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Chapter 1. Cygwin/X Overview

Cygwin/X is a port of the X Window System to Cygwin; Cygwin pides a UNIX-like APl on the
Win32 platform.



Chapter 2. Setting Up Cygwin/X

Cygwin/X Contents

Cygwin/X consists of two parts: Cygwin, a port of the GNU ®tbd Win32, and Cygwin/X, a port of the
X Window System to Win32. Both parts of Cygwin/X are neededuocessfully run an X Server on a
Win32 platform.

Installing Cygwin/X

Cygwin tools are, in the words of the Cygwin development hpage, http://cygwin.com/, “ports of the
popular GNU development tools and utilities for Windows 98, and NT. They function by using the
Cygwin library which provides a UNIX-like API on top of the W82 API.” Cygwin allows the
compilation of the X Window System source on Win32; seveedtpes were made to the X Window
System source to make it actually compile and run under Qygwi

Cygwin has a nice setup program that downloads and instedleg¢cessary Cygwin packages for you.

1. Open the Cygwin, http://cygwin.com/ page in your web ksew

2. Click the “Install Cygwin Now” (http://cygwin.com/sebuexe) link in the upper-right hand corner
of the page. This link downloadset up. exe from the primary Cygwin server; saget up. exe to
the directory that you would like to store the downloadedkages in (e.gc: \ downl oad); do not
saveset up. exe toc: \ cygw n, as that is the default directory for the extraction andaleation of
the downloaded packages.

3. Runset up. exe, you will see the welcome screen:
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Cygwin Setup =

Cygwin Net Release Setup Program

This setup program is used for the inttial installation of the
Cygwin environment as well as all subsequert updates. ©
sure to remember where you saved .

The pages that follow will guide you through the installatio
Please note that Cygwin consists of a lange number of
pachkages spanning a wide vanety of purposes. We onhy
install a base set of packages by default. You can always
this program at any time in the future to add, remove, or
upgrade packages as necessany.

C
Setup exe version 2.573.2.3

Copyright 2000-2007
kit -/ A cvgwin.com.’

¢ Back

Cani

4. Click Next to proceed to the next screen.

5. Chooselnstall from Internet, this will still save the package files to your download diogg so
that you can install Cygwin on any number of machines:
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Cygwin Setup - Choose Installation Type

6. Click Next to proceed to the next screen.

7. The defaultnstall Root is c: \ cygwi n; this should be fine for most installations. Ledyefault
Text File Type as UNIX. Leavenstall For set toAll unless you lack local administrative privileges.



Select Root Install Directory
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Cygwin Setup - Choose Installation Directory [

Select the directory where you want to install Cygwin. Also choose a few l

installation parameters .

— Root Directony

Cheygwin

Browse..

— Install For
* Al Users (RECOMMENDED)

Cygwin will be available to all users of
the system. NOTE: This is required if
you wish to run services like sshd, etc.

" Just Me

Cygwin will anly be available to the
cument user. Only select this if you lack
Admin. privileges or you have specific
needs.

— Default Text File Type
' Unix / binary (RECOMMENDED)

Mo line translation done; all files oper
in binary mode. Files on disk will hav
LF line endings.

" DOS /text

Line endings wil be translated from v
(LF}to DOS {CR-LF) on write and vic
VErsa on read.

Head more about file modes...

< Back Can

8. Click Next to proceed to the next screen.

9. Local Package Directory should default to the directory that you raet up. exe from:
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Cygwin Setup - Select Local Package Directory

10. Click Next to proceed to the next screen.

11. Choose your proxy setup, or, just cho@8eect Connection if no proxy is needed:
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Cygwin Setup - Select Connection Type

12. Click Next to proceed to the next screen.

13. Select your nearest mirror for downloading:
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Cygwin Setup - Choose Download Site(s)

Choose A Download Site
Choose a site from this list, or add your own sites to the list

Available Download Sites:

http://www goh4.com .
hittp://cygwin mimors hoobhy . com

hittp ./ Aeww veny-clever.com
ftp://mimors xmission.com
hittp://mimors xmission.com
hittp://mimor.cps.cmich.edu
ftp://ftp gtlib gatech.edu
hittp -/ fwewwy gtlib gatech .edu
hittp:/lambing.ui.edu
ftp://mimor.cs.vt.edu

http://mimor.cs.vt.edu
ftp://mimor mcs.anl.gov
http://mirmor mcs.anl.gov lI
User URL: Add
< Back Can

14. Click Next to proceed to the next screen; setup will download a list aflakile packages as it
moves to the next screen.

15. On the next screen you will select the packages that witldwnloaded and installed. A listing of
the Cygwin/X packages is given below; a listing of the geh€saywin packages would be beyond
the scope of this document.

Cygwin/X packages are located in thel category.
- xorg-server (required, the Cygwin/X X Server)

« xinit (required, scripts for starting the X servemit, startx, startwin.sh, startxwin.bat (and a
shortcut on the Start Menu to run igtartxdmcp.bat )

« xor g- docs (optional,man pages)
« X-start-nenu-icons (optional, adds icons for X Clients to the Start menu)

- You may also select any X client programs you want to use, agdants you would like to have
available.
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- You may also want to ensure that theet uti | s or openssh packages are selected if you wish

to usetelnet or sshconnections to run remote X clients.

Cygwin Setup - Select Packages |

Select Packages
Select packages to install

" Keep © Prev ¢ Cur { Exp View | Categor
Category | Cument Mew B.. 5. Size Package |
¥ Orp T T ATTOTE. 7% T T AL DT 7St
&% Skip mia  nf 175 wong-cffiles: X.0Org Imake corfi
&% Skip mia  nf 5,430k xorg-docs: Xorg documentatior
&% Skip mia  nf 8k xorg-scripts: Xorg miscellaneou
&r15.35 ] 3,728k xorg-server: X.Org X servers
&% Skip mia  nf 2k xongsgml-doctools: Xorg SGM]
&% Skip mia  nf 11k worg-util-macros: ¥org aclocal r
&% Skip mia  nf 4 383k xpdf: An open source viewer fi
&% Skip mia  nf k. xpr: X.Org X window dump prir
J | *
[v Hide obsolete packages
< Back Can

16. Click Next to begin the download process, you may want to try anotheomifryou see a
“Connecting” message on this screen for a long period of:time
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B5% - Oygwin Setup =

i l

This page displays the progress of the download ar installation.

Downloading....
worg-server-1.5.3-5 tar bzZ from http://www mimorservice. org/sit...

85 % (3276k/3817) 19.7 kb/s

Package: |
Total: |
Diste: |

¢ Back [t

17. After the packages are downloaded, setup will automiatibegin to install them:

10
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74% - Oygwin Setup =

i l

This page displays the progress of the download ar installation.

Installing

xorg-server-1.5.3-5
Ausr/binXWin exe

Pogress: |
Total: |
Diste: |

¢ Back [t

18. I highly recommend allowing Cygwin Setup to create Deglkind Start Menu icons for you; these
icons simply launch a bash shell:

11
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Cygwin Setup - Installation Status and Create Icons

19. ClickFinish to close the setup program.

You have now successfully installed Cygwin/X. Procee@kapter 4or instructions on how to use
Cygwin/X.

12
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Configuration Overview

Cygwin/X settings are configured primarily through commdind parameters passedXai n. exe.
Cygwin/X comes with a file calledt ar t xwi n. bat that launches an X Server, a terminal, and a
window manager.

Command Line Parameters

Cygwin/X, by default, runs in windowed mode with the largestdow that will fit on your Windows
desktop, using the best performing engine that is instalfegour system; you do not need to pass any
parameters t&XWin.exe to use the default behavior. Below is the syntaxXdVin.exe parameters.

XWin.exe

[-help]

[-clipboard [-nounicodeclipboard] ]
[-clipupdatesl i p updat es_above n ]
[-emulate3buttonsi neout _i n nl | i seconds ]
[-engineeng ne_nunter ]

[-fullscreen [-deptldepth in bits per pixe ] [-refreshrefresh rate in herz 11
[-ignoreinput]

[-lesspointer]

[-multiwindow]

[-multimonitors]

[-nodecoration]

[-rootless]

[-screenscreen nunter vidth hei ght e
[-scrollbars]

[-[no]trayicon]

[-[no]unixkill]

[-[no]winkill]

[-[no]keyhook]

[-swcursor]

[-xkbrulesx&Ries ]

[-xkbmodelx&\wde ]

[-xkblayoutXBayout ]

[-xkbvariantX®ri ant ]
[-xkboptionsx&ptions ]

[-logfile path to lodfile ]
[-logverboseverbaosity | evel ]

Below is an example command line f&kVin.exe.

13
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XWin.exe -screen 0 800 600 -full screen -depth 32 -refresh 85 -emi ate 3butt ons
100 -now nkil | -uni xkill

Table 3-1. Parameter Descriptions

Parameter Description

[-help] Print a list of supported commandline options and
their description similar to this list.

[-clipboard [-nounicodeclipboard] ] Enables the integrated versionxafinclip,

which provides integration between the
Cygwin/X clipboard and Windows clipboard. Do
not use in conjunction with thewinclip
program.

-nouni codecl i phoard disables Unicode
clipboard even if Cygwin/X is running on a
NT-based platform

[-clipupdatescli p updat es_above n ] Groups together the regions in each update to the
screen when there are more than the specified
number of regions in an update. This works by
fitting a clipping region around the updated
regions, then transferring that entire region of the
shadow frame buffer to the screen, rather than
making many individual calls to transfer small
portions of the shadow frame buffer to the screen.
This has a diminished effect on NT-based
platforms because they already group GDI
operations together in a batch, which has a simjlar
effect.

[-emulate3buttonsi neout _i n nil | i seconds Note: scroll wheel mice often allow you to click
] the scroll wheel for middle mouse button
functionality. Thus, most users with a scroll
wheel mouse will not need to use this parameter.
This option allows users with a two-button mouse
to emulate a third mouse button by pressing bath
mouse buttons within the optional timeout
specified in milliseconds. The default timeout is
50 milliseconds.

=

14
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Parameter

Description

[-engineeng ne_nunioer

Do not use this parameter unless you are a
Cygwin/X developer or are instructed by a
Cygwin/X developer to do so.

Cygwin/X’s default behavior is to determine if

DirectDraw or DirectDraw4 are present, then tg
examine thedepth and-full screen

parameters to determine the engine with optimum
performance that supports the specified depth and

window configuration.

[-fullscreen [-depth

depthin bits per_pixe
refresh rate in herz

1]

] [-refresh

The-fulscreen parameter tells Cygwin/X to
open a given screen in fullscreen mode.
The-depth  parameter can only be used with
-full screen and a DirectDraw based engine {

specify the display depth that should be used for

the fullscreen Cygwin/X screen.

The-refresh  parameter can only be used with
-full screen and a DirectDraw based engine t
specify the refresh rate that should be used for
fullscreen Cygwin/X screen.

[-ignoreinput]

Ignore keyboard and mouse input. This is usug
only use for testing and debugging purposes.

[-lesspointer]

o

o

the

y

Hide the Windows mouse cursor when the mouse

is over any Cygwin/X window (regardless of

whether that window is active or inactive). This
prevents the Windows mouse cursor from being
placed overtop of the X cursor.

[-multimonitors]

Create a root window that covers all monitors o
system with multiple monitors.

[-multiwindow]

Start the integrated Windows-based window
manager, which launches each top-level X wind
in its own Windows window. Not to be used
together with -rootless nor -fullscreen.

[-nodecoration]

Do not give the Cygwin/X window a Windows
window border, title bar, etc. This parameter on
applies to windowed mode screens, i.e., this
parameter is ignored when thiai | screen
parameter is specified.

[-rootless]

Use a transparent root window with an externa
window manager (such asm). Not to be used
with -nal ti wndow nor with-ful | screen

15
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Chapter 3. Configuring Cygwin/X

Parameter

Description

[-screenscreen nuniber vidth hei ght

This parameter does not have to be specified.
Cygwin/X’s default behavior is to create a single
screen that is roughly the size of the current
Windows display area.

This parameter may be used to specify the screen
number, height, and width of one or several
Cygwin/X screens; each Cygwin/X screen will be
opened in its own window. When using multiple
screens, be sure not to duplicate any screen
numbers. Do note that, as of 2002-01-08, using
multiple screens is not fully implemented; there
are several bugs that must be fixed by someong
that uses the multiple screens feature.

Screen specific parameters, such as
-fulscreen , can be applied as a default to al
screens by placing those screen specific
parameters before anycreen  parameter.
Screen specific parameters placed after the firs
-screen  parameter will apply only to the
immediately preceedingcreen  parameter.

—

[-scrollbars]

Enable resizing of the server display window. Do
not use in conjunction withnul ti wndow nor
with -root| ess

[-[no]trayicon]

Enable or disable the tray icon; the default is tg
enable the tray icon.

[-[no]Junixkill]

Enable or disable th€trl -Alt -Backspacekey
combo as a signal to exit Cygwin/X. The

Ctrl -Alt -Backspacekey combo is disabled by
default.

[-[no]winkill]

Enable or disable thalt-F4 key combo as a
signal to exit Cygwin/X. Thelt-F4 key combo is
enabled by default.

[-[no]keyhook]

Enable or disable grabbing of special windows
keys like theMenu key orAlt-Tab. This is
disabled by default.

[-swcursor]

Disable the use of the windows cursor and use|the
X11 software cursor instead.

[-xkbrules &R es

]

Set the rules to use for XKB. This defaults to
xorg .

[-xkbmodelXB\de

]

Set the model to use for XKB. This defaults to
pclls .

16
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Parameter

Description

[-xkblayoutX®Bayout ]

Set the layout to use for XKB. This defaults to a
layout matching your current layout from windows
or us if no matching layout was found.

[-xkbvariantX®wari ant ]

Set the variant to use for XKB. This defaults to
not set.

[-xkboptionsxBJti ons

]

Set the options to use for XKB. This defaults to
not set.

[-lodfile path to | odfile

Set the location of the logfile. This defaults to
/tnp/ XAn. | og

[-logverboseverbosity | evel

]

Set the level of logging verbosity. Currently only a
few log messages respect this setting.

17



Chapter 4. Using Cygwin/X

Starting Cygwin/X

There are several methods of starting the Cygwin/X X Servér avstartup script that optionally starts
initial clients and loads keyboard modifier maps. Severatisp methods are described below.

startxwin.bat

Use a MS-DOS batch file as the startup script. An exarapke t xwi n. bat is included in

xor g- xi ni t, which is installed by following the instructions in

the Section callethstalling Cygwin/Xin Chapter 2Run/ usr/ bi n/ st art xwi n. bat by using the
"XWin Server" shortcut under "Cygwin-X" on the Start Menu,starting it from a MS-DOS shell, or
double-clicking it in Windows Explorer.

startxwin.sh

Use ash shell script as the startup script. An examgiear t xwi n. sh is included inxor g- xi ni t ,
which is installed by following the instructions the Section callethstalling Cygwin/Xin Chapter 2
Run/ usr/bi n/ startxw n. shina Cygwin shell:

User name@ygw nHost ~
$ sh /usr/bin/startxw n.sh

startx

Use the standard X Window Systernar t x script with its attendant/ . xi ni t r ¢ configuration file.
Runst art x in a Cygwin shell:

User name@ygw nHost ~
$ startx

You may create &/ . xi ni t r ¢ from the template ir et c/ X11/ xi ni t/ and then customize
~/ . xinitrc asrequired

User name@ygw nHost ~
$ cp /etc/ X11l/xinit/xinitrc ~/.xinitrc

Switching Out of Cygwin/X

PressAlt-Tab to switch from Cygwin/X to your Windows desktop or other rimpnWindows
applications.

18
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Stopping Cygwin/X

When you are done using Cygwin/X, presis-F4 to shutdown the X Server; this is the default key
combination to shutdown the X Server. THeownrkil | and-[noj uni xkil | parameters can
change the set of key combinations that will shutdown the X&eUsing the uni xki | | allows the
Ctrl -Alt-Backspacekey combination to shutdown the X Server, in addition to teadItAlt -F4 key
combination.

Window Managers

Cygwin/X works with window managers in a couple of differevays:

- Internal window manager (a.k.a. Multiwindow Mode) thatates a Windows window for each
top-level X window. The internal window manager is launchisthg the-nul ti w ndow
command-line parameter ¥Win.exe. See
the Section calle€ommand Line Parameteins Chapter For more information on the
-nul ti w ndow command-line parameter.

- External local window managers (eteim, mwm (part of the lesstif package)). These local window
managers must be installed on Cygwin; they are run localtijc@mnot be used together with the
internal window manager.

- Remote window managers via an XDMCP session, which you ahmere about in
the Section calle@Remote Sessions via XDMCP

- Remote window manager launched througtssintunnel. This is not Cygwin/X-specific, so you
should be able to find information about launching remotedevm managers from other sources. See
the Section calle@ecure ssfor more information on usingsh

Windows Clipboard Integration

The X Window System, and thus Cygwin/X, uses its own intedlipboard system that is distinct from
the clipboard system used by Windows. Copying and pastixtdttween these two clipboard systems
requires a clipboard integration program that watches fiolates to either clipboard and copies data
between them when either one is updated.

Cygwin/X has an internal clipboard integration system th&nvoked via thecl i pooard
command-line parameter. St Section calle€ommand Line Parameteis Chapter For more
information on theclipboard ~ command-line parameter.

Shared Memory Support (MIT-SHM Extension)

Shared memory is provided by tbggserverservice. On Windows NT, Windows 2000 and Windows
XP cygserver can be installed as a windows service.

To install cygserver run theygserver-configscript. It will install the service.

19
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XW n. exe will not use Shared Memory if the/r@/N does not contain therver  keyword. Starting
XWin.exe with

CYGW N=server XWn. exe

will enable Shared Memaory support if the cygserver sengaginning.

Remote Sessions via XDMCP
Cygwin/X can be used login to one or several remote sessiing XDMCP (X Display Manager
Control Protocol).

Start Cygwin/X with a command similar to the following to lago a single remote session using
XDMCP:
XWn. exe -query renot e_host nane_or_i p_address

You may login to several remote sesstions with a single otipielhosts using XDMCP. Each session
will need a seperate display number, specified by thedl ay_nunier parameter, such as . A

display number is not the same as a screen number, as a sigsgleyctcan have multiple screens
associated with it. Each display listens on a different onekyort number, so each display can connect
to multiple machines. Start Cygwin/X with command linesitamto the following to login to several
remote sessions using XDMCP:

XWn.exe :0 -query renote_host nane_or_i p_address 0
XWn.exe :1 -query renote_host nane or_i p_address 1

Note that the di spl ay_nunier parameter is a general X Server parameter, not specific tavitiy.
Further documentation of thei spl ay_nunier parameter can be found in the X Server manual page
(http://freedesktop.org/~xorg/X11R6.7.0/doc/Xserdidtml). XDMCP is a complex system that is not
specific to Cygwin/X; further discussion of XDMCP is beyoie tscope of this document. You may
wish to read the Linux XDMCP HOWTO (http://en.tldp.org/HOWPMMCP-HOWTO/) or the X

Server XDMCP Options (http://freedesktop.org/~xorg/RB17.0/doc/Xserver.1.html#sect6) for more
information.

Displaying Remote Clients

Displaying remote X clients with Cygwin/X is nearly iderdido displaying remote X clients with any
other X Server. You may use the secasiimethod, or the unsecutelnet method (not recommended).

Secure ssh

On your Windows machine:

1. Make sure you have tlmpenssh package installed.

2. Launch Cygwin/X

20
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3. Run the following in an X terminal:

User name@ygwi nHost ~
$ ssh -Y -1 usernane renote hostnane or_ip address

4. Enter your password when promptedgsh
5. Yoursshsession should now show you a shell prompt for your remoténinac

6. You can now launch remote X clients in yaghsession, for exampleterng& will launch an xterm
running on your remote host that will display on your Cygwirscreen.

7. Launch other remote clients in the same manner. | recomsianting the remote clients in the
background, by appendirggto the command name, so that you don’t have to open sesghal
sessions.

Unsecure Telnet

On your Windows machine:

1. Make sure you have thenet ut i | s package installed.
2. Launch Cygwin/X
3. In an X terminal typé usr/ bi n/ xhost renote_host nane_or_i p_address

4. In an X terminal typée usr/bi n/t el net renot e_host nane_or_i p_address . Use the explicit path
to ensure that Cygwin®lnetis run instead of Microsoft'selnet; Microsoft's telnet will crash on
startup when run from Cygwin/X.

. Login to your remote machine via yot@lnet session

5
6. In yourtelnet session typel} SLAY= windows_host nane_or _i p_addr ess 0.0
7. In yourtelnet session typesxport 0O SALAY

8

. You can now launch remote X clients in ydeinet session, for exampletern& will launch an
xterm running on your remote host that will display on youg@n/X screen.

9. Launch other remote clients in the same manner; | recordrsi@nting the remote clients in the
background, by appendirgyto the command name, so that you don’t have to open se\atnalt
sessions.

21



Appendix A. GNU Free Documentation License

Version 1.1, March 2000

Copyright (C) 2000 Free Software Foundation, Inc. 59 Temple P&uaite 330, Boston, MA 02111-1307 USA
Everyone is permitted to copy and distribute verbatim copies of this licersentint, but changing it is not
allowed.

0. PREAMBLE

The purpose of this License is to make a manual, textbookthar evritten document "free" in the sense
of freedom: to assure everyone the effective freedom to emplredistribute it, with or without

modifying it, either commercially or noncommercially. $adarily, this License preserves for the author
and publisher a way to get credit for their work, while notrfzeconsidered responsible for modifications
made by others.

This License is a kind of "copyleft", which means that detix@works of the document must themselves
be free in the same sense. It complements the GNU GeneratRid#nse, which is a copyleft license
designed for free software.

We have designed this License in order to use it for manualsde software, because free software
needs free documentation: a free program should come wittuats providing the same freedoms that
the software does. But this License is not limited to sofavaanuals; it can be used for any textual
work, regardless of subject matter or whether it is publisaga printed book. We recommend this
License principally for works whose purpose is instructimmeference.

1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work that costainotice placed by the copyright holder
saying it can be distributed under the terms of this Licefbe."Document”, below, refers to any such
manual or work. Any member of the public is a licensee, andiikessed as "you".

A "Modified Version" of the Document means any work contagnihe Document or a portion of it,
either copied verbatim, or with modifications and/or tratestl into another language.

A "Secondary Section" is a named appendix or a front-magtetian of the Document that deals
exclusively with the relationship of the publishers or awthof the Document to the Document’s overall
subject (or to related matters) and contains nothing thaltidall directly within that overall subject.
(For example, if the Document is in part a textbook of mathiizega Secondary Section may not
explain any mathematics.) The relationship could be a matteistorical connection with the subject or
with related matters, or of legal, commercial, philosophiethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sectiorsse/litles are designated, as being those of
Invariant Sections, in the notice that says that the Docuiserleased under this License.

The "Cover Texts" are certain short passages of text thdiséee, as Front-Cover Texts or Back-Cover
Texts, in the notice that says that the Document is releaséeruhis License.
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A "Transparent” copy of the Document means a machine-réadapy, represented in a format whose
specification is available to the general public, whoseeauatstcan be viewed and edited directly and
straightforwardly with generic text editors or (for imagesnposed of pixels) generic paint programs or
(for drawings) some widely available drawing editor, analttis suitable for input to text formatters or
for automatic translation to a variety of formats suitaldeihput to text formatters. A copy made in an
otherwise Transparent file format whose markup has beegrksio thwart or discourage subsequent
modification by readers is not Transparent. A copy that isTi@nsparent” is called "Opaque".

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

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

2. VERBATIM COPYING

You may copy and distribute the Document in any medium, eitbenmercially or noncommercially,
provided that this License, the copyright notices, andittenke notice saying this License applies to the
Document are reproduced in all copies, and that you add rey otinditions whatsoever to those of this
License. You may not use technical measures to obstructniratahe reading or further copying of the
copies you make or distribute. However, you may accept cosgi®on in exchange for copies. If you
distribute a large enough number of copies you must alsoviaihe conditions in section 3.

You may also lend copies, under the same conditions stameabnd you may publicly display copies.

3. COPYING IN QUANTITY

If you publish printed copies of the Document numbering ntbesn 100, and the Document’s license
notice requires Cover Texts, you must enclose the copiesviers that carry, clearly and legibly, all

these Cover Texts: Front-Cover Texts on the front cover,Bamk-Cover Texts on the back cover. Both
covers must also clearly and legibly identify you as the il of these copies. The front cover must
present the full title with all words of the title equally pninent and visible. You may add other material
on the covers in addition. Copying with changes limited ®dbvers, as long as they preserve the title of
the Document and satisfy these conditions, can be treategfbatim copying in other respects.

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

If you publish or distribute Opaque copies of the Documembbering more than 100, you must either
include a machine-readable Transparent copy along with @@aque copy, or state in or with each
Opagque copy a publicly-accessible computer-network logatontaining a complete Transparent copy
of the Document, free of added material, which the geneitalar-using public has access to download
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anonymously at no charge using public-standard networopaots. If you use the latter option, you must
take reasonably prudent steps, when you begin distribofi@@paque copies in quantity, to ensure that
this Transparent copy will remain thus accessible at thedtacation until at least one year after the last
time you distribute an Opaque copy (directly or through yagents or retailers) of that edition to the
public.

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

4. MODIFICATIONS

You may copy and distribute a Modified Version of the Documerder the conditions of sections 2 and
3 above, provided that you release the Modified Version updegisely this License, with the Modified
Version filling the role of the Document, thus licensing dizition and modification of the Modified
Version to whoever possesses a copy of it. In addition, yostmo these things in the Modified Version:

A. Use in the Title Page (and on the covers, if any) a titleidéstfrom that of the Document, and from
those of previous versions (which should, if there were bayjsted in the History section of the
Document). You may use the same title as a previous verstbe ibriginal publisher of that version
gives permission.

B. List on the Title Page, as authors, one or more personstitiesimesponsible for authorship of the
modifications in the Modified Version, together with at lefagt of the principal authors of the
Document (all of its principal authors, if it has less tharfiv

C. State on the Title page the name of the publisher of the fiénbli/ersion, as the publisher.
D. Preserve all the copyright notices of the Document.
E. Add an appropriate copyright notice for your modificai@ujacent to the other copyright notices.

F. Include, immediately after the copyright notices, ar®e notice giving the public permission to use
the Modified Version under the terms of this License, in threnfshown in the Addendum below.

G. Preserve in that license notice the full lists of Invari@actions and required Cover Texts given in
the Document’s license notice.

H. Include an unaltered copy of this License.

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

J. Preserve the network location, if any, given in the Doauf@ public access to a Transparent copy
of the Document, and likewise the network locations givetheaDocument for previous versions it
was based on. These may be placed in the "History" sectianméy omit a network location for a
work that was published at least four years before the Doatiitself, or if the original publisher of
the version it refers to gives permission.
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K. In any section entitled "Acknowledgements" or "Dedioas", preserve the section’s title, and
preserve in the section all the substance and tone of eable ebntributor acknowledgements
and/or dedications given therein.

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

M. Delete any section entitled "Endorsements". Such a@eatiay not be included in the Modified
Version.

N. Do not retitle any existing section as "Endorsementsd@onflict in title with any Invariant Section.

If the Modified Version includes new front-matter sectiongppendices that qualify as Secondary
Sections and contain no material copied from the Documet nyay at your option designate some or
all of these sections as invariant. To do this, add theaditb the list of Invariant Sections in the
Modified Version’s license notice. These titles must beimistfrom any other section titles.

You may add a section entitled "Endorsements”, providedritains nothing but endorsements of your
Modified Version by various parties--for example, stateta@f peer review or that the text has been
approved by an organization as the authoritative defintifoenstandard.

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

The author(s) and publisher(s) of the Document do not byiticisnse give permission to use their
names for publicity for or to assert or imply endorsementrgf Bodified Version.

5. COMBINING DOCUMENTS

You may combine the Document with other documents releasédruhis License, under the terms
defined in section 4 above for modified versions, providetlytba include in the combination all of the
Invariant Sections of all of the original documents, unnfiedi and list them all as Invariant Sections of
your combined work in its license notice.

The combined work need only contain one copy of this Liceard,multiple identical Invariant Sections
may be replaced with a single copy. If there are multiple fiard Sections with the same name but
different contents, make the title of each such sectionumlny adding at the end of it, in parentheses,
the name of the original author or publisher of that sectidmown, or else a unique number. Make the
same adjustment to the section titles in the list of Invar&ections in the license notice of the combined
work.

In the combination, you must combine any sections entittéidtory"” in the various original documents,
forming one section entitled "History"; likewise combingyasections entitled "Acknowledgements",
and any sections entitled "Dedications”. You must deldtsegitions entitled "Endorsements."
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6. COLLECTIONS OF DOCUMENTS

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

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

7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with otheparate and independent documents or
works, in or on a volume of a storage or distribution mediuogginot as a whole count as a Modified
Version of the Document, provided no compilation copyrightlaimed for the compilation. Such a
compilation is called an "aggregate”, and this License datspply to the other self-contained works

thus compiled with the Document, on account of their being ttompiled, if they are not themselves
derivative works of the Document.

If the Cover Text requirement of section 3 is applicable &sthcopies of the Document, then if the
Document is less than one quarter of the entire aggreg&®dbument’s Cover Texts may be placed on

covers that surround only the Document within the aggredzaiteerwise they must appear on covers
around the whole aggregate.

8. TRANSLATION

Translation is considered a kind of modification, so you miajridbute translations of the Document
under the terms of section 4. Replacing Invariant Sectidttstwanslations requires special permission
from their copyright holders, but you may include translasi of some or all Invariant Sections in
addition to the original versions of these Invariant Sewioou may include a translation of this License
provided that you also include the original English versidithis License. In case of a disagreement

between the translation and the original English versiothigfLicense, the original English version will
prevail.

9. TERMINATION

You may not copy, modify, sublicense, or distribute the Doeat except as expressly provided for under
this License. Any other attempt to copy, modify, subliceosdistribute the Document is void, and will
automatically terminate your rights under this Licensewideer, parties who have received copies, or

rights, from you under this License will not have their lises 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, revisedmessf the GNU Free Documentation
License from time to time. Such new versions will be simifaspirit to the present version, but may
differ in detail to address new problems or concerns. See/fwtivw.gnu.org/copyleft/.

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

How to use this License for your documents

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

Copyright (c) YEAR YOUR NAME. Permission is granted to copy, distribanel/or modify this document
under the terms of the GNU Free Documentation License, Version 1riydater version published by the
Free Software Foundation; with the Invariant Sections being LIST THEIRES, with the Front-Cover Texts
being LIST, and with the Back-Cover Texts being LIST. A copy of the l&=eis included in the section entitled
"GNU Free Documentation License".

If you have no Invariant Sections, write "with no Invariac8ons" instead of saying which ones are
invariant. If you have no Front-Cover Texts, write "no Fr@uver Texts" instead of "Front-Cover Texts
being LIST"; likewise for Back-Cover Texts.

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