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1 About This Guide

This guide describes the use of GNAT, a compiler and software development toolset for the
full Ada programming language. It documents the features of the compiler and tools, and
explains how to use them to build Ada applications.

GNAT implements Ada 95, Ada 2005, Ada 2012, and Ada 2022. You may also invoke it
in Ada 83 compatibility mode. By default, GNAT assumes Ada 2012, but you can use a
compiler switch ([Compiling Different Versions of Ada], page 145) to explicitly specify the
language version. Throughout this manual, references to ‘Ada’ without a year suffix apply
to all versions of the Ada language starting with Ada 95.

GNAT supports both the GCC and LLVM back end compilation families. Most GNAT
versions use the GCC back end, but some are now available using the LLVM back end.
In some places in this manual, we distinguish between the two back ends, but in most
cases, everything in this manual applies to both back ends. We refer to GNAT with the
LLVM back end as ‘GNAT LLVM’. See [GNAT with the LLVM Back End], page 177, for
limitations of GNAT LLVM.

1.1 What This Guide Contains

This guide contains the following chapters:

* [Getting Started with GNAT], page 3, describes how to get started compiling and
running Ada programs with the GNAT Ada programming environment.

* [The GNAT Compilation Model], page 6, describes the compilation model used by
GNAT.

* [Building Executable Programs with GNAT], page 76, describes how to use the main
GNAT tools to build executable programs, and it also gives examples of using the GNU
make utility with GNAT.

* [GNAT Utility Programs|, page 178, explains the various utility programs that are
included in the GNAT environment.

* |[GNAT and Program Execution], page 184, covers a number of topics related to run-
ning, debugging, and tuning the performance of programs developed with GNAT.

Appendices cover several additional topics:

* [Platform-Specific Information], page 242, describes the different run-time library im-
plementations and also presents information on how to use GNAT on several specific
platforms.

* [Example of Binder Output File|, page 271, shows the source code for the binder output
file for a sample program.

* [Elaboration Order Handling in GNAT], page 287, describes how GNAT helps you deal
with elaboration order issues.

* [Inline Assembler], page 309, shows how to use the inline assembly facility in an Ada
program.
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1.2 What You Should Know before Reading This Guide

This guide assumes a basic familiarity with the Ada 95 language, as described in the In-
ternational Standard ANSI/ISO/IEC-8652:1995, January 1995. Reference manuals for Ada
95, Ada 2005, and Ada 2012 are included in the GNAT documentation package.

1.3 Related Information

For further information about Ada and related tools, please refer to the following documents:

*

Ada 95 Reference Manual, Ada 2005 Reference Manual, and Ada 2012 Reference Man-
ual, which contain reference material for the several revisions of the Ada language
standard.

GNAT Reference_Manual, which contains all reference material for the GNAT imple-
mentation of Ada.

Using GNAT Studio, which describes the GNAT Studio Integrated Development En-
vironment.

GNAT Studio Tutorial, which introduces the main GNAT Studio features through
examples.

Debugging with GDB, for all details on the use of the GNU source-level debugger.

GNU Emacs Manual, for full information on the extensible editor and programming
environment Emacs.

1.4 Conventions

Following are examples of the typographical and graphic conventions used in this guide:

*

*

*

*

Functions, utility program names, standard names, and classes.
Option flags
File names
Variables
‘Emphasis’
[optional information or parameters|
Examples are described by text
and then shown this way.

Commands that you enter are shown as preceded by a prompt string comprising the $
character followed by a space.

Full file names are shown with the ¢/’ character as the directory separator; e.g., parent-
dir/subdir/myfile.adb. If you are using GNAT on a Windows platform, please note
that you should use the ‘\’ character instead.



2 Getting Started with GNAT

This chapter describes how to use GNAT’s command line interface to build executable Ada
programs. On most platforms a visually oriented Integrated Development Environment is
also available: GNAT Studio. GNAT Studio offers a graphical “look and feel”, support
for development in other programming languages, comprehensive browsing features, and
many other capabilities. For information on GNAT Studio please refer to the GNAT Studio
documentation.

2.1 System Requirements

Even though any machine can run the GNAT toolset and GNAT Studio IDE, to get the
best experience we recommend using a machine with as many cores as possible, allowing
individual compilations to run in parallel. A comfortable setup for a compiler server is a
machine with 24 physical cores or more, with at least 48 GB of memory (2 GB per core).

For a desktop machine, we recommend a minimum of 4 cores (8 is preferred), with at least
2GB per core (so 8 to 16GB).

In addition, for running and smoothly navigating sources in GNAT Studio, we recommend
at least 1.5 GB, plus 3 GB of RAM per million source lines of code. So we recommend at
least 3 GB for 500K lines of code and 7.5 GB for 2 million lines of code.

Using fast, local drives can make a significant difference in build and link times. You should
avoid network drives such as NFS, SMB, or worse, configuration management filesystems
(such as ClearCase dynamic views) as much as possible since these will produce very de-
graded performance (typically 2 to 3 times slower than on fast, local drives). If you cannot
avoid using such slow drives for accessing source code, you should at least configure your
project file so the result of the compilation is stored on a drive local to the machine per-
forming the compilation. You can do this by setting the Object_Dir project file attribute.

2.2 Running GNAT

You need to take three steps to create an executable file from an Ada source file:
* You must compile the source file(s).
* You must bind the file(s) using the GNAT binder.
* You must link all appropriate object files to produce an executable.
You most commonly perform all three steps by using the gnatmake utility program. You

pass it the name of the main program and it automatically performs the necessary compi-
lation, binding, and linking steps.

2.3 Running a Simple Ada Program

You may use any text editor to prepare an Ada program. (If you use Emacs, an optional
Ada mode may be helpful in laying out the program.) The program text is a normal text
file. We will assume in our initial example that you have used your editor to prepare the
following standard format text file named hello.adb:

with Ada.Text_IO; use Ada.Text_I0;
procedure Hello is
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begin
Put_Line ("Hello WORLD!");
end Hello;

With the normal default file naming conventions, GNAT requires that each file contain a
single compilation unit whose file name is the unit name with periods replaced by hyphens;
the extension is ads for a spec and adb for a body. You can override this default file
naming convention by use of the special pragma Source_File_Name (see [Using Other File
Names], page 12). Alternatively, if you want to rename your files according to this default
convention, which is probably more convenient if you will be using GNAT for all your
compilations, then you use can use the gnatchop utility to generate correctly-named source
files (see [Renaming Files with gnatchop], page 20).

You can compile the program using the following command ($ is used as the command
prompt in the examples in this document):

$ gcc -c hello.adb

gcc is the command used to run the compiler. It is capable of compiling programs in several
languages, including Ada and C. It assumes you have given it an Ada program if the file

extension is either .ads or .adb, in which case it will call the GNAT compiler to compile
the specified file.

The -c switch is required. It tells gcc to only do a compilation. (For C programs, gcc
can also do linking, but this capability is not used directly for Ada programs, so you must
always specify the -c.)

This compile command generates a file hello.o, which is the object file corresponding to
your Ada program. It also generates an ‘Ada Library Information’ file hello.ali, which
contains additional information used to check that an Ada program is consistent.

To build an executable file, use either gnatmake or gprbuild with the name of the main
file: these tools are builders that perform all the necessary build steps in the correct order.
In particular, these builders automatically recompile any sources that have been modified
since they were last compiled, as well as sources that depend on such modified sources, so
that ‘version skew’ is avoided.

$ gnatmake hello.adb
The result is an executable program called hello, which you can run by entering:
$ hello
assuming that the current directory is on the search path for executable programs.
and, if all has gone well, you will see:
Hello WORLD!

appear in response to this command.

2.4 Running a Program with Multiple Units

Consider a slightly more complicated example with three files: a main program and the
spec and body of a package:
package Greetings is
procedure Hello;
procedure Goodbye;
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end Greetings;

with Ada.Text_IO; use Ada.Text_I0;
package body Greetings is
procedure Hello is
begin
Put_Line ("Hello WORLD!");
end Hello;

procedure Goodbye is
begin
Put_Line ("Goodbye WORLD!");
end Goodbye;
end Greetings;

with Greetings;
procedure Gmain is
begin
Greetings.Hello;
Greetings.Goodbye;
end Gmain;

Following the one-unit-per-file rule, place this program in the following three separate files:

‘greetings.ads’
spec of package Greetings

‘greetings.adb’
body of package Greetings

‘gmain.adb’
body of main program

Note that there is no required order of compilation when using GNAT. In particular it
is perfectly fine to compile the main program first. Also, it is not necessary to compile
package specs in the case where there is an accompanying body; you only need compile the
body. If you want to submit these files to the compiler for semantic checking and not code
generation, use the —gnatc switch:

$ gcc -c greetings.ads -gnatc

Although you can do the compilation in separate steps, in practice it’s almost always more
convenient to use the gnatmake or gprbuild tools:

$ gnatmake gmain.adb



3 The GNAT Compilation Model

This chapter describes the compilation model used by GNAT. Although similar to that
used by other languages such as C and C++, this model is substantially different from the
traditional Ada compilation models, which are based on a centralized program library. The
chapter covers the following material:

* Topics related to source file makeup and naming
* [Source Representation], page 7,
* [Foreign Language Representation], page 8,

* [File Naming Topics and Utilities], page 11,

* [Configuration Pragmas], page 25,
* [Generating Object Files], page 28,
* [Source Dependencies], page 28,
* [The Ada Library Information Files|, page 29,
* [Binding an Ada Program|, page 30,
* [GNAT and Libraries], page 30,
* [Conditional Compilation], page 39,
* [Mixed Language Programming], page 51,
* [GNAT and Other Compilation Models|, page 74,
*
[

Using GNAT Files with External Tools], page 75,

3.1 Source Representation

Ada source programs are represented in standard text files, using Latin-1 coding. Latin-1 is
an 8-bit code that includes the familiar 7-bit ASCII set plus additional characters used for
representing foreign languages (see [Foreign Language Representation], page 8, for support
of non-USA character sets). The format effector characters are represented using their
standard ASCII encodings, as follows:

Character Effect Code

VT Vertical tab 16#0B#
HT Horizontal tab 16#09%#
CR Carriage return 16#0D#
LF Line feed 16#0A#
FF Form feed 16#0C#

Source files are in standard text file format. In addition, GNAT recognizes a wide variety
of stream formats, in which the end of physical lines is marked by any of the following
sequences: LF, CR, CR-LF, or LF-CR. This is useful in accommodating files imported from
other operating systems.
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The end of a source file is normally represented by the physical end of file. However, the
control character 16#1A# (SUB) is also recognized as signalling the end of the source file.
Again, this is provided for compatibility with other, legacy, operating systems where this
code is used to represent the end of file.

Each file contains a single Ada compilation unit, including any pragmas associated with
the unit. For example, this means you must place a package declaration (a package ‘spec’)
and the corresponding body in separate files. An Ada ‘compilation’ (which is a sequence of
compilation units) is represented using a sequence of files. Similarly, you place each subunit
or child unit in a separate file.

3.2 Foreign Language Representation

GNAT supports the standard character sets defined in Ada as well as several other non-
standard character sets for use in localized versions of the compiler ([Character Set Control],
page 147).

3.2.1 Latin-1

The basic character set is Latin-1. This character set is defined by ISO standard 8859,
part 1. The lower half (character codes 16#00# ... 16#7F#) is identical to standard ASCII
coding but the upper half is used to represent additional characters. These include extended
letters used by European languages, such as French accents, the vowels with umlauts used
in German, and the extra letter A-ring used in Swedish.

For a complete list of Latin-1 codes and their encodings, see the source file of library
unit Ada.Characters.Latin_1 in file a-chlatl.ads. You may use any of these extended
characters freely in character or string literals. In addition, the extended characters that
represent letters can be used in identifiers.

3.2.2 Other 8-Bit Codes
GNAT also supports several other 8-bit coding schemes:

‘ISO 8859-2 (Latin-2)’

Latin-2 letters allowed in identifiers, with uppercase and lowercase equivalence.
‘ISO 8859-3 (Latin-3)’

Latin-3 letters allowed in identifiers, with uppercase and lowercase equivalence.
‘ISO 8859-4 (Latin-4)’

Latin-4 letters allowed in identifiers, with uppercase and lowercase equivalence.
‘ISO 8859-5 (Cyrillic)’

ISO 8859-5 letters (Cyrillic) allowed in identifiers, with uppercase and lowercase

equivalence.
‘ISO 8859-15 (Latin-9)’

ISO 8859-15 (Latin-9) letters allowed in identifiers, with uppercase and lower-

case equivalence.

‘IBM PC (code page 437)’
This code page is the normal default for PCs in the US. It corresponds to the
original IBM PC character set. This set has some, but not all, of the extended
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Latin-1 letters, but these letters do not have the same encoding as Latin-1. In
this mode, these letters are allowed in identifiers with uppercase and lowercase
equivalence.

‘IBM PC (code page 850)’
This code page is a modification of 437 extended to include all the Latin-1
letters, but still not with the usual Latin-1 encoding. In this mode, all these
letters are allowed in identifiers with uppercase and lowercase equivalence.

‘Full Upper 8-bit’
Any character in the range 80-FF is allowed in identifiers and all are considered
distinct. In other words, there are no uppercase and lowercase equivalences in
this range. This is useful in conjunction with certain encoding schemes used for
some foreign character sets (e.g., the typical method of representing Chinese
characters on the PC).

‘No Upper-Half’
No upper-half characters in the range 80-FF are allowed in identifiers. This
gives Ada 83 compatibility for identifier names.

For precise data on the encodings permitted, and the uppercase and lowercase equivalences
that are recognized, see the file csets.adb in the GNAT compiler sources. You will need
to obtain a full source release of GNAT to obtain this file.

3.2.3 Wide_Character Encodings

GNAT allows wide character codes to appear in character and string literals, and also
optionally in identifiers, by means of the following possible encoding schemes:

‘Hex Coding’
In this encoding, a wide character is represented by the following five character
sequence:

ESC a b c d

where a, b, c, d are the four hexadecimal characters (using uppercase letters)
of the wide character code. For example, ESC A345 is used to represent the
wide character with code 16#A345#. This scheme is compatible with use of the
full Wide_Character set.

‘Upper-Half Coding’
The wide character with encoding 16#abcd# where the upper bit is on (in other
words, ‘a’ is in the range 8-F) is represented as two bytes, 16#ab# and 16#cd#.
The second byte cannot be a format control character, but is not required to
be in the upper half. This method can be also used for shift-JIS or EUC, where
the internal coding matches the external coding.

‘Shift JIS Coding’
A wide character is represented by a two-character sequence, 16#ab# and
16#cd#, with the restrictions described for upper-half encoding as described
above. The internal character code is the corresponding JIS character
according to the standard algorithm for Shift-JIS conversion. You can only
use characters defined in the JIS code set table with this encoding method.



Chapter 3: The GNAT Compilation Model 10

‘EUC Coding’
A wide character is represented by a two-character sequence 16#ab# and
16#cd#, with both characters being in the upper half. The internal character
code is the corresponding JIS character according to the EUC encoding
algorithm. You can only use characters defined in the JIS code set table with
this encoding method.

‘UTF-8 Coding’
A wide character is represented using UCS Transformation Format 8 (UTF-8)
as defined in Annex R of ISO 10646-1/Am.2. Depending on the character value,
the representation is a one, two, or three byte sequence:

16#0000#-16#007f#: 2#OxxxxXXXXH#
16#0080#-16#07ff#: 2#110xxxxx# 2#10xxXXXXX#
16#0800#-16#ffff#: 2#1110xxxx# 2#10xxxxxXx# 2#10xXXXXXX#

where the xxx bits correspond to the left-padded bits of the 16-bit character
value. Note that all lower half ASCII characters are represented as ASCII
bytes and all upper half characters and other wide characters are represented
as sequences of upper-half (The full UTF-8 scheme allows for encoding 31-bit
characters as 6-byte sequences the use of these sequences is documented in the
following section on wide wide characters.)

‘Brackets Coding’
In this encoding, a wide character is represented by the following eight character
sequence:

["abcd"]

where a, b, c, d are the four hexadecimal characters (using uppercase letters)
of the wide character code. For example, [‘A345’] is used to represent the wide
character with code 16#A345#. You can also (though you are not required
to) use the Brackets coding for upper half characters. For example, you can
represent the code 16#A3# as ['A3'].

This scheme is compatible with use of the full Wide_Character set, and is also
the method used for wide character encoding in some standard ACATS (Ada
Conformity Assessment Test Suite) test suite distributions.

Note: Some of these coding schemes do not permit the full use of the
Ada character set. For example, neither Shift JIS nor EUC allow the
use of the upper half of the Latin-1 set.

3.2.4 Wide_Wide_Character Encodings

GNAT allows wide wide character codes to appear in character and string literals, and also
optionally in identifiers, by means of the following possible encoding schemes:

‘UTF-8 Coding’
A wide character is represented using UCS Transformation Format 8 (UTF-8)
as defined in Annex R of ISO 10646-1/Am.2. Depending on the character value,
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the representation of character codes with values greater than 16#FFFF# is a
is a four, five, or six byte sequence:
16#01_0000#-16#10_FFFF#: 11110xxx 10xxxxxXx 10XXXXXX
10xXXXXXX
16#0020_0000#-16#03FF_FFFF#: 111110xx 10xxxxxXx 10XXXXXX
10xxxxxx 10XXXXXX
16#0400_0000#-16#7FFF_FFFF#: 1111110x 10xxxxxx 10XXXXXX
10xxxxxx 10xxxx%xxX 10XXXXXX
where the xxx bits correspond to the left-padded bits of the 32-bit character
value.

‘Brackets Coding’
In this encoding, a wide wide character is represented by the following ten or
twelve byte character sequence:

["abcdef "]

["abcdefgh"]
where a-h are the six or eight hexadecimal characters (using uppercase letters)
of the wide wide character code. For example, [“1F4567”] is used to represent
the wide wide character with code 16#001F_4567#.
This scheme is compatible with use of the full Wide_Wide_Character set, and

is also the method used for wide wide character encoding in some standard
ACATS (Ada Conformity Assessment Test Suite) test suite distributions.

3.3 File Naming Topics and Utilities

GNAT has a default file naming scheme, but and also provides you with a high degree
of control over how the names and extensions of your source files correspond to the Ada
compilation units that they contain.

3.3.1 File Naming Rules

GNAT determines the default file name by the name of the unit that the file contains. The
name is formed by taking the full expanded name of the unit, replacing the separating dots
with hyphens, and using lowercase for all letters.

An exception occurs if the file name generated by the above rules starts with one of the
characters a, g, i, or s and the second character is a hyphen. In this case, the character
tilde is used in place of the hypen. This special rule avoids clashes with the standard names
for child units of the packages System, Ada, Interfaces, and GNAT, which use the prefixes
s-, a-, i-, and g-, respectively.

The file extension is .ads for a spec and .adb for a body. The following table shows some
examples of these 