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Preface

This preface introduces Getting Started With ARM Sourcery G++ Lite. It explains the
structure of this guide and lists other sources of information that relate to ARM Sourcery
G++ Lite.
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Preface

Intended Audience

This guide is written for people who will install and/or use ARM Sourcery G++ Lite. This
guide provides a step-by-step guide to installing ARM Sourcery G++ Lite and to building
simple applications. Parts of this document assume that you have some familiarity with
using the command-line interface. If you are an administrator installing ARM Sourcery
G++ Lite on a UNIX-like system for all of your users to use, you should also be familiar
with the package-management software (such as the Red Hat Package Manager) for your

system.

Organization

This document is organized into the following chapters and appendices:

Chapter 1, ARM Sourcery G++ Lite
Licenses

Chapter 2, Sourcery G++ Subscrip-
tions

Chapter 3, ARM Sourcery G++ Lite
for ARM GNU/Linux

Chapter 4, Installation and Configur-
ation

Chapter 5, Using ARM Sourcery
G++ Lite with Eclipse

Chapter 6, Using Sourcery G++
from the Command Line

This chapter provides information about the software
licenses that apply to ARM Sourcery G++ Lite. Read
this chapter to understand your legal rights and oblig-
ations as a user of ARM Sourcery G++ Lite.

This chapter provides information about ARM
Sourcery G++ Lite subscriptions. CodeSourcery
customers with ARM Sourcery G++ Lite subscrip-
tions receive comprehensive support for ARM
Sourcery G++ Lite. Read this chapter to find out how
to obtain and use a ARM Sourcery G++ Lite subscrip-
tion.

This chapter provides information about this release
of ARM Sourcery G++ Lite including any special
installation instructions, recent improvements, or
other similar information. You should read this
chapter before building applications with ARM
Sourcery G++ Lite.

This chapter describes how to download, install and
configure ARM Sourcery G++ Lite. This section
describes the available installation options and ex-
plains how to set up your environment so that you
can build applications.

This chapter explains how to install the ARM
Sourcery G++ Lite Eclipse plugin so that you can
use ARM Sourcery G++ Lite with the Eclipse integ-
rated development environment.

This chapter explains how to build applications with
ARM Sourcery G++ Lite using the command line.
In the process of reading this chapter, you will build
a simple application that you can use as a model for
your own programs.
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Appendix A, GNU General Public ~ This appendix contains the full text of the GNU
License General Public License, the license that applies to
certain components of ARM Sourcery G++ Lite.

Typographical Conventions

The following typographical conventions are used in this guide:

> 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.




Chapter 1
ARM Sourcery G++ Lite Licenses

ARM Sourcery G++ Lite contains software provided under a variety of licenses. Some
components are "free" or "open source" software, while other components are proprietary.
This chapter explains what licenses apply to your use of ARM Sourcery G++ Lite. You
should read this chapter to understand your legal rights and obligations as a user of ARM
Sourcery G++ Lite.




ARM Sourcery G++ Lite Licenses

1.1 Overview

ARM Sourcery G++ Lite may include any or all of the following components. Please consult the
table below for the license terms applicable to each component.

Component License

GNU Compiler Collection GNU General Public License
GNU Binary Utilities GNU General Public License
GNU Debugger GNU General Public License
GNU Make GNU General Public License
Newlib C Library Newlib License

uClibc Library GNU Lesser General Public License
Eclipse IDE Eclipse Public License

GNU Manuals GNU Free Documentation License
ARM Sourcery G++ Lite Plug-in for Eclipse IDE CodeSourcery License

ARM Sourcery G++ Lite Debug Stub for ColdFire CodeSourcery License

ARM Sourcery G++ Lite USB Debug Stub for Stellaris|CodeSourcery License

The GNU Public License is available in Appendix A, GNU General Public License. The GNU
Lesser General Public License is available in Appendix B, GNU Lesser General Public License. The
Newlib License is available at http://sources. redhat.com/newl ib/COPY ING.NEWL1B. The Eclipse
Public License is available at http://www.eclipse.org/org/documents/epl-v10.php. The GNU
Free Documentation License is available in Appendix C, GNU Free Documentation License.

The CodeSourcery License is available in Section 1.2, “Sourcery G++(TM) (Lite Edition) Software
License Agreement”.

I mportant

Although some of the licenses that apply to ARM Sourcery G++ Lite are "free software"
or "open source software" licenses, none of these licenses impose any obligation on you to
reveal the source code of applications you build with ARM Sourcery G++ Lite. You can
develop proprietary applications and libraries with ARM Sourcery G++ Lite.

1.2 Sourcery G++(TM) (Lite Edition) Software
License Agreement

1. Parties.  The parties to this Agreement are you, the licensee ("You") and CodeSourcery. If
You are not acting on behalf of Yourself as an individual, then "You" means Your company or
organization.

2. TheSoftware.  The Software licensed under this Agreement consists of computer programs
and documentation referred to as Sourcery G++(TM) (the "Software").

3. "Free Software" or "Open Source" Licenseto Certain Components of the Software.
The Software consists of various components, some of which may be subject to a "free software"
or "open source" license. This agreement does not limit Licensee's rights under, or grant Licensee
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10.

rights that supersede, the license terms of any particular component. For a list of which license
applies to each component, refer to the "Getting Started Guide" included with this distribution.

LicenseGrant to Proprietary Componentsof the Software.  You are granted a non-exclus-
ive, royalty-free license to install and use the proprietary components of the Software, transmit
the proprietary components of the Software over an internal computer network, and/or copy
the proprietary components of the Software for Your internal use only. The proprietary compon-
ents of the Software include, without limitation, the Sourcery G++ Installer and any Sourcery
G++ Debug Sprite. For a complete list of the proprietary components, refer to the "Getting
Started Guide" included with this distribution.

Restrictions.  You may not: (i) copy or permit others to use the proprietary components of
the Software, except as expressly provided above; (ii) distribute the proprietary components of
the Software to any third party; or (iii) reverse engineer, decompile, or disassemble the propri-
etary components of the Software, except to the extent this restriction is expressly prohibited
by applicable law.

CodeSourcery Trademarks.  Notwithstanding any provision in a "free software" or "open
source" license agreement applicable to a component of the Software that permits You to dis-
tribute such component to a third party, You may not use any CodeSourcery trademark,
whether registered or unregistered, including without limitation, CodeSourcery(TM), Sourcery
G++(TM), the CodeSourcery crystal ball logo, or the Sourcery G++ splash screen, or any con-
fusingly similar mark, in connection with such distribution.

Termination.  CodeSourcery may terminate this Agreement upon seven (7) days written
notice of a material breach of this Agreement if such breach is not cured; provided that the un-
authorized use, copying, or distribution of the proprietary components of the Software will be
deemed a material breach that cannot be cured.

Transfers.  You may not transfer any rights under this Agreement without the prior written
consent of CodeSourcery, which consent shall not be unreasonably withheld. A condition to
any transfer or assignment shall be that the recipient agrees to the terms of this Agreement. Any
attempted transfer or assignment in violation of this provision shall be null and void.

Ownership.  CodeSourcery owns and/or has licensed the proprietary components of the
Software and all intellectual property rights embodied therein, including copyrights and valuable
trade secrets embodied in its design and coding methodology. The proprietary components of
the Software are protected by United States copyright laws and international treaty provisions.
CodeSourcery also owns all rights, title and interest in and with respect to its trade names, domain
names, trade dress, logos, trademarks, service marks, and other similar rights or interests in in-
tellectual property. This Agreement provides You only a limited use license, and no ownership
of any intellectual property.

Warranty Disclaimer; Limitation of Liability. CODESOURCERY AND ITS LICENSORS
PROVIDE THE SOFTWARE "AS-1S" AND PROVIDED WITH ALL FAULTS. CODE-
SOURCERY DOES NOT MAKE ANY WARRANTY OF ANY KIND, EXPRESS OR IM-
PLIED. CODESOURCERY SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES
OF TITLE, NON-INFRINGEMENT, MERCHANTABILITY, FITNESS FOR A PARTICULAR
PURPOSE, SYSTEM INTEGRATION, AND DATA ACCURACY. THERE IS NO WAR-
RANTY OR GUARANTEE THAT THE OPERATION OF THE SOFTWARE WILL BE
UNINTERRUPTED, ERROR-FREE, OR VIRUS-FREE, OR THAT THE SOFTWARE WILL
MEET ANY PARTICULAR CRITERIA OF PERFORMANCE, QUALITY, ACCURACY,
PURPOSE, OR NEED. YOU ASSUME THE ENTIRE RISK OF SELECTION, INSTALLA.-
TION, AND USE OF THE SOFTWARE. THIS DISCLAIMER OF WARRANTY CONSTI-
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13.

14.

15.

16.

TUTES AN ESSENTIAL PART OF THIS AGREEMENT. NO USE OF THE SOFTWARE
ISAUTHORIZED HEREUNDER EXCEPT UNDER THIS DISCLAIMER.

Local Law. If implied warranties may not be disclaimed under applicable law, then ANY
IMPLIED WARRANTIES ARE LIMITED IN DURATION TO THE PERIOD REQUIRED
BY APPLICABLE LAW. Some states do not allow limitations on how long an implied warranty
may last, so the above limitations may not apply to You. This warranty gives you specific rights,
and You may have other rights which vary from jurisdiction to jurisdiction.

Limitation of Liability. = INDEPENDENT OF THE FORGOING PROVISIONS, IN NO
EVENT AND UNDER NO LEGAL THEORY, INCLUDING WITHOUT LIMITATION,
TORT, CONTRACT, OR STRICT PRODUCTS LIABILITY, SHALL CODESOURCERY
BE LIABLE TOYOU ORANY OTHER PERSON FOR ANY INDIRECT, SPECIAL, INCID-
ENTAL, OR CONSEQUENTIAL DAMAGES OF ANY KIND, INCLUDING WITHOUT
LIMITATION, DAMAGES FOR LOSS OF GOODWILL, WORK STOPPAGE, COMPUTER
MALFUNCTION, OR ANY OTHER KIND OF COMMERCIAL DAMAGE, EVEN IF
CODESOURCERY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
THIS LIMITATION SHALL NOT APPLY TO LIABILITY FOR DEATH OR PERSONAL
INJURY TO THE EXTENT PROHIBITED BY APPLICABLE LAW. IN NO EVENT SHALL
CODESOURCERY'S LIABILITY FOR ACTUAL DAMAGES FOR ANY CAUSE WHAT-
SOEVER, AND REGARDLESS OF THE FORM OF ACTION, EXCEED THE AMOUNT
PAID BY YOU FOR THE SOFTWARE LICENSE.

Export Controls.  You agree to comply with all export laws and restrictions and regulations
of the United States or foreign agencies or authorities, and not to export or re-export the Software
or any direct product thereof in violation of any such restrictions, laws or regulations, or without
all necessary approvals. As applicable, each party shall obtain and bear all expenses relating to
any necessary licenses and/or exemptions with respect to its own export of the Software from
the U.S. Neither the Software nor the underlying information or technology may be electronically
transmitted or otherwise exported or re-exported (i) into Cuba, Iran, Iraq, Libya, North Korea,
Sudan, Syria or any other country subject to U.S. trade sanctions covering the Software, to in-
dividuals or entities controlled by such countries, or to nationals or residents of such countries
other than nationals who are lawfully admitted permanent residents of countries not subject to
such sanctions; or (ii) to anyone on the U.S. Treasury Department's list of Specially Designated
Nationals and Blocked Persons or the U.S. Commerce Department's Table of Denial Orders.
By downloading or using the Software, Licensee agrees to the foregoing and represents and
warrants that it complies with these conditions.

U.S. Government End-Users.  The Software is a "commercial item," as that term is defined
in 48 C.F.R. 2.101 (Oct. 1995), consisting of "commercial computer software" and "commercial
computer software documentation,” as such terms are used in 48 C.F.R. 12.212 (Sept. 1995).
Consistent with 48 C.F.R. 12.212 and 48 C.F.R. 227.7202-1 through 227.7202-4 (June 1995),
all U.S. Government End Users acquire the Software with only those rights set forth herein.

LicenseeOutsideTheU.S.  IfYou are located outside the U.S., then the following provisions
shall apply: (i) Les parties aux presentes confirment leur volonte que cette convention de meme
que tous les documents y compris tout avis qui siy rattache, soient rediges en langue anglaise
(translation: "The parties confirm that this Agreement and all related documentation is and will
be in the English language."); and (ii) You are responsible for complying with any local laws
in your jurisdiction which might impact your right to import, export or use the Software, and
You represent that You have complied with any regulations or registration procedures required
by applicable law to make this license enforceable.

Severability.  If any provision of this Agreement is declared invalid or unenforceable, such
provision shall be deemed modified to the extent necessary and possible to render it valid and
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enforceable. In any event, the unenforceability or invalidity of any provision shall not affect
any other provision of this Agreement, and this Agreement shall continue in full force and effect,
and be construed and enforced, as if such provision had not been included, or had been modified
as above provided, as the case may be.

Arbitration.  Except for actions to protect intellectual property rights and to enforce an ar-
bitrator's decision hereunder, all disputes, controversies, or claims arising out of or relating to
this Agreement or a breach thereof shall be submitted to and finally resolved by arbitration under
the rules of the American Arbitration Association ("AAA") then in effect. There shall be one
arbitrator, and such arbitrator shall be chosen by mutual agreement of the parties in accordance
with AAA rules. The arbitration shall take place in Granite Bay, California, and may be conducted
by telephone or online. The arbitrator shall apply the laws of the State of California, USA to
all issues in dispute. The controversy or claim shall be arbitrated on an individual basis, and
shall not be consolidated in any arbitration with any claim or controversy of any other party.
The findings of the arbitrator shall be final and binding on the parties, and may be entered in
any court of competent jurisdiction for enforcement. Enforcements of any award or judgment
shall be governed by the United Nations Convention on the Recognition and Enforcement of
Foreign Arbitral Awards. Should either party file an action contrary to this provision, the other
party may recover attorney's fees and costs up to $1000.00.

Jurisdiction And Venue.  The courts of Placer County in the State of California, USA and
the nearest U.S. District Court shall be the exclusive jurisdiction and venue for all legal proceed-
ings that are not arbitrated under this Agreement.

Miscellaneous.  This Agreement constitutes the entire understanding of the parties with respect
to the subject matter of this Agreement and merges all prior communications, representations,
and agreements. This Agreement may be modified only by a written agreement signed by the
parties. If any provision of this Agreement is held to be unenforceable for any reason, such
provision shall be reformed only to the extent necessary to make it enforceable. This Agreement
shall be construed under the laws of the State of California, USA, excluding rules regarding
conflicts of law. The application of the United Nations Convention of Contracts for the Interna-
tional Sale of Goods is expressly excluded. This license is written in English, and English is its
controlling language.




Chapter 2
Sourcery G++ Subscriptions

CodeSourcery provides support contracts for Sourcery G++. This chapter describes these
contracts and explains how CodeSourcery customers can access their support accounts.




Sourcery G++ Subscriptions

2.1 About Sourcery G++ Subscriptions

CodeSourcery offers Sourcery G++ subscriptions. Professional Edition subscriptions provide unlimited
support, with no per-incident fees. CodeSourcery's support covers questions about installing and
using Sourcery G++, the C and C++ programming languages, and all other topics relating to Sourcery
G++. CodeSourcery provides updated versions of Sourcery G++ to resolve critical problems. Personal
Edition subscriptions do not include support, but do include free upgrades as long as the subscription
remains active.

CodeSourcery's support is provided by the same engineers who build Sourcery G++. A Sourcery
G++ subscription is like having a team of compiler engineers and programming language experts
available as consultants!

If you would like more information about Sourcery G++ subscriptions, including a price quote or
information about evaluating Sourcery G++, please send email to <sales@codesourcery.com>,

2.2 Accessing your Sourcery G++ Subscription
Account

If you have a Sourcery G++ subscription, including an evaluation subscription, you can access your
support account by visiting the Sourcery G++ support sitel. If you have a support account, but are
unable to log in, send email to <support@codesourcery.com>.

! https://support.codesourcery.com/GNUToolchain/
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Chapter 3
ARM Sourcery G++ Lite for ARM
GNU/Linux

This chapter contains information about using ARM Sourcery G++ Lite on your target system.
This chapter also contains information about changes in this release of ARM Sourcery G++
Lite. You should read this chapter to learn how to best use ARM Sourcery G++ Lite on your
target system.




ARM Sourcery G++ Lite for
ARM GNU/Linux

3.1 Using ARM Sourcery G++ Lite for ARM
GNU/Linux

3.1.1 Target Kernel Requirements

The GNU C library supplied with ARM Sourcery G++ Lite uses the new EABI based kernel syscall
interface. This means applications compiled with ARM Sourcery G++ Lite require at least a 2.6.16
kernel with EABI syscalls enabled.

3.1.2 Compiling for ARMv4t systems

By default ARM Sourcery G++ Lite will generate Linux binaries that require an ARMV5 or later
CPU. To build applications or libraries capable of running on ARMv4t CPUs use the -march=armv4t
commandline option.

Runtime libraries suitable for ARMv4t systems are supplied in the armv4t subdirectory.

Code compiled for ARMv4t is ABI compatible with ARMv5 code. Code and binaries compiled for
different architectures may be mixed freely.

Caution

There are several other ways to tell the compiler to generate ARMv4t code. However
-march=armv4t must be used when linking to ensure the correct libraries and startup code
is selected.

3.1.3 NEON SIMD Code

ARM Sourcery G++ Lite contains preliminary support for automatic generation of NEON SIMD
vector code. Autovectorization is a compiler optimization where loops involving normal integer or
floating point code are transformed into loops that use NEON SIMD instruction to process several
data elements at once.

To enable generation of NEON vector code specify -ftree-vectorize -mfpu=neon -mfloat-
abi=softfp. -mfpu=neon also enables generations of VFPv3 scalar floating point code.

ARM Sourcery G++ Lite also contains preliminary support for manual generation of NEON SIMD
code using C intrinsic functions. These intrinsics, the same as those supported by the ARM RVCT
compiler, are defined in the arm_neon.h header and are documented in the 'ARM NEON Intrinsics'
section of the GCC manual. The options -mfpu=neon -mfloat-abi=softfp must be specified to use
these intrinsics; -ftree-vectorize is not required.

NEON support is still under active development. It has not been subject to extensive testing, and
may not yet take full advantage of all the features provided by the NEON architecture.

3.2 ARM Sourcery G++ Lite Release Notes

This section documents ARM Sourcery G++ Lite changes for each released revision.
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3.2.1 Changes in ARM Sourcery G++ Lite 4.1-23

WindowsDebugging Fix.  Inrecent releases of ARM Sourcery G++ Lite, the GDB target remote
| command would hang on Windows. This affected both command line and Eclipse debugging when
using the ARM Sourcery G++ Lite Debug Sprite.

3.2.2 Changes in ARM Sourcery G++ Lite 4.1-18
BinutilsUpdate.  The binutils in this release is based on the final binutils 2.17 release.

GDB Update.  The included version of GDB has been upgraded to 6.5.50.20060822. This includes
numerous bug fixes from the previous version.

GDB support for flash memory.  The GDB load command can now write to flash memory, if
the remote debugging stub contains appropriate support.

3.2.3 Changes in ARM Sourcery G++ Lite 4.1-16
GCC Update.  This release is based on GCC 4.1.1.

Fully relocatable compiler.  The compiler now searches for its components only in the directory
where it has been installed, and no longer also searches pathnames matching the directory where it
was configured. This speeds up the compiler and prevents problems with unintentionally finding
unrelated files or directories on the machine where it has been installed.

3.2.4 Changes in ARM Sourcery G++ Lite 4.1-1

Initial release.  This release is based on GCC 4.1.0.

3.3 ARM Release Notes

This section documents ARM related changes for each released revision.

3.3.1 Changes in ARM Sourcery G++ Lite 4.1-23

Stellaris USB Debug Sprite Improvements.  The former USB Debug Stub, armswd, is now
known as the USB Debug Sprite, and has been renamed to arm-stellaris-eabi-sprite. In addition,
its initialization sequence has been updated to recognize the rl1pl release of the Cortex-M3 processor.

Incompatible Changes to Stellaris Linker Scripts.  ARM Sourcery G++ Lite now supports
linking executables to run from RAM as well as ROM. As part of this change, there are now separate
RAM and ROM versions of the linker scripts for each supported board, and the former ROM-based
versions have been renamed. For example, if you were formerly linking with -T Im3s10x. Id, you
should now use -T Im3s10x-rom.1d to get the same behavior.

3.3.2 Changes in ARM Sourcery G++ Lite 4.1-21

Eclipse Debuggers.  Eclipse configurations for debugging arm-none-eabi applications using the
GDB simulator and remote debug stubs have been added.

IWMM Xt2 Support.  The assembler and disassembler now support iIWMMXt2 instructions.
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NEON Intrinsics Support. ~ GCC now supports NEON intrinsics defined in the arm_neon.h
header. These are the same intrinsics supported by the ARM RVCT compiler and are documented
in the '"ARM NEON Intrinsics' section of the GCC manual.

3.3.3 Changes in ARM Sourcery G++ Lite 4.1-19
ARMvVAt linux multilib.  Linux configurations now support ARMv4t CPUs.

Linker scripts.  Several problems with the linker scripts for bare-metal targets have been fixed.

3.3.4 Changes in ARM Sourcery G++ Lite 4.1-18

NEON Compiler Support. Initial GCC support for autovectorization and generation of NEON
SIMD instructions has been added.

BareMetal Cortex-M 3 Configurations.  Bare metal configurations now support generating images
for use on ARMV7M devices (eg. Cortex-M3).

iIWMM Xt supportin GLIBC.  GLIBC's setjmp and longjmp now support saving and restoring
iIWMMXt registers on hardware with those registers. This requires a kernel reporting iwmmxt in the
Features entry in /proc/cpuinfo.

iIWM M Xt exception handling support.  Exception handling now restores the values of iIWMMXt
registers correctly.

Corrected |PC functions. A bug in GLIBC's msgctl, semctl, and shmctl functions has been
corrected.

3.3.5 Changes in ARM Sourcery G++ Lite 4.1-16

Stack permission markingfor ARM GNU/Linux. Non-executable stacks can provide increased
security against some forms of "buffer overflow" attacks. The tools involved must coordinate the
annotation of required stack permissions, either executable, or non-executable. For ARM GNU/Linux
targets the compiler now outputs annotations indicating the required stack permissions.

3.3.6 Changes in ARM Sourcery G++ Lite 4.1-15

Stabs Debugging Information Support. Using the Stabs debugging format (available with
-gstabs Or —-gstabs+) Now works in conjunction with -mthumb. CodeSourcery recommends the default
DWARF debugging format (available with -g) as DWARF is a more comprehensive debugging
format.

3.3.7 Changes in ARM Sourcery G++ Lite 4.1-13

StellarisLinker Scriptsin IDE.  Linker scripts may now be selected via a drop-down menu in
Eclipse.

StellarisLinker Scriptsfor 3xx SeriesCPUs.  The linker scripts for 3xx Series CPUs now place
the ISR vector at address zero, as required by all Cortex-M3 cores.

Stellaris USB Debug Stub Improvements.  Bug fixes and new features include:

» A bug that caused the stub not to correctly update the program counter and other register values
was fixed. As a result of this fix, it is now possible to run programs residing in SRAM using the
continue command from GDB.

11



ARM Sourcery G++ Lite for
ARM GNU/Linux

e The stub no longer prints status messages via GDB console output when invoked with the -q
command-line option.

» The stub's initialization sequence was updated to recognize revision C Cortex-M3 hardware.

3.3.8 Changes in ARM Sourcery G++ Lite 4.1-9

StellarisUSB Debug Stub Improvements.  Program images exceeding 4K can now be uploaded
to flash memory.

Additional Stellaris Boards Supported.  The Stellaris 301, 310, 315, and 316 CPUs are now
supported. Linker scripts have been added for these boards.

3.3.9 Changes in ARM Sourcery G++ Lite 4.1-8

Stellaris USB Debug Stub Improvements.  Several bug fixes and enhancements were made to
the USB Debug Stub. In particular:

» Bugs in the implementation of open, read, and Iseek were fixed.
e Support was added for isatty, rename, unlink, and system.

» Memory reads that span 4K block boundaries now work correctly.

3.3.10 Changes in ARM Sourcery G++ Lite 4.1-4
Runtime Libraries.  Support for ARMv7 including Cortex-M3 and pure Thumb-2.

Assembler.  Support for NEON and VFPv3, including unified NEON/VFP syntax.
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Chapter 4
Installation and Configuration

This chapter explains how to install ARM Sourcery G++ Lite. You will learn how to:
1. \Verify that you can install ARM Sourcery G++ Lite on your system.

2. Download the appropriate ARM Sourcery G++ Lite installer.

3. Install ARM Sourcery G++ Lite.

4. Configure your environment so that you can use ARM Sourcery G++ Lite.
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4.1 Terminology

Throughout this document, the term host systemrefers to the system on which you run ARM Sourcery
G++ Lite while the term target system refers to the system on which the code produced by ARM
Sourcery G++ Lite runs. The target system for this version of ARM Sourcery G++ Lite is "arm-none-
linux-gnueabi”.

If you are developing a workstation or server application to run on the same system that you are using
to run ARM Sourcery G++ Lite, then the host and target systems will be the same. On the other hand,
if you are developing an application for an embedded system, then the host and target systems will
probably be different.

4.2 System Requirements

4.2.1 Host Operating System Requirements
ARM Sourcery G++ Lite supports the following host operating systems:

» Microsoft Windows NT 4, Windows 2000, and Windows XP systems using 1A32, AMD64, and
EMG64T processors.

*  GNU/Linux systems using the 1A32, AMD64, or EM64T processors, including Debian 3.0 (and
later), Red Hat Enterprise Linux 3 (and later), SUSE Enterprise Linux 8 (and later).

e Solaris 2.8 (and later) systems using SPARC processors.

Not all combinations of host and target systems are available. Therefore, ARM Sourcery G++ Lite
for your target system may not be available on all of the above host systems.

4.2.2 Host Hardware Requirements
In order to install and use ARM Sourcery G++ Lite, you must have:
e At least 200MB of free disk space.

» At least 64MB of available memory.

4.2.3 Target System Requirements

See Chapter 3, ARM Sourcery G++ Lite for ARM GNU/Linux for requirements that apply to the
target system.

4.3 Downloading an Installer

If you have received ARM Sourcery G++ Lite on a CD, or other physical media, then you do not
need to download an installer. You may skip ahead to Section 4.4, “Installing ARM Sourcery G++
Lite”.

If you have a ARM Sourcery G++ Lite subscription (or evaluation), then you can log into the Sourcery
G++ support site’ to download your ARM Sourcery G++ Lite toolchain(s). CodeSourcery also makes

! https://support.codesourcery.com/GNUToolchain/
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some toolchains available to the general public from Sourcery G++ web site?. These publicly available
toolchains do not include all the functionality of CodeSourcery's product releases.

Once you have navigated to the appropriate web site, download the installer that corresponds to your
host operating system. For Microsoft Windows systems, the ARM Sourcery G++ Lite installer is
provided as an executable, with the .exe extension. For GNU/Linux Solaris systems, ARM Sourcery
G++ Lite is provided as a compressed tape archive file, with the .tar.bz2 extension.

On Microsoft Windows systems, save the installer to the desktop. On GNU/Linux and Solaris systems,
save the download package in any location that is convenient.

4.4 Installing ARM Sourcery G++ Lite

The method used to install ARM Sourcery G++ Lite depends on your host system.

4.4.1 Installing ARM Sourcery G++ Lite on Microsoft Windows

If you have received ARM Sourcery G++ Lite on CD, insert the CD in your computer. On most
computers, the installer will start automatically. If your computer has been configured not to auto-
matically run CDs, open My Computer, and double click on the CD. If you downloaded ARM Sourcery
G++ Lite, double-click on the installer.

After the installer starts, follow the on-screen dialogs to install ARM Sourcery G++ Lite.

Some versions of ARM Sourcery G++ Lite include the Eclipse Integrated Development Environment.
Because Eclipse is an optional component, the installer will allow you to choose whether or not to
install it. Eclipse is a Java application, so it requires the Java Runtime Environment (JRE). The Java
Runtime Environment is available at no charge from Sun Microsystems Java website®. You may
download either the Java Runtime Environment (JRE) or the Java Development Kit (JDK). (The
JDK includes the JRE.)

Caution

You should install the JRE before you install ARM Sourcery G++ Lite so that ARM Sourcery
G++ Lite can automatically determine the location of your JRE. If you do not install the
JRE first, Eclipse may not be able to find the JRE. In this case, you may reinstall ARM
Sourcery G++ Lite, or you may manually modify your installation as follows. Navigate the
Start until you find the ARM Sourcery G++ Lite IDE. Right click on ARM Sourcery G++
Lite IDE and select Properties. Click the shortcut tab and click in the Target field. Press
the End key to move to the end of the field and adjust the path for javaw to contain the full
path to the directory in which your JRE was installed. If you accepted the default installation

directory, the correct value will be similar to C:\Program
Files\Java\jrel.5.0_06\bin\javaw. The entire path name should be enclosed in quotation
marks.

4.4.2 Installing ARM Sourcery G++ Lite on GNU/Linux or Solaris

You do not need to be a system administrator to install ARM Sourcery G++ Lite on a GNU/Linux
or Solaris system. You may install ARM Sourcery G++ Lite using any user account and in any dir-
ectory to which you have write access. This guide assumes that you have decided to install ARM

2 http://www.codesourcery.com/gnu_toolchains/
3 http://java.sun.com/j2se/
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Sourcery G++ Lite in the codesourcery subdirectory of your home directory and that the filename
of the package you have downloaded is /path/to/package.tar.bz2.

First, uncompress the package file:

> bunzip2 /path/to/package.tar.bz2

Next, create the directory in which you wish to install the package:
> mkdir -p $HOME/codesourcery

Change to the installation directory:

> cd $HOME/codesourcery

Unpack the package:

> tar xf /path/to/package.tar

This will have created a subdirectory called sourceryg++-4.1 or similar. If you are installing a native
toolchain, it is then necessary to run a post-install script found in the share directory:

> sourceryg++-4._.1/share/postinst-*

4.5 Setting up the Environment

As with the installation process itself, the steps required to set up your environment depend on your
host operating system. The name of the ARM Sourcery G++ Lite commands all begin with arm-
none-linux-gnueabi so that you can install ARM Sourcery G++ Lite for multiple target systems in
the same directory.

4.5.1 Setting up the Environment on Microsoft Windows

The installer automatically adds ARM Sourcery G++ Lite to your PATH. You can test that your PATH
is set up correctly by using the following command:

> arm-none-linux-gnueabi-g++
and verifying that you receive the message:

arm-none-linux-gnueabi-g++.exe: no input files
4.5.1.1 Working with Cygwin

ARM Sourcery G++ Lite does not require Cygwin or any other UNIX emulation environment. You
can use ARM Sourcery G++ Lite directly from the Eclipse IDE or from the Windows command
shell. You can also use ARM Sourcery G++ Lite from within the Cygwin environment, if you prefer.

The Cygwin emulation environment translates Windows path names into UNIX path names. For
example, the Cygwin path /home/user/hello.c corresponds to the Windows path c:\cyg-
win\home\user\hello.c. Because ARM Sourcery G++ Lite is not a Cygwin application, it does
not, by default, recognize Cygwin paths.

If you are using ARM Sourcery G++ Lite from Cygwin, you should set the CYGPATH environment
variable. If this environment variable is set, ARM Sourcery G++ Lite will automatically translate
Cygwin path names into Windows path names. To set this environment variable, type the following
command in a Cygwin shell:

> export CYGPATH=
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To resolve Cygwin path names, ARM Sourcery G++ Lite relies on the cygpath utility provided with
Cygwin. You must provide ARM Sourcery G++ Lite with the full path to cygpath if cygpath is not
in your PATH. For example:

> export CYGPATH=/path/to/cygpath

will direct ARM Sourcery G++ Lite to use /path/to/cygpath as the path conversion utility.

4.5.2 Setting up the Environment on GNU/Linux or Solaris

Before using ARM Sourcery G++ Lite you should add ARM Sourcery G++ Lite to your PATH. The
command you must use varies with the particular command shell that you are using. If you are using
the C Shell (csh or tcsh), use the command:

> setenv PATH $HOME/CodeSourcery/Sourcery_G++/bin:$PATH

If you are using Bourne Shell (sh), the Korn Shell (ksh), or another shell, use:

> export PATH=$HOME/CodeSourcery/Sourcery_G++/bin:$PATH

If you are not sure which shell you are using, try both commands. In both cases, if you have installed
ARM Sourcery G++ Lite in an alternate location, you must replace the directory above with bin
subdirectory of the directory in which you installed ARM Sourcery G++ Lite.

You may also wish to set the MANPATH environment variable so that you can access the ARM Sourcery
G++ Lite manual pages, which provide additional information about using ARM Sourcery G++ Lite.
To set the MANPATH environment variable, follow the same steps shown above, replacing PATH with
MANPATH, and bin with man.

You can test that your PATH is set up correctly by using the following command:
> arm-none-1linux-gnueabi-g++
and verifying that you receive the message:

arm-none-linux-gnueabi-g++: no input files

17



Chapter 5
Using ARM Sourcery G++ Lite with

Eclipse

This chapter explains how to use the Eclipse IDE to build a C or C++ application with ARM
Sourcery G++ Lite. This chapter assumes you have installed ARM Sourcery G++ Lite as
described in Chapter 4, Installation and Configuration. If you would prefer to use the com-
mand line to build your applications, you may refer to Chapter 6, Using Sourcery G++ from
the Command Line instead.

The Eclipse IDE is not included in Sourcery G++ Lite. If you are using Sourcery G++ Lite,
you can skip this chapter.
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5.1 Overview

If you have installed the Eclipse IDE, you can use it to build and debug your applications. Semi-
hosting is required for the following examples. Semi-hosting may not be available on all boards;
please see Chapter 3, ARM Sourcery G++ Lite for ARM GNU/Linux for more details.

5.2 Building Applications

Eclipse supports two modes: the "Managed Make" and "Standard Make" modes. In general, if you
are intending to do all of your development from within Eclipse, you should use the Managed Make
mode. In this mode, Eclipse will automatically handle building your project for you. However, if
you are working with code that has previously been built with make, you may wish to use the
"Standard Make™ mode instead.

5.2.1 Using Managed Make Mode

Start Eclipse and create a ARM Sourcery G++ Lite project by selecting File - New — Project.
Expand the c++ label and select Managed Make C++ Project. (To build a C application, expand the
c label instead.) Click the Next button. Give the project the name "hello" and click the Next button.
From the Project Type menu select Executable (ARM Sourcery G++ Lite for ARM GNU/Linux)
and click Finish. If you are asked whether or not to open a new perspective, click the yes button.

Next, select File » New — Source File to add a C++ source file to your project. Name the source
file hello.cc and click Finish. Paste the following code into the file:

#include <iostream>

int main O {
std::cout << "Hello, world!" << std::endl;

}

As soon as you save the file, Eclipse will build the program. The executable itself will be located in
a subdirectory of the Eclipse workspace directory named hello. Of course, the executable will run
on the target system, so if you are targeting an embedded system, you will have to upload the execut-
able to the target system before running the application.

5.2.2 Using Standard Make Mode

Caution

Using Standard Make Mode requires that you manually maintain information about how
your program is built. If you use this mode, you will need to be familiar with the make
utility.

If you want to import an existing project for use with Eclipse, and that project uses make, or some
similar command-line tool to manage the build process, you should use a Standard Make project,
instead of a Managed Make project. In Standard Make mode, Eclipse will invoke make (or an altern-
ative program that you specify) to build your program. If you add new files to your project, you will
have to manually update the makefile for your project.

To set up the Standard Make mode to work with ARM Sourcery G++ Lite, you will have to make a
few changes to the default Eclipse project settings. When you are creating the project, you will be
presented with a window that permits you to define the project settings.
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Select the Discovery Options tab and set the Compiler invocation command to arm-none-linux-
gnueabi-gcc instead of the default gcc. That change will tell Eclipse to use ARM Sourcery G++ Lite
when scanning your program code to determine cross-rereference information. You may also have
to adjust your Makefi le to use ARM Sourcery G++ Lite. For example, you might need to set the cc
variable in your Makefi le to ar m-none-linux-gnueabi-gcc.

5.3 Debugging Applications

5.3.1 Choosing a Debugging Mode

Before you can use Eclipse to debug your application, you must decide which debugging mode to
use. The debugging mode to use depends on your choice of target system, and, in some cases, on
the way that you have built your application.

ARM Sourcery G++ Lite supports several debugging modes, as described below. Some modes are
available only in certain versions of ARM Sourcery G++ Lite, so there may be modes listed in this
section that are not available to you.

External Embedded Server (RAM)  The External Embedded Server (RAM) mode is designed for
use with target systems that have no operating system support
for debugging. In the Embedded mode, ARM Sourcery G++
Lite connects to a "GDB stub" running on either the target
system or on a host system. You must start the stub manually.

When you debug your application in the Embedded mode,
Eclipse will load the application on your target system, set
the program counter to the address of the _start function,
and then begin execution.

External Embedded Server (ROM)  The External Embedded Server (ROM) mode is like the Ex-
ternal Embedded Server (RAM) mode, but should be used for
applications that are stored in ROM (or flash memory) on the
target system. In this mode, ARM Sourcery G++ Lite will use
hardware breakpoints, since the program image cannot be
modified. Therefore, there will probably be a limit on the total
number of breakpoints you can create.

Some debugger operations (such as stepping over a function
call) will not work correctly in the ROM mode because the
debugger is unable to set software breakpoints.

External Server On UNIX-like operating systems (including GNU/Linux)
ARM Sourcery G++ Lite includes a program called gdbserver
which can be used for remote debugging. The Server mode
allows you to connect to an already-executing gdbserver.

Simulator In the Simulator mode, ARM Sourcery G++ Lite will use the
instruction-set simulator provided with ARM Sourcery G++
Lite. You do not need target hardware in order to use this
mode.
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5.3.2 Starting the Debugger

After you build your application, choose Debug. . . from the Run menu. Select the c/c++ Local Ap-
plication label in the Configurations pane. Take a moment to read through icons and their
meanings. Click the left-most icon described as the New launch configuration or New button. The
following figure shows the icon highlighted in yellow.

Create, manage, and run configurations

B 1 H -
REE Configure launch settings from this dialog:
|New launch conﬂguration|

: C/C++ Attach to L
: % C‘C‘ Lcna Aprr = - Press the 'Duplicate’ button to copy the selected configuration.

------ €] C/C++ Postmorter || ¥ - Press the 'Delete’ button to remove the selected configuration.

- Press the 'New' button to create a configuration of the selected type.

& - Press the 'Filter' button to configure fittering options.

- Edit or view an existing configuration by selecting it.

On the Main tab, use the Browse button to select your project, if it is not already selected. Use the
Search Project.. button to select your application. Then, switch to the Debugger tab. Select the
ARM Sourcery G++ Lite debugger appropriate for your target, and adjust the settings as required.

Some debuggers offer a Connection tab, accessible from the bebugger tab. The Connection tab
controls how the debugger connects to the target. The default connection is set to the first serial port.
Adjust this setting to suit your environment; options include Tcp/1pP and Serial.

To start debugging, click the bebug button.

You do not need to repeat this process the next time you launch the debugger. Instead, you can select
Debug Last Launched from the Run menu to start the debugger.

5.4 Learning More About Eclipse

Eclipse has many features and capabilities. For more information about Eclipse in general visit the
Eclipse web site’. For more information about the C and C++ application development with Eclipse,
visit the CDT web site?.

Lhitp:/Amvww.eclipse.org
2 http://www.eclipse.org/cdt/
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Chapter 6
Using Sourcery G++ from the
Command Line

This chapter demonstrates the use of ARM Sourcery G++ Lite from the command line. This
chapter assumes you have installed ARM Sourcery G++ Lite as described in Chapter 4,
Installation and Configuration. If you would prefer to use an integrated development envir-
onment to build your applications, you may refer to Chapter 5, Using ARM Sourcery G++
Lite with Eclipse instead.

22



Using Sourcery G++ from the
Command Line

6.1 Building an Application

This chapter explains how to build an application with ARM Sourcery G++ Lite using the command
line. As elsewhere in this manual, this section assumes that your target system is arm-none-linux-
gnueabi. If you are using a different target system, you will have to replace commands that begin
with ar m-none-linux-gnueabi with the name of your target system.

Using an editor (such as notepad on Microsoft Windows or vi on UNIX-like systems), create a file
named hello.c containing the following simple program:

#include <stdio.h>
int
main (void)

{
printf(*"Hello World!\n');

return O;

ks
Compile and link this program using the command:
> arm-none-linux-gnueabi-gcc -o hello hello.c

There will be no output from the compiler. (If you were building a C++ application, instead of a C
application, you would replace ar m-none-linux-gnueabi-gcc with ar m-none-linux-gnueabi-g++.)

6.2 Running an Application

If the target system is the same as the host system (e.g., if you are running ARM Sourcery G++ Lite
on 1A32 GNUY/Linux to build an application for IA32 GNUY/Linux), then you can just run the resulting
application. On a Microsoft Windows system, you may use the command:

> hello

On a GNU/Linux or Solaris system, use the slightly more complex:
> _/hello

command. In either case, you should see:

Hello world!

If the target system is not the same as the host system, then you cannot run the application directly.
Instead, you will have to run the application on the target system. You should consult the manuals
for your target system to determine the exact procedures required to run the application.

On some systems, ARM Sourcery G++ Lite includes a simulator that can be used to run the program.
To use the simulator run:

> arm-none-linux-gnueabi-run hello

The simulator is available if you see the expected output:

Hello, world!

There is no simulator for your target system if you see a message like:
“arm-none-linux-gnueabi-run® is not recognized as an internal or external command

or:
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arm-none-linux-gnueabi-run: command not found
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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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Appendix B. GNU Lesser General
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B.1

This is the first released version of the Lesser GPL. It also counts as the successor of the
GNU Library Public License, version 2, hence the version number 2.1.
Copyright © 1991, 1999 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 2.1, February 1999

Preamble

The licenses for most software are designed to take away your freedom to share and change
it. By contrast, the GNU General Public Licenses are intended to guarantee your freedom
to share and change free software--to make sure the software is free for all its users.

This license, the Lesser General Public License, applies to some specially designated software
packages--typically libraries--of the Free Software Foundation and other authors who decide
to use it. You can use it too, but we suggest you first think carefully about whether this license
or the ordinary General Public License is the better strategy to use in any particular case,
based on the explanations below.

When we speak of free software, we are referring to freedom of use, 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 and use pieces of it in new free
programs; and that you are informed that you can do these things.

To protect your rights, we need to make restrictions that forbid distributors to deny you
these rights or to ask you to surrender these rights. These restrictions translate to certain
responsibilities for you if you distribute copies of the library or if you modify it.

For example, if you distribute copies of the library, whether gratis or for a fee, you must
give the recipients all the rights that we gave you. You must make sure that they, too, receive
or can get the source code. If you link other code with the library, you must provide complete
object files to the recipients, so that they can relink them with the library after making
changes to the library and recompiling it. And you must show them these terms so they
know their rights.

We protect your rights with a two-step method:

1. we copyright the library, and
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2. we offer you this license, which gives you legal permission to copy, distribute and/or
modify the library.

To protect each distributor, we want to make it very clear that there is no warranty for the
free library. Also, if the library is modified by someone else and passed on, the recipients
should know that what they have is not the original version, so that the original author's
reputation will not be affected by problems that might be introduced by others.

Finally, software patents pose a constant threat to the existence of any free program. We
wish to make sure that a company cannot effectively restrict the users of a free program by
obtaining a restrictive license from a patent holder. Therefore, we insist that any patent license
obtained for a version of the library must be consistent with the full freedom of use specified
in this license.

Most GNU software, including some libraries, is covered by the ordinary GNU General
Public License. This license, the GNU Lesser General Public License, applies to certain
designated libraries, and is quite different from the ordinary General Public License. We
use this license for certain libraries in order to permit linking those libraries into non-free
programs.

When a program is linked with a library, whether statically or using a shared library, the
combination of the two is legally speaking a combined work, a derivative of the original
library. The ordinary General Public License therefore permits such linking only if the entire
combination fits its criteria of freedom. The Lesser General Public License permits more
lax criteria for linking other code with the library.

We call this license the Lesser General Public License because it does Less to protect the
user's freedom than the ordinary General Public License. It also provides other free software
developers Less of an advantage over competing non-free programs. These disadvantages
are the reason we use the ordinary General Public License for many libraries. However, the
Lesser license provides advantages in certain special circumstances.

For example, on rare occasions, there may be a special need to encourage the widest possible
use of a certain library, so that it becomes a de-facto standard. To achieve this, non-free
programs must be allowed to use the library. A more frequent case is that a free library does
the same job as widely used non-free libraries. In this case, there is little to gain by limiting
the free library to free software only, so we use the Lesser General Public License.

In other cases, permission to use a particular library in non-free programs enables a greater
number of people to use a large body of free software. For example, permission to use the
GNU C Library in non-free programs enables many more people to use the whole GNU
operating system, as well as its variant, the GNU/Linux operating system.

Although the Lesser General Public License is Less protective of the users' freedom, it does
ensure that the user of a program that is linked with the Library has the freedom and the
wherewithal to run that program using a modified version of the Library.

The precise terms and conditions for copying, distribution and modification follow. Pay
close attention to the difference between a “work based on the library” and a “work that
uses the library”. The former contains code derived from the library, whereas the latter must
be combined with the library in order to run.
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B.2

B.2.1

B.2.2

B.2.3

TERMS AND CONDITIONS FOR COPYING,
DISTRIBUTION AND MODIFICATION

Section 0

This License Agreement applies to any software library or other program which contains
anotice placed by the copyright holder or other authorized party saying it may be distributed
under the terms of this Lesser General Public License (also called “this License™). Each li-
censee is addressed as “you”.

A “library” means a collection of software functions and/or data prepared so as to be con-
veniently linked with application programs (which use some of those functions and data)
to form executables.

The “Library”, below, refers to any such software library or work which has been distributed
under these terms. A “work based on the Library” means either the Library or any derivative
work under copyright law: that is to say, a work containing the Library or a portion of it,
either verbatim or with modifications and/or translated straightforwardly into another lan-
guage. (Hereinafter, translation is included without limitation in the term “modification”.)

“Source code” for a work means the preferred form of the work for making modifications
to it. For a library, 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 library.

Activities other than copying, distribution and modification are not covered by this License;
they are outside its scope. The act of running a program using the Library is not restricted,
and output from such a program is covered only if its contents constitute a work based on
the Library (independent of the use of the Library in a tool for writing it). Whether that is
true depends on what the Library does and what the program that uses the Library does.

Section 1

You may copy and distribute verbatim copies of the Library's complete source code as you
receive 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 distribute a copy
of this License along with the Library.

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.

Section 2

You may modify your copy or copies of the Library or any portion of it, thus forming a
work based on the Library, 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. The modified work must itself be a software library.

b.  You must cause the files modified to carry prominent notices stating that you changed
the files and the date of any change.
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B.2.4

B.2.5

c. You must cause the whole of the work to be licensed at no charge to all third parties
under the terms of this License.

d. Ifafacility in the modified Library refers to a function or a table of data to be supplied
by an application program that uses the facility, other than as an argument passed when
the facility is invoked, then you must make a good faith effort to ensure that, in the
event an application does not supply such function or table, the facility still operates,
and performs whatever part of its purpose remains meaningful.

(For example, a function in a library to compute square roots has a purpose that is en-
tirely well-defined independent of the application. Therefore, Subsection 2d requires
that any application-supplied function or table used by this function must be optional:
if the application does not supply it, the square root function must still compute square
roots.)

These requirements apply to the modified work as a whole. If identifiable sections of that
work are not derived from the Library, and can be reasonably considered independent 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 Library, the distribution 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 distribution of deriv-
ative or collective works based on the Library.

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

Section 3

You may opt to apply the terms of the ordinary GNU General Public License instead of this
License to a given copy of the Library. To do this, you must alter all the notices that refer
to this License, so that they refer to the ordinary GNU General Public License, version 2,
instead of to this License. (If a newer version than version 2 of the ordinary GNU General
Public License has appeared, then you can specify that version instead if you wish.) Do not
make any other change in these notices.

Once this change is made in a given copy, it is irreversible for that copy, so the ordinary
GNU General Public License applies to all subsequent copies and derivative works made
from that copy.

This option is useful when you wish to copy part of the code of the Library into a program
that is not a library.

Section 4

You may copy and distribute the Library (or a portion or derivative of it, under Section 2)
in object code or executable form under the terms of Sections 1 and 2 above provided that
you 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.
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B.2.6

B.2.7

If distribution of 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 satisfies the
requirement to distribute the source code, even though third parties are not compelled to
copy the source along with the object code.

Section 5

A program that contains no derivative of any portion of the Library, but is designed to work
with the Library by being compiled or linked with it, is called a “work that uses the Library”.
Such a work, in isolation, is not a derivative work of the Library, and therefore falls outside
the scope of this License.

However, linking a “work that uses the Library” with the Library creates an executable that
is a derivative of the Library (because it contains portions of the Library), rather than a
“work that uses the library”. The executable is therefore covered by this License. Section
6 states terms for distribution of such executables.

When a “work that uses the Library” uses material from a header file that is part of the
Library, the object code for the work may be a derivative work of the Library even though
the source code is not. Whether this is true is especially significant if the work can be linked
without the Library, or if the work is itself a library. The threshold for this to be true is not
precisely defined by law.

If such an object file uses only numerical parameters, data structure layouts and accessors,
and small macros and small inline functions (ten lines or less in length), then the use of the
object file is unrestricted, regardless of whether it is legally a derivative work. (Executables
containing this object code plus portions of the Library will still fall under Section 6.)

Otherwise, if the work is a derivative of the Library, you may distribute the object code for
the work under the terms of Section 6. Any executables containing that work also fall under
Section 6, whether or not they are linked directly with the Library itself.

Section 6

As an exception to the Sections above, you may also combine or link a “work that uses the
Library” with the Library to produce a work containing portions of the Library, and distribute
that work under terms of your choice, provided that the terms permit modification of the
work for the customer's own use and reverse engineering for debugging such modifications.

You must give prominent notice with each copy of the work that the Library is used in it
and that the Library and its use are covered by this License. You must supply a copy of this
License. If the work during execution displays copyright notices, you must include the
copyright notice for the Library among them, as well as a reference directing the user to
the copy of this License. Also, you must do one of these things:

a.  Accompany the work with the complete corresponding machine-readable source code
for the Library including whatever changes were used in the work (which must be
distributed under Sections 1 and 2 above); and, if the work is an executable linked with
the Library, with the complete machine-readable “work that uses the Library”, as object
code and/or source code, so that the user can modify the Library and then relink to
produce a modified executable containing the modified Library. (It is understood that
the user who changes the contents of definitions files in the Library will not necessarily
be able to recompile the application to use the modified definitions.)
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B.2.8

B.2.9

b. Use a suitable shared library mechanism for linking with the Library. A suitable
mechanism is one that (1) uses at run time a copy of the library already present on the
user's computer system, rather than copying library functions into the executable, and
(2) will operate properly with a modified version of the library, if the user installs one,
as long as the modified version is interface-compatible with the version that the work
was made with.

c. Accompany the work with a written offer, valid for at least three years, to give the
same user the materials specified in Subsection 6a, above, for a charge no more than
the cost of performing this distribution.

d. If distribution of the work is made by offering access to copy from a designated place,
offer equivalent access to copy the above specified materials from the same place.

e.  Verify that the user has already received a copy of these materials or that you have
already sent this user a copy.

For an executable, the required form of the “work that uses the Library” must include any
data and utility programs needed for reproducing the executable from it. However, as a
special exception, the materials to be distributed need not include anything that is normally
distributed (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.

It may happen that this requirement contradicts the license restrictions of other proprietary
libraries that do not normally accompany the operating system. Such a contradiction means
you cannot use both them and the Library together in an executable that you distribute.

Section 7

You may place library facilities that are a work based on the Library side-by-side in a single
library together with other library facilities not covered by this License, and distribute such
a combined library, provided that the separate distribution of the work based on the Library
and of the other library facilities is otherwise permitted, and provided that you do these two
things:

a.  Accompany the combined library with a copy of the same work based on the Library,
uncombined with any other library facilities. This must be distributed under the terms
of the Sections above.

b.  Give prominent notice with the combined library of the fact that part of it is a work
based on the Library, and explaining where to find the accompanying uncombined
form of the same work.

Section 8

You may not copy, modify, sublicense, link with, or distribute the Library except as expressly
provided under this License. Any attempt otherwise to copy, modify, sublicense, link with,
or distribute the Library is void, and will automatically terminate your rights under this Li-
cense. However, parties who have received copies, or rights, from you under this License
will not have their licenses terminated so long as such parties remain in full compliance.
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B.2.10 Section 9

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 Library or its derivative works. These
actions are prohibited by law if you do not accept this License. Therefore, by modifying or
distributing the Library (or any work based on the Library), you indicate your acceptance
of this License to do so, and all its terms and conditions for copying, distributing or modi-
fying the Library or works based on it.

B.2.11 Section 10

Each time you redistribute the Library (or any work based on the Library), the recipient
automatically receives a license from the original licensor to copy, distribute, link with or
modify the Library 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 with this License.

B.2.12 Section 11

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 Library at all. For example, if a patent license
would not permit royalty-free redistribution of the Library 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 Library.

If any portion of this section is held invalid or unenforceable under any particular circum-
stance, 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 contributions to the wide range
of software distributed through that system in reliance on consistent 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.

B.2.13 Section 12

If the distribution and/or use of the Library is restricted in certain countries either by patents
or by copyrighted interfaces, the original copyright holder who places the Library 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.
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B.2.14 Section 13

The Free Software Foundation may publish revised and/or new versions of the Lesser
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.

Each version is given a distinguishing version number. If the Library 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 Library does not specify a license version number,
you may choose any version ever published by the Free Software Foundation.

B.2.15 Section 14

If you wish to incorporate parts of the Library into other free programs whose distribution
conditions are incompatible with these, write to the author to ask for permission. For software
which is copyrighted by the Free Software Foundation, write to the Free Software Founda-
tion; 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.

B.2.16 NO WARRANTY Section 15

BECAUSE THE LIBRARY IS LICENSED FREE OF CHARGE, THERE IS NO WAR-
RANTY FOR THE LIBRARY, TOTHE EXTENT PERMITTED BY APPLICABLE LAW.
EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS
AND/OR OTHER PARTIES PROVIDE THE LIBRARY “AS IS” WITHOUT WARRANTY
OFANY KIND, EITHER EXPRESSED 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 PERFORM-
ANCE OF THE LIBRARY ISWITHYOU. SHOULD THE LIBRARY PROVE DEFECT-
IVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, REPAIR OR
CORRECTION.

B.2.17 Section 16

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN
WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY
MODIFY AND/OR REDISTRIBUTE THE LIBRARY AS PERMITTED ABOVE, BE
LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCID-
ENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR INABIL-
ITY TO USE THE LIBRARY (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 LIBRARY TO OPERATE WITH ANY
OTHER SOFTWARE), EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

END OF TERMS AND CONDITIONS
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B.3 How to Apply These Terms to Your New
Libraries

If you develop a new library, and you want it to be of the greatest possible use to the public,
we recommend making it free software that everyone can redistribute and change. You can
do so by permitting redistribution under these terms (or, alternatively, under the terms of
the ordinary General Public License).

To apply these terms, attach the following notices to the library. 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 library's name and a brief idea of what it does.> Copyright (C) <year>
<name of author>

This library is free software; you can redistribute it and/or modify it under the terms of the
GNU Lesser General Public License as published by the Free Software Foundation; either
version 2.1 of the License, or (at your option) any later version.

This library 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
APARTICULAR PURPOSE. See the GNU Lesser General Public License for more details.

You should have received a copy of the GNU Lesser General Public License along with
this library; 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.

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

Yoyodyne, Inc., hereby disclaims all copyright interest in the library “Frob' (a library for
tweaking knobs) written by James Random Hacker.

<signature of Ty Coon>, 1 April 1990 Ty Coon, President of Vice

That's all there is to it!
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C.1

C.2

Version 1.2, November 2002
Copyright © 2000,2001,2002 Free Software Foundation, Inc.

Free Software Foundation, Inc.
51 Franklin St, 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 1.2, November 2002

PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional and useful
document "free" in the sense of freedom: to assure everyone the effective freedom to copy
and redistribute it, with or without modifying it, either commercially or noncommercially.
Secondarily, this License preserves for the author and publisher a way to get credit for their
work, while not being considered responsible for modifications made by others.

This License is a kind of "copyleft”, which means that derivative works of the document
must themselves be free in the same sense. It complements the GNU General Public License,
which is a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software, because free
software needs free documentation: a free program should come with manuals providing
the same freedoms that the software does. But this License is not limited to software
manuals; it can be used for any textual work, regardless of subject matter or whether it is
published as a printed book. We recommend this License principally for works whose pur-
pose is instruction or reference.

APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice
placed by the copyright holder saying it can be distributed under the terms of this License.
Such a notice grants a world-wide, royalty-free license, unlimited in duration, to use that
work under the conditions stated herein. The "Document”, below, refers to any such
manual or work. Any member of the public is a licensee, and is addressed as "you". You
accept the license if you copy, modify or distribute the work in a way requiring permission
under copyright law.

A "Modified Version" of the Document means any work containing the Document or a
portion of it, either copied verbatim, or with modifications and/or translated into another
language.
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A "Secondary Section" is a named appendix or a front-matter section of the Document that
deals exclusively with the relationship of the publishers or authors of the Document to the
Document's overall subject (or to related matters) and contains nothing that could fall directly
within that overall subject. (Thus, if the Document is in part a textbook of mathematics, a
Secondary Section may not explain any mathematics.) The relationship could be a matter
of historical connection with the subject or with related matters, or of legal, commercial,
philosophical, ethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are designated, as being
those of Invariant Sections, in the notice that says that the Document is released under this
License. If a section does not fit the above definition of Secondary then it is not allowed to
be designated as Invariant. The Document may contain zero Invariant Sections. If the
Document does not identify any Invariant Sections then there are none.

The "Cover Texts" are certain short passages of text that are listed, as Front-Cover Texts
or Back-Cover Texts, in the notice that says that the Document is released under this License.
A Front-Cover Text may be at most 5 words, and a Back-Cover Text may be at most 25
words.

A "Transparent” copy of the Document means a machine-readable copy, represented in a
format whose specification is available to the general public, that is suitable for revising
the document straightforwardly with generic text editors or (for images composed of pixels)
generic paint programs or (for drawings) some widely available drawing editor, and that is
suitable for input to text formatters or for automatic translation to a variety of formats suitable
for input to text formatters. A copy made in an otherwise Transparent file format whose
markup, or absence of markup, has been arranged to thwart or discourage subsequent
modification by readers is not Transparent. An image format is not Transparent if used for
any substantial amount of text. A copy that is not "Transparent" is called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCII without markup,
Texinfo input format, LaTeX input format, SGML or XML using a publicly available DTD,
and standard-conforming simple HTML, PostScript or PDF designed for human modification.
Examples of transparent image formats include PNG, XCF and JPG. Opaque formats include
proprietary formats that can be read and edited only by proprietary word processors, SGML
or XML for which the DTD and/or processing tools are not generally available, and the
machine-generated HTML, PostScript or PDF produced by some word processors for output
purposes only.

The "Title Page" means, for a printed book, the title page itself, plus such following pages
as are needed to hold, legibly, the material this License requires to appear in the title page.
For works in formats which do not have any title page as such, "Title Page" means the text
near the most prominent appearance of the work's title, preceding the beginning of the body
of the text.

A section "Entitled XYZ" means a named subunit of the Document whose title either is
precisely XYZ or contains XYZ in parentheses following text that translates XYZ in another
language. (Here XYZ stands for a specific section name mentioned below, such as "Acknow-
ledgements"”, "Dedications", "Endorsements"”, or "History".) To "Preserve the Title" of such
a section when you modify the Document means that it remains a section "Entitled XYZ"
according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that this
License applies to the Document. These Warranty Disclaimers are considered to be included
by reference in this License, but only as regards disclaiming warranties: any other implication
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C.3

C.4

C.5

that these Warranty Disclaimers may have is void and has no effect on the meaning of this
License.

VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncom-
mercially, provided that this License, the copyright notices, and the license notice saying
this License applies to the Document are reproduced in all copies, and that you add no
other conditions whatsoever to those of this License. You may not use technical measures
to obstruct or control the reading or further copying of the copies you make or distribute.
However, you may accept compensation in exchange for copies. If you distribute a large
enough number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly
display copies.

COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of
the Document, numbering more than 100, and the Document's license notice requires
Cover Texts, you must enclose the copies in covers that carry, clearly and legibly, all these
Cover Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on the back
cover. Both covers must also clearly and legibly identify you as the publisher of these copies.
The front cover must present the full title with all words of the title equally prominent and
visible. You may add other material on the covers in addition. Copying with changes limited
to the covers, as long as they preserve the title of the Document and satisfy these conditions,
can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the
first ones listed (as many as fit reasonably) on the actual cover, and continue the rest onto
adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you
must either include a machine-readable Transparent copy along with each Opaque copy, or
state in or with each Opaque copy a computer-network location from which the general
network-using public has access to download using public-standard network protocols a
complete Transparent copy of the Document, free of added material. If you use the latter
option, you must take reasonably prudent steps, when you begin distribution of Opaque
copies in quantity, to ensure that this Transparent copy will remain thus accessible at the
stated location until at least one year after the last time you distribute an Opaque copy
(directly or through your agents or retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before
redistributing any large number of copies, to give them a chance to provide you with an
updated version of the Document.

MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of
sections 2 and 3 above, provided that you release the Modified Version under precisely this
License, with the Modified Version filling the role of the Document, thus licensing distri-
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bution and modification of the Modified Version to whoever possesses a copy of it. In ad-
dition, you must do these things in the Modified \ersion:

A

Use in the Title Page (and on the covers, if any) a title distinct from that of the Docu-
ment, and from those of previous versions (which should, if there were any, be listed
in the History section of the Document). You may use the same title as a previous
version if the original publisher of that version gives permission.

List on the Title Page, as authors, one or more persons or entities responsible for au-
thorship of the modifications in the Modified Version, together with at least five of
the principal authors of the Document (all of its principal authors, if it has fewer than
five), unless they release you from this requirement.

State on the Title page the name of the publisher of the Modified Version, as the pub-
lisher.

Preserve all the copyright notices of the Document.

Add an appropriate copyright notice for your modifications adjacent to the other
copyright notices.

Include, immediately after the copyright notices, a license notice giving the public
permission to use the Modified Version under the terms of this License, in the form
shown in the Addendum below.

Preserve in that license notice the full lists of Invariant Sections and required Cover
Texts given in the Document's license notice.

Include an unaltered copy of this License.

Preserve the section Entitled "History", Preserve its Title, and add to it an item stating
at least the title, year, new authors, and publisher of the Modified Version as given on
the Title Page. If there is no section Entitled "History" in the Document, create one
stating the title, year, authors, and publisher of the Document as given on its Title Page,
then add an item describing the Modified Version as stated in the previous sentence.

Preserve the network location, if any, given in the Document for public access to a
Transparent copy of the Document, and likewise the network locations given in the
Document for previous versions it was based on. These may be placed in the "History"
section. You may omit a network location for a work that was published at least four
years before the Document itself, or if the original publisher of the version it refers to
gives permission.

For any section Entitled "Acknowledgements" or "Dedications"”, Preserve the Title of
the section, and preserve in the section all the substance and tone of each of the con-
tributor acknowledgements and/or dedications given therein.

Preserve all the Invariant Sections of the Document, unaltered in their text and in their
titles. Section numbers or the equivalent are not considered part of the section titles.

Delete any section Entitled "Endorsements”. Such a section may not be included in
the Modified Version.

Do not retitle any existing section to be Entitled "Endorsements” or to conflict in title
with any Invariant Section.
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C.7

O. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as
Secondary Sections and contain no material copied from the Document, you may at your
option designate some or all of these sections as invariant. To do this, add their titles to the
list of Invariant Sections in the Modified Version's license notice. These titles must be distinct
from any other section titles.

You may add a section Entitled "Endorsements”, provided it contains nothing but endorse-
ments of your Modified Version by various parties--for example, statements of peer review
or that the text has been approved by an organization as the authoritative definition of a
standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to
25 words as a Back-Cover Text, to the end of the list of Cover Texts in the Modified Version.
Only one passage of Front-Cover Text and one of Back-Cover Text may be added by (or
through arrangements made by) any one entity. If the Document already includes a cover
text for the same cover, previously added by you or by arrangement made by the same entity
you are acting on behalf of, you may not add another; but you may replace the old one, on
explicit permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to
use their names for publicity for or to assert or imply endorsement of any Modified Version.

COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under
the terms defined in section 4 above for modified versions, provided that you include in the
combination all of the Invariant Sections of all of the original documents, unmodified, and
list them all as Invariant Sections of your combined work in its license notice, and that you
preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical In-
variant Sections may be replaced with a single copy. If there are multiple Invariant Sections
with the same name but different contents, make the title of each such section unique by
adding at the end of it, in parentheses, the name of the original author or publisher of that
section if known, or else a unique number. Make the same adjustment to the section titles
in the list of Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled "History" in the various original
documents, forming one section Entitled "History"; likewise combine any sections Entitled
"Acknowledgements", and any sections Entitled "Dedications". You must delete all sections
Entitled "Endorsements".

COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under
this License, and replace the individual copies of this License in the various documents
with a single copy that is included in the collection, provided that you follow the rules of
this License for verbatim copying of each of the documents in all other respects.
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C.9

You may extract a single document from such a collection, and distribute it individually
under this License, provided you insert a copy of this License into the extracted document,
and follow this License in all other respects regarding verbatim copying of that document.

AGGREGATION WITH INDEPENDENT
WORKS

A compilation of the Document or its derivatives with other separate and independent
documents or works, in or on a volume of a storage or distribution medium, is called an
"aggregate" if the copyright resulting from the compilation is not used to limit the legal
rights of the compilation's users beyond what the individual works permit. When the Docu-
ment is included in an aggregate, this License does not apply to the other works in the ag-
gregate which are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document,
then if the Document is less than one half of the entire aggregate, the Document's Cover
Texts may be placed on covers that bracket the Document within the aggregate, or the
electronic equivalent of covers if the Document is in electronic form. Otherwise they must
appear on printed covers that bracket the whole aggregate.

TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the
Document under the terms of section 4. Replacing Invariant Sections with translations re-
quires special permission from their copyright holders, but you may include translations of
some or all Invariant Sections in addition to the original versions of these Invariant Sections.
You may include a translation of this License, and all the license notices in the Document,
and any Warranty Disclaimers, provided that you also include the original English version
of this License and the original versions of those notices and disclaimers. In case of a dis-
agreement between the translation and the original version of this License or a notice or
disclaimer, the original version will prevail.

If a section in the Document is Entitled "Acknowledgements", "Dedications", or "History",
the requirement (section 4) to Preserve its Title (section 1) will typically require changing
the actual title.

C.10 TERMINATION

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

C11 FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Docu-
mentation License from time to time. Such new versions will be similar in spirit to the
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present version, but may differ in detail to address new problems or concerns. See ht-
tp://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document
specifies that a particular numbered version of this License "or any later version" applies
to it, you have the option of following the terms and conditions either of that specified
version or of any later version that has been published (not as a draft) by the Free Software
Foundation. If the Document does not specify a version number of this License, you may
choose any version ever published (not as a draft) by the Free Software Foundation.

C.12 ADDENDUM: How to use this License for
your documents

To use this License in a document you have written, include a copy of the License in the
document and put the following copyright and license notices just after the title page:

Sample Invariant Sectionslist

Copyright (c) YEAR YOUR NAME. Permission is granted to copy, dis-
tribute and/or modify this document under the terms of the GNU Free
Documentation License, Version 1.2 or any later version published by
the Free Software Foundation; with no Invariant Sections, no Front-
Cover Texts, and no Back-Cover Texts. A copy of the license is included
in the section entitled "GNU Free Documentation License".

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the
"with...Texts." line with this:

Sample Invariant Sections list

with the Invariant Sections being LIST THEIR TITLES, with the Front-
Cover Texts being LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of the three,
merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing
these examples in parallel under your choice of free software license, such as the GNU
General Public License, to permit their use in free software.
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