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Preface

This preface introduces Getting Started With Sourcery VPL++. It explains the structure
of this book and lists other sources of information that relate to Sourcery VSIPL++.
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Preface

Intended Audience

This book is written for users and system administrators who will install Sourcery VSIPL++.
Parts of this document assume that you have some familiarity with the UNIX Borne Shell
and with compiling C++ programs from the command line.

Organization

This document is organized into the following chapters and appendices:

Chapter 1, Licensing This chapter describes the terms under which
Sourcery VSIPL++ is licensed. Read this chapter to
find out what rules apply to you as a user of Sourcery
VSIPL++,

Chapter 2, Installation This chapter explains how to install Sourcery
VSIPL++. Read this chapter to find out how to con-
figure, build, and install Sourcery VSIPL++,

Chapter 3, Building Applications This chapter explains how to build and run applica-
tions with Sourcery VSIPL++. Read this chapter to
find out how to build a simple application. You can
use the simple application as a template for building
more complex applications.

Appendix A, GNU General Public ~ This appendix contains the full text of the GNU

License General Public License. If you have not purchased
a Sourcery VSIPL++ subscription from Code-
Sourcery, then this license applies to Sourcery
VSIPL++,

Typographical Conventions

The following typographical conventions are used in this book:

> command arg - - - A command, typed by the user, and its output. The *“>” character
is the command prompt.

command The name of a program, when used in a sentence, rather than
in literal input or output.

literal Text provided to or received from a computer program.

pl acehol der Text that should be replaced with an appropriate value when
typing a command.

Further Reading

Sourcery VSIPL++ Website http://www.codesourcery.com/vsiplplusplus/
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VSIPL++ API Specification http://www.codesourcery.com/public/vsiplplus-
plus/specification-1.0.pdf
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Chapter 1
Licensing

Sourcery VSIPL++ is available under two licenses. CodeSourcery customers may use
Sourcery VSIPL++ under terms suitable for use in proprietary software, including software
designed for use in classified systems. Other users may use Sourcery VSIPL++ under the
GNU General Public License, which requires that source code for Sourcery VSIPL++ ap-
plications be provided to their users.




Licensing

1.1 Proprietary Software

If you have a Sourcery VSIPL++ subscription agreement with CodeSourcery, you may use Sourcery
VSIPL++ under the terms of that subscription. The subscription agreement itself is the only official
source of information about your license. However, in summary, your license permits a fixed number
of developers to build, test, and debug software that uses Sourcery VSIPL++. In addition, you receive
customer support from CodeSourcery. CodeSourcery is also available for training and consulting so
that you can take full advantage of VSIPL++. CodeSourcery's subscription customers pay no royalties
when distributing Sourcery VSIPL++ applications.

If you are planning to use Sourcery VSIPL++ to develop proprietary applications, please contact
<sales@codesourcery.com> Or Visit the Sourcery VSIPL++ website! to find out more about obtaining
a Sourcery VSIPL++ software license and support subscription.

1.2 Free and Open-Source Software

If you are planning to use Sourcery VSIPL++ to develop a free or open-source software application
and are willing to share the source code for your application, you may use Sourcery VSIPL++ at no
charge under the terms of the GNU General Public License. The full text of the license is included
in Appendix A, GNU General Public License. The GPL requires that you share the source code for
your application with everyone to whom you distribute your application. You have certain other
rights and obligations under the GPL, as described in the appendix.

! http://www.codesourcery.com/vsiplplusplus/
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Chapter 2
Installation

This chapter explains how to install Sourcery VSIPL++ and configure it for use on your
system. Installing Sourcery VSIPL++ requires three steps:

1. Ensure that your system can run Sourcery VSIPL++.
2. Download the Sourcery VSIPL++ source code.
3. Build and install Sourcery VSIPL++.

Alternatively, if the appropriate pre-built binary package is available, it may be installed
directly without the configuration and build steps. Instructions for this option may be found
in the last section of this chapter.




Installation

2.1 System Requirements

2.1.1 Operating System

Sourcery VSIPL++ can be built and installed on any UNIX-like system that has a satisfactory C++
compiler. CodeSourcery's reference GNU/Linux platform is Red Hat Enterprise Linux 4.0. Code-
Sourcery's reference MCOE platform is 6.3.0

The following compilers have been tested by CodeSourcery to work with Sourcery VSIPL++ for
the noted OS and architecture: OS, architecture, and compiler combinations have been tested by
CodeSourcery to work with Sourcery VSIPL++:

» GCC 3.4 (IA32 GNU/Linux)

* GCC 3.4 (EM64t GNU/Linux)

e GCC 3.4 (SPARC Solaris 8)

» GCC 4.0 (IA32 GNU/Linux)

* GCC 4.0 (EM64t GNU/Linux)

e GCC 4.1 (IA32 GNU/Linux)

* GCC 4.1 (EM64t GNU/Linux)

o Intel C++ 9.1 (IA32 GNU/Linux)

* Intel C++ 9.1 (EM64t GNU/Linux)

e Intel C++ 9.1 (IA32 Windows)

* GreenHills C++ 4.0.6 (PowerPC MCOE 6.3.0)
The following compilers are known not to work at this time with Sourcery VSIPL++:
+ GCC33

o Intel C++8.1

e Intel C++ 9.0

2.1.2 Required Software

This section describes software that you must have installed in order to build and install VSIPL++.
Although the instructions below refer to obtaining this software in source form, you will be able to
find pre-compiled binary distributions for most popular operating systems. Consult your operating
system manuals for information about obtaining and installing pre-compiled versions of these
packages.

2.1.2.1 GNU Make

You must use the GNU version of maketo build Sourcery VSIPL++. You can download GNU Make
as source code from http://ftp.gnu.org/pub/gnu/make. Pre-compiled GNU Make binaries are available
for all popular operating systems.
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2.1.2.2 GNUTAR

The Sourcery VSIPL++ source code is distributed as a compressed Tape Archive (TAR) file. Due
to incompatibilities between various versions of TAR, CodeSourcery strongly recommends that you
use GNU TAR to unpack the source code. You can download GNU Make as source code from ht-
tp://ftp.gnu.org/pub/gnu/tar. Pre-compiled GNU TAR binaries are available for all popular operating
systems.

2.1.3 Optional Software

You can build and use Sourcery VSIPL++ without installing any other software packages. However,
if you install the additional packages described in this section, Sourcery VSIPL++ will provide addi-
tional functionality and better performance. This section explains what software you might wish to
install and how to obtain it. Although some the instructions below refer to obtaining this optional
software in source form, you will be able to find pre-compiled binary distributions for most popular
operating systems. Consult your operating system manuals for information about obtaining and in-
stalling pre-compiled versions of these packages.

2.1.3.1 Numerical Libraries

Sourcery VSIPL++ can take advantage of high-performance numerical libraries to improve perform-
ance. This section describes the supported libraries. In general, Sourcery VSIPL++ will automatically
make use of these libraries are they are installed on your system.

21311ATLAS

Automatically Tuned Linear Algebra Software can be used to accelerate some linear-algebra functions
in Sourcery VSIPL++. Sourcery VSIPL++ source packages come with the ATLAS sources. Altern-
atively, if ATLAS is already installed on your system, Sourcery VSIPL++ can be configured to use
it.

Visit http://math-atlas.sourceforge.net for more information about ATLAS.
21312 FFTW3

The Fastest Fourier Transform in the West can be used to accelerate Sourcery VSIPL++ FFT per-
formance. Sourcery VSIPL++ source packages include the FFTW3 sources. Alternatively, if FFTW3
is already installed on your system, Sourcery VSIPL++ can be configured to use it.

Visit http://www.fftw.org for more information about FFTW.
21.3.13Intel IPP and MKL

The Intel Performance Primitives and Intel Math Kernel Library can be used by Sourcery VSIPL++
to accelerate some functions, including FFTs. IPP and MKL are proprietary libraries, so you cannot
distribute a Sourcery VSIPL++ application using IPP or MKL under the terms of the GPL.

Here are URLSs where you can find out more about IPP and MKL.:
*  http://www.intel.com/cd/software/products/asmo-na/eng/perflib/ipp/index.htm

e http://www.intel.com/cd/software/products/asmo-na/eng/perflib/mkl/index.htm
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2.1.3.1.4 AMD Core Math Library (ACML)

The AMD Core Math Library (ACML) can be used by Sourcery VSIPL++ to accelerate some linear-
algebra functions.

Visit http://developer.amd.com/acml.aspx for more information about ACML.
2.1.3.1.5 Mercury SAL

The Mercury Scientific Algorithm Library (SAL) can be used by Sourcery VSIPL++ to accelerate
many functions, including elementwise view operations, linear algebra, solvers, and signal processing
objects (including FFT). SAL is a proprietary library, so you cannot distribute a Sourcery VSIPL++
application using SAL under the terms of the GPL.

Visit http://mc.com/products/view/index.cfm?id=5&type=software ! for more information about
SAL.

2.1.3.2 Communications Libraries

If you install a communication library such as Mercury PAS (Parallel Acceleration System) or MPI
(Message Passing Interface), you can run Sourcery VSIPL++ programs on multiple compute nodes
simultaneously. On GNUY/Linux platforms, Sourcery VVSIPL++ works with both the LAM and MPICH
implementations of MPI, and will likely work with other MPI implementations as well. On MCOE
platforms, Sourcery VSIPL++ works with both Mercury PAS and Verari MPI1/Pro.

21321 Mercury PAS

Mercury Parallel Acceleration System (PAS) is a library for high-performance communication on
Mercury PowerPC embedded computer and Cell blade systems. PAS is a propreitary library, so you
cannot distribute a Sourcery VSIPL++ application using PAS under the terms of the GPL.

For more information on PAS, visit the following URL: http://mc.com/products/view/in-
dex.cfm?id=16&type=software?.

The following releases of Mercury PAS have been tested by CodeSourcery to work with Sourcery
VSIPL++:

* MCOEPAS4.3.0

» PAS for Linux Clusters

21322 LAM/MPI

You can download LAM/MPI as source code from http://www.lam-mpi.org/.

Recommended configuration options when building LAM/MPI for use with Sourcery VSIPL++:

--without-mpi2cpp Do not build MPI/C++ interface. Although Sourcery VSIPL++ does not
use this interface, building it may create link-time warnings when using
different compiler versions.

The following releases of LAM/MPI have been tested by CodeSourcery to work with Sourcery
VSIPL++:

L http://me.com/products/view/index.cfm?id=5&type=software
2 http://mc.com/products/view/index.cfm?id=16&type=software



http://developer.amd.com/acml.aspx
http://mc.com/products/view/index.cfm?id=5&type=software
http://mc.com/products/view/index.cfm?id=16&type=software
http://mc.com/products/view/index.cfm?id=16&type=software
http://www.lam-mpi.org/

Installation

+ LAM/MPI17.0.6

* LAM/MPI7.1.1

RHEL Users

The RHEL LAM 6.5.9-1 package available for RHEL 3 is not suitable for use with Sourcery
VSIPL++. This package does not support compilation with a C++ compiler.

21323 MPICH

You can download MPICH as source code from http://www-unix.mcs.anl.gov/mpi/mpich/, but pre-
built binaries for most popular operating systems are available from the system distributors. If MPICH
is not already installed on your system, see the documentation for your operating system for inform-
ation about obtaining MPICH.

2.1.3.2.4 Verari MPI/Pro

The following release of Verari MPI/Pro has been tested by CodeSourcery to work with Sourcery
VSIPL++:

e \erari MPI/Pro 2.1.0

2.2 Obtaining the Source Code

The Sourcery VSIPL++ Source Code is available from CodeSourcery's web site. Visit http://www.code-
sourcery.com/vsiplplusplus/download.html for instructions on downloading VSIPL++,

Sourcery VSIPL++ source packages are distributed as compressed Tape Archive (TAR) files. Use
GNU TAR to unpack the source code with the following command:

> tar xjf sourceryvsipl++-1.2_tar.bz2

This command will create a subdirectory of the current directory called sourceryvsipl++-1.2.

2.3 Configuration

Before building Sourcery VSIPL++, you must run a configuration script to tell Sourcery VSIPL++
what C++ compiler you are using and what optional software you wish to use. After running the
configuration script, you will build and install the Sourcery VSIPL++ library.

These instructions assume that your shell's current directory is the sourceryvsipl++-1.2 directory
created when you unpacked the VSIPL++ distribution. If you want to allow Sourcery VSIPL++ to
automatically configure itself, run:

> _/configure

You will see output explaining the configuration decisions that Sourcery VSIPL++ is making.

There are several options that you can use to tell Sourcery VSIPL++ about your particular environment.

CXX=pat h Use pat h as the C++ compiler. If you do not provide this op-
tion, Sourcery VSIPL++ will search for a C++ compiler in
your PATH.
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CXXFLAGS=f | ags

--prefix=directory

--host=archi tecture

--disable-mpi

—-with-mpi-prefix=directory

--enable-mpi=mpipro

--enable-pas

--disable-exceptions

--enable-ipp

--enable-ipp=win

—-with-ipp-prefix=directory

Use f1 ags as flags to pass to the C++ compiler. The default
value depends on your compiler. If you are using multiple
flags (like -02 -ffast-math), you must enclose the f I ags in
quotes so that the shell will consider all of the flags as a single
argument.

Install the library in di rect ory. Header files will be placed
in a subdirectory of direct ory named include; the library
itself will be placed in 1ib. You will need to have sufficient
permissions to write to the installation directory. The default
installation directory is /usr/local, which is usually not
writable by non-administrators; therefore, you may want to
use your home directory as an installation directory.

Specify the host-architecture that Sourcery VSIPL++ will be
built for. The default is to build Sourcery VSIPL++ to run
native on build machine. This option is useful when cross-
compiling Sourcery VSIPL++.

Do not use MPI, even if an appropriate MPI library is detected.
This option is useful if you want to build a uniprocessor ver-
sion of Sourcery VSIPL++. By default, MPI support will be
included if it is available.

Search for MPI installation in di rect ory first. MPI headers
should be in di rect ory/i ncl ude, MPI libraries in di rect -
ory/lib, and MPI compilation commands (either mpicxx or
mpicC) should be in di rect ory/ bi n. This option is useful if
MPI is installed in a non-standard location, or if multiple MPI
versions are installed.

Use Verari's MPI/Pro. This option is necessary when using
MPI/Pro on the Mercury platform.

Enable the use of Mercury Parallel Acceleration System (PAS)
for parallel services if found. This option is necessary to use
PAS on the Mercury platform, and when using PAS for Linux
clusters. By default PAS support will not be included.

Do not use C++ exceptions. Errors that would previously have
generated an exception now cause an abort(). This option is
useful if you want to build Sourcery VSIPL++ with a compiler
that does not implement exceptions. By default, exceptions
are used.

Enable the use of the Intel Performance Primitives (IPP) if
found. Enabling IPP will accelerate the performance of signal
processing and view element-wise operations.

Enable the use of the Intel Performance Primitives (IPP) for
Windows if found. This option is useful when configuring
Sourcery VSIPL++ on a Windows system.

Search for IPP installation in directory first. IPP headers
should be in the include subdirectory of di rect ory and IPP
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—-with-ipp-suffix=suffix

--enable-sal

—-with-sal-include=directory

--with-sal-lib=directory

--enable-fft=lib

—-with-fftw3-prefix=directory

libraries should be in the 1ib subdirectory. This option has
the effect of enabling IPP (i.e. --enable-ipp). This option is
useful if IPP is installed in a non-standard location, or if
multiple IPP versions are installed.

Use a processor specific version of the IPP libraries, as indic-
ated by suf fi x. For example, the suffix em64t will select IPP
libraries specific to em64t processors. By default, non-suffix
IPP libraries are used, which determine the architecture at
run-time and dynamically load the appropriate processor-
specific libraries. This option is useful if the automatic dis-
patcher is not able to determine the correct architecture.

Enable the use of the Mercury Scientific Algorithm Library
(SAL) if found. Enabling SAL will accelerate the performance
of view element-wise operations, linear algebra, solvers, and
signal processing operations.

Search for SAL header files in di rect ory first. This option
has the effect of enabling SAL (i.e. --enable-sal). This op-
tion is useful if SAL headers is installed in a non-standard
location, such as when using the CSAL library. However, it
should not be necessary when building native on Mercury
system.

Search for SAL library files in di rect ory first. This option
has the effect of enabling SAL (i.e. --enable-sal). This op-
tion is useful if SAL libraries is installed in a non-standard
location, such as when using the CSAL library. However, it
should not be necessary when building native on Mercury
system.

Search for and use the FFT library indicated by 1 i b to perform
FFTs. Valid choices for 1i b include fftw3, ipp, and sal,
which select FFTW3, IPP, and SAL libraries respectively. A
fourth option, bui I'tin, selects the FFTW3 library that comes
with Sourcery VSIPL++ (default). This option should be used
if an existing FFTW3 library is not available. If no FFT library
is to be used (disabling Sourcery VSIPL++'s FFT functional-
ity), no_fft should be chosen for I i b. Multiple libraries may
be given as a comma separated list. When performing an FFT,
VSIPL++ will use the first library in the list that can support
the FFT parameters. For example, on Mercury systems --en-
able-fft=sal ,builtinwould use SAL's FFT when possible,
falling back to VSIPL++'s builtin FFTW3 otherwise.

Search for FFTW3 installation in directory first. FFTW3
headers should be in the include subdirectory of di rectory
and FFTWa3 libraries should be in the 1ib subdirectory. This
option has the effect of enabling FFTW3 for FFTs (i.e.
—-with-fFe=FFtw3). This option is useful if FFTW3 is in-
stalled in a non-standard location, or if multiple FFTW3 ver-
sions are installed.
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—--with-lapack

—-with-lapack=lib

--disable-builtin-atlas

--with-acml-prefix=directory

--with-atlas-prefix=di rectory

Enable Sourcery VSIPL++ to search for an appropriate
LAPACK implementation on the platform. If found, it will
be used to perform linear algebra (matrix-vector products and
solvers).

Search for and use the LAPACK library indicated by 1i b to
perform linear algebra (matrix-vector products and solvers).
Valid choices for 1ib include mkl, acml, atlas, generic,
builtin, and fortran-builtin

mk1 selects the Intel Math Kernel Library (MKL) to perform
linear algebra if found.

mkl_win selects the Intel Math Kernel Library (MKL) on
Windows systems to perform linear algebra if found.

acml selects the AMD Core Math Library (ACML) to perform
linear algebra if found.

atlas selects the ATLAS library to perform linear algebra if
found.

generic selects a generic LAPACK library (-llapack) to per-
form linear algebra if found.

builtin selects the builtin version of ATLAS/C-LAPACK
to perform linear algebra. This option requires building AT-
LAS which can take considerable time and is not supported
on all platforms. It is only recommended if MKL, ATLAS,
or a generic LAPACK or not already installed on the platform.

fortran-builtin selects the builtin version of ATLAS/F77-
LAPACK to perform linear algebra. Like bui I'tin, this option
requires building ATLAS. In this case, it uses the FORTRAN
version instead of the C version of LAPACK. Note this option
requires a fortran compiler as well as the g2c library. Use the
--with-g2c-path= option if this library is not installed in a
standard location.

Disables the consideration of Sourcery VSIPL++'s builtin
ATLAS for performing linear algebra. This option is useful
if building on a platform that is not supported by ATLAS.

Search for ACML installation in directory first. ACML
headers should be in the include subdirectory of the install
directory, whose path depends on the exact version of the
library you have. Similarly, ACML libraries should be in the
1ib subdirectory. This option has the effect of enabling ACML
for lapack (i.e. --with-lapack=acml). This option is useful
if the ACML is installed in a non-standard location, or if
multiple ACML versions are installed.

Search for ATLAS installation in directory first. ATLAS
headers should be in the include subdirectory of di rect ory
and ATLAS libraries should be in the rib subdirectory. This
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—-with-mkl-prefix=directory

--with-mkl-arch=ar chi tecture

--disable-cblas

--with-g2c-path=di rectory

--with-complex=f or mat

--enable-timer=ti mer

--enable-cpu-mhz=speed

option has the effect of enabling ATLAS for lapack (i.e.
--with-lapack=atlas). This option is useful if ATLAS is
installed in a non-standard location, or if multiple ATLAS
versions are installed.

Search for MKL installation in di r ect or y first. MKL headers
should be in the include subdirectory of di r ect ory and MKL
libraries should be in the 1ib/(arch) subdirectory. This option
has the effect of enabling MKL for lapack (i.e. --with-
lapack=mkl). This option is useful if MKL is installed in a
non-standard location, or if multiple MKL versions are in-
stalled.

Used in conjunction with --with-mk1-prefix to specify which
library subdirectory of MKL to use. If --with-mkl-pre-
fix=di rect ory is used to specify the MKL prefix, libraries
are searched for in directory/architecture. By default ar -
chi tect ure is deduced based on the platform. This option is
useful if this deduction is incorrect.

Disables the use of the C BLAS API, forcing the use of the
Fortran BLAS API. This option is useful if building on a
platform that does not provide the C BLAS API.

Search for libg2c.a in di rect ory first. This option is useful
if 1ibg2c.a is installed in a non-standard location, or if mul-
tiple versions are installed.

Specify the format for storing complex numbers. Valid
choices for f ormat are inter and split, which select inter-
leaved and split storage respectively. This option is useful
when a platform has better performance using a particular
complex storage format. The default complex storage format
IS inter.

Useti ner type of timer for profiling. Valid choices fort i mer
include none, posix, realtime, and pentiumtsc, and
x86_64_tsc. By default no timer is used (ti mer =none This
option is necessary when you intent to use the libary's profiling
or performance API features.

none disables profile timing.
posix selects the POSIX timer if present on the system.

realtime selects the POSIX realtime timer if present on the
system.

pentiumtsc selects the Pentium time-stamp counter (TSC)
timer if present on the system.

x86_64_tsc selects the x86-64 (or em64t) time-stamp counter
(TSC) timer if present on the system.

Use speed MHz as the counter frequency for the Pentium and
x86-64 timestamp counters. By default, the counter frequency

11
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is queried from the operating system at runtime. This option
is useful if the correct counter frequency cannot be determined.

Example 2.1, “Configuring Sourcery VSIPL++" shows how to use the configure script to use partic-
ular optimization options for the C++ compiler on a system where MPI support is not required. The
exact output will vary from system to system, but the output shown here is representative.

> _/configure CXXFLAGS="-02 -ffast-math" --disable-mpi
checking build system type... i1686-pc-linux-gnu
checking host system type... i1686-pc-1inux-gnu

checking for g++... g++

checking for C++ compiler default output file name... a.out
checking whether the C++ compiler works... yes

checking whether we are cross compiling... no

checking for suffix of executables...

checking for suffix of object files... o

checking whether we are using the GNU C++ compiler... yes
checking whether g++ accepts -g... yes

checking for bugs in g++ and its runtime... no bugs found
checking for openjade... openjade

checking for pdfjadetex... pdfjadetex

checking for a BSD-compatible install... Zusr/bin/install -c

configure: creating ./config.status

config.status: creating src/vsip/impl/acconfig.hpp
config.status: creating src/vsip/GNUmakefile.inc
config.status: creating tests/context
config.status: creating tests/QMTest/configuration
config.status: creating doc/GNUmakefile.inc
config.status: creating GNUmakefile

config.status: creating src/vsip/impl/acconfig.hpp

2.3.1 Configuration Notes for Mercury Systems

When configuring Sourcery VSIPL++ for a Mercury PowerPC system, the following environment
variables and configuration flags are recommended:

® CXX=ccmc++
This selects the ccme++ cross compiler as the C++ compiler.
* CC=ccmc
This selects the ceme cross compiler as the C compiler.
* AR=armc
This selects the armc archiver.
e AR_FLAGS=cr

This selects the ¢ (create archive if it does not exist) and r (replace files in archive) flags for the
armc archiver. armc does not support the u flag (only replace files if they are an update).

® CXXFLAGS="--no_implicit_include -Onotailrecursion -t architecture --no_exceptions
-Ospeed --max_inlining -DNDEBUG --diag_suppress 177,550

These are the recommended flags for compiling Sourcery VSIPL++ with the GreenHills C++
compiler on the Mercury platform. These flags fall into two categories: those necessary for a
correct build, and those optional for good performance. The following are necessary to correctly
build the library:

12



Installation

—-no_implicit_include

GreenHills enables implicit inclusion by default. This permits the compiler to assume that if
it needs to instantiate a template entity defined in a .hpp file it can implicitly include the
corresponding .cpp file to get the source code for the definition.

Sourcery VSIPL++ does not use this capability. Leaving this feature enabled will result in
multiple symbol definition errors at link-time.

Note: it is only necessary to disable implicit includes when building the library. After the
library has been installed, applications using it may enable implicit includes.

-Onotailrecursion

This disables optimization of tail-recursive functions. This optimization has a defect which
is triggered by some of Sourcery VSIPL++'s algorithms.

The following flags will improve the performance of the library and applications. These should
be used for production.

-t architecture

This flag directs the compiler to generate code optimized for processor variant and endian-
ness specified by ar chi t ect ure. Valid choices are listed in the ccme++ documentation and
include ppc7400, ppc7400_le, ppc7445, and ppc7445_le.

--no_exceptions

Disable exception handling, which can have a large performance overhead with the GreenHills
compiler. This should be used in conjunction with the configure flag --disable-exceptions.

-Ospeed
This option instructs the compiler to enable all optimizations which improve speed.
—--max_inlining

By default, GreenHills will only consider functions composed entirely of straightline code
(no control flow) for inlining. --max_inlining instructs the compiler to consider all functions
(whether containing control flow statements or not) for inlining, subject to the usual restraints
in the case of excessively large or complicated functions.

-DNDEBUG
Disable assertions. This option should be used when configuring the library for performance.
--diag_suppress 177,550

This option suppresses compiler diagnostics warning about unused variables. When compiling
with -DNDEBUG assertions are removed that may be the only reference to a variable.

When compiling a development or debug version of the library, replace -Ospeed -DNDEBUG with

-g.

--host=powerpc

Cross compile for the PowerPC processor.
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--enable-sal
Enable the SAL library.
--enable-fft=sal ,builtin

Use SAL and Sourcery VSIPL++ builtin FFTW3 to perform FFT operations. SAL FFT will be
used for FFTs with power-of-two sizes, FFTW3 will be used otherwise.

--with-fftw3-cflags="-02"

Compile Sourcery VSIPL++'s builtin FFTW3 library with optimization level -02. (Compiling
FFTW3 with optimization level -03 produces link-errors with GreenHills C related to the handling
of static functions. CodeSourcery is currently developing a work-around for this.)

--with-complex=split

Store complex data in split format by default.
--disable-exceptions

Disable the use of exceptions from within the library.
--enable-mpi=mpipro

Enable the use of \erari MPI1/Pro for communications.
--enable-timer=realtime

Use the POSIX-realtime timer for profiling.

The file examples/mercury/mcoe-setup.sh is an example of how to configure Sourcery VSIPL++
for the Mercury with these options.

2.3.2 Configuration Notes for Windows Systems

Before configuring Sourcery VSIPL++ for a Microsoft Windows systems, the follow prerequisites
are recommended:

The Cygwin environment for Windows, including the GNU make and sed packages. Sourcery
VSIPL++ uses this as development environment for configuring and building the Sourcery
VSIPL++ library. Cygwin is not necessary to build and run Sourcery VSIPL++ applications. For
more information on the Cygwin environment, visit http://www.cygwin.com/

Intel C++ for Windows, version 9.1 or later. This may require installation of a Microsoft C++
compiler and Microsoft SDK for windows. For more information on Intel C++ and its require-
ments: http://www.intel.com/cd/software/products/asmo-na/eng/compilers/279578.htm

Intel IPP and MKL for Windows.

When configuring Sourcery VSIPL++ for a Microsoft Windows system, the following environment
variables and configuration flags are recommended:

CXX=icl

This selects the Intel C/C++ compiler icl as the C++ compiler.
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CC=icl
This selects the Intel C/C++ compiler icl at the C compiler.
CXXFLAGS=""/Qcxx-features /Qvc8

These are the recommended flags for compiling Sourcery VSIPL++ with the Intel C++ compiler
on Microsoft Windows platforms. The following are necessary to correctly build the library:

* /Qcxx-features
This enables standard C++ features for exception handling and RTTI.
* /Qvc8

This enables Microsoft Visual Studio 2005 compatibility. If using another version of Visual
Studio, please consult the Intel C++ documentation for the correct option.

--build=1686-cygwin

Configure to build library in the cygwin environment.

--host=1686-mingw32

Target the resulting library to run on Microsoft Windows systems with the Win32 API.
--enable-ipp=win

Enable the IPP library for Windows. This requires that the IPP header, library, and DLL direct-
ories be present in your INCLUDE, L1B, and PATH directories, respectively. Manually passing these
paths to configure in Windows is not recommended.

--enable-fft=ipp
Use the IPP FFT functions to perform FFT operations.
--with-lapack=mkl_win

Use the MKL library for Windows to implement linear-algebra operations. This requires that the
MKL header and library directories be present in your INCLUDE and L 1B, directories, respectively.
Manually passing these paths to configure in Windows is not recommended.

--disable-mpi

Disable MPI. Sourcery VSIPL++ does not support MPI on Windows at this time.

2.4 Compilation and Installation

After you have configured Sourcery VVSIPL++, build the library by running the following command:

> make

The command shown above assumes that GNU make is in your PATH and has been installed as make.
On some systems, GNU make may be installed as gmake; if so, you will have to adjust the command
shown above appropriately. After building the library, use the following command to install Sourcery
VSIPL++:
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> make install

2.5 Installing a Binary Package

This section explains how to install and run Sourcery VSIPL++ from a pre-built package. Pre-built
Sourcery VSIPL++ packages are available from CodeSourcery's web site in the same location as the
source release. Visit http://www.codesourcery.com/vsiplplusplus/download.html for instructions on
downloading VSIPL++.

2.5.1 Unpacking the Distribution

Sourcery VSIPL++ binary packages are distributed as compressed Tape Archive (TAR) files that
are intended to be installed in the root directory. The following commands will use GNU TAR to
unpack the binary distribution into the location /usr/local:

>cd /
> tar xjf sourceryvsipl++-1_.2-serial-builtin-x86_64-sse2.tar.bz2

The directory layout of the installed package is as follows:

T—- usr
~—- local

|-- include

| T—- vsip // Sourcery VSIPL++ Headers

| ~-- vsip_csl // CodeSourcery extensions.

|-- lib

| |-- [arch] // Arch specific library files

| | “—- [variant] // Variant specific library files

| | ~—-- pkgconfig // Variant specific pkg-config

| ~-- pkgconfig // Pkg-config links for all variants.

~-- share // Documentation and user files
|-- doc
| ~—- sourceryvsipl++
| |-- quickstart // Quickstart (this document)
| |-- reference // Interactive APl documentation
| ~—- tutorial // Tutorial and Reference manual.
~—- sourceryvsipl++

Sourcery VSIPL++ binary packages contain a single set of shared library headers and multiple library
archives that are specialized by processor architecture they support and external libraries they use.
The architecture indicates which processor architecture the library archives have been built for. For
example, the GNU/Linux x86 binary package supports the ia32, em64t, and amd64 architectures.

The variant indicates which external libraries the VSIPL++ library is configured to use, and what
level of optimization the library has been built with. For example, the GNU/Linux x86 binary package
provides the following 4 variants built with high level of optimization (for release software): par-
builtin, which uses LAM/MPI and the builtin ATLAS and FFTW3 libraries, par-intel, which uses
LAM/MPI and the Intel IPP and MKL libraries, ser-builtin, which uses just the builtin ATLAS and
FFTWS3 libraies with no MPI, and ser-intel, which uses just the Intel IPP and MKL libraries with no
MPI. In addition, 4 corresponding variants with debug optons: par-builtin-debug, par-intel-debug,
ser-builtin-debug, and ser-intel-debug.

2.5.2 Other Install Locations

It is possible to install Sourcery VSIPL++ into other prefixes than /usr/local. However, because the
pkg-config files have the install prefix hard-coded, it is necessary to run the set-prefix.sh script after
untarring to set the correct installation prefixes.
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The set-prefix.sh is located in the usr/local/sbin subdirectory of the tarball. It should be run with
a specified path and no arguments.

For example, to install a binary package in SHOME/usr/local:

cd $HOME

tar xfj sourceryvsipl++-pkgname.tar.bz2
$HOME/usr/local/sbin/set-prefix.sh

export PKG_CONFIG_PATH=$HOME/usr/local/lib/pkgconfig

V V.V V

For example, to install a binary package into Zopt/vsipl++:

cd /opt

tar xfj sourceryvsipl++-pkgname.tar.bz2

mv usr/local vsipl++
/opt/vsipl++/sbin/set-prefix.sh

export PKG_CONFIG_PATH=/opt/vsipl++/lib/pkgconfig

VVVVYV

Alternatively, it is possible to install the tarball outside of /usr/local and not update the pkg-config
files. This requires passing the prefix as a variable to the pkg-config program to override the hard-
coded prefix for susr/1ocal in order to extract the correct compilation options needed in order to
build Sourcery VSIPL++ programs. An example Makefile:

prefix = /path/to/install/usr/local

pkgcommand := PKG_CONFIG_PATH=$(prefix)/lib/pkgconfig \
pkg-config vsipl++$(suffix) \
—--define-variable=prefix=$(prefix)

CXX = $(shell ${pkgcommand} --variable=cxx)
CXXFLAGS = $(shell ${pkgcommand} --cflags) \

$(shell ${pkgcommand} --variable=cxxflags)
LIBS = $(shell ${pkgcommand} --libs)

examplel: examplel.o
$(CXX) $(CXXFLAGS) -0 $@ $™ $(LIBS)

2.5.3 Paths for External Libraries

Sourcery VSIPL++ binary packages that use the following external libraries have the library install-
ation paths hard-coded in their pkg-config files (install path in parenthesis):

e Intel IPP (Vopt/intel/ipp).

* Intel MKL (/opt/intel/mkl).

* MPICH (Solaris only) (sopt/intel/mkl).

If these libraries are not installed in these locations, it is necessary to do one of the following:
» Update the pkg-config file paths using set-pr efix.sh.

» Create a symbolic link from the default install location to the actual install location.

« Manually specify the paths to the libraries on each invocation of pkg-config.

Each of the options is described in more detail below.
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The set-prefix.sh script in the usr/local/sbin can update the pkg-config files with the correct in-
stallation prefixes for external libraries. set-prefix.sh takes arguments of the form ipp:/pre-
fix/to/ipp, mkl:/prefix/to/mkl, and mpi : /prefix/to/mpi, and to specify prefixes for IPP, MKL,
and MPICH respectively.

For example, assuming that the library has been installed into Zusr/1ocal and that IPP is installed
in Zopt/intel/ipp4l:

> /usr/local/sbin/set-prefix.sh ipp:/opt/intel/ipp4l

If multiple prefixes need to be changed, set-prefix.sh can either be called once with multiple prefixes:
> /usr/local/sbin/set-prefix.sh ipp:/opt/intel/ipp4l mkl:/opt/intel/mkl1821
Or multiple times, once for each prefix:

> /usr/local/sbin/set-prefix.sh ipp:/opt/intel/ipp4l
> /usr/local/sbin/set-prefix.sh mkl:/opt/intel/mkl821

Using symbolic links, it is possible to direct Sourcery VSIPL++'s expected directory to the actual
installation libraries.

For example, assuming that IPP is installed in Zopt/intel/ipp41:

> In -s /opt/intel/ipp4l /opt/intel/ipp

Finally, it is possible to manually pass the prefixes for external libraries to pkg-config program on
each invocation.

For example, assuming that IPP is installed in /opt/intel/ipp4l and that MKL is installed in
/opt/intel/mk1821, to query --libs from pkg-config:

LIBS = “pkg-config --define-variable=ipp_prefix=/usr/local/ipp4l \
--define-variable=mkl_prefix=/usr/local/mkl821 \
—-libs vsipl++
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Chapter 3
Building Applications

Sourcery VSIPL++ comes with example programs, installed in the share/sourceryvsipl++
subdirectory. This chapter explains how to compile, link, and run these programs. You can
modify these programs to develop your own Sourcery VSIPL++ applications.
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This chapter assumes that you have installed Sourcery VSIPL++ in Zusr/local. If you have used a
different path, you will have to adjust the filenames below accordingly. It is also assumed that the
current directory is writable by you. For example, you can use your home directory, or /tmp as the
current directory. Finally, the examples in this chapter assume that you are using the GNU C++
compiler. If you are using another C++ compiler, you may have to make minor changes to the com-
mands shown.

3.1 Building Manually

The file /usr/local/share/sourceryvsipl++/examplel.cpp contains a very simple VSIPL++
program. You can use this file as a template for developing much more complex programs.

When building Sourcery VSIPL++ applications, you must ensure that your compiler can find the
necessary header and library files. Since Sourcery VSIPL++ may depend on other libraries, the
easiest way to determine the necessary compiler directives is with the pkg-config command.

Before pkg-config can find information about Sourcery VSIPL++, it is necessary to make sure that
Sourcery VSIPL++'s 1ib/pkgconfig subdirectory is in pkg-config's search path. You can check the
search path by examining the PKG_CONFIG_PATH environment variable. To set the path:

> export PKG_CONFIG_PATH=/usr/local/lib/pkgconfig

First, to compile the program, use the following command:

> g++ -c “pkg-config --cflags vsipl++  \
/usr/local/share/sourceryvsipl++/examplel.cpp

Next, to link the program, use the following command:

> g++ -0 examplel examplel.o ~pkg-config --libs vsipl++

Now that you have built the example program, you can run it like any other program, with:

> _/examplel

3.1.1 Using pkg-config

When building applications, it is important to use the same C++ compiler that was used to build the
Sourcery VSIPL++ library. Different C++ compilers, even different versions of the same compiler,
may have incompatible linking conventions or different standard library implementations. However,
it is possible to determine the compiler used to build Sourcery VSIPL++ via pkg-config:

> pkg-config --variable=cxx vsipl++
Using this, the previous commands to compile and link the example program become:
> “pkg-config --variable=cxx vsipl++~ \
-c ~pkg-config --cflags vsipl++~ /usr/local/share/sourceryvsipl++/examplel.cpp

> “pkg-config --variable=cxx vsipl++ > \
-0 examplel examplel.o ~pkg-config --libs vsipl++

If pkg-config is not available on your system, you can specify the search paths manually. With most
compilers, the -1 switch can be used to specify directories containing header files. Use the following
command to compile the program:

> g++ -c -1 /opt/vsip/include /usr/local/share/sourceryvsipl++/examplel.cpp
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To link the program manually, you must tell the compiler where to find the libraries when linking.
For most compilers, the -L switch is used to specify directories to search for libraries, while the -1
switch is used to specify the names of libraries to use. Use the following command to link the program:

> g++ -0 examplel -L Zusr/local/lib examplel.o -1 vsip

If Sourcery VSIPL++ was configured to use other libraries, such as MPI, it will be necessary to
manually specify -L and -1 options accordingly. These necessary options can be determined by
looking in the Zusr/local/lib/pkgconfig/vsipl++.pc file. It contains a line prefixed with "Libs:"
which indicates the libraries necessary to link a Sourcery VSIPL++ program.

3.2 Building with GNU Make

An makefile for compiling the example programs is provided in the same directory as the example
source files (/opt/vsip/share/sourceryvsipl++). This example uses the pkg-config command to
extract the information needed to correctly compile an application with the Sourcery VSIPL++ library.
Create the executable by entering the make command from the examples directory (or directory
where you have copied the makefile and source files). For example:

> cd /Zusr/local/share/sourceryvsipl++/

> make

g++ -1/usr/local/include -0 examplel examplel.o -L/usr/local/lib -1svpp

Note that your command line will appear differently depending on install location and configuration
options. As described above, the correctly compiler, include paths and library information are obtained
automatically.

3.3 Running Serial Applications

Serial VSIPL++ applications are run like other serial programs on your system. No special commande
line arguments are required.

On most GNU/Linux systems, serial applications are run by typing their name at the command
prompt:

> _/examplel

On most Mercury MCOE systems, serial applications are run using the sysmc and runmc commands:
> sysmc -ce CE -bcs=0 init

> runmc -ce CE ./examplel.ppc

> sysmc -ce CE reset

For more details, refer to your system documentation.

3.4 Running Parallel Applications

Parallel VSIPL++ applications are run depends on the particular communication library used.

For most MPI libraries, parallel applications are run with the mpirun command. For example, to
run a VSIPL++ application on two processors:

> mpirun -np 2 ./examplel
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This may require that your MPI library has been first initialized on the system by starting a daemon
process. Please consult your MPI library documentation for more details.

For PAS, it is necessary to pass extra command line options to VSIPL++. -pas_size nproc> indicates
the total number of processors in the PAS set. —-pas_rank rank indicates the rank of the particular
process in the set.

For example, to run a parallel VSIPL++ application with MCOE PAS with four CEs, 2, 3, 4 and 5:

> sysmc -ce 2 -bcs=0 init 3-5

> runmc -ce 3 ./examplel.ppc -pas_size 4 -pas_rank 1 &
> runmc -ce 4 ./examplel.ppc -pas_size 4 -pas_rank 2 &
> runmc -ce 5 ./examplel.ppc -pas_size 4 -pas_rank 3 &
> runmc -ce 2 ./examplel.ppc -pas_size 4 -pas_rank O

> sysmc -ce 2 reset

For example, to run a parallel VSIPL++ application with PAS for Linux Clusters on compute nodes
cl, c2, c3, c4:

rsh -n cl examplel -pas_size 4 -pas_rank O
rsh -n c2 examplel -pas_size 4 -pas_rank 1
rsh -n c3 examplel -pas_size 4 -pas_rank 2
rsh -n c4 examplel -pas_size 4 -pas_rank 3
wait

&
&
&
&

VVVVYV

. Please consult your PAS library documentation for more details on starting PAS and running PAS
programs.
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Appendix A. GNU General Public
License

Version 2, June 1991
Copyright © 1989, 1991 Free Software Foundation, Inc.

Free Software Foundation, Inc.
51 Franklin Street, Fifth Floor, Boston, MA 02110-1301 USA

Everyone is permitted to copy and distribute verbatim copies of this license document, but
changing it is not allowed.
Version 2, June 1991

Preamble

The licenses for most software are designed to take away your freedom to share and change
it. By contrast, the GNU General Public License is intended to guarantee your freedom to
share and change free software - to make sure the software is free for all its users. This
General Public License applies to most of the Free Software Foundation's software and to
any other program whose authors commit to using it. (Some other Free Software Foundation
software is covered by the GNU Library General Public License instead.) You can apply
it to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our General Public
Licenses are designed to make sure that you have the freedom to distribute copies of free
software (and charge for this service if you wish), that you receive source code or can get
it if you want it, that you can change the software or use pieces of it in new free programs;
and that you know you can do these things.

To protect your rights, we need to make restrictions that forbid anyone to deny you these
rights or to ask you to surrender the rights. These restrictions translate to certain responsib-
ilities for you if you distribute copies of the software, or if you modify it.

For example, if you distribute copies of such a program, whether gratis or for a fee, you
must give the recipients all the rights that you have. You must make sure that they, too, re-
ceive or can get the source code. And you must show them these terms so they know their
rights.

We protect your rights with two steps:
1. copyright the software, and

2. offer you this license which gives you legal permission to copy, distribute and/or
modify the software.

Also, for each author's protection and ours, we want to make certain that everyone under-
stands that there is no warranty for this free software. If the software is modified by someone
else and passed on, we want its recipients to know that what they have is not the original,
so that any problems introduced by others will not reflect on the original authors' reputations.

Finally, any free program is threatened constantly by software patents. We wish to avoid
the danger that redistributors of a free program will individually obtain patent licenses, in
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effect making the program proprietary. To prevent this, we have made it clear that any
patent must be licensed for everyone's free use or not licensed at all.

The precise terms and conditions for copying, distribution and modification follow.

TERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND MODI-

FICATION

0.

This License applies to any program or other work which contains a notice placed by
the copyright holder saying it may be distributed under the terms of this General Public
License. The "Program”, below, refers to any such program or work, and a “work
based on the Program ” means either the Program or any derivative work under copy-
right law: that is to say, a work containing the Program or a portion of it, either verbatim
or with modifications and/or translated into another language. (Hereinafter, translation
is included without limitation in the term “modification ”.) Each licensee is addressed
as “you”.

Activities other than copying, distribution and modification are not covered by this
License; they are outside its scope. The act of running the Program is not restricted,
and the output from the Program is covered only if its contents constitute a work based
on the Program (independent of having been made by running the Program). Whether
that is true depends on what the Program does.

You may copy and distribute verbatim copies of the Program's source code as you re-
ceive it, in any medium, provided that you conspicuously and appropriately publish
on each copy an appropriate copyright notice and disclaimer of warranty; keep intact
all the notices that refer to this License and to the absence of any warranty; and give
any other recipients of the Program a copy of this License along with the Program.

You may charge a fee for the physical act of transferring a copy, and you may at your
option offer warranty protection in exchange for a fee.

You may modify your copy or copies of the Program or any portion of it, thus forming
a work based on the Program, and copy and distribute such modifications or work
under the terms of Section 1 above, provided that you also meet all of these conditions:

a. You must cause the modified files to carry prominent notices stating that you
changed the files and the date of any change.

b.  You must cause any work that you distribute or publish, that in whole or in part
contains or is derived from the Program or any part thereof, to be licensed as a
whole at no charge to all third parties under the terms of this License.

c. If the modified program normally reads commands interactively when run, you
must cause it, when started running for such interactive use in the most ordinary
way, to print or display an announcement including an appropriate copyright notice
and a notice that there is no warranty (or else, saying that you provide a warranty)
and that users may redistribute the program under these conditions, and telling
the user how to view a copy of this License.

Exception:  If the Program itself is interactive but does not normally print such
an announcement, your work based on the Program is not required to print an
announcement.)
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These requirements apply to the modified work as a whole. If identifiable sections of
that work are not derived from the Program, and can be reasonably considered inde-
pendent and separate works in themselves, then this License, and its terms, do not apply
to those sections when you distribute them as separate works. But when you distribute
the same sections as part of a whole which is a work based on the Program, the distri-
bution of the whole must be on the terms of this License, whose permissions for other
licensees extend to the entire whole, and thus to each and every part regardless of who
wrote it.

Thus, it is not the intent of this section to claim rights or contest your rights to work
written entirely by you; rather, the intent is to exercise the right to control the distribu-
tion of derivative or collective works based on the Program.

In addition, mere aggregation of another work not based on the Program with the
Program (or with a work based on the Program) on a volume of a storage or distribution
medium does not bring the other work under the scope of this License.

You may copy and distribute the Program (or a work based on it, under Section 2 in
object code or executable form under the terms of Sections 1 and 2 above provided
that you also do one of the following:

a. Accompany it with the complete corresponding machine-readable source code,
which must be distributed under the terms of Sections 1 and 2 above on a medium
customarily used for software interchange; or,

b. Accompany it with a written offer, valid for at least three years, to give any third
party, for a charge no more than your cost of physically performing source distri-
bution, a complete machine-readable copy of the corresponding source code, to
be distributed under the terms of Sections 1 and 2 above on a medium customarily
used for software interchange; or,

c. Accompany it with the information you received as to the offer to distribute cor-
responding source code. (This alternative is allowed only for noncommercial
distribution and only if you received the program in object code or executable
form with such an offer, in accord with Subsection b above.)

The source code for a work means the preferred form of the work for making modific-
ations to it. For an executable work, complete source code means all the source code
for all modules it contains, plus any associated interface definition files, plus the scripts
used to control compilation and installation of the executable. However, as a special
exception, the source code distributed need not include anything that is normally dis-
tributed (in either source or binary form) with the major components (compiler, kernel,
and so on) of the operating system on which the executable runs, unless that component
itself accompanies the executable.

If distribution of executable or object code is made by offering access to copy from a
designated place, then offering equivalent access to copy the source code from the
same place counts as distribution of the source code, even though third parties are not
compelled to copy the source along with the object code.

You may not copy, modify, sublicense, or distribute the Program except as expressly
provided under this License. Any attempt otherwise to copy, modify, sublicense or
distribute the Program is void, and will automatically terminate your rights under this
License. However, parties who have received copies, or rights, from you under this
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License will not have their licenses terminated so long as such parties remain in full
compliance.

You are not required to accept this License, since you have not signed it. However,
nothing else grants you permission to modify or distribute the Program or its derivative
works. These actions are prohibited by law if you do not accept this License. Therefore,
by modifying or distributing the Program (or any work based on the Program), you
indicate your acceptance of this License to do so, and all its terms and conditions for
copying, distributing or modifying the Program or works based on it.

Each time you redistribute the Program (or any work based on the Program), the recip-
ient automatically receives a license from the original licensor to copy, distribute or
modify the Program subject to these terms and conditions. You may not impose any
further restrictions on the recipients' exercise of the rights granted herein. You are not
responsible for enforcing compliance by third parties to this License.

If, as a consequence of a court judgment or allegation of patent infringement or for
any other reason (not limited to patent issues), conditions are imposed on you
(whether by court order, agreement or otherwise) that contradict the conditions of this
License, they do not excuse you from the conditions of this License. If you cannot
distribute so as to satisfy simultaneously your obligations under this License and any
other pertinent obligations, then as a consequence you may not distribute the Program
at all. For example, if a patent license would not permit royalty-free redistribution of
the Program by all those who receive copies directly or indirectly through you, then
the only way you could satisfy both it and this License would be to refrain entirely
from distribution of the Program.

If any portion of this section is held invalid or unenforceable under any particular cir-
cumstance, the balance of the section is intended to apply and the section as a whole
is intended to apply in other circumstances.

It is not the purpose of this section to induce you to infringe any patents or other
property right claims or to contest validity of any such claims; this section has the sole
purpose of protecting the integrity of the free software distribution system, which is
implemented by public license practices. Many people have made generous contribu-
tions to the wide range of software distributed through that system in reliance on con-
sistent application of that system; it is up to the author/donor to decide if he or she is
willing to distribute software through any other system and a licensee cannot impose
that choice.

This section is intended to make thoroughly clear what is believed to be a consequence
of the rest of this License.

If the distribution and/or use of the Program is restricted in certain countries either by
patents or by copyrighted interfaces, the original copyright holder who places the
Program under this License may add an explicit geographical distribution limitation
excluding those countries, so that distribution is permitted only in or among countries
not thus excluded. In such case, this License incorporates the limitation as if written
in the body of this License.

The Free Software Foundation may publish revised and/or new versions of the General
Public License from time to time. Such new versions will be similar in spirit to the
present version, but may differ in detail to address new problems or concerns.
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Each version is given a distinguishing version number. If the Program specifies a version
number of this License which applies to it and "any later version", you have the option
of following the terms and conditions either of that version or of any later version
published by the Free Software Foundation. If the Program does not specify a version
number of this License, you may choose any version ever published by the Free Soft-
ware Foundation.

10. If you wish to incorporate parts of the Program into other free programs whose distri-
bution conditions are different, write to the author to ask for permission. For software
which is copyrighted by the Free Software Foundation, write to the Free Software
Foundation; we sometimes make exceptions for this. Our decision will be guided by
the two goals of preserving the free status of all derivatives of our free software and
of promoting the sharing and reuse of software generally.

11. NO WARRANTY. BECAUSE THE PROGRAM IS LICENSED FREE OF
CHARGE, THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT
PERMITTED BY APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED
INWRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE
THE PROGRAM "AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER EX-
PRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE
OF THE PROGRAM ISWITHYOU. SHOULD THXE PROGRAM PROVE DEFECT-
IVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, REPAIR
OR CORRECTION.

12. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO
INWRITINGWILLANY COPYRIGHT HOLDER, ORANY OTHER PARTY WHO
MAY MODIFY AND/OR REDISTRIBUTE THE PROGRAM AS PERMITTED
ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GENERAL,
SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF
THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT
LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE
OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF
THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS), EVEN IF
SUCHHOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY
OF SUCH DAMAGES.

END OF TERMS AND CONDITIONS

How to Apply These Terms to Your New Programs

If you develop a new program, and you want it to be of the greatest possible use to the
public, the best way to achieve this is to make it free software which everyone can redistribute
and change under these terms.

To do so, attach the following notices to the program. It is safest to attach them to the start
of each source file to most effectively convey the exclusion of warranty; and each file should
have at least the "copyright™ line and a pointer to where the full notice is found.

<one line to give the program's name and a brief idea of what it does.> Copyright (C) <year>
<name of author>
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This program is free software; you can redistribute it and/or modify it under the terms of
the GNU General Public License as published by the Free Software Foundation; either
version 2 of the License, or (at your option) any later version.

This program is distributed in the hope that it will be useful, but WITHOUT ANY WAR-
RANTY; without even the implied warranty of MERCHANTABILITY or FITNESS FOR
A PARTICULAR PURPOSE. See the GNU General Public License for more details.

You should have received a copy of the GNU General Public License along with this pro-
gram; if not, write to the Free Software Foundation, Inc., 51 Franklin Street, Fifth Floor,
Boston, MA 02110-1301, USA

Also add information on how to contact you by electronic and paper mail.

If the program is interactive, make it output a short notice like this when it starts in an inter-
active mode:

Gnomovision version 69, Copyright (C) year name of author Gnomovision comes with
ABSOLUTELY NO WARRANTY; for details type “show w'. This is free software, and
you are welcome to redistribute it under certain conditions; type “show c' for details.

The hypothetical commands “show w' and “show c¢' should show the appropriate parts of
the General Public License. Of course, the commands you use may be called something
other than “show w' and “show c'; they could even be mouse-clicks or menu items--whatever
suits your program.

You should also get your employer (if you work as a programmer) or your school, if any,
to sign a "copyright disclaimer” for the program, if necessary. Here is a sample; alter the
names:

Yoyodyne, Inc., hereby disclaims all copyright interest in the program “Gnomovision' (which
makes passes at compilers) written by James Hacker.

<signature of Ty Coon>, 1 April 1989 Ty Coon, President of Vice

This General Public License does not permit incorporating your program into proprietary
programs. If your program is a subroutine library, you may consider it more useful to permit
linking proprietary applications with the library. If this is what you want to do, use the GNU
Library General Public License instead of this License.
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