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1 Whatis SLES Minimal VM?

SLES Minimal VM is a set of ready-to-run virtual machine images that let you deploy SUSE Linux En-
terprise Server without running an installer. Each image includes a lightweight system, serving as afoun-
dation for building systemsfor use in adata center, creating virtual application images and building appli-
ances. Because the images contain fewer packages, they require less patching and expose fewer potential
security vulnerabilities.

1.1 Deployment options

SLESMinimal VM isavailable as preconfigured and ready-to-run virtual machineimages. It isalso possi-
bleto create customized Minimal VM images using the supplied KIWI NG configurationfiles, called tem-
plates. They are provided by the kiwi-templates-Minimal package. For moreinformation about how
to use KIWI templates, see KIWI NG Documentation (https://documentation.suse.com/appliance/ki-

wi-9/) @,

1.2 Default configuration

The following settings are active as soon as a Minimal VM image boots. They describe the state of the
system as shipped. For how Minimal VM differs from an installed SUSE Linux Enterprise Server system,
see Section 2, “Differences between SLES Minimal VM and SUSE Linux Enterprise Server”.

First-boot provisioning
For an automated setup, you can use Combustion to configure the system on first boot from a con-
figuration you supply. Alternatively, on cloud, VMware and ppc64le images, you can use cloud-
init. If no configuration is provided, the JeOS Firstboot wizard runs on first boot and allows you
to configure basic settings, such as system locales and the root password.

@ Note: Exception for IBM Z

On s390x flavors targeting zZ/VM (such as DASD and FCP), the JeOS Firstboot wizard is
not supported due to terminal limitations. On these images, systemd-firstboot is used
instead.
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Access and remote authentication
SSH on TCP port 22 is enabled as the default externally accessible port. Remote password-based
root loginisdisabled by default.

® cloud-init and Combustion can be used to create a user account and install SSH public
keys supplied in the configuration.

® When using JeOS Firstboot, the wizard prompts you to set alocal root password, create a
standard user account and enroll SSH public keys for remote access.

Networking
The default network configuration uses DHCP, managed by NetworkManager.

Security and firewall
The Minima VM sets SELinux to enforcing mode by default. The status of the host-based firewall
depends on the image you deploy:

® On the cloud image, no firewall serviceisinstalled or enabled.

® On the non-cloud images, the firewalld packageisinstalled and the serviceis enabled and
running by default.

Kernel
SLES Minimal VM images use the kernel-default-base asthe default kernel, which contains
only a subset of kernel modules. Thisresultsin a smaller image size.

System recovery
On the non-cloud images, the system automatically creates a Btrfs snapshot including the initial
configuration. This means that you can easily revert all subsequent changes, if necessary.

Core dumps
Unlikein previousversions, systemd-coredump isenabled by defaultin SLES Minimal VM 16.1
to collect application core dumps for troubleshooting.
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System registration
The Minima VM images contain no preconfigured software repositories. Register the system to
access online repositories. Registration requires a paid subscription.

2 Differences between SLES Minimal VM and SUSE
Linux Enterprise Server

The following differences affect how you deploy and operate the system:

No installation step
Thereisno installer to run. The images are ready to boot, and basic settings are configured on first
boot using the JeOS Firstboot tool, Combustion or cloud-init.

Reduced kernel
To keep the image small, Minimal VM uses kernel-default-base asthe default kernel. This
kernel does not contain drivers for bare metal. If your scenario requires additional drivers, install
the kernel-default package to get the full functionality. This is the kernel used by a regular
installation.

Zypper configuration
Part of the size reduction comes from two options in the Zypper configuration:

e rpm.install.excludedocs = yes excludes all files marked as documentation, such as
man pages, from installation.

® solver.onlyRequires = true disablesinstallation of supplementing and recommended
packages.

Base packages
The images are built from KIWI NG templates that list the packages to include. Keep in mind that
packages listed in atemplate can pull in dependencies during the build, so an image usually contains
more packages than the template names.

Predefined disk layout
Unlike SUSE Linux Enterprise Server, which calculates an adjustable disk layout proposal during
installation, SLES Minimal VM uses a predefined virtual image partitioning scheme:

® 2 MB BIOS boot

* 512 MB EFI system
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e 24 GB root file system in non-cloud flavors

® A dynamically sized root file system in cloud flavors

To add space, either extend the existing disk from the virtual host or add a secondary disk to the
virtual machine. If you extend the existing disk, the kiwi- repart dracut module automatically
resizes the root partition and its file system to fill the available space during the next boot. If you
add a secondary disk, you must partition and format it manually.

3 Obtaining Minimal VM images

The image you choose determines the hypervisor you can run it on and how the system is configured on
first boot. Theinitial configuration mechanism depends on your target environment.

Download the images from the official Download (https://www.suse.com/download/sles/)# page.
Images have the platform in the name, based on their purpose:

¢ Cloud for cloud platforms
® kvm-and-xen for KVM and Xen hypervisors
® MS-HyperV for Microsoft Hyper-V hypervisors

® VMware for VMware hypervisors

@ Note: Architecture-specific naming

Depending on the architecture, image names might instead indi cate specific hardware, storagetypes
or disk formats.

4 Interactive setup with JeOS Firstboot

By default, if you boot the virtual machine without providing an automated configuration method (such
as Combustion or cloud-1init), the system launches JeOS Firstboot. To deploy the image interactively,
manually complete this text-based wizard on the system console. Deploying involves two tasks:

1. Start the virtual machine on your platform.

2. Configure the system on the first boot with JeOS Firstboot.
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@ Note: Exception for IBM Z

On s390x flavors targeting z/VM (such as DASD and FCP), the JeOS Firstboot wizard is not
supported due to terminal limitations. On these images, systemd-firstboot isused instead.

Because starting a virtual machine varies wildly by platform, the exact procedure depends on your hyper-
visor. For platforms such as Microsoft Hyper-V and VMware, use their respective management tools to
create the virtual machine.

4.1 Starting a KVM virtual machine

For KV M-compatible images, you can start the virtual machine directly by using QEMU or virt-in-
stall.

QEMU:

> gemu-system-ARCH \
-enable-kvm \
-cpu host \
-m 1G \
-smp 1 \
-drive if=virtio, format=qcow2, file=IMAGE.qcow2 \
-nographic \
-netdev user,id=net0,hostfwd=tcp::2222-:22 \
-device virtio-net,netdev=net0

virt-install:

> virt-install \
--name VM_NAME \
--memory 1024 \
--vcpus 1 \
--import \
--disk IMAGE.qcow2,bus=virtio \
--osinfo detect=on, require=off

4.2 Configuring a system with JeOS Firstboot

JeOS Firstboot is atext-based wizard that runs on the first boot and collects the basic settings. It appears
on the console of the virtual machine, whichever platform you started it on.
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1. Select the keyboard layout.

2. Read and accept the license agreement. Y ou cannot proceed without accepting it.
3. Select the time zone.

4. Enter and confirm the root password.

5. Optionaly, enroll keys for SSH access and create additional user accounts.

6. After the first boot, register the system. For more information, see Section 7, “Post-deployment

configuration”. 1f you are only testing the image, you can skip registration.

@ Tip: Reconfiguring settings with jeos-config
If you need to change these settings after the initial deployment, you can use jeos-config. Run-

ning this command as root opens an interactive text-based tool where you can adjust your initial
choices.

5 Automated setup using Combustion

SLES Minimal VM comes with the Combustion configuration tool, which configures the system on first
boot from ascript that you supply. This can be particularly useful when you need to deploy multiple virtual
machineswith anidentical initial configuration. When Combustion runs successfully, JeOS Firstboot does
not start. Because Minima VM does not configure a default root password, the script must include a
login method, either a root password or an SSH public key for remote access.

1. Create aconfiguration filenamed script.
For more information about how to create the script,
see  https://documentation.suse.com/sle-micro/html/Micro-deployment-raw-images-virtu-

al-machines/index.html#configuring-combustion-script 2.

2. Add at least one login method to the script:

® Tologinwith apassword, generate a hash of your desired root password:

> openssl passwd -6
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Add the following line to the script, replacing HASH with the value you just generated:
echo 'root:HASH' | chpasswd -e

® To set up SSH key authentication, add the following lines to the script:

mkdir -pm 700 /root/.ssh
echo 'SSH PUBLIC KEY' >> /root/.ssh/authorized keys

. Make the script executable:

> chmod +x script
. Pass the script to the virtual machine. Use the method that matches your platform.

KVM platforms
Pass the script file directly with fw_cfg.
QEMU:

> qgemu-system-ARCH \
-enable-kvm \
-cpu host \
-m 1G \
-smp 1\
-drive if=virtio, format=qcow2, file=IMAGE.qcow2 \
-nographic \
-netdev user,id=net0,hostfwd=tcp::2222-:22 \
-device virtio-net,netdev=net0d \
-fw_cfg name=opt/org.opensuse.combustion/script, file=script

virt-install:

> virt-install \

--name VM_NAME \

--memory 1024 \

--vcpus 1 \

--import \

--disk IMAGE.qcow2,bus=virtio \

--osinfo detect=on, require=off \

--sysinfo type=fwcfg,entry0.name="opt/org.opensuse.combustion/
script",entry0Q.file="ABSOLUTE PATH TO SCRIPT"
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Microsoft Hyper-V, VMware and other platforms
Provide the script on a storage device with the file system label combustion, holding the
script at combustion/script.
To build such adevice as an 1SO image:

> mkdir -p iso_root/combustion
> mv script iso_root/combustion/
> mkisofs -output combustion.iso -volid combustion -rational-rock iso root

Create the virtual machine using your downloaded Minimal VM image asthe primary virtual
hard disk. Before booting the virtual machine for the first time, attach combustion.iso as
avirtua disc drive.

By default, Combustion produces no output whileit runs. The indication that it worked isthat JeOS First-
boot does not start and you can log in as root using the method you configured in the script.

6 Deploying an image with cloud-init

The cloud, VMware and ppc64le Minimal VM images can use cloud-init to configure the system on
first boot from auser-data file. Deploying with cloud-init hastwo parts: writing the configuration
and making it available to the virtual machine through a data source.

If no data source is provided, the system defaults to JeOS Firstboot on initial boot.

@ Note: Scope of the cloud-init section

This section applies to images on aloca hypervisor, where cloud-init usesthe NoCloud data
source.

On VMware and on cloud platforms such as OpenStack, supply your user-data through the
interface of the platform. For the data sources that cloud-init supports, see https://doc-

s.cloud-init.io/en/latest/reference/datasources.html#datasources-supported a.

6.1 How to write the user-data file

To deploy the image with cloud-init, you must first create the user-data file. Thefirst line of the
filemust be #cloud-config.
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To view the default SUSE configuration for cloud-init, check the /etc/cloud/cloud. cfg file pro-
vided by the cloud-init-config-suse package.

By default, cloud-init doesnot set a root password. Instead, it creates a user account called sles that
acts asthe default user and has sudo rights. Use the following example to create passwords for both users.

EXAMPLE 1: ADD PASSWORDS

#cloud-config
chpasswd:
list: |
root:$6$HdJCmMKHZT2NL cwv
$4cRJ4yGGmDpPIvtOpqSa3KeEOKMKT8VRADrYX23L1YrvM6suF79CzWomCFyreiT645fWVaFXMtyUM5zF0IMa9/
sles:$6$HdICmMMKHZT2NLcwv
$4cRJ4yGGmDpPIvtOpqSa3KeEOKMKT8VRADrYX23L1YrvM6suF79CzWomCFyreiT645fWVaFXMtyUM5zF0IMa9/
expire: False

To create the SHA-512 hashes used in the example, run the command: openssl passwd -6.

Warning: User passwords

To prevent potential security risks, avoid using passwords in production environments. When us-
ing hashed passwords, you are exposed to dictionary attacks. For better security, use SSH authen-
tication instead.

However, local logins, for example, in arecovery scenario, still require a password. This is why
setting a root password, as shown in the previous example, might still be necessary even when
you use SSH keys for regular access.

When creating users, keep in mind that logging in with a password is disabled by default (Lock passwd:
true), and that the newly created users do not have sudo rights.

The following examples show configurations for creating different users.

EXAMPLE 2: NEW USER WITH PASSWORD AND sudo

#cloud-config
users:
- default
- name: USER
shell: /bin/bash
groups: users
# lock passwd: Disable password login. Defaults to true
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lock passwd: false
passwd: HASH
sudo: ALL=(ALL) NOPASSWD:ALL

EXAMPLE 3: NEW USER WITH SSH KEYS AND sudo

#cloud-config
users:
- name: USER
shell: /bin/bash
groups: users
ssh _import id: None
lock passwd: true
sudo: ALL=(ALL) NOPASSWD:ALL
ssh _authorized keys:
- SSH PUBLIC KEY 1
- SSH PUBLIC KEY 2

To connect and register with the SUSE Multi-Linux Manager, RMT or SUSEConnect, use runcmd to run
the desired commands, for example:

EXAMPLE 4: SUSECONNECT CONFIGURATION

#cloud-config
runcmd:
- SUSEConnect -r REGISTRATION CODE -e EMAIL ADDRESS

EXAMPLE 5: RMT CONFIGURATION

#cloud-config
runcmd :
- curl --output rmt-client-setup http://RMT_SERVER/tools/rmt-client-setup
- sh rmt-client-setup --host RMT SERVER
--regcert http://RMT_SERVER/rmt.crt
--fingerprint FINGERPRINT --yes

Replace FINGERPRINT with the output of the following command that you runonyour RMT server:
> sudo openssl x509 -noout -fingerprint -in /etc/rmt/ssl/rmt-ca.crt

For example: OF : 1F: 2F:3F:4F:5F:6F:7F:8F:9F: AF:BF : CF: DF: EF : FF.

For further information, see https://documentation.suse.com/sles-15/html/SLES-all/cha-rmt-

client.htmla.
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EXAMPLE 6: SUSE MULTI-LINUX MANAGER CONFIGURATION

#cloud-config

runcmd:
- curl -SksO https://SERVER HOSTNAME/pub/bootstrap/bootstrap.sh
- /bin/bash bootstrap.sh

For further information, see https://documentation.suse.com/multi-linux-manager/en/docs/

client-configuration/registration-bootstrap.html 2.

The following example shows a configuration that installs a package and starts a service during the first
boot.

EXAMPLE 7: ADD PACKAGE AND START A SERVICE

#cloud-config
packages:
- PACKAGE
runcmd:
- systemctl enable SERVICE.service
- systemctl start --no-block SERVICE.service

@ Note: Optional configuration files

You can optionally create other configuration files, called meta-data, network-config and
vendor-data. For more information, see https://docs.cloud-init.io/en/latest/reference/data-

sources/nocloud.html .

After you writethe user-data file, provide thefile to the virtual machine, as described in the following
section.

6.2 Providing the user-data file to the virtual machine

Choose the method that matches your tooling.

6.2.1 Deploying with QEMU

There are two ways to deliver the configuration: on a seed image attached as a CD-ROM or from aWeb
server.
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1. Make the configuration available to the virtual machine. Use either a seed image or a Web server:
® Seed image: Create the seed image containing the user-data file:

> mkisofs \
-output seed.iso \
-volid cidata -rational-rock -joliet \
user-data

® Web server: Copy the configuration file into a directory served by a Web server, for exam-
ple, /srv/www/htdocs/cloud-init/, served at http://www.example.com/cloud-

init/.
2. Start the virtual machine.

> gemu-system-ARCH \
-enable-kvm \
-cpu host \
-m 1G \
-smp 1 \
-drive if=virtio, format=qcow2, file=IMAGE.qcow2 \
-nographic \
-netdev user,id=net0,hostfwd=tcp::2222-:22 \
-device virtio-net,netdev=net0d \
DATA SOURCE OPTION

Replace DATA__SOURCE OPTION based on the chosen method from the previous step:

® |f you use seed image data source:

-drive file=seed.iso,media=cdrom

® |f you use Web server data source:

-smbios 'type=1,serial=ds=nocloud-net;s=http://www.example.com/cloud-init/"'

6.2.2 Deploying with virt-install

If you deploy with 1ibvirt, virt-install can generate the data source for you:

> virt-install \
--name VM_NAME \
--memory 1024 \
--vcpus 1\
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--import \

--disk IMAGE.qcow2,bus=virtio \
--cloud-init user-data=./user-data \
--osinfo detect=on, require=off

7 Post-deployment configuration

After successfully deploying and configuring your SLES Minima VM, the system is running and ready
for use. To ensure optimal security and localization, perform the following post-deployment tasks.

7.1 Registering the system

Registering your SLES Minimal VM linksit to your SUSE subscription. If the system was not registered
during first boot, register it manually.

> sudo SUSEConnect -r REGISTRATION CODE -e EMAIL ADDRESS

You can aso register with RMT using the setup script. For more information, see Configur-
ing clients with rmt-client-setup (https://documentation.suse.com/sles-15/html/SLES-all/cha-rmt-

client.html#sec-rmt-client-clientsetupscript) <.

7.2 Installing system updates

After SLES Minimal VM is successfully installed and registered, it is highly recommended to install the
latest available online updates:

> sudo zypper patch

7.3 Changing the system locale

By default, the SLES Minima VM image includes only the en US locale. To use a different system
language, install and select your desired locale. The following example commands configure the system
for the de DE locale.

1. Add the desired locale and install the required translation packages:

> sudo zypper addlocale de DE
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2. Set the new locale:

> localectl set-locale LANG=de DE.UTF-8

You can list al available system locales by running localectl list-locales.

7.4 Removing setup packages

JeOS Firstboot and the packages it pullsin are only required for the initial configuration of the system.
Y ou can leave these packages on the system, or, when the system isfully configured and you do not intend
to reconfigure it, you can safely remove the wizard together with the dependencies:

> sudo zypper remove -u jeos-firstboot

@ Note: Configuration tools are removed as well
The command removes JeOS Firstboot along with dependencies, including configuration tools

such as jeos-config or ssh-pairing. If you still need any of these tools, keep JeOS Firstboot
installed.

8 Legal Notice

Copyright© 2006— 2026 SUSE LLC and contributors. All rights reserved.

Permission is granted to copy, distribute and/or modify this document under the terms of the GNU Free
Documentation License, Version 1.2 or (at your option) version 1.3; with the Invariant Section being this
copyright notice and license. A copy of the license version 1.2 is included in the section entitled “GNU
Free Documentation License”.

For SUSE trademarks, see https://www.suse.com/company/legal/ #. All other third-party trademarks
are the property of their respective owners. Trademark symbols (®, ™ etc.) denote trademarks of SUSE
and its affiliates. Asterisks (*) denote third-party trademarks.

All information found in this book has been compiled with utmost attention to detail. However, this does
not guarantee complete accuracy. Neither SUSE LLC, its affiliates, the authors, nor the translators shall
be held liable for possible errors or the consequences thereof.
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A GNU Free Documentation License

Copyright (C) 2000, 2001, 2002 Free Software Foundation, Inc. 51 Franklin St, Fifth Floor, Boston, MA
02110-1301 USA.. Everyoneis permitted to copy and distribute verbatim copies of thislicense document,
but changing it is not allowed.

0. PREAMBLE

The purpose of this Licenseisto make amanual, 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.

ThisLicenseisakind of "copyleft", which meansthat 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: afree 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 isinstruction 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 aworld-
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 alicensee, and is
addressed as "you". Y ou accept the license if you copy, modify or distribute the work in away requiring
permission under copyright law.

A "Modified Version" of the Document means any work containing the Document or aportion 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 exclu-
sively 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

16 Introduction to SLES Minimal VM



Document isin 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 programsor (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 readersisnot 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 for-
mats include PNG, XCF and JPG. Opaqgue formats include proprietary formats that can be read and edit-
ed 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'stitle, preceding the beginning of the body of the text.

A section "Entitled XY Z" means a named subunit of the Document whosetitle either is precisely XYZ or
contains XY Z in parenthesesfollowing text that translates XY Z in another language. (Here XY Z standsfor
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 XY Z" according to this definition.
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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 referencein 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-commercialy,
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.

Y ou 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 copiesin coversthat 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. Y ou may add other material onthe coversin addition. Copying with changeslimited
to the covers, aslong asthey preservethetitle 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 asfit reasonably) on the actual cover, and continue the rest onto adjacent pages.

If you publish or distribute Opagque copies of the Document numbering more than 100, you must either in-
clude amachine-readable Transparent copy aong with each Opaque copy, or statein or with each Opagque
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 Opague copiesin 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.
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It is requested, but not required, that you contact the authors of the Document well before redistributing

any large number of copies, to givethem achanceto provide you with an updated version of the Document.

4. MODIFICATIONS

Y ou may copy and distribute aModified 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 acopy of it. In addition, you must do these things in the Modified Version:

19

A.

Usein the Title Page (and on the covers, if any) atitle 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). Y ou may use the sametitle asapreviousversion if the original publisher of that version
gives permission.

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 principa 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 publisher.
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, alicense 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.

Preservethe section Entitled "History", Preserveits Title, and add toit anitem stating at least thetitle,
year, new authors, and publisher of the Modified Version as given on the Title Page. If thereis no
section Entitled "History" in the Document, create one stating thetitle, 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.
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J. Preservethe network location, if any, giveninthe Document for public accessto a Transparent copy
of the Document, and likewise the network |ocations given in the Document for previousversionsit
was based on. These may be placed in the "History" section. Y ou may omit a network location for
awork 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. Preserveall 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.

0. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary Sec-
tions 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 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 aready 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.
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5. COMBINING DOCUMENTS

Y ou may combine the Document with other documents released under this License, under the terms de-
fined in section 4 above for modified versions, provided that you include in the combination al 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 dif-
ferent 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 €lse aunique number. Make the same
adjustment to the section titlesin the list of Invariant Sectionsin 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’. Y ou must delete all sections Entitled "Endorsements’.

6. COLLECTIONS OF DOCUMENTS

Y ou 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 isin-
cluded in the collection, provided that you follow the rules of this License for verbatim copying of each
of the documentsin all other respects.

Y ou may extract asingle document from such acollection, and distributeit individually under thisLicense,
provided you insert acopy of thisLicenseinto the extracted document, and follow thisLicensein all other
respects regarding verbatim copying of that document.

7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or itsderivativeswith other separate and i ndependent documents or works,
in or on avolume 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 indi-
vidual works permit. When the Document is included in an aggregate, this License does not apply to the
other worksin 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 Doc-
ument 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 coversif the Document is
in electronic form. Otherwise they must appear on printed covers that bracket the whole aggregate.
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8. TRANSLATION

Trandation is considered akind of modification, so you may distribute trand ations of the Document under
the terms of section 4. Replacing Invariant Sections with trandations requires special permission from
their copyright holders, but you may include translations of some or al Invariant Sections in addition to
the original versions of these Invariant Sections. You may include a trandation of this License, and all
the license notices in the Document, and any Warranty Disclaimers, provided that you also include the
origina English version of this License and the original versions of those notices and disclaimers. In case
of adisagreement between the trandation and the original version of thisLicense or anotice or disclaimer,
the original version will prevail.

If asectioninthe Document isEntitled " Acknowledgements', "Dedications", or "History", therequirement
(section 4) to Preserveits Title (section 1) will typically require changing the actual title.

9. TERMINATION

Y ou 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.

10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License
from timeto time. Such new versionswill be similar in spirit to the present version, but may differ in detail
to address new problems or concerns. See https://www.gnu.org/copyleft/ a.

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.
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https://www.gnu.org/copyleft/

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 aternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend rel easing 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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