g.matrix.pmf ), and clicking (the first mouseition)
on the ‘Create ” button.

) )

=| Find or Create A Project

Find or Create A Project

Filter: _| Show Dot Files
éfscratchfsameerfer'benchmarksmcnustichIKCC_Ezl_KS_PHOFILEI*

Host: llocalhost Language: hpc++

TAUROOT: |{users/sameer/rsitau2

Modify Host And/Or Root

Directories Files

j AcousticZd™ j
. AcousticZd.cpp_APP.info
ti_files AcousticZd.o

AcousticZd.o_APP.info
AcousticZd.pdb_APP.info
AcousticZdinC.o
Acoustic2dinC.o_APP.info
Acousticzd_APP*
AcousticZd_APP.info
Makefile@ =

Selection
EfscratchfsameerfrZIbenchmarksmcuusticzdIKCC_Ed_Ka_PHOFILEfAcoustich.pmi |

create | Fiter | Cancel ]

FIGURE 3. Create a pioject by creating or choosing an existing prject

NOTE: If the project windw does not appeait is probably due to problems with
the security of the X-displayfou may not usghost + while using rag. You

may need tox@licitly turn off xhost by ivoking xhost - and using Xauthenti-
cation. The cookies are generated and stored in/tRauthority file. If your
sener is not configured to generate these cookies, please contact your system
administrator for configuring the X display to neak secure. Users may alsant
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to usessh , rather than telnet/rlogin to login to a remote node wheseisac
invoked. If this is done, the cookies need not be copied to the remotexplidily
by the userFor more information please refer toU-SECURITY-URL].

After the project is created or selected, the main wandow appears.

File Configure Tools Help

Functions |

Al

mean

nc,t 0,00
n,ct 1,00
n,c,t 200
n,c,t 3,00

FIGURE 4. Main racy window shawing the profile of functions on
differ ent <node>,<context>,<thead>s and the mean mfile.

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

node, contet, thread is represented as a horizontal bar with each function assigned
a color In this main rag window, click middle mouseutton overn,c,t 0,0,0to see

the textual profile of node 0, conte0, thread O.
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File  Order Help
e Y
Ftime msec total msec #call usec/call name
100.0 147 1,045 1 1045695

35.4 0.0336 370 1 370595 |
35.4 368 370 1 370550

16.2 93 169 1 169186

7.3 75 75 50003 2 {int, in

6.8 70 71 1 71010

6.5 18 68 1 68441

5.0 0.74 52 13 4042

5.0 1 51 13 3985 message () void (char *

4.8 50 50 173 29 v Te=li {char *}

4.8 32 49 1 49638 {) void (NDIndex

3.7 0.036 38 1 36891 n { Field:

3.7 32 38 1 38287

2.9 29 30 3 10041

2.6 26 26 2 13340

1.7 16 17 1 17964

1.6 15 17 1 17217

1.5 16 16 1 16074

1.4 14 15 1 15061 ’
I~ I -

close

FIGURE 5. Text shaws the detailed pofile on n,c,t 0,0,0.

Next, selectShow Function Legendon the main racwindow File menu to see the
list of functions.
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Field::fillGuardCelis() Field<bool, 2U, UniformCartesian<2U, doul [\
Field::fillGuardCells() Field<double, 2U, UniformCartesian<2U, di
Field::store_mesh() Field<double, 2U, UniformCartesian<2U, dol
Field::~Field() Field<bool, 2U, UniformCartesian<2U, doublex, Ut
Field::~Field() Field<double, 2U, UniformCartesian<2U, doublex,
FieldLayout::checkin() void (FieldLayoutUser, GuardCellSizes<2
FieldLayout::checkout() void (FieldLayoutUser)
FieldLayout::initialize() void (Index, Index, e_dim_tag, e_dim_tag
FieldLayout::setup() void (NDIindex<2U>, e_dim_tag, int)
GuardCellSizes::GuardCellSizes() GuardCellSizes<2U> void (uns
Inform::inform() void {(char *, int)

Inform::display_message() void (char * )
Inform::display_single_line void (char *)

nnnnnn 1 musmdfy limémmema £

rh
=
=
=
=

e

ml | HN W

close

FIGURE 6. The Function Legend windav shows the color assigned to eact
function.

Click the third mousediton aver a function to highlight it in the currently open
windows. To see the relate function profile on one node, click first mousetdn
on a node in the rganain windav.
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File Value Order Mode

n,c,t 0,00
CommACLMPL::CommACLMPL() void (int, char *, int) ] 35.24%
main() int (int, char ) [ |14.11%
CommACLMPL::~CommACLMPL() void (int, char **, int) B 8.96%
] CommACLMPL::myreceive() Message * (int, int, int) -7.23%
prmCartesian<2U, double>, Cell> void (FieldLayout<2U> ) |:|6.78%

4 Inform::display_single_line void {(char *) .4.83%
| Expr_t, Index::PETE_Expr_t», OpAssign, ExprTag<true> ) []3.12%
| FieldLayout::setup() void (NDIndex<2U>, e_dim_tag, int) |:|3.10°/o
; SIndex::addindex() void (NDIndex<2U> ) §2.84%

Sindex::Sindex() void (FieldLayout<2U> ) []2.54%

i emialalima st cimidd flemdans lmdaes m dime dman a dieme b femad [ 4 TASS

N [E— ]

L close |

FIGURE 7. The above node piofile shavs the relative contribution of the
functions on the node 0, context O, tlead O .
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Click, using the first or the third mousetton, on the name of a function to bring
up the function winde that shavs the profile of the functiorver all nodes, con-
texts and threads.

File Value Mode Help

FieldLayout::setup() void (NDindex<2U>, e_dim_tag, int)
mean[  ]2.13%

n,e10,00 [ ]3.10%

nct100[ ]1.80%
nct200[ ]1.78%
nct300[ |1.82%

FIGURE 8. The function window shaws the profile of the function over all
nodes, contexts and theads.

If userdefined gents are profiled in addition to routines, thenanéwindav
appears with the function profile wingto Navigation of usereent profiles is iden-
tical to the naigation of function profiles as described aboThe follaving figure
demonstrates the use of usefined gent profiles from the &RP project [RRP-
URL]
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Configure Help Fle Vaue Mode  Units
Functions RW CondVar Readers
= 330.1 ] mean
n,c,t 0,00
579 9 [ n.c.1 00,1 T
4852 Inct002 RW Lock Mutex
20211 nct003 586%[  |mean
332 nct004
n,c,t000
close 748%[____ nct001
7.39% n,ct0,02
7.29% nct003
File  Order 714%_ |nctop4 |
] “
stine msec  total msec  #call  #eubrs usec/call name e
1000 4:22.004  4:48.102 1 2 B86TTE+0E
7.4 21,289 21,289 2. 88473E+06 0
1.4 4,059 4,059 191 0
0.2 485 485 2 0
0.1 157 157 2047 0
0.0 49 83 976 976
0.0 £ 3 976 0 35 Thread-safe Block Memory Mutex hlock_memory_thread safecmonoatomic_square_lat
0.0 E] 9 13 0 708 ¥ Condvar Writers
0.0 5 7 195 195 a7
0.0 4 4 &31 0 9 Computation Mutex
0.0 1 1 195 0 7 Thread-safe Block Memory Mutex block memory_thread_safechranchy: :auto mutex
0.0 0.519 0.69 33 33 21 B anc
0.0 0.171 0171 33 0 2
P
close
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User definedeents are also measured and displayed on each nodextande
thread

[= s = netotpoie .|

Fle Configure Fle  Order o

Userf{i MmSanples MaxValue MinValue MeanValue Std. Dev. Event Name

30 1 1 1 0

nct0,00 1.395E+07 1 1 1 0 Block Memory Allocations

nct00,1 4&33 2 925 305 n (31 Jé 14 TS Recyclable Memory Allocations
E- RS

net00.2 6325 1 1 1 0

n,ct003

n,c,t004

Y {0 -

# chunks of block memory allocated i |
Block Memory Allocations i 0

Recyclable Memory New Block Allocations 4
Thread-Safe Block Memory Allocations ¢ 90.23%

E
=
] Recyclable Memory Allocations
=
B

schedule_run()

'T1]748% [ |RW Lock Mutex

1.96% | Barrier Wait CondVar

0.20% | RW CondVar Readers

0.10% | Active Pile Mutex

0.02% | block_memory_thread_safe_
RW CondVar Writers
Thread-Safe Block Memory I
block_memory_thread_safe_
Computation Mutex
block_memory_thread_safe_

=

File  Order

Help

25 1 1 )
1. 352E+07 1 1 0 Block Memory Allocations
6805 1 13.04 Recyclable Memory Allocations
0 1)
1

79 ¢

T [

Romee

80
0 2.225E-308
6860 1

N

Y

A
NumSamples MaxValue MinValue MeanValue Std. Dev. Event Name }
-

close

E— close

FIGURE 10. User defined gents may be used to track memory tgs.
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CHAPTER 5 Tracing

Typically, profiling shavs the distriltion of execution time across routines. It can
shav the code locations associated with specific bottleneck$, thoes not she
the temporal aspect of performanegiations. Tacing the gecution of a parallel
program shars when and where awent occured, in terms of the process tixat e
cuted it and the location in the source code. This chapter discuss@dbtaan be
used to generatevent traces.
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Geneating 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 thvg@mment ariableTRACEDIR

or the current directoryy defult. For example:

% .Iconfigure -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 gest 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 belaw:

% tau_convert
usage: tau_convert [-alog | -SDDF | -dump | -pV |
-vampir [-compact] [-user|-class]-all]
[-nocomm]] inputtrc edffile [outputtrc]

Note: -vampir option assumes multiple threads/node

To view the dump of the trace inxieform, use

% tau_convert -dump matrix.trc tau.edf
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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 applicatioregbo
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 &

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 and AU_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 bgllBs GmbH [RLLAS-
URL]. It provides a cowenient vay to graphically analyze the performance charac-
teristics of a parallel application. Axiety of graphical displays present important
aspects of the application runtime beba

¢ detailed timeline vies of ezents and communication
* statistical analysis of programecution

* statistical analysis of communication operations

e system snapshot and animation

¢ dynamic calling tree
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ETAU_DEFAULT
ISP Ml Imain{) int {(int, char *%*) TAU_USER3

ETAU_USER2
Process 1CabItérate<Scheduler>: :rl.‘ln()

Process 26 E AbcTIterate<Scheduler>::run{}

Process 36 :‘ AbcTIterate<Scheduler>::run()

Process 4CabIteratEe<Scheduler>: :run()i

TAU_DEFAULT
TAU_USER2
TAU_USER3

1100%/100%

IDLE

] = TAU_DEFAULT

] B TAU_USER2

; TAU_USER3

: Y TAU_UTILITY
PO P1 P2 P3 P4

100% 100% 100% 100% 100%

FIGURE 11. Vampir displays space-time diagrams and pie-charts

When interprocess communication is recorded, itvshap as directed line-ge
ments connecting the sending and néogi processes. The details of a message can
be obtained by clicking on it.
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sindex.bpv: Global Timeline
100.0 ms 150.0 ms 200.0 ms
! TAU_MESSAGE
| TAU_UTILITY
148 ETAU_DEFAULT
TAU_FIELD
! ETAU_SPARSE
' ETAU_LAYOUT
' ETAU_DOMAINMAP

Node 035 83

Node

Message sent from Node 3 to Node 0
Node

Node 384 E\V/
i | Close i

type: 2

length: 38

sent at 108.287 ms, received at 169
Data rate: 624_.969Bytes/sec

FIGURE 12. Vampir Space-time diagram shws inter-process
communication

In Figurel3, “Scheduling wrk paclets in SMAR'S; on page71, we shas how
Vampir can be used to display scheduling ofknpaclets or iterates in the Shared
Memory Asynchronous Runtime System (SMPAER [SMARTS-URL]
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ETAU_DEFAULT

H . H H H TAU_USER3
LT M iain{) int (in%, char **) ETAU_USER2
: : : : |
e b B R RSN E
i ; : i |
e B RS EEEE RS

. ‘ ‘
orceess s e O NN O O O O OB OB OB O
f : | :

Process4666666§6666666
FIGURE 13. Scheduling work packets in SMARTS
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In the nat figure, we see the symboblkend and the dynamic call treewgepro-
vided by \ampir.

|close| o search|»| Print| Fold/untold| 7] 4]

FIGURE 14. Vampir symbol legend and calltee display
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Vampir has been used to compare the scheduling policies of the B3/pdkkage.

TAU_UTILITY
TAU_DEFAULT
TAU_USER3
! ETAU_USER2

Process 16‘66‘66666 $66‘6 66‘ ETAU_USER
Process 2666‘66666 22222222 6‘6
Process 36‘66‘6666‘6$6‘66 22 2 2 [¥3

4I!Hll66 6% 2222 0EER2 2 2 2 $6‘6k 2222 (W3

Process

11.2s 11.4s

: BTAU_DEFAULT
STl main{) int {(int, char **} TAU_USER3
ETAU_USER2
13- 8- 8-3-9:-3:-5-5- B 5 5- 3 5.
|6I6I6I6I i I6I6I6I626I6I6I6I6262 6
Process 36.6666 2 [#2 3 6.66 6.6 (W2 3
Process 466 66E6 666 6 6 66

Process

Process

FIGURE 15. 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 \ampir.
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544.5 ms 545.0 ms

| PPN THREAD=JVM-MainThread; THREAD GROUP=system :THREAD
java
|3 LR MERTHREAD=SIGQUIT handler; THREAD GROUP=system sun

Process 2 jENEVEEVTPA) SR A TR
TP MY ava/lang/Object wait

1473 1

Process 4

473 hava/langfstring getBytes

Process 5

Process 6

= : T

FIGURE 16. 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 tlirocess Displays->Call fleemenu item as sk
below.
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FIGURE 17. 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 choosing3tebal Displays ->Raral-
lelism View the user can seewanary 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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FIGURE 18. Parallelism view

By choosing other global displays suchSasnmaric chart or Activity chart, the
user can see a global summary of the time spentfarelit groups of methods as
shawn in the follaving figure.
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IDLE
:java

Epi
§ EpicalculateValue]|
§ sun

E THREAD ;

PO Pl P2
100% 100% 100%

«00

PbH P&
100% 100%

FIGURE 19. Summaric chart and actvity 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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model program is shn in the follawing figure. It shws a trace of an
OpenMP+MPI (OpenMPI) program that uses OpenMP threads for lgeppiaral-
lelism and MPI for inteccontext message communication. The figurevgba time-
line display

IDLI
“main()
EMPI
mdo_jacobi()
=0penMP

do_transfer()

N
o Process 0

d
e Process 1 I-S! ;

10 Process 2 I-BB ;
Process 3 I-!! 3
Process 4 I-E! :

Process§ | -

:

Process 0
d
e Process 1

! Process2 I-BSE
Process 3 I-!Qi
Process 4 I-SISIE

Process § I-!ISI :

o_jacobi( 3'@” /Eq;lfq
= OpenMP | H

do_transfer()
=

FIGURE 20. Tracing an OpenMPI application with TAU

Another ekample of mixed model programming is sla belav. It shavs an mpi-
Java [MPIAVA-URL] program that uses the message passing aderfMPI) for
internode communication and usesa#hreads within each node for computation.
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. .42 5 .
LRGN MTHREAD=JYM - MainThread; THREAD GROUP=3ystem ETHREAD
ML) WTHREAD=S1GOUIT handler; THREAD GROUP=oystem _java
e Process 2
Process 4 -
Process §
Process 6 ! I[l
LTS YL THREAD=JYM- MainThread; THREA|
e Process 2
f Process 3
Process 4
Process 6
N Process 0
: Process 1
e Process 2 |g
(2R WMP | Sendrece)
Process §
Process 6 '
WG THREAD=J¥M-MainThrear; THREAD GRI
e Process 2
Process 3
Process 4 I
Process §

3415s
Process 3
z Process 1
Process §
Process 3
z 201200 IRTHREAD=S I GQUIT handler; THREAD EF@U
Process 6

=

FIGURE 21. 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 andediep-
ment project. TheAU Portable Profiling andracing Tolkit described in this doc-
ument represents functionality present in the current aodtvelease. Alhailable
software should be considered research so#vaailable 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 follonving website [AU-URL]:

http://www.acl.lanl.gov/tau

TAU was also released on th€R Fall 1998 and 1999 CD-®Ms available from
[ACL-SW-URL]:

http://www.acl.lanl.gov/software

For more information, please refer to the documentation section at the dBRb..
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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Appendix : Configuration Issues

Instructions for Installing AU with POOMA:

POOMA (Rarallel Object Oriented Methods and Applications) is an object-oriented
framework for huilding high-performance computational science applications.
[POOMA-URL]

SMARTS (Scalable Multithreaded Asynchronous Runtime System) is a run-time
thread system for parallekecution on SMP systems[SMARB-URL].

To build the POOMA library with pr ofiling (using TAU and PDT), kut
no parallelism.

1.

First male sure you hae already installed the PDT package (Program Data-
base Bolkit is a source code analysis package). PDVasadle on the &L
CD-ROM in the pdtoolkit-1.1 directory or from the £L software web page
[ACL-SWURL]. Install the ersion of PDT See the PDT INFILL instruc-
tions for information on he to install PDT

Then malk sure you ha already bilt and installed theAU package. AU is
available on the £L CD-ROM in the tau-2.7 directorgr from the ACL soft-
ware web page [BL-SW-URL]. Build the \ersion of AU without SMAR'S
or ary other threads, and install it. POOMA can bédtlwith  profiling for all
platforms where AU can be compiled. See thAO INSTALL instructions

for information on hw to kuild and install AU.

Set the AUDIR environment \ariable to the location of the top- véd of the
TAU installation, and the PDTDIR einonment ariable to the location of the
PDT installation.

Follow the instructions alv@ for luilding POOMA, lut male sure you

include the --profile flag when you run configureouXo not need to change
the settings for the location oAU in the config/arch/*.conf files if you set
TAUDIR and PDTDIR; the configure script will use the config/arch/*.conf
settings only if thgare not set. A typical configure line thaftlds an  opti-
mized POOMA with profiling is

configure <basic option list> --opt --profile

Then, set the POOMASUITEaviable, and do ‘gmak gmale install’ as  nor-
mal.
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6. To huild POOMA applications in thexamples/ subdirectories, follathe
same steps ag@ained abwe when just compiling POOMAXxeept instead
of using Malefile.usercompile with Makfile.profile. The AU profiling
mechanism requirexia steps to pre-process the the source files to automati-
cally insert profiling code. Mafile.profile includes thesetea steps.

7. If you follow these steps, then when a POOMA application it should produce
a file or set of files profile.N.N.N. oYl can use the ‘pprodr ‘racy’ tools from
the TAU installation to print and bwese the profiling information.

To build the POOMA library with parallelism (using SMAR TS), and
profiling (using TAU):

WARNING: MIGHT NOT WORK EXCEPT UNDER IRIX 6.X AND KCC 3.3d
OR LATER

Using both SMAR'S and 'RU together is a little bit more complicated that just
building POOMA with one or the other of these packages, due tathénht there
is a slight circular dependenbetween SMARS and ARU: TAU uses the thread
capability from SMAR'S, and SMARS uses the profiling capability fronAD.
So to lwild POOMA with both SMAR'S and AU, you should follav these steps
exactly in the order theare gven.

1. The first step is to unpack or gofhe SMAR'S, TAU and PDT packages to
locations where thecan be hilt and installed. &r illustrative purposes, w’

say these packages are ungatto /usr/local/smarts-1.0.1 v
ust/localltau-2.7 and/usr/local/pdtoolkit-1.1 respec-
tively.

2. Next, install PDT For example, on 64-bit SGI machines, yoowld cd td
ust/local/pdtoolkit-1.1 and say:

% ./configure -KCC -arch=IRIX64

If you were lilding the packages with GNU or SGI CC, yooul substitute
-KCC with -GNU or -CC respectely. If you were hilding for SGI N32 or

032 architectures, youauld substitute -arch=IRIX64 with -arch=IRIXN32 or
-arch=IRIXO32 respeately. See the PDT installation instructions included in
its INSTALL file for further details. Linux does not needyaarch configura-
tion parameter to be specifiedU uses PDT toild a source code instru-
mentor to instrument POOMA sources for profiling.

3. Next, configure, bild, and install AU. For example, on 64-bit SGI
machines, you wuld cd to /usr/local/tau-2.7 and say:
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% ./configure -arch=sgi64 -c++=KCC -cc=cc -SGITIM-

ERS-smarts-tulipthread=/usr/local/smarts-1.0.1
\

-pdt=/usr/local/pdtoolkit-1.1

on Linux machines, youauld say:

% ./configure -arch=linux -c++=KCC -cc=cc -smarts
\ -tulipthread=/usr/local/smarts-1.0.1 \
-pdt=/usr/local/pdtoolkit-1.1

to configure AU for the specified architectureo Tuild and install AU, you
would say :

% gmake install

Here, the -arch flag selects the architecture (use -arch=linux for Litds)b

the -c++ and -cc flags select the compiler to use, -SGITIMERS is an sgi-spe-
cific flag to usedst sgi-only timer routines, and the -smarts and -tulipthread
flags are used to indicate where to find the SM@&Readers. Then, this

builds and installsAU. Since no -prefix=<dir> flag as gven, this

installs AU in the dedult location, which is the current directory  (/usr/

local/tau-2.7). See theAU installation instructions in its  IN&LL file for
further details.

4. Now, configure, hild, and install SMARS. cd to the smarts-1.0.1 directory

and do the folleing (this ekample is for hilding SMARIS on a 64-bit SGI
platform):

% ./configure --with-arch=iris4d --prefix \
/usr/local/smarts-1.0.1 --with-taudir=/usr/

local/tau-2.7 --enable-64bit --enable-profile
% gmake

% gmake install

Here, the --with-arch flag select the architecturautimtfor (use --with-
arch=i386-linux for Linux), the --prefix flag selects where to install
SMARTS after it has been ullt (in this case, it is in the samaild directory),
and the --with-taudir and --enable-profile flags indicate that the library

should use AU from the gven location. --enable-64bit is only needed for
64-bit compilation on SG4.

5. After TAU and SMAR'S are hilt and installed, you can compile POOMA.
Go to the pooma-2.2.0 directognd do the follaving:
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% setenv TAUDIR /ust/local/tau-2.7 (or where it was
installed)

% setenv PDTDIR /usr/local/pdtoolkit-1.1 (or where
it was installed)

% setenv SMARTSDIR /ust/local/smarts-1.0.1 (or
where it was installed)

% ./configure --arch SGI64KCC --parallel --profile
--suite PP --ex <other opts>

% setenv POOMASUITE PP

% gmake

Here, RUDIR and PDT indicate where to find installellirand PDT com-
ponents, and SMARSDIR indicates where to find the installed SMAR
library. When these are set, run the POOMA configuration script as
described for the basic casef male sure to include the --parallel and --pro-
file flags. After this, you set the POOMASUITE ariable as is done in the
previous descriptions oftblding the  POOMA libraryand run mad.

6. To huild POOMA applications in thexamples/ subdirectories, follathe
same steps ag@ained abwe when just compiling POOMAXxeept instead
of using Malefile.usercompile with Makfile.profile. The AU profiling
mechanism requirexia steps to preprocess the the source files to automati-
cally insert profiling code. Mafile.profile includes thesetea steps.

7. If you follow these steps, then when a POOMA application it should produce
a file or set of files profile.N.N.N. oYl can use the ‘pprodr ‘racy’ tools from
the TAU installation to print and bwese the profiling information. AU can
profile multithreaded runs as well as serial runs, aegp%track of what code
was e&ecuted in what thread.

Instructions for Installing AU under Vihdows
Supported Systems: MAowsOX/NT.

Compiler: Microsoft Wsual C++ \érsion 5.0 - Servicedek 3, or abee.

NOTE: Service Bck 3 MUST be installed ... it contains required fixes.
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Sectionl.

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

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

1.

© ® N o O

17.
18.

Download TAU. TAU is distrituted as source and pteb libraries forWn-
dows. If you wish to use the prdilt libraries, skip to steps 25 and 26.

Open Microsoft Wsual C++ ... henceforth referred to as VC++.

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.

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 “Win32 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 ne workspace”.

. Click “OK”
11.
12.
13.
14.
15.
16.

Please skip to step 18 belo

From the “File” menu in VC++, select “Mé&.

Click on the “Projects” tab

Select “Win32 Static Library”.

Type in a name for your nelibrary.

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

Click “OK”

Open Whndows Explorerand, from the AU source you denloaded, cop
the C:\''AU-SOURCE-DIR\include\Profile and CAU-SOURCE-DIR\src\Pro-
file directories to your meproject directory For example, if you nes
project vas located in “C:\Program Files\i&tudio\MyProjects\Ne-
TauLib”, you would nav have two new subdirectories of “C:\Program

Files\DesStudio\MyProject\Ne/ TauL.ib” named, “include\Profile” and
“src\Profile”.
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19.

20.
21.

22.

23.
24.

25.

Now, back in VC++, from the “Project” menu, sele&titl To Project” and click
on “Files”. Move to your ne “src\Profile” directory and select the folling
list of files: (holding den 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 Caery 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 Ja application, also add:
JAVA

Click “OK”

From the “Dols” menu, select “Options”. Click onthe “Directories”.thlake

sure that the “She directories for:” field has “Include files” selected. vivadd

a ng include directory named
“C:\YOUR_PROJECT_DIRECDRY\include”. Thus, our alve example
would be: “C:\Program Files\D&tudio\MyProjects  \NeTauLib\include”.
Also add the include directories for jympi.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 n& include directories listed. Moclick “OK”.

Now, from the “Build” menu, select “Build FRIECT_MME.dlIl (or .lib)”
Ignoring warnings, you should mohave a library file in your project del
directory
If you created a dll for use with\lg 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 Jaa app. is
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provided in: “C:\TAU-SOURCE-DIR\windavs\lib”. I, when lilding your
dll from the source, you named it something other thEd.dll, you can
either rename it, or replaceAU” in “java -XrunTAU” with your dIl name.

26. If you created a static libraryou will need to include a reference to it in when
you lwild your application. ®u can do this by adding the library file to you
listof libraries in “Project -> Settings -> Link” inside VC++owmust then
male sure that the library is in a location rto VC++. You can do this in
your “Tools ->Options->Directories->Library files” section of VC++

Section 2.

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

For information on he to profile your C/C++ and va code, please see thalo
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] http://www .acl.lanl.go v/tau

[TAU-PUBS-URL]

[TAU-PGROUPS-URL]

[TAU-SECURITY-URL]

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

[TCLTK-URL]
[NPB-URL]

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 .acl.lanl.go v/tau/docs/
fag.html#security

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/
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