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CHAPTER

ONE

INTRODUCTION

This document provides a guide through the major capabilities of GNAT SAS inside the GNAT Studio IDE by working
on a code example: sdc, a simple desktop calculator. The tutorial uses messages and annotations generated by Inspector
analysis engine, which is one of four analysis engines integrated to GNAT SAS.

Notice this is the same example as the one used in the GNAT Studio Tutorial (available in the Help → GNAT Studio →
Tutorial menu), so you might want to go through the GNAT Studio tutorial first to get familiar with this environment.

Copy the sdc directory and its subdirectories in a local (writable) area, and start GNAT Studio from the sdc directory,
so that GNAT Studio will load the right context.

By default, the tutorial sources can be found under <prefix>/share/examples/gnatsas/sdc, where <prefix> is the prefix
directory of the GNAT SAS installation.
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CHAPTER

TWO

RUNNING GNAT SAS

Select the menu GNATSAS → Analyze All in the menu bar at the top. This will run GNAT SAS, which first generates
SCIL files, then runs the GNAT SAS analysis engines, and finally displays a summary of the problems found in the
GNAT SAS Report Window.

Here, GNAT SAS reports a few medium and low messages.

Notice the different kinds of filters that are available on the right side of the window. Clicking on each of these filters
will show/hide the corresponding messages in the Locations View at the bottom.

Uncheck the box medium in Message ranking. This clears the location view.

Check the box low in Message ranking. The location view now reports the low messages only.

Undo these changes to recover medium messages only. During all these changes, the GNAT SAS Report Window was
not affected as it reports all problems found. The filters only apply to the Locations View.
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CHAPTER

THREE

UNDERSTANDING MESSAGES

3.1 Checks

In the location view, click in the tree on the + sign (or triangle) at the left of tokens.adb. Click on the message
reported at line 26. This opens the file tokens.adb at line 26.

The message gives 3 different pieces of information:

• Ranking

Can be high, medium or low. It is an indication of the severity and certainty of the associated message. The
higher the ranking, the more interesting the message, and the greater the likelihood the indicated line of code
would fail when executed.

Here, it is a medium message.

• Check

A short description of the problem.

Here, it says that the array index check might fail.

• Explanation

Some messages have a more detailed explanation to help you understand the problem.

Here, it says that it requires the first index in Input.Next_Word to be less than its last index, which is the same as
saying Input.Next_Word should not be empty.

Indeed, the expression at line 26 is accessing at the first index in local variable Word, which happens to be initialized
at line 18 with a call to Input.Next_Word. So it will raise a Constraint_Error if Input.Next_Word returns the empty
string.

Now go to the definition of function Input.Next_Word. This can be achieved either by clicking on the right mouse
button on Next_Word on line 18 and selecting Goto body of Next_Word or by clicking on the middle mouse button
while holding Control key and moving the mouse over Next_Word on line 18. To do so, you first need to go to
Scenario and in the Build Mode, select gnatsas from the drop down list.

The annotations generated by GNAT SAS’ Inspector are displayed before the definition of function Next_Word on line
184. You can hide these annotations by clicking on the right mouse button and selecting GNATSAS→Hide annotations.
Re-display these annotations by clicking on the right mouse button and selecting GNATSAS → Show annotations.

In the postconditions generated by GNAT SAS’ Inspector, you can see that Inspector computed a possible range
of 1..1_024 for the application of attribute First to the result of calling Next_Word, which is displayed as in-
put.next_word’Result’First, and a possible range of 0..1_023 for the application of attribute Last to the same value.
This includes the case where Result’First is 1 and Result’Last is 0, so the result may be an empty string.

Looking at the body of function Next_Word, it appears that an empty string is indeed returned when the first character
read on line 191 is not in the range of Printable_Character.
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To protect against this error, return to file tokens.adb at line 26, and insert the following code before the case-
statement:

if Word = "" then
raise Except.User_Error;

end if;

Re-run GNAT SAS by selecting the menu GNATSAS → Analyze All. Notice that the error on tokens.adb has disap-
peared.

3.2 Warnings

This refers to messages reported by GNAT SAS that do not correspond to checks, but rather to potential logic errors:
dead code, test or condition predetermined, unused assignment, etc. Like checks, these messages have an associated
ranking, they are introduced by the keyword warning which is appended after the high, medium or low markers, e.g
medium warning.

In the Locations View, click on the message reported at line 41 of stack.adb. It says that the precondition computed
by GNAT SAS’ Inspector for variable Last is suspicious, because it is not a continuous range of values.

Indeed, looking at the preconditions generated by Inspector, we see the following lines:

-- Preconditions:
-- Last in (2..199, 201)

It is indeed the case that the range of values allowed for variable Last has a ‘hole’, because value 200 is not allowed
while values 199 and 201 are allowed.

Since 200 is the value of Tab’Last, having Last equal to 200 means that the stack is full. So it is expected that we should
not call Push on a stack when Last equals 200.

What’s surprising is that Last can be equal to 201 in the precondition computed by Inspector. This means that we could
call Push on a stack which is more than full!

Let’s simulate what happens when we call Push with Last being equal to 201. The test on line 43 is false, so execution
continues on line 47, then on line 49 Last is assigned the value 200 (201 - 1) and finally on line 50 we replace the last
item in array Tab with the value V.

What’s wrong here?

The problem is on line 49: instead of decrementing the value of Last, it should be incremented. This bug is also found
by debugging during the GNAT Studio tutorial.

Notice that it also causes the message at line 11 in file values.adb, because function Stack.Push is called in func-
tion Values.Process, so the precondition generated for Stack.Push causes a similar precondition to be generated for
Values.Process.

This kind of logic error typically results in a precondition with a ‘hole’ like the one reported here. This is why GNAT
SAS reports warnings when it encounters such preconditions.

After correcting line 49, re-run GNAT SAS. The two messages in files stack.adb and values.adb are no longer
present.

12 Chapter 3. Understanding Messages
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3.3 False Positive

Some messages reported by GNAT SAS are not actual errors. These messages which are called false positive are a
necessary evil when performing static analysis of complex properties of code.

First, allow low messages to be displayed by checking the box low in Message ranking.

In the location view, click on the message reported on the code you were asked to insert before line 26 of tokens.adb.
It says that an exception might be raised, which is precisely the intention of the inserted code when Input.Next_Word
returns an empty string.

Likewise, click on the message reported at line 191 of input.adb. It says that First_Char might be greater than
Line_Size (1024).

This cannot happen, as the call to Input.Skip_Spaces ensures that First_Char points within the bounds of Line to a
printable character, and the loop between lines 191 and 193 cannot increase First_Char beyond Line_Size because the
procedure Input.Read_New_Line which updates Line ensures that the line is terminated by a character ASCII.CR which
is not printable. So the loop will exit at most when First_Char is the index of this last character.

You can choose to ignore such false positive, or else mark them as reviewed so that they do not show up in future runs
of GNAT SAS. To do that, click on the Edit icon displayed in front of GNAT SAS messages in the Locations View.
This opens a window where you can enter a manual analysis of the message and e.g. change its New status to Not a
bug.

Notice that the reasoning above, for the value of First_Char, depends on subtle invariants maintained by the code on
the Line data structure. This may reveal brittle code which would deserve refactoring. A good way to realize this is to
try to understand how Input.Skip_Spaces ensures that First_Char points within the bounds of Line. This is not as easy
as it seems!

3.3. False Positive 13
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CHAPTER

FOUR

UNDERSTANDING INSPECTOR’S ANNOTATIONS

In addition to messages, GNAT SAS’ Inspector analysis also generates annotations on your source code. Annota-
tions express properties and assumptions of the code, and can be used to help reviewing the code manually and spot
inconsistencies, and also to help understand messages generated by Inspector.

4.1 Basic Annotations

Open file stack.adb and look at the annotations for procedure Push.

The preconditions of Push correspond to constraints that should be respected prior to calling Push in order to avoid er-
rors. The third precondition states that Last should be less than 200, so that the stack is not full. The other preconditions
state that parameter V should not be null and V.E should be initialized:

-- Preconditions:
-- Last <= 199
-- V /= null
-- V.E'Initialized

While some preconditions can be traced to checks inside the current procedure, others originate in functions or proce-
dures directly or indirectly (through a chain of other functions or procedures) called by the current procedure. Here,
the last precondition can be traced to the increment on Last at line 49 and the access to Tab (Last) that follows on line
50, while the preconditions on V are propagated from the precondition of function Values.To_String called on line 47.

The postconditions of Push correspond to constraints that will be satisfied after calling Push. The first postcondition
states that the output value for Last will be its input value plus one. Notice the use of Ada 2012 attribute ‘Old to denote
the input value of Last. The second postcondition states that the output value of Last will be in the range 1..200:

-- Postconditions:
-- Last = Last'Old + 1
-- Last in 1..200
-- Tab(1..200) = One-of{V, Tab(1..200)'Old}

We will explain the last postcondition in the next section.
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4.2 More Complex Annotations

Open file tokens.adb and look at the preconditions generated for procedure Process:

-- Preconditions:
-- T.Kind /= Op or Stack'Body.Last in 2..200
-- T.Kind /= Op or Stack'Body.Tab(Stack'Body.Last - 1) /= null
-- T.Kind /= Op or Stack'Body.Tab(Stack'Body.Last) /= null
-- T.Kind /= Op or Stack'Body.Tab(1..200).E'Initialized
-- T.Kind /= Op or T.Op'Initialized
-- T.Kind <= Op or Stack'Body.Last <= 200 or T.Instr /= Print
-- T.Kind <= Op or Stack'Body.Last = 0 or T.Instr /= Print or Stack'Body.Tab(Stack'Body.
↪→Last) /= null
-- T.Kind <= Op or Stack'Body.Last = 0 or T.Instr /= Print or Stack'Body.Tab(1..200).E
↪→'Initialized
-- T.Kind <= Op or T.Instr <= Print
-- T.Kind >= Op or Stack'Body.Last <= 199
-- T.Kind >= Op or T.Val /= null
-- T.Kind >= Op or T.Val.E'Initialized

Some preconditions are disjunctions of cases, like T.Kind /= Op or Last in 2..200. This conditional precondition states
that, either T.Kind is different from Op, or Last must be in the range 2..200. This is because the constraint on Last
comes from a path in Process that is only executed when T.Kind = Op, so it does not apply when T.Kind /= Op.

Look now at the postconditions generated for procedure Process:

-- Postconditions:
-- Stack'Body.Last = One-of{Stack'Body.Last'Old + 1, Stack'Body.Last'Old - 2, Stack'Body.
↪→Last'Old - 1, 0, Stack'Body.Last'Old}
-- Stack'Body.Last <= 200
-- Stack'Body.Tab(1..200) = One-of{T.Val, Stack'Body.Tab(1..200)'Old, new Value_Info(in␣
↪→values.operations.process)#1'Address}
-- new Value_Info(in values.operations.process)#1.<num objects> in 0..1
-- new Value_Info(in values.operations.process)#1.E'Initialized

Some postconditions of Process are of the form Variable = One-of{Value1, Value2, . . . }. This indicates that the output
value of Variable is either Value1 or Value2 or . . . Look in particular at the postcondition of this form for Last. Inspector
computed that the possible output value for Last is either zero, input value of Last, input value of Last plus one, input
value of Last minus one or input value of Last minus two. This postcondition effectively summarizes all the possible
modifications occuring to Last in various procedures and functions called from Process.

Be aware that, although annotations are displayed in an Ada-friendly syntax, they may not be legal Ada, or they may
designate something different than in Ada. For example, there is no way in Ada to specify that a value should be
initialized like suggested by the pseudo-Ada attribute ‘Initialized. Likewise, it is not valid in Ada to refer to the value
of ‘any element of an array’ like done in Inspector annotations using the syntax of an array slice.

16 Chapter 4. Understanding Inspector’s Annotations



CHAPTER

FIVE

RUNNING GNAT SAS AGAIN

As you may have noticed already, GNAT SAS recorded the results of the first run that you made as the baseline for
successive runs after possible code modifications, as shown by the top line displayed in the GNAT SAS report:

Base run: sdc.baseline.sam Current run: sdc.sam

Notice the different kinds of filters which are available on the right side of the window, in panel Message ranking, in
particular the Message history part: selecting these different filters will show/hide the corresponding messages in the
Locations View at the bottom. By default, only the messages which correspond to the current run (either added or
unchanged) are shown.

Uncheck the unchanged box in Message history. This clears the location view from all previously reported messages.

Now check the removed box: if –show age+removed is used, you will see all the messages which have disappeared
since the base run (the first run in this case).

GNAT SAS defines two types of runs: regular and baseline. The runs are represented by sam files. A first GNAT SAS
run is a baseline run and it results in a sam file <PROJECT_NAME>.baseline.sam. All the subsequent runs are regular
runs resulting in sam file <PROJECT_NAME>.sam and are compared to the baseline run.

In order to bump a baseline to a current run, you can use the menu GNATSAS → Baseline → Bump Baseline to Current
Run. You can also set a baseline to a given run via GNATSAS → Baseline → Set Baseline to Run. . . .
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CHAPTER

SIX

RUNNING DEEPER ANALYSES

You can vary the thorougness of GNAT SAS’ analysis by selecting the menu GNATSAS → Analyze. . . and selecting
fast or deep in the Analysis mode dropdown. In fast mode, a fast analysis is performed. In particular, GNAT SAS’
Inspector analyzes each library unit separately. In deep mode GNAT SAS’ Inspector performs the analysis by group of
of units.

Partitioning can be seen in the Messages window:

Partition 1 of 2.
...

Partition 2 of 2.
...

Note: Partitioning does not occur in deep mode on our project, which is too small.

When units are analyzed separately, no information is shared between the various analyses. The results may be less
precise than the ones obtained by running GNAT SAS at deep mode. But the benefit is quite clear: you can get much
faster results by running GNAT SAS at fast mode, and you can later run at deep mode when more precision is required.
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CHAPTER

SEVEN

EPILOGUE

This terminates our tour of GNAT SAS inside the GNAT Programming Studio. We hope this tutorial gave you a good
overview of the general capabilities available with GNAT SAS. A non-exhaustive list of the features not mentioned in
this document includes:

• Running from the command-line

• HTML report

• Sharing GNAT SAS results in a team

• Management of manual reviews

• Capabilities of Infer, GNATcheck, and GNAT Warnings analysis engines

• Identification of race conditions

For more information, please look at the GNAT SAS User’s Guide, as well as the Help → GNATSAS → Examples
menu which gives access to many small examples with interesting messages.
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CHAPTER

EIGHT

GNU FREE DOCUMENTATION LICENSE

Version 1.3, 3 November 2008

Copyright 2000, 2001, 2002, 2007, 2008 Free Software Foundation, Inc https://fsf.org/

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 functional and useful document “free” in the sense
of freedom: to assure everyone the effective freedom to copy and redistribute it, with or without modifying it, either
commercially or 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.

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

1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed by the copyright holder
saying it can be distributed under the terms of this License. Such a notice grants a world-wide, royalty-free license,
unlimited in duration, to use that work under the conditions stated herein. The Document, below, refers to any such
manual or work. Any member of the public is a licensee, and is addressed as “you”. You accept the license if you copy,
modify or distribute the work in a way requiring permission under copyright law.

A “Modified Version” of the Document means any work containing the Document or a portion of it, either copied
verbatim, or with modifications and/or translated into another language.

A “Secondary Section” is a named appendix or a front-matter section of the Document that deals exclusively with
the relationship of the publishers or authors of the Document to the Document’s overall subject (or to related matters)
and contains nothing that could fall directly within that overall subject. (Thus, if the Document is in part a textbook of
mathematics, a Secondary Section may not explain any mathematics.) The relationship could be a matter of historical
connection with the subject or with related matters, or of legal, commercial, philosophical, ethical or political position
regarding them.

The “Invariant Sections” are certain Secondary Sections whose titles are designated, as being those of Invariant
Sections, in the notice that says that the Document is released under this License. If a section does not 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.

23
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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, Texinfo input format, LaTeX
input format, SGML or XML using a publicly available DTD, and standard-conforming simple HTML, PostScript or
PDF designed for human modification. Examples of transparent image 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.

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.

The “publisher” means any person or entity that distributes copies of the Document to the public.

A section “Entitled XYZ” means a named subunit of the Document whose title either is precisely XYZ or contains XYZ
in parentheses following text that translates XYZ in another language. (Here XYZ stands for a specific section name
mentioned below, such as “Acknowledgements”, “Dedications”, “Endorsements”, or “History”.) To “Preserve the
Title” of such a section when you modify the Document means that it remains a section “Entitled XYZ” according to
this definition.

The Document may include Warranty Disclaimers next to the notice which states that this License applies to the Doc-
ument. 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 noncommercially, provided that
this License, the copyright notices, and the license notice saying this License applies to the Document are reproduced
in all copies, and that you add no other conditions whatsoever to those of this License. You may not use technical
measures to obstruct or control the reading or further copying of the copies you make or distribute. However, you may
accept compensation in exchange for copies. If you distribute a large enough number of copies you must also follow
the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly display copies.

3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the Document, numbering
more than 100, and the Document’s license notice requires Cover Texts, you must enclose the copies in covers that
carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on the
back cover. Both covers must also clearly and legibly identify you as the publisher of these copies. The front cover
must present the full title with all words of the title equally prominent and visible. You may add other material on the
covers in addition. Copying with changes limited to the covers, as long as they preserve the title of the Document and
satisfy these conditions, can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to 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.
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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 reasonably 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 sections 2 and 3 above,
provided that you release the Modified Version under precisely this License, with the Modified Version filling the role
of the Document, thus licensing distribution and modification of the Modified Version to whoever possesses a copy of
it. In addition, you must do these things in the Modified Version:

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

B. List on the Title Page, as authors, one or more persons or entities responsible for authorship of the modifications
in the Modified Version, together with at least 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.

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

D. Preserve all the copyright notices of the Document.

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

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

G. Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in the Document’s
license notice.

H. Include an unaltered copy of this License.

I. Preserve the section Entitled “History”, Preserve its Title, and add to it an item stating at least the title, year,
new authors, and publisher of the Modified Version as given on the Title Page. If there is no section Entitled
“History” in the Document, create one stating the title, year, authors, and publisher of the Document as given on
its Title Page, then add an item describing the Modified Version as stated in the previous sentence.

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

K. For any section Entitled “Acknowledgements” or “Dedications”, Preserve the Title of the section, and preserve
in the section all the substance and tone of each of the contributor acknowledgements and/or dedications given
therein.

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

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

N. Do not retitle any existing section to be Entitled “Endorsements” or to conflict in title with any Invariant Section.

O. Preserve any Warranty Disclaimers.
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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 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 combination all of the Invariant Sections of all of the
original documents, unmodified, and list them all as Invariant Sections of your combined work in its license notice,
and that you preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical 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 “Acknowledgements”, and any sections Entitled
“Dedications”. You must delete all sections Entitled “Endorsements”.

6. COLLECTIONS OF DOCUMENTS

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

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

7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents 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 compilation’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
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Translation is considered a kind of modification, so you may distribute translations of the Document under the terms
of section 4. Replacing Invariant Sections with translations requires special permission from their copyright holders,
but you may include translations of some or all Invariant Sections in addition to the original versions of these Invariant
Sections. You may include a translation of this License, and all the license notices in the Document, and any Warranty
Disclaimers, provided that you also include the original English version of this License and the original versions of
those notices and disclaimers. In case of a disagreement between the translation and the original version of this License
or a notice or disclaimer, the original version will prevail.

If a section in the Document is Entitled “Acknowledgements”, “Dedications”, or “History”, the requirement (section
4) to Preserve its Title (section 1) will typically require changing the actual title.

9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided under this License.
Any attempt otherwise to copy, modify, sublicense, or distribute it is void, and will automatically terminate your rights
under this License.

However, if you cease all violation of this License, then your license from a particular copyright holder is reinstated (a)
provisionally, unless and until the copyright holder explicitly and finally terminates your license, and (b) permanently,
if the copyright holder fails to notify you of the violation by some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright holder notifies you
of the violation by some reasonable means, this is the first time you have received notice of violation of this License
(for any work) from that copyright holder, and you cure the violation prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have received copies or
rights from you under this License. If your rights have been terminated and not permanently reinstated, receipt of a
copy of some or all of the same material does not give you any rights to use it.

10. FUTURE REVISIONS OF THIS LICENSE

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 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. If the Document specifies that a proxy can decide
which future versions of this License can be used, that proxy’s public statement of acceptance of a version permanently
authorizes you to choose that version for the Document.

11. RELICENSING

“Massive Multiauthor Collaboration Site” (or “MMC Site”) means any World Wide Web server that publishes copy-
rightable works and also provides prominent facilities for anybody to edit those works. A public wiki that anybody can
edit is an example of such a server. A “Massive Multiauthor Collaboration” (or “MMC”) contained in the site means
any set of copyrightable works thus published on the MMC site.

“CC-BY-SA” means the Creative Commons Attribution-Share Alike 3.0 license published by Creative Commons Cor-
poration, a not-for-profit corporation with a principal place of business in San Francisco, California, as well as future
copyleft versions of that license published by that same organization.

“Incorporate” means to publish or republish a Document, in whole or in part, as part of another Document.

An MMC is “eligible for relicensing” if it is licensed under this License, and if all works that were first published under
this License somewhere other than this MMC, and subsequently incorporated in whole or in part into the MMC, (1)
had no cover texts or invariant sections, and (2) were thus incorporated prior to November 1, 2008.
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The operator of an MMC Site may republish an MMC contained in the site under CC-BY-SA on the same site at any
time before August 1, 2009, provided the MMC is eligible for relicensing.

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 1.3 or any later version published by
the Free Software Foundation; with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.
A copy of the license is included in the section entitled “GNU Free Documentation License”.

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the “with . . . Texts.” line with this:

with the Invariant Sections being LIST THEIR TITLES, with the Front-Cover Texts being LIST, and with
the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of the three, merge those two alternatives
to suit the situation.

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