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Preface

1 Available documentation

Online documentation

Our documentation is available online at https://documentation.suse.com . Browse or
download the documentation in various formats.

Note: Latest updates
The latest updates are usually available in the English-language version of this doc-
umentation.

SUSE Knowledgebase

If you have run into an issue, also check out the Technical Information Documents (TIDs)
that are available online at https://www.suse.com/support/kb/ . Search the SUSE Knowl-
edgebase for known solutions driven by customer need.

Release notes

For release notes, see https://www.suse.com/releasenotes/ .

In your system

For offline use, the release notes are also available under /usr/share/doc/re-
lease-notes on your system. The documentation for individual packages is available at
/usr/share/doc/packages.
Many commands are also described in their manual pages. To view them, run man, followed
by a specific command name. If the man command is not installed on your system, install
it with sudo zypper install man.
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2 Improving the documentation

Your feedback and contributions to this documentation are welcome. The following channels
for giving feedback are available:

Service requests and support

For services and support options available for your product, see https://www.suse.com/

support/ .
To open a service request, you need a SUSE subscription registered at SUSE Customer
Center. Go to https://scc.suse.com/support/requests , log in, and click Create New.

Bug reports

Report issues with the documentation at https://bugzilla.suse.com/ .
To simplify this process, click the Report an issue icon next to a headline in the HTML
version of this document. This preselects the right product and category in Bugzilla and
adds a link to the current section. You can start typing your bug report right away.
A Bugzilla account is required.

Contributions

To contribute to this documentation, click the Edit source document icon next to a headline
in the HTML version of this document. This will take you to the source code on GitHub,
where you can open a pull request.
A GitHub account is required.

Note: Edit source document only available for English
The Edit source document icons are only available for the English version of each
document. For all other languages, use the Report an issue icons instead.

For more information about the documentation environment used for this documentation,
see the repository's README.

Mail

You can also report errors and send feedback concerning the documentation to doc-
team@suse.com. Include the document title, the product version, and the publication date
of the document. Additionally, include the relevant section number and title (or provide
the URL) and provide a concise description of the problem.
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3 Documentation conventions
The following notices and typographic conventions are used in this document:

/etc/passwd: Directory names and le names

PLACEHOLDER: Replace PLACEHOLDER with the actual value

PATH: An environment variable

ls, --help: Commands, options, and parameters

user: The name of a user or group

package_name: The name of a software package

Alt , Alt – F1 : A key to press or a key combination. Keys are shown in uppercase as
on a keyboard.

File, File Save As: menu items, buttons

AMD/Intel  This paragraph is only relevant for the AMD64/Intel 64 architectures. The
arrows mark the beginning and the end of the text block. 
IBM Z, POWER  This paragraph is only relevant for the architectures IBM Z and POWER. The

arrows mark the beginning and the end of the text block. 

Chapter 1, “Example chapter”: A cross-reference to another chapter in this guide.

Commands that must be run with root privileges. You can also prefix these commands
with the sudo command to run them as a non-privileged user:

# command
> sudo command

Commands that can be run by non-privileged users:

> command

Commands can be split into two or multiple lines by a backslash character (\) at the end
of a line. The backslash informs the shell that the command invocation will continue after
the line's end:

> echo a b \
c d
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A code block that shows both the command (preceded by a prompt) and the respective
output returned by the shell:

> command
output

Notices

Warning: Warning notice
Vital information you must be aware of before proceeding. Warns you about security
issues, potential loss of data, damage to hardware, or physical hazards.

Important: Important notice
Important information you should be aware of before proceeding.

Note: Note notice
Additional information, for example about differences in software versions.

Tip: Tip notice
Helpful information, like a guideline or a piece of practical advice.

Compact Notices

Additional information, for example about differences in software versions.

Helpful information, like a guideline or a piece of practical advice.
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1 Upgrade methods

SUSE® Linux Enterprise Micro allows upgrading from an existing system to the new
version. No new installation is needed. Existing data, such as home and data direc-
tories and system configuration, is kept intact.

Upgrades between two releases of SUSE Linux Enterprise Micro are supported by
SUSE. Whether it is better to upgrade or perform a fresh installation depends on
your specific scenario. While upgrades involve less work, fresh installations ensure
you benefit from all the new features of a release such as disk layout changes, spe-
cific filesystem features, and other improvements. To get the most out of your sys-
tem, SUSE therefore recommends fresh installations in most scenarios.

In both cases—upgrade as well as a fresh installation—customers need to check if
system settings and default values still t their requirements.

1 | SLE Micro 5.1



2 Life cycle and support

This chapter provides background information on terminology, SUSE product life
cycles and Service Pack releases, and recommended upgrade policies.

2.1 Terminology
This section uses several terms. To understand the information, read the definitions below:

Backporting

Backporting is the act of adapting specific changes from a newer version of software and
applying it to an older version. The most commonly used case is fixing security holes
in older software components. Usually it is also part of a maintenance model to supply
enhancements or (less commonly) new features.

Delta RPM

A delta RPM consists only of the binary di between two defined versions of a package,
and therefore has the smallest download size. Before being installed, the full RPM package
is rebuilt on the local machine.

Downstream

A metaphor of how software is developed in the open source world (compare it with up-
stream). The term downstream refers to people or organizations like SUSE who integrate the
source code from upstream with other software to build a distribution which is then used
by end users. Thus, the software ows downstream from its developers via the integrators
to the end users.

Migration

Updating to a newer release by using the transactional-update command line tool. It
updates all packages of the installed system to the latest state.

Package

A package is a compressed le in rpm format that contains all les for a particular program,
including optional components like configuration, examples, and documentation.

Patch

A patch consists of one or more packages and may be applied by means of delta RPMs. It
may also introduce dependencies to packages that are not installed yet.
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Upstream

A metaphor of how software is developed in the open source world (compare it with down-
stream). The term upstream refers to the original project, author or maintainer of a software
that is distributed as source code. Feedback, patches, feature enhancements, or other im-
provements ow from end users or contributors to upstream developers. They decide if
the request will be integrated or rejected.
If the project members decide to integrate the request, it will show up in newer versions
of the software. An accepted request will benefit all parties involved.
If a request is not accepted, it may be for different reasons. Either it is in a state that is
not compliant with the project's guidelines, it is invalid, it is already integrated, or it is
not in the interest or road map of the project. An unaccepted request makes it harder for
upstream developers as they need to synchronize their patches with the upstream code.
This practice is generally avoided, but sometimes it is still needed.

Update

Installation of a newer minor version of a package, which usually contains security or bug
fixes.

Upgrade

Installation of a newer major version of a package or distribution, which brings new features.

2.2 Product life cycle
SUSE has the following product life cycle:

SLE Micro is released twice a year.

SLE Micro comes with 4 years of general support, except for the 5.0 version that comes
with one year general support.

The general support includes the following features:

Technical Services

Access to patches, fixes, documentation and the SUSE Knowledge base

Support for existing stacks and workloads

Support for new deployments
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Enhancement requests

Hardware enablement and optimization

Driver updates via SUSE SolidDriver Program

Backport of fixes from recent minor versions

Security updates

Defect resolution

Refer to https://www.suse.com/lifecycle  for more information about life cycles, release frequen-
cy, and the overlay support period.

2.3 Registering and deregistering machines with
SUSEConnect
On registration, the system receives repositories from the SUSE Customer Center (see https://

scc.suse.com/ ) or a local registration proxy like SMT. The repository names map to specific
URIs in the customer center. To list all available repositories on your system, use zypper as
follows:

# zypper repos -u

This gives you a list of all available repositories on your system. Each repository is listed by its
alias, name and whether it is enabled and will be refreshed. The option -u gives you also the
URI from where it originated.

To register your machine, run the transactional-update as follows:

# transactional-update register -r REGCODE

To deregister your machine, you can use the transactional-update as follows:

# transactional-update register -d

To check your locally installed products and their status, use the following command:

# SUSEConnect -s

4 Registering and deregistering machines with SUSEConnect | SLE Micro 5.1

https://www.suse.com/lifecycle
https://scc.suse.com/
https://scc.suse.com/


2.4 Identifying the SLE Micro version
If you need to identify the version of an SLE Micro installation, check the content of the le /
etc/os-release.

A machine readable XML output is available with zypper:

# zypper --no-remote --no-refresh --xmlout --non-interactive products -i
<?xml version='1.0'?>
<stream>
<product-list>
<product name="SUSE-MicroOS" version="5.0" release="1" epoch="0" arch="x86_64"
 vendor="SUSE" summary="SUSE Linux Enterprise Micro 5.0" repo="@System"
 productline="SUSE-MicroOS" registerrelease="" shortname="SUSE Linux Enterprise
 Micro" flavor="" isbase="true" installed="true"><endoflife time_t="0" text="0"/
><registerflavor/><description>SUSE Linux Enterprise Micro 5.0</description></product>
</product-list>
</stream>

5 Identifying the SLE Micro version | SLE Micro 5.1



3 Preparing the upgrade

Before starting the upgrade procedure, make sure your system is properly prepared.
Among other things, preparation involves backing up data and checking the release
notes. The following chapter guides you through these steps.

3.1 Make sure the current system is up-to-date
Upgrading the system is only supported from the most recent patch level. Make sure the latest
system updates are installed by running:

# transactional-update patch

3.2 Read the release notes
Find a list of all changes, new features, and known issues in the release notes (https://

www.suse.com/releasenotes/) . You can also nd the release notes on the installation media
in the docu directory.

The release notes usually only contain the changes between two subsequent releases.

Check the release notes to see whether:

your hardware needs special considerations;

any used software packages have changed significantly;

special precautions are necessary for your installation.

3.3 Make a backup
Before upgrading, back up your data by copying the existing configuration les to a separate
medium (such as tape device, removable hard disk, etc.). This primarily applies to les stored
in /etc and some directories and les in /var and /opt. You may also want to write the user
data in /home (the HOME directories) to a backup medium.

Back up all data as root. Only root has sufficient permissions for all local les.
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3.4 Listing installed packages and repositories

You can save a list of installed packages, for example when doing a fresh install of a new major
SLE release or reverting to the old version.

Note
Be aware that not all installed packages or used repositories are available in newer re-
leases of SUSE Linux Enterprise. Some may have been renamed and others replaced. It
is also possible that some packages are still available for legacy purposes while another
package is used by default. Therefore some manual editing of the les might be necessary.
This can be done with any text editor.

1. Create a le named repositories.bak.repo containing a list of all used repositories:

# zypper lr -e repositories.bak

2. Also create a le named installed-software.bak containing a list of all installed pack-
ages:

# rpm -qa --queryformat '%{NAME}\n' > installed-software.bak

3. Back up both les. The repositories and installed packages can be restored with the fol-
lowing commands:

# zypper ar repositories.bak.repo
# transactional-update pkg install $(cat installed-software.bak)
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Note: Number of packages increases with an update to a
new release
A system upgraded to a new (minor or major) version may contain more packages
than the initial system. It could also contain more packages than a fresh installation
of the new SLE Micro with the same pattern selection. Reasons for this are:

Packages were split to allow a more ne-grained package selection.

When a package has been split, all new packages are installed in the upgrade
case to retain the same functionality as with the previous version. However,
the new default for a fresh installation of SLE Micro new versions may be to
not install all packages.

Legacy packages from the initial SLE Micro may be kept for compatibility
reasons.

Package dependencies and the scope of patterns may have changed.

3.5 Disable the LTSS extension
If you upgrade a SUSE Linux Enterprise Micro system with Long Term Service Pack Support
(LTSS) to a version that is still under general support, the upgrade will fail with the error No
migration available. This happens because zypper migration tries to migrate all reposito-
ries , but there is no LTSS repository for the new version yet.

To x this issue, disable the LTSS extension before the upgrade.

1. Check if the LTSS extension is enabled:

> sudo SUSEConnect --list-extensions | grep LTSS
SUSE Linux Enterprise Server LTSS 12 SP4 x86_64 (Installed)
Deactivate with: SUSEConnect -d -p SLES-LTSS/12.4/x86_64

2. Disable the LTSS extension with the command from the SUSEConnect output above:

> sudo SUSEConnect -d -p SLES-LTSS/12.4/x86_64
Deregistered SUSE Linux Enterprise Server LTSS 12 SP4 x86_64
To server: https://scc.suse.com/
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3. Verify the LTSS repository is no longer present with zypper lr.

3.6 Shut down virtual machine guests
If your machine serves as a VM Host Server for KVM, make sure to properly shut down all
running VM Guests prior to the update. Otherwise you may not be able to access the guests
after the update.

3.7 Disk space
Software tends to grow from version to version. Therefore, take a look at the available partition
space before updating. If you suspect you are running short of disk space, back up your data
before increasing the available space by resizing partitions, for example. There is no general
rule regarding how much space each partition should have. Space requirements depend on your
particular partitioning profile and the software selected.

3.7.1 Checking disk space on Btrfs root file systems

On a Btrfs le system, the output of df can be misleading, because in addition to the space the
raw data allocates, a Btrfs le system also allocates and uses space for metadata.

Consequently a Btrfs le system may report being out of space even though it seems that plenty
of space is still available. In that case, all space allocated for the metadata is used up. For more
information refer to https://btrfs.wiki.kernel.org/index.php/FAQ .

Make sure there is enough free space as the root le system uses Btrfs and might consume
significant amount of space. Check the available space on all mounted partitions. In the worst
case, an upgrade needs as much disk space as the current root le system (without /.snapshot)
for a new snapshot.

The following recommendations have been proven:

For all le systems, including Btrfs, you need enough free disk space to download and
install big RPMs. The space of old RPMs is only freed after new RPMs are installed.

For Btrfs with snapshots, you need as a minimum as much free space as your current instal-
lation takes. We recommend having twice as much free space as the current installation.
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If you do not have enough free space, you can try to delete old snapshots with snapper:

# snapper list
# snapper delete NUMBER

However, this may not help in all cases. Before migration, most snapshots occupy only
little space.

3.8 Adjust the resume boot parameter
On systems that have been installed with SUSE Linux Enterprise Micro 12 or older, the default
kernel command line in /etc/default/grub may contain a resume parameter using a device
node name such as /dev/sda1 to refer to the hibernation ('suspend-to-disk') device. As device
node names are not persistent and may change between reboots, it is strongly recommended to
x this, otherwise the upgraded system may hang on reboot.

1. Find the hibernation device:

> sudo grep resume /etc/default/grub
GRUB_CMDLINE_LINUX_DEFAULT="resume=/dev/sda1 splash=silent quiet showopts"

The hibernation device is /dev/sda1. If the command returns nothing, hibernation is not
configured.

2. Get the UUID for /dev/sda1:

> sudo blkid /dev/vda1 
/dev/vda1: UUID="a1d1f2e0-b0ee-4be2-83d5-78a98c585827" TYPE="swap"
 PARTUUID="000134b5-01"

The UUID for /dev/sda1 is a1d1f2e0-b0ee-4be2-83d5-78a98c585827.

3. Edit /etc/default/grub and adjust the resume parameter. Replace /dev/sda1 with
UUID=a1d1f2e0-b0ee-4be2-83d5-78a98c585827. The result will look like this:

GRUB_CMDLINE_LINUX_DEFAULT="resume=UUID=a1d1f2e0-b0ee-4be2-83d5-78a98c585827
 splash=silent quiet showopts"

4. Update the configuration of the grub boot manger:

> sudo grub2-mkconfig -o /boot/grub2/grub.cfg
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If the system does not use hibernation, you can simply remove the resume parameter and update
the boot configuration.
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4 Upgrading SLE Micro

SUSE offers a command-line tool to upgrade a running system to a new version. The
tool provides support for “rollback” to an older release. This chapter explains how
to upgrade your system step by step.

4.1 Conceptual overview
SUSE releases new version of SLE Micro at regular intervals. To make it easy for customers to
migrate to a new minor version and minimize downtime, SUSE supports migrating online while
the system is running.

SLE Micro uses transactional updates to upgrade from one version to the next. This has the fol-
lowing advantages:

The system is always in a defined state until the rst RPM is updated.

Canceling is possible until the rst RPM is updated.

Simple recovery if there is an error.

It is possible to do a “rollback” via system tools—no backup or restore needed.

Use of all active repositories.

4.2 Upgrading to a new release

Note: SUSE Customer Center and Internet connection
If the system you want to upgrade is registered with the SUSE Customer Center, make
sure to have an Internet connection during the following procedure.

Proceed as described in Procedure 4.1, “Upgrade to a newer version” if your system is registered. If
your system system is not registered, change the repositories to point to the 5.1 and run:

# transactional-update dup
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PROCEDURE 4.1: UPGRADE TO A NEWER VERSION

1. The upgrade procedure is performed by calling the transactional-update:

   transactional-update migration

2. A new snapshot is created.

3. Current repositories are refreshed.

4. A list of available migration targets is displayed. Enter a number.

5. A list of packages to be installed or updated is displayed. Press y to continue with the
upgrade procedure.

6. To complete the upgrade, reboot your system and boot into the target version.

4.3 Reverting the migration process
If a new release does not work for you, SLE Micro supports reverting the system to the state
before the migration process was started by using the transactional-update rollback com-
mand.

The detailed procedure for a system rollback is described in Article “Administration Guide”, Section 2

“Administration using transactional updates”, Section 2.3 “System rollback”.
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A GNU licenses
This appendix contains the GNU Free Docu-
mentation License version 1.2.

GNU Free Documentation License

Copyright (C) 2000, 2001, 2002 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.

0. 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 non-commercially.
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 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.

1. 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 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 t 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 for-
mat whose specification is available to the general public, that is suitable for revising the doc-
ument 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 le 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, Tex-
info input format, LaTeX input format, SGML or XML using a publicly available DTD, and stan-
dard-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-generat-
ed 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.

2. VERBATIM COPYING

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

3. 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 t legibly, you should put the
rst ones listed (as many as t 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 net-
work-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 quanti-
ty, 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.
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4. 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 ve
of the principal authors of the Document (all of its principal authors, if it has fewer
than ve), 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 in the Addendum below.

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.

I. 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 Se-
condary 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 ve 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.

5. 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 Invari-
ant 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".

6. 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.

7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent docu-
ments 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 com-
pilation'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.

8. 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.

9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly pro-
vided 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.
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10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documen-
tation License from time to time. Such new versions will be similar in spirit to the present ver-
sion, but may differ in detail to address new problems or concerns. See https://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.

ADDENDUM: How to use this License for your documents

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 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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