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Chapter 1

About IFSLab

1.1 Introduction

IFSLab is a program which allows you to construct beautiful IFS fractals.

Its main features are:

e Easy construction — simply draw a shape and transform it a few times.
You don’t have to know any of the math behind IFS Fractals (although
it won’t hurt if you do)

e Live preview — As you apply transformations, a live preview immedi-
ately shows you the results of your actions.

e Animation — IFSLab allows you to create stunning QuickTime movies
of morphing IFS fractals.

e Fractal Assistent — New to IFS fractals? Don’t want to read boring
manuals which took weeks to write? No problem, just use the Fractal
Assistent to get a basic idea of what this is all about.

e G4 and multiprocessor support — IFSLab is multithreaded and makes
full use of the G4’s AltiVec unit.

This manual is devided into three main sections. Getting Started With
IFSLab is a step-by-step introduction to the basic features of IFSLab, IFSLab

S5
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reference explains every element of the program, while FAQ answers specific
questions that might arise during the use of IFSLab.

1.2 What’s an IFS fractal, anyway?

(from Wikipedia, the free encyclopedia)

Iterated functions systems are a kind of fractal that was conceived in
its present form by John Hutchinson in 1981 and popularized by Michael
Barnsley’s book Fractals Everywhere.

IFS fractals as they are normally called can be of any number of dimen-
sions, but are commonly computed and drawn in 2D. An IFS fractal is a
solution to a recursive set equation. The fractal is made up of the union of
several copies of itself, each copy being transformed by a function (hence
“function system”).

The canonical example is Sierpinski gasket. The functions are normally
”contractive” which means they bring points closer together and makes
shapes smaller. Hence the shape of an IFS fractal is made up of several
possibly overlapping smaller copies of itself, each of which is also made up
of copies of itself, ad infinitum. This is the source of its self-similar fractal
nature.

Formally, S = U, f;(S) where S € R? and f; : R? — R2.

The most common algorithm to compute IFS fractals is called the chaos
game. It consists of picking a random point in the plane, then iteratively
applying one of the functions chosen at random from the function system
and drawing the point.

1.3 Acknowledgements

This program would not have been possible without the love and patience

of Stephanie Schuldes, who had to endure me not being able to talk about

anything else besides IFSLab, sitting in front of my Powerbook for ages...
Martin Giese helped a lot optimizing the program during my visit in
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Sweden. Thanks, Martin — I've had a great time, not just because of the
optimizations.

Last, but by no means least, special thanks to my beta testers: Victor
Carbajo, Jerry Jividen, Brent Etherwick, Stephanie Schuldes, Titus von der
Malsburg and Annelen Brunner. Your comments, bug reports and feature
suggestions where invaluable.

1.4 License

IFSLab is freeware — this means, you can copy and spread it freely as long
as you don’t charge any money for it.

BUT...: If you want to do me a little favor, go on and send me some
pretty fractal files created with IFSLab (not TIFFs, just the .ifsl files). I'd be
delighted to see anyone do something pretty with my program.

Bug reports, suggestions, etc. are welcome.

Write them to: ifslab@ubisonic.de

Happy rendering!
Stephan Kleinert, Heidelberg, July 2005
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Using IFSLab

2.1 Getting Started Quickly

After starting the program, IFSLab greets you with the Fractal Assistent.
The assistent helps you getting started really quickly by providing you with
a selection of pre-defined fractals and the possibility to create a random IFS
fractal.

But since you’re reading this manual I assume you want to know how
to create your own IFS fractals. So for now, let’s just skip the assistent by
choosing "Empty” and clicking on the "Go” button.

2.1.1 Constructing The Base Shape

The two basic steps for constructing an IFS fractal are:

e construct a base shape

e apply a set of transformations to the base shape

After clicking ”Go” in the assistent window, IFSLab shows three win-
dows — two large ones at the top of the screen and a smaller one underneath
them.

The left window is the Construction Window where you’ll draw your
shapes and transformations.
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re 08 IFSLab Construction

Figure 2.1: The Construction Window

The right one is the Render Window where the resulting fractal will be
drawn.

The window underneath the Construction and the Render Windows is
the Control Panel. This is where you’ll adjust various aspects of your fractal.
We’ll come to that later.
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Figure 2.2: The Control Panel

Note that the Render Window won’t display anything until you have
created at least one affine transformation. Note also that IFSLab will render
your image automatically when it has the time to do so — there is no need
(and no means) to tell IFSLab to "render now”.

Initially, the construction window in ”base shape construction mode”,
which means, you may now draw your base shape which you will later
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transform.

In ”"base shape construction mode”, when you click a point inside the
black area in the construction window, a line will be drawn. Every mouse
click adds a new point in the line. A double click finishes the line.

Although you may draw any shape, let’s just begin by drawing a trian-

gle!.

2.1.2 Creating Affine Transformations

When you’re done drawing the triangle, click on ”"Finish Base Shape” to
enter transformation mode. In this mode, you apply transformations to
copies of the base shape. To get a new copy, click on the "New” Button in
the ”Affine Transform” box.

r Al

806 IFSLab Construction

Figure 2.3: The first transformation of the Sierpinski Triangle

You will now see a smaller version of your triangle in red color. This
is your current transformation. You may now move the shape around by
clicking and dragging in the construction view.

'It’s important to notice that the base shape will have no effect whatsoever on the
resulting IFS fractal. The fractal calculation is solely based on affine transformations,
which could be applied to any shape, so in a sense the base shape is not important at all.
It is a great help, however, if you want to put self similar shapes into IFS fractals.
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)

Now, create two more transformations of your triangle, using the "New’
button again. Move the first one to the lower left corner of your base shape
triangle. Move the second one to the lower right corner of the base shape,

and the third one to the top corner.

'6 08 IFSLab Construction

Figure 2.4: The three transforms for the Sierpinski Triangle.

In addition to moving the transformed shape, you can also:
e resize it by holding the SHIFT key while dragging
e rotate it by holding the CTRL key while dragging

(You can also use the "move”, ”"rotate” and "resize” buttons to do so).
While setting up transformations, a preview of the finished fractal is
drawn in realtime into the Render Window. You will however not notice
any signifcant change until you've created at least two affine transforma-
tions.
When finished with your transformation, the "New” button creates a
new tranformation; the "Copy” button creates a copy of the current trans-

formation.
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2.1.3 The Render Window

IFSLab automatically renders the fractal when you’re not working on the
transformations.

When changing the transformations, the Render Window displays a
lower resolution preview of the resulting fractal.

[ 2l

)8 6 IFSLab Render

Figure 2.5: The resulting fractal in the Render Window.

2.1.4 Saving And Loading Your Fractals

You can save your fractal as soon as you have one affine transformation
applied. If you have changed any of the rendering settings, these changes
will also be saved.

To load an IFS fractal, simply double-click it in the Finder or choose
"Load” from the ”File” menu?.

2A note for users of earlier versions of IFSLab: Version 1.0 introduces some changes
to the internal representation of the IFS fractal. Because of these changes, save files from
earlier versions of IFSLab need to be converted to a new format. IFSLab handles this
automatically, you should however be aware that files saved with this version of IFSLab
can not be read by earlier versions of the application.

Also, in versions 0.9.2 and earlier, there was a render setting named ”brightness” which
determined how many grayscale levels to draw. Since we’re using gradients now (and
the new gradient palette is much larger than the old 256 shades of gray), this setting has
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2.2 Advanced Features

2.2.1 Rendering Parameters

You can fine tune the rendering process by changing the settings in the
”Rendering Parameters” box.

Whenever you change a parameter, the fractal will be re-rendered.

The parameters are:

Iterations

The more iterations, the more detail. Warning: A big number of iterations
may slow down the rendering process considerably.

Contrast
When moving this slider to the right, bright points are rendered brighter
and dark points are rendered darker.

Use Shading

Normally, for each rendered point one of your transformations is chosen at
random. By enabling Shading, a probabilty is applied to each transforma-
tion, so that some transformations will be chosen more often than others.
This can produce interesting visual effects.

Shading factor

Setting this to a higher value makes transformations less likely. Use with
caution!

gone away. When IFSLab encounters a save file from version 0.9.2 or prior, it adjusts the
gradient according to the brightness setting by inserting an additional "white” value into
the gradient. If your fractal doesn’t look like what you expected, you might want to check
the gradient.
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"nee IFSLab Render

Figure 2.6: The Sierpinski Triangle rendered with Shading.

Use smoothing

With this option enabled, IFSLab smoothes the edges of the rendered frac-
tal, making the image look softer.

2.2.2 Color

Basically, an IFS fractal is a black-and-white affair only, because in each
iteration a point is plotted.

By default, IFSLab adds depth to the image by drawing more repeatedly
plotted points brighter than less repeatedly plotted points. In other words,
IFSLab uses a grayscale palette which goes from very dark grey (for the
least frequent points) to white (for the most frequent points).

To bring color into your fractals, IFSLab features a gradient editor which
allows you to map a gradient over the standard grayscale palette. You can
bring up the gradient editor by clicking the "Gradient Editor...” button in the
Render Parameters box, or by choosing "Gradient Edtior” from the Window
menu.

To add color to your fractal, open up a color picker by pressing the
”Colors...” button and drag the desired color to the desired position in the
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"nee IFSLab Render: fireCauliflowerCloud.ifs|

Figure 2.7: Cauliflower IFS fractal with standard gradient.
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Figure 2.8: Gradient editor with standard palette

gradient editor.

The dragged colors show up as triangles in the gradient editor. You can
move those to the left or right to adjust your gradient or drag them out of
the editor to delete the corresponding colors.

As with editing the transformations, IFSLab re-colorizes the fractal as
soon as you have made any changes to the gradient.

2.2.3 Fractal Inspector

To view detailed information about your IFS fractal, you may open the
Fractal Inspector by choosing ”Fractal Inspector” from the "Window” menu.

Hint: You can set the current transformation in the Construction Win-
dow by directly selecting a transformation in the inspector. This is espe-
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"nee IFSLab Render: fireCauliflowerCloud.ifs|

Figure 2.9: Cauliflower IFS fractal with color gradient.

BUEE Gradient Editer

Current gradient

.

P, % & N £ \
_Colors... ) [ Invert [ Reset _

Figure 2.10: Gradient editor with color palette

cially useful if you're having trouble selecting it in the Construction Win-
dow because it’s obstructed by another transformation.

2.2.4 Exporting Rendered Images

By choosing "Export Image As...” from the ”File” menu, you can save the
rendered image as a TIFF or JPEG file.

By default, rendered images have a resolution of 1024x768 pixels.

You can, however, enable "High Quality Mode” when exporting images,
where you can adjust the resolution and the number of iterations freely.
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BaE Fractal Inspector

Created by: Stephan Kleinert
Creation date: 2004-08-24 08:43:56 +0200
Modified by: -
Modification date: -
No. of transformations: 3
No. of iterations: 1189259
Contrast value: 13
Shading: On
Shading factor: 2.177778

Transformation Browser

No. mll ml2 m21l | m22 tx ty

o 0.50 0.00 0.00 0.50 2400 17.00
1 0.50 0.00 0.00 0.50 492.00 15.00
2 0.50 .00 000 050 257.00 375.00

Figure 2.11: The Fractal Inspector

2.3 Animation

IFSLab allows you to create animations of IFS fractals morphing into other
IFS fractals, from now on called ”Frames”. As each frame is made from a
set of affine transformations, animation is accomplished by morphing one
set of transformations into another. In order to do this, it is neccessary that
each frame contains the same number of transformations?.

Although this sounds fairly complicated, creating an animation with
IFSLab is actually quite easy.

2.3.1 Creating A Simple Animation
Creating the first frame

We'll start out with the Sierpinski Triangle again. Choose "New IFS from
Assistent...” from the ”File” menu, select ”Sierpinski Triangle” and click the

3There is, however, a way around this limitation — see ”Creating Animations Using IFSL
Files”



CHAPTER 2. USING IFSLAB 18

”Go!” button.

The Sierpinski Triangle is the first frame in our animation.

"cee IFSLab Render

Figure 2.12: Our first frame.

Creating the second frame

Now let’s add a second frame by clicking "Add New Frame” in the Control
Panel.

You’ll notice that IFSLab now displays "Frame #2” in the upper right
border of the Construction Window. IFSLab has created a second frame by
copying the first one.

Now, take one or two or all of the transformations and drag/resize/rotate
them around a bit.

Previewing your animation

By clicking on the "Play” button, you can preview your animation. The
preview is in black and white and low resolution only.
After previewing, IFSLab jumps to the last frame in the animation.
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"cee IFSLab Render |

Figure 2.13: The second frame.

Adjusting the number of steps between two frames

With the "No. of steps between frames” control you can define how many
frames between your fractals will be calculated; the more, the smoother
your animation will look. Try setting the number to 150 and watch the
preview again — you should now notice that the changes are more subtle.

Exporting the animation

When you’re pleased with the preview, you can export your animation. To
do so, choose "Export animation as Quicktime movie...” from the ”File”
menu, which will bring up the Export Movie Dialog, where you can select
the resolution of the finished animation. The higher the resolution, the
longer it will take to render the movie. Select "Medium” for this animation.

IFSLab now displays the standard QuickTime compression dialog (you
might have seen this before in iMovie or other QuickTime based applica-
tions). Here, you can select a video codec and the number of frames per
second.

As video codec, choose "Apple Pixlet Video”, which gives you a very
high quality in the finished movie and the ability to scrub backwards and
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forwards in realtime (you may also choose "MPEG-4", which has a superb
compression ratio while still retaining a high quality). You may, of course,
choose any other codec, but MPEG4 and Pixlet Video turned out to be the
most suitable ones for IFS animations.

After the export has finished, double-click your newly created movie in
the Finder and watch it.

2.3.2 Appending Frames From IFSL Files

You can also use one or more already saved .ifsl files as animation frames.
To do so, select "Append frames...” from the "File” menu.

Hint: When appending frames from an .ifsl file, the number of transfor-
mation in the existing frame(s) does not have to be equal to the number of
transformations in the frame(s) you wish to append*

*Actually, IFSLab still needs each frame to contain the same number of transforma-
tions. However, when attempting to append a frame with fewer transformations than
those in the already existing frames, IFSLab automatically adds copies of the new frame’s
transformations until their number is equal. Likewise, when appending a frame with more
transformations, copies of transformations are added to all existing frames.
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Frequently Asked Questions

3.1 The rendered image is too dark
Try one or more of the following:

e Increase the number of iterations
e Increase the contrast

e Modify the gradient by dragging a bright color near the beginning of
the gradient. This will help in most cases, although it may make the
fractal look grainy.

3.2 Editing my transformations is very slow

The default settings of IFSLab assume a G4 equipped computer when ren-
dering the preview. By deselecting "Render High Quality Preview” in the
"Performance” tab of the "Preferences” window, you can instruct IFSLab to
render a lower quality preview which is much faster on G3 systems.

21
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3.3 Now matter how I try, my fractals don’t look
good

e Start from a template or take a look at the examples coming with
IFSLab. It takes a while getting used to the process of creating IFS
fractals

e Start out with no more than two or three transformations. There
are a lot of interesting things you can do with a limited number of

transformations.

3.4 The program is always rendering! How can
I stop this to continue working on my trans-

formations?

You can’t. In fact, you don’t need to. As soon as you do anything in the
program, the rendering stops immediately.

3.5 1 can’t select one or more transformations

Bring up the Fractal Inspector (Apple+I) and select your transformation
from the transformation table. Hint: You don’t need to have the mouse
pointer over the transformation you want to move/resize/rotate. It is suf-

ficient to have the mouse inside the construction window.
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3.6 Why can’t I ’draw’ my transformations di-
rectly instead of having to modify transfor-

mations of the base shape?

As TFSLab is very flexible in terms of the base shape (just have a look at
the "Infinite A’ example), free-form drawing would lead to chaos when
transforming a shape with more than four control points, as not everything
you might draw would be a valid affine transformation. It was a design
choice not to allow free-form drawing of transformations.

3.7 When I append an IFSL file, the base shape
in the appended frame is the same as the

base shape in my first frame... how can that

be?

When appending a frame, IFSLab only uses the saved transformations and
palette data — there is no way to have different base shapes in different
frames. But, as the base shape has no effect on the rendered fractal, this is
a purely cosmetical matter.
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IFSLab reference

4.1 The Menus

4.1.1 The File Menu
New Empty IFS

Creates a new empty IFS fractal, putting the program into Base Shape Con-
struction Mode. All previously entered data (base shape, transformations
and frames) will be deleted.

New IFS from Assistent...

Creates a new IFS fractal using the Assistent.

Open...

Loads a previously saved IFS fractal.

Save

Saves your IFS fractal.

24
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Save As...

Lets you save your IFS fractal under another file name.

Export Image...

Exports the rendered image as TIFF or JPEG file.

By default, the rendered images are 1024x768 pixels in size. In the Save
Dialog, you can also specify "High Qualitiy Export”, which lets you choose
a custom size for the rendered fractal.

4.1.2 The Construct Menu

Create random transformations

Creates a random IFS fractal. Although IFSLab tries its best to produce
interesting looking fractals, you might want to repeat this a few times.
Align To Grid

Controls whether the base shape points should be aligned to the construc-
tion grid.

4.1.3 The Windows Menu
Gradient editor

Brings up the gradient editor.

Fractal Inspector

Brings up the Inspector window.
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4.2 The Control Panel

4.2.1 Base Shape Controls
Start Again

Clicking this button lets you start again in Base Shape Construction Mode.
All your previously created data will be lost.

Finish Base Shape

Finishes Base Shape Construction Mode.

4.2.2 Affine Transforms Controls
New

Creates a new affine transformation. The newly created transformation
will have half the size of the base shape and will be positioned at the lower
left corner of the base shape.

Copy

Creates a new affine transformation by making an exact copy of the cur-
rently selected transformation.
Delete

Deletes the currently selected transformation.

Move

Puts the editor into move mode. In this mode, dragging in the Construction
Window will move the currently selected shape around.
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Rotate

Puts the editor into rotate mode. In this mode, dragging in the Construction

Window will rotate the currently selected shape.

Resize

Puts the editor into resize mode. In this mode, dragging in the Construction
Window will resize the currently selected shape along the X- or Y- axis,
depending on the dragging direction.

Although at the beginning it might be easier to use the "Move/Rotate/Resize”
buttons, you can also just remain in move mode and do rotating and resiz-
ing by pressing the Ctrl- and Shift Keys while dragging the mouse.

4.2.3 Rendering Controls
Iterations

The more iterations, the more detail. Warning: A big number of iterations
may slow down the rendering process considerably.

Contrast

When moving this slider to the right, bright points are rendered brighter
and dark points are rendered darker.

Use Shading

Normally, for each rendered point one of your transformations is chosen at
random. By enabling Shading, a probabilty is applied to each transforma-
tion, so that some transformations will be chosen more often than others.
This can produce interesting visual effects.
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Shading factor

Setting this to a higher value makes transformations less likely. Use with
caution!

Use smoothing

With this option enabled, IFSLab smoothes the edges of the rendered frac-
tal, making the image look softer.

4.2.4 Animation Controls
Delete Current Frame

Deletes the current frame.

Add Frame

Adds a copy of the current frame after the last frame.

First Frame

Jumps to the first frame in an animation.

Previous Frame

Jumps to the previous frame.

Start/Stop Preview

Starts a low-quality preview of the animation.

Next Frame

Jumps to the next animation frame.
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Last Frame

Jumps to the last animation frame.

Steps Between Frames

Controls how many steps between the frames will be calculated. Increase
this number for smoother animations.

4.2.5 Render Status

This box shows you the status of the IFSLab renderer.

4.3 Preferences

You can bring up the "Preferences” window by choosing "Preferences...”
from the "IFSLab” menu.

The preferences window is divided into three areas, "General”, "Perfor-
mance” and ”"Construction Colors”.

4.3.1 General Preferences

Show assistent at startup

Controls whether to show the assistent at startup. If deselected, IFSLab
simply creates a new empty IFS fractal after starting.

Show warning when converting old .ifsl files

By default, IFSLab warns you when you’re loading an old .ifsl file, because
after you have saved again, the save file will not be compatible with old
versions of IFSLab any more. If you don’t care and/or have a lot of old .ifsl
files, you can deselect this option.
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4.3.2 Performance Preferences
Draw point labels

Controls whether to label the edges of base shape and transformations.

High quality preview

Enables high quality preview, which has more detail and smoothing.

4.3.3 Construction Colors

Here you can customize the colors of the various elements in the Construc-
tion Window.
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GNU Free Documentation License

6.1 GNU Free Documentation License

Version 1.1, March 2000

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

Preamble

The purpose of this License is to make a manual, textbook, or other written
document “free” in the sense of freedom: to assure everyone the effective
freedom to copy and redistribute it, with or without modifying it, either
commercially or noncommercially. Secondarily, this License preserves for
the author and publisher a way to get credit for their work, while not being
considered responsible for modifications made by others.

This License is a kind of “copyleft”, which means that derivative works
of the document must themselves be free in the same sense. It complements
the GNU General Public License, which is a copyleft license designed for
free software.

32
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We have designed this License in order to use it for manuals for free
software, because free software needs free documentation: a free program
should come with manuals providing the same freedoms that the software
does. But this License is not limited to software manuals; it can be used for
any textual work, regardless of subject matter or whether it is published as
a printed book. We recommend this License principally for works whose
purpose is instruction or reference.

6.1.1 Applicability and Definitions

This License applies to any manual or other work that contains a notice
placed by the copyright holder saying it can be distributed under the terms
of this License. The “Document”, below, refers to any such manual or work.
Any member of the public is a licensee, and is addressed as “you”.

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 publish-
ers 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. (For example, 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.

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 Doc-
ument is released under this License.

A “Transparent” copy of the Document means a machine-readable copy,
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represented in a format whose specification is available to the general pub-
lic, whose contents can be viewed and edited directly and 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 has been designed to
thwart or discourage subsequent modification by readers is not Transpar-
ent. A copy that is not “Transparent” is called “Opaque”.

Examples of suitable formats for Transparent copies include plain ASCII
without markup, Texinfo input format, BIEX input format, SGML or XML
using a publicly available DTD, and standard-conforming simple HTML de-
signed for human modification. Opaque formats include PostScript, PDF,
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 produced by
some word processors for output purposes only.

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

6.1.2 Verbatim Copying

You may copy and distribute the Document in any medium, either commer-
cially or noncommercially, provided that this License, the copyright notices,
and the license notice saying this License applies to the Document are re-
produced 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 dis-
tribute. However, you may accept compensation in exchange for copies. If
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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.

6.1.3 Copying in Quantity

If you publish printed copies 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 pub-
lisher 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 mate-
rial 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 condi-
tions, 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 number-
ing more than 100, you must either include a machine-readable Transpar-
ent copy along with each Opaque copy, or state in or with each Opaque
copy a publicly-accessible computer-network location containing a com-
plete Transparent copy of the Document, free of added material, which the
general network-using public has access to download anonymously at no
charge using public-standard network protocols. If you use the latter op-
tion, you must take reasonably prudent steps, when you begin distribution
of Opaque copies in quantity, to ensure that this Transparent copy will re-
main 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



CHAPTER 6. GNU FREE DOCUMENTATION LICENSE 36

Document well before redistributing any large number of copies, to give
them a chance to provide you with an updated version of the Document.

6.1.4 Modifications

You may copy and distribute a Modified Version of the Document under the
conditions of sections 2 and 3 above, provided that you release the Modi-
fied Version under precisely this License, with the Modified Version filling
the role of the Document, thus licensing distribution and modification of
the Modified Version to whoever possesses a copy of it. In addition, you
must do these things in the Modified Version:

e 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 Docu-
ment). You may use the same title as a previous version if the original
publisher of that version gives permission.

e List on the Title Page, as authors, one or more persons or entities re-
sponsible 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 less than five).

e State on the Title page the name of the publisher of the Modified
Version, as the publisher.

e Preserve all the copyright notices of the Document.

e Add an appropriate copyright notice for your modifications adjacent
to the other copyright notices.

e Include, immediately after the copyright notices, a license notice giv-
ing the public permission to use the Modified Version under the terms
of this License, in the form shown in the Addendum below.

e Preserve in that license notice the full lists of Invariant Sections and

required Cover Texts given in the Document’s license notice.
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e Include an unaltered copy of this License.

e Preserve the section entitled “History”, and 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.

e Preserve the network location, if any, given in the Document for pub-
lic access to a Transparent copy of the Document, and likewise the
network locations given in the Document for previous versions it was
based on. These may be placed in the “History” section. You may
omit a network location for a work that was published at least four
years before the Document itself, or if the original publisher of the

version it refers to gives permission.

e In any section entitled “Acknowledgements” or “Dedications”, pre-
serve the section’s title, and preserve in the section all the substance
and tone of each of the contributor acknowledgements and/or dedi-
cations given therein.

e 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.

e Delete any section entitled “Endorsements”. Such a section may not
be included in the Modified Version.

e Do not retitle any existing section as “Endorsements” or to conflict in

title with any Invariant Section.

If the Modified Version includes new front-matter sections or appendices
that qualify as Secondary Sections and contain no material copied from the
Document, you may at your option designate some or all of these sections



CHAPTER 6. GNU FREE DOCUMENTATION LICENSE 38

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.

6.1.5 Combining Documents

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

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
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the section titles in the list of Invariant Sections in the license notice of the
combined work.

In the combination, you must combine any sections entitled “History”
in the various original documents, forming one section entitled “History”;
likewise combine any sections entitled “Acknowledgements”, and any sec-
tions entitled “Dedications”. You must delete all sections entitled “Endorse-
ments.”

6.1.6 Collections of Documents

You may make a collection consisting of the Document and other docu-
ments 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 dis-
tribute 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.

6.1.7 Aggregation With Independent Works

A compilation of the Document or its derivatives with other separate and
independent documents or works, in or on a volume of a storage or dis-
tribution medium, does not as a whole count as a Modified Version of the
Document, provided no compilation copyright is claimed for the compila-
tion. Such a compilation is called an “aggregate”, and this License does
not apply to the other self-contained works thus compiled with the Docu-
ment, on account of their being thus compiled, if they 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 quarter of the
entire aggregate, the Document’s Cover Texts may be placed on covers that
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surround only the Document within the aggregate. Otherwise they must
appear on covers around the whole aggregate.

6.1.8 Translation

Translation is considered a kind of modification, so you may distribute
translations of the Document under the terms of section 4. Replacing In-
variant Sections with translations requires special permission from their
copyright holders, but you may include translations of some or all Invari-
ant Sections in addition to the original versions of these Invariant Sections.
You may include a translation of this License provided that you also include
the original English version of this License. In case of a disagreement be-
tween the translation and the original English version of this License, the
original English version will prevail.

6.1.9 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 automati-
cally 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.

6.1.10 Future Revisions of This Licence

The Free Software Foundation may publish new, revised versions of the
GNU Free Documentation License from time to time. Such new versions
will be similar in spirit to the present version, but may differ in detail to
address new problems or concerns. See http://www.gnu.org/copyleft/.
Each version of the License is given a distinguishing version number. If
the Document specifies that a particular numbered version of this License
”or any later version” applies to it, you have the option of following the
terms and conditions either of that specified version or of any later version
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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

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

Copyright (© YEAR YOUR NAME. Permission is granted to copy,
distribute and/or modify this document under the terms of the
GNU Free Documentation License, Version 1.1 or any later ver-
sion published by the Free Software Foundation; with the In-
variant Sections being LIST THEIR TITLES, with the Front-Cover
Texts being LIST, and with the Back-Cover Texts being LIST. A
copy of the license is included in the section entitled “GNU Free
Documentation License”.

If you have no Invariant Sections, write “with no Invariant Sections” in-
stead of saying which ones are invariant. If you have no Front-Cover Texts,
write “no Front-Cover Texts” instead of “Front-Cover Texts being LIST”;
likewise for Back-Cover Texts.

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.



