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1 Basic Ada

1.1 "Hello, world!" programs

1.1.1 "Hello, world!"

A common example of a language's syntax' is the Hello world program?. Here is a

straightforward Ada Implementation:

File: hello_world_1.adb

with Ada.Text_IO0

procedure Hello is
begin

Ada.Text_I0.Put_Line("Hello, world!");
end Hello;

The with statement adds the package Ada.Text_IO0 to the program. This package comes
with every Ada compiler and contains all functionality needed for textual Input/Output.
The with statement makes the declarations of Ada.Text_IO0 available to procedure Hello.
This includes the types declared in Ada.Text_IO, the subprograms of Ada.Text_IO0 and
everything else that is declared in Ada.Text_IO for public use. In Ada, packages can be
used as toolboxes. Text_IO0 provides a collection of tools for textual input and output in
one easy-to-access module. Here is a partial glimpse at package Ada.Text 10

package Ada.Text_I0 is

type Filepype is limited private;

— —morestuff

procedure Open(File : in out Filerype;
Mode : Filepjode
Name : String;
Form : String := "7);

— —morestuff

procedure Putpine (Item : String);

— —morestuff

1 http://en.wikipedia.org/wiki/Syntax_%28programming_languages’29
2 http://en.wikipedia.org/wiki/Hello_world_program
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end Ada.Text;O;

Next in the program we declare a main procedure. An Ada main procedure does not need
to be called "main". Any simple name is fine so here it is Hello. Compilers might allow
procedures or functions to be used as main subprograms. 3

The call on Ada.Text_I0.Put_Line writes the text "Hello World" to the current output file.

A with clause makes the content of a package visible by selection: we need to prefix the
procedure name Put_Line from the Text_I0 package with its full package name Ada.Text_-
I0. If you need procedures from a package more often some form of shortcut is needed.
There are two options open:

1.1.2 "Hello, world!" with renames

By renaming a package it is possible to give a shorter alias to any package name.* This
reduces the typing involved while still keeping some of the readability.

File: hello_world_2.adb

with Ada.Text_IO

procedure Hello is
package I0 renames Ada.Text_IO0;

begin

I0.Put_Line("Hello, world!");

I0.New_Line;

I0.Put_Line("I am an Ada program with package rename.");
end Hello;

1.1.3 "Hello, world!" with use

The use clause makes all the content of a package directly visible. It allows even less typing
but removes some of the readability. One suggested "rule of thumb": use for the most used
package and renames for all other packages. You might have another rule (for example,
always use Ada.Text_IO. never use anything else).

3 Main subprograms may even have parameters; it is implementation-defined what kinds of subprograms
can be used as main subprograms. The reference manual explains the details in 10.2 LRM 10.2(29)
“{http://www.adaic.org/resources/add_content/standards/05rm/html/RM-10-2.html} : “..., an
implementation is required to support all main subprograms that are public parameterless library
procedures.” Library means not nested in another subprogram, for example, and other things that
needn't concern us now.

4 renames can also be used for procedures, functions, variables, array elements. It can not be used for
types - a type rename can be accomplished with subtype.
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Compiling the "Hello, world!" program

File: hello_world_3.adb

with Ada.Text_IOuse Ada.Text_I0;

procedure Hello is

begin

Put_Line("Hello, world!");

New_Line;

Put_Line("I am an Ada program with package use.");
end Hello;

use can be used for packages and in the form of use type for types. use type makes only
the operators® of the given type directly visible but not any other operations on the type.

1.2 Compiling the "Hello, world!" program

For information on how to build the "Hello, world!" program on various compilers, see the
Building® chapter.

1.2.1 FAQ: Why is "Hello, world!" so big?

Ada beginners frequently ask how it can be that such a simple program as "Hello, world!"
results in such a large executable. The reason has nothing to do with Ada but can usually
be found in the compiler and linker options used — or better, not used.

Standard behavior for Ada compilers — or good compilers in general — is not to create the
best code possible but to be optimized for ease of use. This is done to ensure a system that
works "out of the box" and thus does not frighten away potential new users with unneeded
complexity.

The GNAT project files, which you can download” alongside the example programs, use
better tuned compiler, binder and linker options. If you use those your "Hello, world!" will
be a lot smaller:

32K ./Linux-i686-Debug/hello_world_1
8.0K ./Linux-i686-Release/hello_world_1

36K ./Linux-x86_64-Debug/hello_world_1

12K ./Linux-x86_64-Release/hello_world_1

1.1M ./Windows_NT-i686-Debug/hello_world_1.exe
16K ./Windows_NT-i686-Release/hello_world_1.exe
32K ./VMS-AXP-Debug/hello_world_1.exe

12K ./VMS-AXP-Release/hello_world_1.exe

5 Chapter 37 on page 301
6 Chapter 3 on page 29
7 https://sourceforge.net/project/showfiles.php?group_id=124904
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For comparison the sizes for a plain gnat make compile:

497K hello_world_1 (Linux i686)

500K hello_world_1 (Linux x86_64)

1.5M hello_world_1.exe (Windows_NT i686)
589K hello_world_1.exe (VMS AXP)

Worth mentioning is that hello world (Ada,C,C++) compiled with GNAT/MSVC
7.1/GCC(C) all produces executables with approximately the same size given comparable

optimisation and linker methods.

1.3 Things to look out for

It will help to be prepared to spot a number of significant features of Ada that are important

for learning its syntax and semantics.

1.3.1 Comb Format

There is a comb format in all the control structures and module structures. See the following
examples for the comb format. You don't have to understand what the examples do yet -

just look for the similarities in layout.

if Boolean expression then
statements

elsif Boolean expression then
statements

else
statements

end if;

while Boolean expression loop
statements
end loop;

for wvariable in range loop
statements
end loop;

declare
declarations
begin
statements
exception
handlers
end;

procedure P (parameters : in out type) is
declarations

begin
statements
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exception
handlers
end P;

function F (parameters : in type) return type is
declarations

begin
statements

exception
handlers

end F;

package P is
declarations
private
declarations
end P;

generic
declarations
package P is
declarations
private
declarations
end P;

generic
declarations
procedure P (parameters : in out type);

Note that semicolons consistently terminate statements and declarations; the empty line (or
a semicolon alone) is not a valid statement: the null statement is

null;

1.3.2 Type and subtype

There is an important distinction between type and subtype: a type is given by a set of
values and their operations. A subtype is given by a type, and a constraint that limits the
set of values. Values are always of a type. Objects (constants and variables) are of a subtype.
This generalizes, clarifies and systematizes a relationship, e.g. between Integer and 1..100,
that is handled ad hoc in the semantics of Pascal®.

1.3.3 Constrained types and unconstrained types

There is an important distinction between constrained types and unconstrained types. An
unconstrained type has one or more free parameters that affect its size or shape. A
constrained type fixes the values of these parameters and so determines its size and shape.

8 http://en.wikipedia.org/wiki/Pascal’,20programming’20language


http://en.wikipedia.org/wiki/Pascal%20programming%20language

Basic Ada

Loosely speaking, objects must be of a constrained type, but formal parameters may be of
an unconstrained type (they adopt the constraint of any corresponding actual parameter).
This solves the problem of array parameters in Pascal (among other things).

1.3.4 Dynamic types

Where values in Pascal® or C10 must be static (e.g. the subscript bounds of an array) they
may be dynamic in Ada. However, static expressions are required in certain cases where
dynamic evaluation would not permit a reasonable implementation (e.g. in setting the
number of digits of precision of a floating point type).

1.3.5 Separation of concerns

Ada consistently supports a separation of interface and mechanism. You can see this in the
format of a package'!, which separates its declaration from its body; and in the concept of
a private type, whose representation in terms of Ada data structures is inaccessible outside
the scope containing its definition.

1.4 Where to ask for help

Most Ada experts lurk on the Usenet newsgroups'? comp.lang.ada (English) and
fr.comp.lang.ada (French); they are accessible either with a newsreader'? or through one of
the many web interfaces. This is the place for all questions related to Ada.

People on these newsgroups are willing to help but will not do students' homework for them;
they will not post complete answers to assignments. Instead, they will provide guidance for
students to find their own answers.

For more online resources, see the External links'# section in this wikibook's introduction.

1.5 Notes

9 http://en.wikipedia.org/wiki/Pascal’20programming?20language

10  http://en.wikipedia.org/wiki/C)20programming?20language

11  Chapter 17 on page 133

12 http://en.wikipedia.org/wiki/Newsgroup

13 http://en.wikipedia.org/wiki/News_client

14  http://en.wikibooks.org/wiki/Ada’%20Programming23External’20links
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2 Installing

Ada compilers! are available from several vendors, on a variety of host and target platforms.
The Ada Resource Association? maintains a list of available compilers?.

Below is an alphabetical list of available compilers with additional comments.

2.1 AdaMagic from SofCheck

SofCheck* produces an Ada 95 front-end that can be plugged into a code generating back-end
to produce a full compiler. This front-end is offered for licensing to compiler vendors.

Based on this front-end, SofCheck offers:

e AdaMagic, an Ada-to-C translator
« AppletMagic, an Ada-to-Java® bytecode compiler

Commercial; proprietary.

2.2 AdaMULTI from Green Hills Software

Green Hills Software sells development environments for multiple languages and multiple
targets (including DSP%s), primarily to embedded software developers.

Languages supported Ada 83, Ada 95, C, C++, Fortran

License for the run-time proprietary

library

Native platforms GNU/Linux on i386, Microsoft Windows on 1386,
and Solaris on SPARC

Cross platforms INTEGRITY, INTEGRITY-178B and velOSity

from Green Hills; VxWorks from Wind River; sev-
eral bare board targets. Safety-critical GMART
and GSTART run-time libraries certified to DO-
178B level A.

Available from http://www.ghs.com/

http://en.wikipedia.org/wiki/Compiler

http://www.adaic.com

http://www.adaic.com/compilers/comp-tool.html
http://www.sofcheck.com/
http://en.wikibooks.org/wiki/Ada_Programmingy2FPlatform},2FVM/,2F Java
http://en.wikipedia.org/wiki/Digital’20signal,20processor
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Support Comumercial
Add-ons included IDE, debugger, TimeMachine, integration with
various version control systems, source browsers,
other utilities

GHS claims to make great efforts to ensure that their compilers produce the most efficient
code and often cites the EEMBCT benchmark results as evidence, since many of the results
published by chip manufacturers use GHS compilers to show their silicon in the best light,
although these benchmarks are not Ada specific.

GHS has no publicly announced plans to support the new Ada standard published in 2007
but they do continue to actively market and develop their existing Ada products.

2.3 DEC Ada from HP

DEC Ada is an Ada 83 compiler for OpenVMS®. While “DEC Ada” is probably the name
most users know, the compiler is now called “ HP Ada®”. It had previously been known also
by names of "VAX Ada" and "Compaq Ada'".

« Ada for OpenVMS Alpha Installation Guide!? (PDF)
o+ Ada for OpenVMS VAX Installation Guide!! (PDF)

2.4 GNAT, the GNU Ada Compiler from AdaCore and the
Free Software Foundation

GNAT! is the free GNU Ada compiler, which is part of the GNU Compiler Collection!3.
It is the only Ada compiler that supports all of the optional annexes of the language
standard. The original authors formed the company AdaCore!? to offer professional support,
consulting, training and custom development services. It is thus possible to obtain GNAT
from many different sources, detailed below.

GNAT is always licensed under the terms of the GNU General Public License'®.
However, the run-time library uses either the GPL!, or the GNAT Modified GPL'7,

depending on where you obtain it.

7 http://www.eembc.com

8 http://en.wikipedia.org/wiki/OpenVMS

9 http://h71000.www7.hp.com/commercial/ada/ada_index.html

10  http://h71000.www7.hp.com/commercial/ada/ada_avms_ig.pdf

11  http://h71000.www7.hp.com/commercial/ada/ada_vvms_ig.pdf

12 http://en.wikipedia.org/wiki/GNAT

13 http://en.wikipedia.org/wiki/GNU_Compiler_Collection

14  http://www.adacore.com

15  http://en.wikipedia.org/wiki/GNU)%20General’,20Public}20License
16  http://en.wikipedia.org/wiki/GNU)%20General},20Public}20License
17  http://en.wikipedia.org/wiki/GNAT/20Modified’,20General’,20Public20License
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GNAT, the GNU Ada Compiler from AdaCore and the Free Software Foundation

Several optional add-ons are available from various places:

o ASIS, the Ada Semantic Interface Specification'®, is a library that allows Ada programs
to examine and manipulate other Ada programs.

« FLORIST' is a library that provides a POSIX programming interface to the operating
System.

o GDB, the GNU Debugger, with Ada extensions.

e« GLADE implements Annex E, the Distributed Systems Annex. With it, one can write
distributed programs in Ada, where partitions of the program running on different
computers communicate over the network with one another and with shared objects.

e GPS, the GNAT Programming Studio, is a full-featured integrated development environ-
ment, written in Ada. It allows you to code in Ada, C and C++.

Many Free Software libraries are also available.

2.4.1 GNAT GPL Edition

This is a source and binary release from AdaCore, intended for use by Free Software
developers only. If you want to distribute your binary programs linked with the GPL
run-time library, then you must do so under terms compatible with the GNU General Public
License.

As of GNAT GPL Edition 2011:

Languages supported Ada 83, Ada 95, Ada 2005, Ada 2012, C, C++
License for the run-time pure GPL

library

Native platforms GNU/Linux on i386 and x86_ 64; Microsoft Win-

dows on i386; Microsoft .NET on i386; Mac OS X
(Darwin, x86_64); Solaris on SPARC.

Cross platforms AVR, hosted on Windows; Java VM, hosted on
Windows; Mindstorms NXT, hosted on Windows

Compiler back-end GCC 4.5.3

Available from http://libre.adacore.com/ (requires free regis-
tration)

Support None

Add-ons included GDB, GNATbench (Eclipse plug-in), GPS in
source and binary form; many more in source-only
form.

2.4.2 GNAT Modified GPL releases

With these releases of GNAT, you can distribute your programs in binary form under
licensing terms of your own choosing; you are not bound by the GPL.

18  http://en.wikipedia.org/wiki/Ada/20Semantic%20Interface20Specification
19  http://en.wikibooks.org/wiki/Ada%20Programming2FPlatform)2FPOSIX
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GNAT 3.15p

This is the last public release of GNAT from AdaCore that uses the GNAT Modified General

Public License?°.

GNAT 3.15p has passed the Ada Conformity Assessment Test Suite?! (ACATS??). It was
released in October 2002.

The binary distribution from AdaCore also contains an Ada-aware version of the GNU
Debugger (GDB?3), and a graphical front-end to GDB called the GNU Visual Debugger
(GVD).

Languages supported Ada 83, Ada 95, C

License for the run-time GNAT-modified GPL

library

Native platforms GNU/Linux on i386 (with glibc 2.1 or later),

Microsoft Windows on 1386, OS/2 2.0 or later on
1386, Solaris 2.5 or later on SPARC

Cross platforms none
Compiler back-end GCC 2.8.1
Available from ftp://ftp.cs.kuleuven.ac.be/pub/Ada-
Belgium /mirrors/gnu-ada/3.15p/
Support None
Add-ons included ASIS, Florist, GLADE, GDB, Gnatwin (on Win-

dows only), GtkAda 1.2, GVD

GNAT Pro

GNAT Pro is the professional version of GNAT, offered as a subscription package by
AdaCore. The package also includes professional consulting, training and maintenance
services. AdaCore can provide custom versions of the compiler for native or cross development.
For more information, see http://www.adacore.com/.

Languages supported Ada 83, Ada 95, Ada 2005, Ada 2012, C, and
optionally C++

License for the run-time GNAT-modified GPL

library

Native platforms many, see http://www.adacore.com/home/
products/gnatpro/supported_platforms/

Cross platforms many, see http://www.adacore.com/home/
products/gnatpro/supported_platforms/;
even more on request

20 http://en.wikipedia.org/wiki/GNAT},20Modified,20General’,20Public20License
21  http://en.wikipedia.org/wiki/IS0%2018009

22 http://en.wiktionary.org/wiki/ACATS

23  http://en.wikipedia.org/wiki/GDB
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GNAT, the GNU Ada Compiler from AdaCore and the Free Software Foundation

Compiler back-end GCC 4.3

Available from http://www.adacore.com/ by subscription (com-
mercial)

Support Commercial; customer-only bug database

Add-ons included ASIS, Florist, GDB, GLADE, GPS, GtkAda,
XML/Ada, and many more in source and, on
request, binary form.

GCC

GNAT has been part of the Free Software Foundation?'s GCC? since October 2001.
The Free Software Foundation does not distribute binaries, only sources. Its licensing of
the run-time library for Ada (and other languages) allows the development of proprietary
software without necessarily imposing the terms of the GPL?S.

Most GNU/Linux distributions and several distributions for other platforms include prebuilt
binaries; see below.

For technical reasons, we recommend against using the Ada compilers included in GCC 3.1,
3.2, 3.3 and 4.0. Instead, we recommend using GCC 3.4, 4.1 or later, or one of the releases
from AdaCore?” (3.15p, GPL Edition or Pro).

Since October 2003, AdaCore merge most of their changes from GNAT Pro into GCC during
Stage 128; this happens once for each major release. Since GCC 3.4, AdaCore has gradually
added support for revised language standards, first Ada 2005 and now Ada 2012.

GCC version 4.4 switched to version 3 of the GNU General Public License?® and grants
a Runtime Library Exception®® similar in spirit to the GNAT Modified General Public
License®! used in all previous versions. This Runtime Library Exception applies to run-time
libraries for all languages, not just Ada.

As of GCC 4.7, released on 2012-03-22:

Languages supported Ada 83, Ada 95, Ada 2005, parts of Ada 2012, C,
C++, Fortran 95, Java, Objective-C, Objective-
C++ (and others)

License for the run-time GPL version 3% with Runtime Library Excep-
library tion33
Native platforms none (source only)

24 http://www.fsf.org/

25  http://gcc.gnu.org/

26  http://en.wikipedia.org/wiki/GNU%20General’,20Public%20License

27  http://www.adacore.com

28  http://gcc.gnu.org/develop.html#stagel

29  http://www.gnu.org/licenses/gpl.html

30 http://www.gnu.org/licenses/gcc-exception.html

31 http://en.wikipedia.org/wiki/GNAT%20Modified’20General’%20Public’20License
32 http://www.gnu.org/licenses/gpl.html

33 http://www.gnu.org/licenses/gcc-exception.html
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Cross platforms none (source only)

Compiler back-end GCC 4.7

Available from http://gcc.gnu.org/ in source only form.
Support Volunteer; public bug database

Add-ons included none

2.4.3 The GNU Ada Project

The GNU Ada Project®* provides s