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Deploying SUSE Linux Micro on
vSphere Using VMDK Images

WHAT?
The article describes how to use the pre-built VMDK image to deploy

SUSE Linux Micro within a vSphere environment.

WHY?
You want to deploy SUSE Linux Micro using the provided VMDK image
with vSphere.

EFFORT

It takes 20 minutes to read the article.

GOAL

You will have your own template for creating SUSE Linux Micro virtual
machines that you can easily reuse.

REQUIREMENTS

Access to the vSphere client.
[ ]
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1 Preparing the firstboot cloud-init configuration

The system is intended to be configured on first boot to create a user, add SSH keys, install
packages, and so on. To enable this, you must create a cloud-init configuration and pass it to

the virtual machine.

Before you compose the cloud-init configuration, prepare hashed passwords for users of the

system, as described in the following procedure:

PROCEDURE 1: CREATING A PASSWORD HASH
1. Generate a salt to include in the password hash:
> openssl rand -hex 16
ab5c3063ff477c689288bb3891910023
Note the output of the command and use it in the following step.
2. Choose a strong password and generate a hash from it:

> openssl passwd -6 -salt ab5c3063ff477c689288bh3891910023
password

$6%$ab5c3063ff477c68$ywRiGL2w2MNmnnabhwlC5wjIioDC61bcTs . tBoSK/d3bqggfD/
nvkjB4Nw.uZrUvRQfuKLJIi79SnQvxM1Xv260

Use the prepared hash in the cloud-init configuration described below.

An example cloud-init configuration follows:

#cloud-config
package update: true
# disable root user
disable root: true
runcmd :
# Disable root login over ssh, both password and key based

- transactional-update --continue run sed -i 's/#PermitRootlLogin prohibit-password/
PermitRootLogin no/' /usr/etc/ssh/sshd config
# Temporarily register template machine with scc to enable zypper repos

- transactional-update --continue register --url https://scc.suse.com -r SCCREGCODEXXX
# Install system packages

- transactional-update --continue --non-interactive pkg install jq net-tools ca-
certificates cloud-init cloud-init-config-suse openssh-server open-vm-tools nfs-client
# Disable Auto update transaction-update.timer
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- transactional-update --continue run systemctl --now disable transactional-
update.timer
# Set cgroupvl hiearachy enabled
- sed -i 's/GRUB CMDLINE LINUX=""/
GRUB_CMDLINE LINUX="systemd.unified cgroup hierarchy=0"/"' /etc/default/grub
# Disable selinux
- sed -i 's/selinux=1/selinux=0/"' /etc/default/grub
# Enable ia32 emulation
- sed -i 's/GRUB_CMDLINE LINUX DEFAULT="/
GRUB_CMDLINE LINUX DEFAULT="ia32 emulation=on /' /etc/default/grub
- sed -i 's/GRUB TIMEOUT=.*/GRUB TIMEOUT=0/' /etc/default/grub
# Potential Work Around for fsck issue
- transactional-update --continue run dracut --regenerate-all -f -N
# Deregister template machine from scc
- transactional-update --continue register -d --url https://scc.suse.com -r
SCCREGCODE @
# Rebuild bootloader
- transactional-update --continue run update-bootloader
# Reset cloud-init for next build
- transactional-update --continue run cloud-init clean --logs

users:
# Add non-root user
- name: tux @
hashed passwd: $6$ab5c3063ff477c68$ywRiGL2w2MNmnnabhwlC5wjIioDC61lbcTs. tBoSK/d3bgggfD/
nvkjB4Nw.uZrUvRQfuKLIi79SnQvxM1Xv260 ©
lock passwd: false
shell: /bin/bash
# Add sudo entry for non-root user
sudo: ALL=(ALL) NOPASSWD:ALL
# Add authorized keys
ssh authorized keys: @
- ssh-rsa
AAAAB3NzaClyc2EAAAABIQAAAQEAKW7bd21QBx8/A5pAbN2070WgcrVOLXgUHT2RZI/ r/
xbb9/ydLKCUBgmYhSKgBF80KJoWvE3cPeUDfThqo+qLlivcOvrTYZDMB+7wP/XGtA99jqFQsXDyC2gb8H/
yKIRKu9eSrY9BHWIe180bpdxPIDOYbxWYGJoxib5D04mg3WtGIvOMewW4bvgoMj1ZhKMFrq2tYGv3P1IMpuNgklwsGmUW
+rI0VjhCEUz3KSr2+4EfcusOV6FD32SHkIgdeNy3C5MT10e6hkObsUx/
fZ9KS9YHX6b3LuIjkwlFuzZBCByMgMWa4j09QK/y76YMOFHOQtxh0szSuEkHt16ijeejZYPtQ==
- ssh-rsa

AAAAB3NzaClyc2EAAAADAQABAAABgQDZxAsYNJIS266jPpWEsIwyibfZIN6FPNMHMXWIP1ruOXJLrvdXclwgo23d4clBbaGiRoXW3xw
+QGtW1rCOYtHLGtvfIh6L5YOSVrGOtDSVIpuwYtMnt4YBfZfBeDyJfnuvZ5E8CMNI1CekzfT7FgZnF1TQig0KgO8MUUS3HTNd301ly8D
+80p7512FE3QEMTHijXiuUbdEPTN8L2XSRe8nX7c3NZ0O5hWV
+t9wLyfZgc5qHC5CS9FN1IVGTLTpjQoaRoxKCS9dFIKVDg4huHc0z1goOYAQY6GEf
+c7gkQv1ZV7VATTU9KVQWOY7+gztXnwoFXSg2gmn3JiJPVMDift2yozzpF
+04GpC9dgp1BcugZT5Bg3TNPcfEBLGCNgIAC/bYmalz6+TDeeORDkWLg8IsCw554QCDI/B7Is1DZ/

J4gTkmO1MNw3mM=
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# set desired power state after cloud-init finishes
power state:

mode: poweroff

message: Powering Off for Templating

timeout: 10

condition: True

Specify the desired user name.
Replace the SCCREGCODE with your registration code.

Paste the password hash you created in Procedure 1, “Creating a password hash”.

©®e 09

Paste your own SSH keys there.

After you finish editing the cloud-init config, convert it to the Base64 encoding:

> base64 -w 0 CONFIG FILE OUTPUT FILE

2 Preparing the SUSE Linux Micro image

The topic covers downloading the image and uploading it to the vSphere datastore.

2.1 Downloading the image

To download the VMDK image of SUSE Linux Micro, proceed as follows:

1. In your Web browser, navigate to the SUSE Linux Micro download page (https://

www.suse.com/download/sle-micro/) @ .

2. Login to the SUSE Customer Center by clicking Login from Account.
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2.2 Uploading the image to the datastore staging area

To upload the downloaded VMDK image to the vSphere datastore, proceed as described below:

Open the vSphere client and navigate to the Datastore Staging Area.

File Edit View History Bookmarks Tools Help

x|+
tastore:datast S w 9 & @

@ | [E vSphere - datastore1 - F
1ps://10.124.166.97/ui/a

< o
£ datastorel | i acmions
[t 8B @ Summary  Monitor  Configure  Permissions  Files  Hosts  VMs
Q
NEW FOLDER  UPLOAD FILES AD FOLDER
Name A 4 Size T Modified T Typ R P
No items found
OB, Manage Colum
o Recent Tasks Alarms
Task Name v | Taet v s v | Detal v it v ¥ | StartTime L Y | CompletionTme v | Server -
Manage Columns A More Tasks

2. Click Upload Files.

3. Select the SUSE Linux Micro VMDK image and click Open.
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B | [@ vSphere - datastorel -Fii X | + o "

« (6] O @ hitps//10.124.166.97/ tastore;nay= g re:d 1010:5de7: 1342-718ae5 . g &

¢ B datastorel | : actions

e Summary Monitor ~ Configure  Permissions  Files  Hosts  VMs

No items found

Manage Columns

v | RecentTasks  Alarms

Queued

3 Creating a template from the delivered VMDK
image

Creating a virtual machine template with a preconfigured SUSE Linux Micro accel-

erates future deployment and keeps the delivered image untouched.

To create the template, you first need to import the SUSE Linux Micro VMDK image, then create
a machine from the imported image and then convert the machine into a template. All steps are

described in the following sections.

3.1 Importing the VMDK image

1. Navigate to the Staging area and select the uploaded image.
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) || [@ vSphere - datastore1-Fil X | +

& c

O &

10124

= vSphere Client
¢ 8d

Summ

‘atastorel | : actions
ary Monitor Configure Permissions
-
NEW
v N
>
>
¥
5 B
>
>
>
>
Narm
[da 3ging/SL-Micro.x86_64-6.1-8 Mw
Manage Columns
v Rec Task Alarms
Task Name T Target T Stat T Detail
Manage Columns. More Tasks

DOWNLOAD  COPY TO

v T

Moditied T

Manage Columns | | Deselect All
v Status g v %
GM.vmdk Completed 51:32 PM 05, M
1
Queued V
v e s v Start Time v mpietion Tim v | server v

2. Click MOVE TO to copy the image to the Imported VMDKs location and confirm with OK.

Wait for the process to be complete.
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Select Destination

‘ Manage Columns |

3.2 Creating a virtual machine

[0 overwrite files and folders with matching names at

Free Space

B1 kbm-test2
[‘.'3.7.":[‘1;:-‘1:‘.!:

New Virtual Machine

v W v A A W
. | -
-
15

the gestinatior

Now you need to create a virtual machine from the image. To do so, proceed as follows:

1. Navigate to the VMs and Templates view.
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0]

[@ vSphere - blade16 - Sum: % | +

< c O £ hitps//10.124.166.97/

vSphere Client

[ blade16

Monitor

i AcTioNs

Configure

Datacenter Details

Hosts!

Virtual Machines:
Clusters:
Networks:
Datastores:

Tags

>

No tags assigned

v Alarms
Task Name v | Terget v | status 4
Delet
Delete virtual machine £P New Virtual Machi
ne

Manage Cotumes | Al More Tasks

2. Right-click the cluster and host where you want to create the virtual machine, and select

New Virtual Machine.

Permissions  Hosts & Clusters  VMs

Custom Attributes

No custom attributes assigned

Datastores  Networks  Updates
Capacity and Usage
Last updated at 1:08 PM
cPU 29.41Gz free
059 GHz used 30 GHz capacity
Memory 69.61GB free
26.35 GB used 95.97 GB capacity
Storage 273.66 GB free
15684 GB used 4305 GB capacity
VIEW STATS

S:f““ Y | StartTime

Details v Initiator v
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B | [@ vsphere - blade16 - Sum X | + v X
“ (] O & hitpsi//10.124.166.97/ tacenternav=v/urn:vmomi:Datacenter: ter-1 72d2d-5 ‘ 42-7182e5191508 na w & @ & =
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» ; . : &
m acenter Details Capacity and Usage
] Actions - blade16 Last updated at 112 PM
L} Add Host. CPU 29.35 GHz free
[} New Cluster ' Hosts! [ ]
wfeee Virtual Machines: 2 -
New Folder e sk - 0.65 GHz used 30 GHz capacity
Distributed Switch Networks: M“"‘W_ i "Ef‘
6 New Virual Machine.. patastores p—
& Deploy OVF Template. storage 27366 GB free
Storage J
15684 GB used 4305 GB capacity
Edit Default VM Compatibility.
& Migrate VMs to Another Network. VIEW STATS
Move To.
Rename IS Custom Attributes
Tags & Custom Attributes
Add Permission.
Alarms
Delete
No tags assigned No custom attributes assigned
v | RecentTasks  Alarms
Target v | staws v | Detais v initistor v || ey v
P
Delete virtual machine &P New Virtual Machi
ne
Wanage Columes | Al

The following procedure describes how to provide virtual machine details.

1. Under Select a creation type, choose Create a New Virtual Machine and proceed with Next.
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New Virtual Machine Select a creation type x

How would you like to create a virtual machine?
1 Select a creation type C

This option guides you through creating a new virtual

Deploy from template machine. You will be able to customize processors,
Clone an existing virtual machine memory, network connections, and storage. You will need
Clone virtual machine to template to install a guest operating system after creation

Convert template to virtual machine
Clone template to template

CANCEL NEXT

2. Under Select a name and folder, fill in the Virtual machine name and select a location for

the machine. Proceed with Next.
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New Virtual Machine Select a name and folder x

| Specify a unique name and target location

Virtual machine name: simicro-6-1-template)

2 Select a name and folder

Select a location for the virtual machine

CANCEL ‘ BACK | NEXT

3. Under Select a compute resource, click the destination machine IP address on the list. Pro-
ceed with Next.
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New Virtual Machine Select a compute resource %

Select the destination compute resource for this operation

Select a name and folder

3 Select a compute resource

Compatibility

Compatibility checks succeeded

CANCEL ‘ BACK ‘ NEXT

4. Under Select storage, click the target datastore on the right and click Next.
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New Virtual Machine Select storage X

Select the storage for the configuration and disk files

Select a creation type -
VM Storage Policy
2 Select a name and folder 7I Disable Storage DRS for this virtual machine
= A S~ S N Storage
3 Select a compute resource Name T = ¥ Capacity ¥ Provisioned v Free 4 ™

Compatibiiity

Compatibility

Compatibility checks succeeded

CANCEL | BACK ‘ NEXT

5. Under Select compatibility, select ESX 6.7 and later and proceed with Next.
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New Virtual Machine Select compatibility x

Select compatibility for this virtual machine depending on the hosts in your environment
1 Select a creation type % .
- 4 The host or cluster supports more than one VMware virtual machine version. Select a compatibility for the virtual
machine.

a name and folder

Compatible with: ESXi 6.7 and later ®

a compute resource
This virtual machine uses hardware version 14, which is compatible with ESXi 6.7 and later. Some virtual machine
hardware features are unavailable with this option

4 Select storage

Select compatibility

6 Select a guest OS

CANCEL BACK

6. Under Select a guest OS, choose Linux as the Guest OS Family and as the Guest OS Version,
select SUSE Linux Enterprise 15 (64-bit). Proceed with Next.
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New Virtual Machine Select a guest OS X

Choose the guest OS that will be installed on the virtual machine

Identifying the guest operating system here allows the wizard to provide the appropriate defaults for the operating

2 Seleci a name and folder system installation.

Guest OS Family: Linux

3 Select a compute resource

Guest OS Verslon: SUSE Linux Enterprise 15 (64-bit

4 Select storage

Compatibility: ESXi 6.7 and later (VM version 14)

5 Select compatibility

6 Select a guest OS

i

CANCEL BACK NEXT

7. Under Customize hardware, perform the following steps:

a. Remove the preconfigured hard disk.
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| New Virtual Machine Customize hardware %

Configure the virtual machine hardware

Select a creation type

Virtual Hardware VM Options Advanced Parameters
2 Select a name and folder ADD NEW DEVICE v
CcPu
3 Select a compute resource > ! @
> Memory 1 v GE
4 Select storage
» New Hard disk * 16 GB

ct compatibility
Remove device

» New SCSI controller

6 Select a guest OS

> New Network

> New CD/DVD Drive

» Video card ettings

» New SATA Controller New SATA Controller

> Other Aaditional Haraware

Compatibility: ESXi 6.7 and later (VM version 14)

CANCEL
b. Click ADD NEW DEVICE and Existing Hard Disk.
New Virtual Machine Customize hardware X
Configure the virtual machine hardware
1 Select a creation type
Virtual Hardware VM Options Advanced Parameters
2 Select a name and folder (@ New Hard disk will be removed. Unde X
3 Select a compute resource A9E NEW DEVIEE
» CPU 1 ® Disks, Drives and Storage
4 Selec a
Select storage Hard Disk
Memor v o
By N Existing Hard Disk
5 compatibility
> VMware Paravirtual RDM Disk
6 Select a guest OS Host USB Device
» New Network ‘] e
NVDIMM
> CD/DVD Drive Client Device , Co t At Power Or CD/DVD Drive
Controllers
» Video card Specify custom
‘ S NVMe Controller
> New SATA Co SATA Controller
SCSI Controller
» Additional Hardware
USB Controller
Compatibility: ESxi  Other Devices
PCl Device
Serial Port
Network
Network Adapter
CANCEI
) e—

c. Select a datastore and click OK.
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d. In the Select File window, under Imported VMDKs, select the SUSE Linux Micro image
and proceed with OK.

Select File X

{ GO BACK TO DATASTORES

ter by a folder name v File Type: Compatible Virtual Disks(*.vmdk, *.dsk, *.raw)
v B datastoref Name A 4 size T Modified 1
> B3 .sddsf | & SL-Microx86_64-6.- 25,165,824 05/23/2025, 2:28:2(
> B Embedded-vCenter-Serv.. Base-VMware-GM.vmdk KB
' inpores viots
> B3 1sO

% B kbm-test2

Folders per page 1000

Manage Columns 1item

e. Click Advanced Parameters. Set the Attribute to guestinfo.userdata.encoding and
set its value to base64. Click Add.
Add another Attribute, guestinfo.userdata, and set its value field to the encoded
user data.

Proceed with Next.
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New Virtual Machine Customize hardware %

Configure the virtual machine hardware
1 Select a creation type

Virtual Hardware VM Options Advanced Parameters
2 Select a name and folder Advanced Configuration Parameters

Modify or add configuration parameters as needed for experimental features or as instructed by technical support

Empty values will be removed (supported on ESXi 6.0 and later)
3 Select a compute resource

Attribute Value
4 Select storage
guestinfo.userdata 7GI0aW9uQiBUcnVICg== m
5 Select compatibility
Attribute T Value T
6 Select a guest OS : guestinfo.userdata.encoding base64

7 Customize hardware

CANCEL ‘ BACK NEXT

8. In Ready to complete, review the configuration and if everything is correct, click Finish.

9. The template should appear in the Hosts and Clusters view.

3.3 Installing the virtual machine

After the configuration is finished, you can start the installation of the virtual machine as de-

scribed below.
1. Navigate to the Hosts and Clusters view and select the SUSE Linux Micro template.

2. Click the Power on icon.
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Open the Web console to monitor the installation process.

After the installation is complete, the virtual machine should power off as configured in

the provided user data.
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3.4 Converting the virtual machine into a template

The final part of the deployment is to create a template from the configured machine that can

be used to clone virtual machines from and thus speed up the later deployment.

1. Navigate to the VMs and Templates and select the template there.

2. Click Actions and in the roll-up menu, select Template or right-click the template.

ueuea

4 Legal Notice

Copyright© 2006-2025 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 trade-
marks are the property of their respective owners. Trademark symbols (®, ™ etc.) denote trade-
marks of SUSE and its affiliates. Asterisks (*) denote third-party trademarks.
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https://www.suse.com/company/legal/

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.

A 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 docu-
ment "free" in the sense of freedom: to assure everyone the effective freedom to copy and redis-
tribute 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.
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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 po-

litical position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are designated, as being
those of Invariant Sections, in the notice that says that the Document is released under this
License. If a section does not fit the above definition of Secondary then it is not allowed to be
designated as Invariant. The Document may contain zero Invariant Sections. If the Document

does not identify any Invariant Sections then there are none.

The "Cover Texts" are certain short passages of text that are listed, as Front-Cover Texts or Back-
Cover Texts, in the notice that says that the Document is released under this License. A Front-

Cover Text may be at most 5 words, and a Back-Cover Text may be at most 25 words.

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

copy that is not "Transparent" is called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCII without markup, 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-generated

HTML, PostScript or PDF produced by some word processors for output purposes only.
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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 Li-
cense 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-com-
mercially, provided that this License, the copyright notices, and the license notice saying this
License applies to the Document are reproduced in all copies, and that you add no other condi-
tions 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
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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 rea-
sonably 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.

4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of sec-
tions 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 mod-
ification 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.
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. 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, a license notice giving the public permis-

sion to use the Modified Version under the terms of this License, in the form shown in
the Addendum below.

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

given in the Document's license notice.

. Include an unaltered copy of this License.

. Preserve the section Entitled "History", Preserve its Title, and add to it an item stating at

least the title, year, new authors, and publisher of the Modified Version as given on the
Title Page. If there is no section Entitled "History" in the Document, create one stating the
title, year, authors, and publisher of the Document as given on its Title Page, then add an

item describing the Modified Version as stated in the previous sentence.

. Preserve the network location, if any, given in the Document for public access to a Trans-

parent copy of the Document, and likewise the network locations given in the Document
for previous versions it was based on. These may be placed in the "History" section. You
may omit a network location for a work that was published at least four years before the

Document itself, or if the original publisher of the version it refers to gives permission.

. For any section Entitled "Acknowledgements" or "Dedications", Preserve the Title of the

section, and preserve in the section all the substance and tone of each of the contributor

acknowledgements and/or dedications given therein.

. Preserve all the Invariant Sections of the Document, unaltered in their text and in their

titles. Section numbers or the equivalent are not considered part of the section titles.

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

Modified Version.

. Do not retitle any existing section to be Entitled "Endorsements" or to conflict in title with

any Invariant Section.

. Preserve any Warranty Disclaimers.
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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 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 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 combi-
nation 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 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 "Ac-
knowledgements", and any sections Entitled "Dedications". You must delete all sections Entitled

"Endorsements".
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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 Doc-
ument under the terms of section 4. Replacing Invariant Sections with translations requires spe-
cial 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 in-
clude a translation of this License, and all the license notices in the Document, and any War-
ranty 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.
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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 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 termi-

nated 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 Documenta-
tion 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”.
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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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