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Chapter 1. Introduction

1.1. What is RTLDC?

RTLDC stands for Real-Time Linux DynamicController". RTLDC is a hard real-time DAQ control system. It has a
pluggable architecture that allows you to write code that is executed in hard real-time with only a very basic knowledge
of C.

1.2. About this manual

This manual will hopefully contain all the information you will need to get RTLDC up and running on your system.
Along the way | try to be as thorough as possible, but if | mentioned every possible thing this manual would be
hundreds of pages long. So I'll try to refer you to some other sources of information here and there, but if for some
reason you need a bit more don't hesitateaatactus.



Chapter 2. System Requirements

2.1. Linux

The single most important decision you will make as a new Linux user will be choosing a distribution. In really it
doesn't really matter which you choose, they are all basically the same, each distribution has its own look and feel,
but all of them are capable of doing what we need. I've listed some of the most popular distributions below.

Mandrake (http://www.mandrakelinux.com/en/) <- Most friendly for new users
Fedora (http://www.fedora.redhat.com/) <- Probably most widely distributed
Suse (http://www.suse.com/us/)

Debian (http://www.debian.org/)

Gentoo (http://www.gentoo.org/) <- Recommended onlyaidvancedisers

Refer to the documentation for your distribution for details about how to install it, or reféetting Help

2.2. RTAI

2.2.1. Installing RTAI

i. The first step when installing RTAI is to download the source (http://www.rtai.org). You want to download some-
thing of the formrtai-24.1.*.tgz where * is the highest number you can find. For the sake of this example
I'll use rtai-24.1.11.tgz but you should use the latest version available.

ii. Now extract the contents of the tarball you just downloaded im¢osrc , and make a symbolic link from
lusr/src/rtai to /usr/src/rtai-24.1.11

bash# cd /usr/src
bash# tar -zxf rtai-24.1.11.tgz
bash# In -s rtai-24.1.11 rtai

iii. The next step is to determine what is the newest kernel version supported by RTAI, and download it. To do this
you have to look in the RTAI kernel patch directoiysr/src/rtai/patches . You should see a bunch of
files with names of the formatch-2.4.*-rthal5? where * is a number and ? is a letter. Look for the largest
number for *, then download the kernel source (http://www.kernel.org/pub/linux/kernel/v2.4/) associated with
that patch.

iv. Now you need to extract the kernel source and apply the RTAI patch. For this example I'll be using the 2.4.18
kernel with the rthal5g, but again you should use the latest version available.

bash# cd /usr/src

bash# tar -jxf linux-2.4.18.tar.bz2

bash# mv linux-2.4.18 linux-2.4.18-rthal5
bash# cd linux-2.4.18-rthal5
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bash# patch -pl < ../rtai/patches/patch-2.4.18-rthal5g

v. Now you need to configure your new kernel. This can be pretty difficult if you haven’t done this before, but
there is a trick that isn't ideal but will get the job done. Copy the configuration from the stock kernel for your
distribution.

bash# cd /usr/src/linux-2.4.18-rthals
bash# cp /boot/config-‘uname -r' .config
bash# make oldconfig

bash# make menuconfig

Now you just have to make two minor adjustments. You have to erRédd-Time Hardware Abstraction Layer
and disabldPower Management support

Linux Eernel v2.4.18-rthals_2 Configuration

Arrow keys navigate the menu. <Enter> selects submenus --—->.
Highlighted letters are hotkeys. Pressing <Y¥> includes, <N> excludes,
<M> modularizes features. Press <Esc><Esc> to exit, <7»> for Help.
Legend: [*] built-in [ ] excluded <M> module < > module capable

<M= J ev/cpu/microcode - Intel IA32 CPU microcode support
<M> / ev/epu/*/msr - Model-specific register support

<M> / ev/cpu/*/cpuid - CPU information support

(4GB) igh Memory Support

[ 1 M th emulation

[*] M RR (Memory Type Range Register) support

[ ] ymmetric multi-processing support

[ 1 ocal APIC support on uniprocessors

--- COMFIG_RTHAL must be yes

|¥*] Real-Time Hardware Abstraction Laye

< Exit > < Help >
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Linux KEernel v2.4.18-rthal5_2? Configuration

Arrow keys navigate the menu. <Enter> selects submenus --->,
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes,
<M> modularizes features. Press <Esc><Esc> to exit, <?» for Help.
Legend: [*] built-in [ ] excluded <M> module < > module capable

CMCIA/CardBus support =---»

CI Hotplug Support ---»

[*] ystem V IPC

[*] SD Process Accounting

[*] wsctl support

(ELF) ernel core (/proc/kcore) format
<M> ernel support for a.out binaries
<*> grnel support for ELF binaries
<M> ernel support for MISC binaries

u | Power Management support

< Exit > < Help >

vi. Now you just have to start your new kernel compiling, which could take a while so run the following command
then go take a break.
bash# make dep && make bzimage modules modules_install install

vii. When your kernel is done boot into it. If it fails to boot verify that you followed all the steps above then take a
look atGetting Help

viii. Now you have to configure RTAI. This is pretty straight forward just be sure to ertaidéle floating point
support RTAI math library FIFOs, andShared Memory

bash# cd /usr/src/rtai
bash# make menuconfig
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RTAI v24.1.11 Configuration

Arrow keys navigate the menu. <Enter> selects submenus -—-—->.
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes,
<M> modularizes features. Press <Escr<Esc> to exit, <7» for Help.
Legend: [*] built-in [ ] excluded <M> module < > module capable

[*] Enable floating point suppor

<M> TAT math library support
[ 1 trange APIC support

< Exit > < Help >

RTAI v24.1.11 Configuration

Arrow keys navigate the menu. <Enter> selects submenus ——->.
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes,
<M> modularizes features. Press <Esc»<Esc> to exit, <7»> for Help.
Legend: [*] built-in [ ] excluded «<M> module < > module capable

<> RT memory manage
<M> IF0s

<M> hared Memory

051X AFI

atchdog

¥RT - Realtime in User Space
N WLXRT - Wative Linux Hard Realtime (NEW)
++ SUppPOFt

asklets

its

WOWOW W W W W

< Exit > < Help >

ix. Now you should be ready to compile and install RTAI. This shouldn't take nearly as long as the kernel compila-
tion. When you are done check olgsting RTAIto make sure everything works. If it doesn’t check @stting
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Help.
bash# make dep && make && make dev && ./setsched up && make install

2.2.2. Testing RTAI

When you have RTAI installed it would be a good idea to check and make sure it actually works. | personally like to
use a simple test included with RTAI. To run it execute the following sequence of commands:

bash# cd /usr/src/rtai/lexamples/frank
bash# make
bash# ./run

This tests runs two real time tasks that send data down a fifo
to a Linux application that prints the data on the terminal.

One task outputs the data "Frank". The other task outputs the
data "Zappa". This test is due to Michael Barabanov: a fan of
the late composer.

Type <return> to continue

rt_modprobe: already root
+sh -c "/shbin/insmod ex_frank.o ; "
Now start the application
Type <return> to continue

FIFO 0: Frank
FIFO 1: Zappa
FIFO 1: Zappa
FIFO 1: Zappa
FIFO 0: Frank
FIFO 1: Zappa

frank_app: now sending commands to stop RT-tasks
already root
+sh -c¢ "/sbin/rmmod -r ex_frank"

The exact output may vary slightly, but what is really important is that the system doesn’t crash when you run this
example. If it does crash then you'll have to start the RTAI installation over. If you've tried a few times and you can't
seem to get it working you might want to take a loolGattting Help

2.3. Comedi
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2.3.1. Installing Comedi

i. The first step to installing Comedi is to download (http://www.comedi.org/download) the source. You'll want to
get two files one of the forneomedi-0.7.*.tar.gz and another of the formomedilib-0.7.*.tar.gz
where in both cases * is the largest number you can find, bidd@® have to match. For the sake of this example
I'll use comedi-0.7.67.tar.gz andcomedilib-0.7.21.tar.gz

ii. You then want to extract theomedi-0.7.67.tar.gz and comedilib-0.7.21.tar.gz tarballs in to
/opt/comedi-0.7.67 and /opt/comedilib-0.7.21 respectively, and then create symbolic links
lopt/comedi  and/opt/comedilib

bash# cd /opt

bash# tar -zxf comedi-0.7.67.tar.gz
bash# In -s comedi-0.7.67 comedi
bash# tar -zxf comedilib-0.7.21.tar.gz
bash# In -s comedilib-0.7.21 comedilib

iii. Now you just configure, compile and install Comed..

bash# cd /opt/comedi
bash# ./configure
bash# make

bash# make dev
bash# make install

iv. Then you configure, compile, and install ComediLib.

bash# cd /opt/comedilib
bash# ./configure
bash# make

bash# make install

2.3.2. Testing Comedi

To test whether Comedi is working you should run the test suite included with ComediLib. So first you want to load
your driver. In this case I'm using a National Instruments card, so I'm loading the ni_pcimio driver. If you are using a
different card you need to check the Comedi Documentation to see which driver you should load.

bash# modprobe ni_pcimio
bash# comedi_config /dev/comediO ni_pcimio

You then want to run the test suite.

bash# cd /opt/comedilib/testing
bash# make
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bash# ./comedi_test

As long as it doesn't crash | would consider the installation a success, any more subtle problems will pop up later on.
If the test fails | would double check that you are in fact using the correct driver. If that doesn’t work lodketting
Help.

2.4.QT

RTLDC requires that you have QT 3 or better installed. Because most recent Linux distributions now come with it
standard I'm not going to talk about how to install it, but if it turns out you don't have it installed, checkout TrollTech
(http://www.trolltech.com) for details on how to do it.
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3.1. Before you begin

This installation manual assumes you have a version of Linux installed with a real-time extension, i.e. RTAI or
RTLinux, as well as a working installation of Comedi and QT. If your system does not meet these requirements
you should readystem Requirements

3.2. Building the Software

3.2.1. Configuration

The first step to installation is to configure the package, to do this run:

bash$ make config

Then answer the following questions:

1. Location of Linux Kernel Sources

You probably won't go wrong by answerirgsr/src/'uname -r'/build

2. Real-Time Linux Version

You should specify either RTAI or RTLinux, depending on which of the packages you installed, if you followed the
directions inSystem Requiremen®u should have RTAI installed.

3. Location of RTAI/RTLinux sources

If you are using RTAI trylusr/src/rtai or if you are using RTLinux tryusr/src/rtlinux

4. Comedi Directory

This is the location of the Comedi package. If you followed the instructiol8ystem Requirementeen you would
answetropt/comedi

5. Comedilib Directory

This is the location of the Comedilib package. If you followed the instructionSyistem Requirementben you
would answeropt/comedilib

6. QT Directory

This is the location of the QT package. If you followed the instructionSystem Requirementken you would
answerustr/lib/qt
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3.2.2. Compilation

Now you are ready to begin compiling so run:

bash$ make

Sit back and wait for the compilation to finish. If your compilation fails checkout the FAQ or if that doesn’t work see
Getting Help

3.3. Tweaks

1.How do | setup RTLDC so | can execute it as a regular user?

The first thing you want to do is determine which users you want to be able to execute RTLDC. Then open up
letc/group  in your favorite editor. You should see a line that starts with the wande] add a comma delineated
list of the user names you want to be able to use RTLDC.

For example to give permission to jbetten
wheel:x:10:root

Becomes:

wheel:x:10:root,jbetten

The next step is to make insmod SETUID and executable by the wheel group. To do this execute the following as root:

bash# chown root:wheel /sbin/insmod
bash# chmod 4750 /shin/insmod

2. How can | setup my machine to load the RT and Comedi modules on startup?

There are several ways you can do this, but I'll talk about the easiest. Just enter the commands you would normally
execute on the command line intac/rc.local . So for RTAI users you might have something like:

# Load RTAI Modules
/sbin/modprobe rtai_sched
/sbhin/modprobe rtai_fifos
/sbin/modprobe rtai_libm
/sbin/modprobe rtai_shm
/sbin/modprobe kcomedilib

# Load Comedi Modules

/sbin/modprobe kcomedilib

/shin/modprobe myDAQDriver

comedi_config /dev/comediO myDAQDriver
comedi_calibrate /dev/comediO

The next time you reboot all the modules should be loaded

10
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Appendix A. Getting Help

Your primary source of help for all things RTLDC should be the mailing lisitis@chestnut.bu.edu >, see the
website (http://www.bu.edu/ndl/rtidc.html) for information on how to participate.

Along with the RTLDC mailing list there are numerous other sources of information accessible to you. I've listed a
few below.

« Linux Installation HOW-TO (http://www.tldp.org/HOWTO/Installation-HOWTO/) - Information to help you get
Linux up and running on your system.

« DOS/Windows to Linux HOW-TO (http://www.tldp.org/HOWTO/DOS-Win-to-Linux-HOWTO.html) - A quick
introduction to Linux for those with DOS and/or Windows experience.

« Linux Kernel Build HOW-TO (http://www.digitalhermit.com/linux/Kernel-Build-HOWTO.html) - For help config-
uring, compiling, and installing a custom Linux Kernel

« RTAI mailing list <rtai@rtai.org > archive (https://mail.rtai.org/pipermail/rtai/)

« Comedi mailing list €omedi@comedi.org > archive (https://cvs.comedi.org/pipermail/comedi/)

12



Appendix B. GNU Free Documentation License

Copyright (C) 2000,2001,2002 Free Software Foundation, Inc. 59 Temple Place, Suite 330, Boston, MA 02111-1307 USA
Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.

B.1. 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 purpose is
instruction or reference.

B.2. 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.

A "Secondary Section" is a hamed 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 Sec-
tions, 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.

13



Appendix B. GNU Free Documentation License

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

B.3. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncommercially, 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.

14
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B.4. 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.

B.5. 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 distribution and modification of the Modified Version to whoever possesses a copy of
it. In addition, you must do these things in the Modified Version:

A. Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, 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.

B. List on the Title Page, as authors, one or more persons or entities responsible for authorship 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.

C. State on the Title page the name of the publisher of the Modified Version, as the publisher.
D. Preserve all the copyright notices of the Document.
E. Add an appropriate copyright notice for your modifications adjacent to the other copyright notices.

F. 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 inAtidendumbelow.

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

H. Include an unaltered copy of this License.

15
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. 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.

J.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.

K. 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 contributor acknowledgements and/or dedications given
therein.

L. 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.

M. Delete any section Entitled "Endorsements”. Such a section may not be included in the Modified Version.
N. Do not retitle any existing section to be Entitled "Endorsements” or to conflict in title with any Invariant Section.
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 endorsements of your Modified Ver-
sion 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.

B.6. COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the terms defirtied in

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 Invariant 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
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publisher of that section if known, or else a unique nhumber. 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”.

B.7. 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.

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.

B.8. 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
Document is included in an aggregate, this License does not apply to the other works in the aggregate 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.

B.9. 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 requires 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 disagreement 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.
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B.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.

B.11. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation 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. See http://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.

B.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:

Copyright (c) YEAR YOUR NAME. Permission is granted to copy, distribute 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:

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 alterna-
tives 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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