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Preface

The entire text of the Reference Manual for the Ada Programming Language
(ANSI/MIL-STD-1815A-1983, 1S0/8652-1987) is reprinted in this manual.
In addition, this manual contains VAX Ada implementation information and
Digital-supplied supplementary examples and text.

VAX Ada information appears in chapters 1, 2, 3, 4, 6, 9, 10, 11, 12, 13, and
14, Annexes A, B, and C, and Appendices D and F. Appendix G, added by
Digital for this edition of the VAX Ada Language Reference Manual, lists any
further interpretations of the standard Ada language that have been made
between the publication of the standard and the publication of this manual.
Footnotes referring to that appendix appear throughout this manual.

Intended Audience

This manual is intended for all programmers. who are designing or imple-
menting applications using Ada. Its readers should understand the concepts
of programming in Ada and have some familiarity with the VMS operating
system.

Structure of This Document

This manual has fourteen chapters, three annexes, and four appendices.

* Chapter 1 contains a description of the Ada language standard, a lan-
guage overview, a characterization of VAX Ada, and a description of the
syntax notation.

e Chapter 2 provides detailed information on the lexical elements.

XV



Xvi

Chapter 3 describes Ada types and the rules for declaring constants,
variables, and named numbers. It gives the additional VAX Ada integer
and floating point types, and describes the VAX Ada pragma LONG_
FLOAT.

Chapter 4 gives the rules for names and expressions.

Chapter 5 gives the general rules that apply to all Ada statements, as
well as the syntax and semantics of most of those statements.

Chapter 6 gives the rules relating to subprograms, and notes the VAX
Ada implementation of the pragma INLINE.

Chapter 7 gives the rules relating to packages.

Chapter 8 gives the rules defining the scope of declarations, as well as
the rules defining the visibility of identifiers at various points in the text
of a program.

Chapter 9 explains Ada tasks. It also notes the VAX Ada implementation
of the pragma SHARED and describes the VAX Ada pragmas TIME_
SLICE and VOLATILE, as well as the VAX Ada pragma and attribute
AST_ENTRY.

Chapter 10 explains the overall structure of programs and the facilities
for separate compilation.

Chapter 11 defines the facilities for dealing with errors or exceptions
that arise during program execution. It notes the VAX Ada treatment of
the pragma SUPPRESS and presents the VAX Ada pragma SUPPRESS_
ALL.

Chapter 12 explains the use of generic units and the process of instan-
tiation. It also presents the VAX Ada pragmas INLINE_GENERIC and
SHARE_GENERIC.

Chapter 13 describes representation clauses and certain VAX Ada
features for systems programming. It describes the VAX Ada interpre-
tations of the pragma PACK, the attributes SIZE, STORAGE_SIZE, and
SMALL, and presents the VAX Ada pragmas MAIN_STORAGE and
TASK_STORAGE. It also gives the VAX Ada additions to the package
SYSTEM, the VAX Ada interpretations of the representation attributes
ADDRESS and SIZE, and describes the VAX Ada representation at-
tributes BIT and MACHINE_SIZE. Finally, chapter 13 presents the
VAX Ada interpretation of the pragma INTERFACE and describes the
VAX Ada pragmas IMPORT_FUNCTION, IMPORT_PROCEDURE,
IMPORT_VALUED_PROCEDURE, EXPORT_FUNCTION, EXPORT_
PROCEDURE, EXPORT_VALUED_PROCEDURE, IMPORT_OBJECT,
EXPORT_OBJECT, PSECT_OBJECT, IMPORT_EXCEPTION, and
EXPORT_EXCEPTION.



* Chapter 14 gives detailed information on all input and output packages.
In addition to the standard input-output packages (SEQUENTIAL_IO,
DIRECT_IO, and TEXT_IO), it presents the VAX Ada input-output
packages (RELATIVE_IO, INDEXED_IO, SEQUENTIAL_MIXED_IO,
RELATIVE_MIXED_IO, INDEXED_MIXED_IO, and DIRECT_MIXED_
10) and the VAX Ada package AUX_IO_EXCEPTIONS.

* Annex A summarizes the language attributes.

* Annex B summarizes all pragmas and defines the pragmas IDENT,
LIST, OPTIMIZE, PAGE, and TITLE.

e Annex C presents the specification of the package STANDARD.

e Appendix D is a glossary of Ada terms. It is not part of the standard
definition of the Ada language.

¢ Appendix E contains a syntax summary of the Ada language. It is not
part of the standard definition of the Ada language.

e Appendix F lists the VAX Ada implementation-dependent characteristics.
It is not part of the standard definition of the Ada language.

¢ Appendix G presents summaries of any Ada language interpretations
made or recommended between the publication of the Reference Manual
for the Ada Programming Language and the publication of this edition of
the VAX Ada Language Reference Manual.

Associated Documents

The following VAX Ada and VMS documents contain information of interest
to Ada programmers.

VAX Ada Documentation

Developing Ada Programs on VMS Systems shows how to compile, link, run,
and debug Ada programs. It also gives information on the VAX Ada program
library manager and its commands and suggests ways of structuring and
managing Ada program libraries.

The VAX Ada Run-Time Reference Manual gives system-related information.
It presents information on VAX Ada storage allocation and object represen-
tations, and explains how to use operating system components external to
the language (for example, system services). It also explains how to use Ada
features related to the operating system (such as multitasking and input-
output), how to use code written in other VAX languages in an Ada program,
and how to improve the run-time performance of VAX Ada programs.
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The VAX Ada Installation Guide gives step-by-step instructions for installing
the VAX Ada compiler and the VAX Ada HELP file.

The VAX Ada and VAXELN Ada Technical Summary characterizes VAX

Ada and VAXELN Ada by answering a series of questions familiar to the
general Ada community and published as the Ada-Europe Guidelines for
Ada compiler specification and selection.

VMS Documentation

The Guide to Using VMS or VMS General User’s Manual gives information
useful to those who are new to the VMS operating system. These man-
uals discuss using the terminal, creating and handling files, editing and
formatting, and specifying device, directory, and file names.

Other pertinent reference material can be found in the Guide to VMS File
Applications, VMS Run-Time Library Routines Volume, and Introduction to
VMS System Routines.

For a complete list of all documents in the VMS documentation set, see the
VMS Master Index.

Conventions

Xviii

This manual uses the conventions described in section 1.5. The Ada lan-
guage syntax is described using a simple variant of Backus-Naur-Form.

Colored print distinguishes VAX Ada insertions.



New and Changed Features

The following features have changed or have been added to VAX Ada since
Version 1.0:

The DEC Multinational Character Set is allowed in VAX Ada comments
(see 2.7).

The size of a fixed point type is now determined by its delta and range,
and rounded up to an 8-, 16-, or 32-bit boundary (see 3.5.9 and 13.2).

The use of renamed subprograms is allowed with the pragmas INLINE,
INTERFACE, IMPORT_FUNCTION, IMPORT_PROCEDURE, and
IMPORT_VALUED_PROCEDURE (see 6.3.2, 13.9, and 13.9a.1.1).

The definitions or interpretations of the pragmas VOLATILE and
INTERFACE have been amended (see 9.11 and 13.9).

Support has been added for the pragma SHARED (see 9.11).

A procedure declared with the pragma EXPORT_VALUED_
PROCEDURE that has one formal out parameter that is of a
discrete type can be a main program (see 10.1 and Appendix F).

In response to Ada interpretation AI-00387, VAX Ada raises
CONSTRAINT_ERROR wherever the standard requires that
NUMERIC_ERROR be raised (see 11.1).

Support has been added for the pragma SUPPRESS (see 11.7).

Five new implementation defined pragmas—INLINE_GENERIC,
SHARE_GENERIC, MAIN_STORAGE, EXPORT VALUED_
PROCEDURE, and IDENT—have been added (see 12.1a, 12.1b,
13.2b, 13.9a.1.4, and Annex B).

Record component values may be biased when a component clause
requires a very small component storage space (see 13.4).

Address clauses are allowed for objects (see 13.5).

Xix



XX

The enumeration literal VAXELN has been added to the type
SYSTEM.NAME (see 13.7). Also, an enumeration representation clause
has been added for this type (see 13.7 and Appendix F).

Two conversion operations—TO_UNSIGNED_LONGWORD and
TO_ADDRESS—have been added to the package SYSTEM (see 13.7a.6).

A function—IMPORT_VALUE—for importing link-time global symbols
has been added to the package SYSTEM (see 13.7a.8).

A number of hardware-related types and operations have been

added to the package SYSTEM: the type ALIGNED_WORD, and the
operations READ_REGISTER, WRITE_REGISTER, MFPR, MTPR,
ADD_INTERLOCKED, CLEAR_INTERLOCKED, SET_INTERLOCKED,
INSQ_STATUS, REMQ_STATUS, INSQHI, INSQTI, REMQHI, and
REMQTI (see 13.7a.9 and 13.7a.10).

A FIRST _OPTIONAL_PARAMETER option has been added to the

pragmas IMPORT_FUNCTION, IMPORT_PROCEDURE, and IMPORT_
VALUED_PROCEDURE (see 13.9a.1.1).

A RESULT_MECHANISM option has been added to the pragma
IMPORT_FUNCTION (see 13.9a.1.1).

'The VAX Ada defined enumeration type RELATION_TYPE has been

respecified to accommodate the use of descending keys with indexed
input-output files (see 14.2a).

Length clauses have been added for the types STANDARD.CHARACTER
and STANDARD.DURATION (see Annex C).

The maximum number of characters in an identifier and a source line
has been increased to 255 (see Appendix F).



Chapter 1

Introduction

1 Ada is a programming language designed in accordance with requirements
defined by the United States Department of Defense: the so-called Steelman
requirements. Overall, these requirements call for a language with
considerable expressive power covering a wide application domain. As a
result, the language includes facilities offered by classical languages such
as Pascal as well as facilities often found only in specialized languages.
Thus the language is a modern algorithmic language with the usual control
structures, and with the ability to define types and subprograms. It also
serves the need for modularity, whereby data, types, and subprograms can
be packaged. It treats modularity in the physical sense as well, with a
facility to support separate compilation.

2 In addition to these aspects, the language covers real-time programming,
with facilities to model parallel tasks and to handle exceptions. It also
covers systems programming; this requires precise control over the
representation of data and access to system-dependent properties. Finally,
both application-level and machine-level input-output are defined.

1.1 Scope of the Standard

1 This standard specifies the form and meaning of program units written in
Ada. Its purpose is to promote the portability of Ada programs to a variety
of data processing systems.
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1.1.1 Extent of the Standard

13

14

This standard specifies:

(a)
(b)
(e

(d)

(e)

®

(&

The form of a program unit written in Ada.
The effect of translating and executing such a program unit.

The manner in which program units may be combined to form Ada
programs.

The predefined program units that a conforming implementation must
supply.

The permissible variations within the standard, and the manner in
which they must be specified.

Those violations of the standard that a conforming implementation is
required to detect, and the effect of attempting to translate or execute
a program unit containing such violations.

Those violations of the standard that a conforming implementation is
not required to detect.

This standard does not specify:

(h)

Y

@

(k)

@

(m)

The means whereby a program unit written in Ada is transformed into
object code executable by a processor.

The means whereby translation or execution of program units is
invoked and the executing units are controlled.

The size or speed of the object code, or the relative execution speed of
different language constructs.

The form or contents of any listings produced by implementations; in
particular, the form or contents of error or warning messages.

The effect of executing a program unit that contains any violation that
a conforming implementation is not required to detect.

The size of a program or program unit that will exceed the capacity of
a particular conforming implementation.

Where this standard specifies that a program unit written in Ada has an
exact effect, this effect is the operational meaning of the program unit and
must be produced by all conforming implementations. Where this standard
specifies permissible variations in the effects of constituents of a program
unit written in Ada, the operational meaning of the program unit as a whole
is understood to be the range of possible effects that result from all these
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variations, and a conforming implementation is allowed to produce any of
these possible effects. Examples of permissible variations are:

17 * The represented values of fixed or floating numeric quantities, and the
results of operations upon them.

18 * The order of execution of statements in different parallel tasks, in the
absence of explicit synchronization.

1.1.2

Conformity of an Implementation With the Standard

1 A conforming implementation is one that:!

2 (a) Correctly translates and executes legal program units written in Ada,
provided that they are not so large as to exceed the capacity of the
implementation.

3 (b) Rejects all program units that are so large as to exceed the capacity of
the implementation.

4 (c) Rejects all program units that contain errors whose detection is
required by the standard.

5 (d) Supplies all predefined program units required by the standard.
6 (e) Contains no variations except where the standard permits.

7 (f) Specifies all such permitted variations in the manner prescribed by the
standard.

1.2 Structure of the Standard

1 This reference manual contains fourteen chapters, three annexes, three
appendices, and an index.

2 Each chapter is divided into sections that have a common structure.
Each section introduces its subject, gives any necessary syntax rules, and
describes the semantics of the corresponding language constructs. Examples
and notes, and then references, may appear at the end of a section.

3 Examples are meant to illustrate the possible forms of the constructs
described. Notes are meant to emphasize consequences of the rules
described in the section or elsewhere. References are meant to attract the
attention of readers to a term or phrase having a technical meaning defined
in another section.

1 See also Appendix G, AI-00325.

1-3

Structure of the Standard 1.2



The standard definition of the Ada programming language consists of the
fourteen chapters and the three annexes, subject to the following restriction:
the material in each of the items listed below is informative, and not part of
the standard definition of the Ada programming language:

* Section 1.3 Design goals and sources
¢ Section 1.4 Language summary
e The examples, notes, and references given at the end of each section

¢ Each section whose title starts with the word “Example” or “Examples”

1.3 Design Goals and Sources

1

Ada was designed with three overriding concerns: program reliability and
maintenance, programming as a human activity, and efficiency.

The need for languages that promote reliability and simplify maintenance is
well established. Hence emphasis was placed on program readability over
ease of writing. For example, the rules of the language require that program
variables be explicitly declared and that their type be specified. Since

the type of a variable is invariant, compilers can ensure that operations

on variables are compatible with the properties intended for objects of

the type. Furthermore, error-prone notations have been avoided, and the
syntax of the language avoids the use of encoded forms in favor of more
English-like constructs. Finally, the language offers support for separate
compilation of program units in a way that facilitates program development
and maintenance, and which provides the same degree of checking between
units as within a unit.

Concern for the human programmer was also stressed during the design.
Above all, an attempt was made to keep the language as small as possible,
given the ambitious nature of the application domain. We have attempted
to cover this domain with a small number of underlying concepts integrated
in a consistent and systematic way. Nevertheless we have tried to avoid
the pitfalls of excessive involution, and in the constant search for simpler
designs we have tried to provide language constructs that correspond
intuitively to what the users will normally expect.

Like many other human activities, the development of programs is becoming
ever more decentralized and distributed. Consequently, the ability to
assemble a program from independently produced software components

has been a central idea in this design. The concepts of packages, of private
types, and of generic units are directly related to this idea, which has
ramifications in many other aspects of the language.
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No language can avoid the problem of efficiency. Languages that require
over-elaborate compilers, or that lead to the inefficient use of storage

or execution time, force these inefficiencies on all machines and on all
programs. Every construct of the language was examined in the light

of present implementation techniques. Any proposed construct whose
implementation was unclear or that required excessive machine resources
was rejected.

None of the above design goals was considered as achievable after the fact.
The design goals drove the entire design process from the beginning.

A perpetual difficulty in language design is that one must both identify
the capabilities required by the application domain and design language
features that provide these capabilities. The difficulty existed in this
design, although to a lesser degree than usual because of the Steelman
requirements. These requirements often simplified the design process by
allowing it to concentrate on the design of a given system providing a well
defined set of capabilities, rather than on the definition of the capabilities
themselves.

Another significant simplification of the design work resulted from earlier
experience acquired by several successful Pascal derivatives developed with
similar goals. These are the languages Euclid, Lis, Mesa, Modula, and Sue.
Many of the key ideas and syntactic forms developed in these languages
have counterparts in Ada. Several existing languages such as Algol 68
and Simula, and also recent research languages such as Alphard and Clu,
influenced this language in several respects, although to a lesser degree
than did the Pascal family.

Finally, the evaluation reports received on an earlier formulation (the
Green language), and on alternative proposals (the Red, Blue, and Yellow
languages), the language reviews that took place at different stages of
this project, and the thousands of comments received from fifteen different
countries during the preliminary stages of the Ada design and during the
ANSI canvass, all had a significant impact on the standard definition of the
language.

1.4 Language Summary

1

An Ada program is composed of one or more program units. These program
units can be compiled separately. Program units may be subprograms
(which define executable algorithms), package units (which define collections
of entities), task units (which define parallel computations), or generic
units (which define parameterized forms of packages and subprograms).
Each unit normally consists of two parts: a specification, containing the
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information that must be visible to other units, and a body, containing the
implementation details, which need not be visible to other units.

2 This distinction of the specification and body, and the ability to compile units
separately, allows a program to be designed, written, and tested as a set of
largely independent software components.

3 An Ada program will normally make use of a library of program units
of general utility. The language provides means whereby individual
organizations can construct their own libraries. The text of a separately
compiled program unit must name the library units it requires.

4 Program Units

5 A subprogram is the basic unit for expressing an algorithm. There are
two kinds of subprograms: procedures and functions. A procedure is the
means of invoking a series of actions. For example, it may read data, update
variables, or produce some output. It may have parameters, to provide a
controlled means of passing information between the procedure and the
point of call.

6 A function is the means of invoking the computation of a value. It is similar
to a procedure, but in addition will return a result.

7 A package is the basic unit for defining a collection of logically related
entities. For example, a package can be used to define a common pool
of data and types, a collection of related subprograms, or a set of type
declarations and associated operations. Portions of a package can be hidden
from the user, thus allowing access only to the logical properties expressed
by the package specification.

8 A task unit is the basic unit for defining a task whose sequence of actions
may be executed in parallel with those of other tasks. Such tasks may
be implemented on multicomputers, multiprocessors, or with interleaved
execution on a single processor. A task unit may define either a single
executing task or a task type permitting the creation of any number of
similar tasks.

9 Declarations and Statements

10 The body of a program unit generally contains two parts: a declarative part,
which defines the logical entities to be used in the program unit, and a
sequence of statements, which defines the execution of the program unit.

11 The declarative part associates names with declared entities. For example,
a name may denote a type, a constant, a variable, or an exception. A
declarative part also introduces the names and parameters of other nested
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16

18

subprograms, packages, task units, and generic units to be used in the
program unit.

The sequence of statements describes a sequence of actions that are to

be performed. The statements are executed in succession (unless an exit,
return, or goto statement, or the raising of an exception, causes execution to
continue from another place).

An assignment statement changes the value of a variable. A procedure call
invokes execution of a procedure after associating any actual parameters
provided at the call with the corresponding formal parameters.

Case statements and if statements allow the selection of an enclosed se-
quence of statements based on the value of an expression or on the value of
a condition.

The loop statement provides the basic iterative mechanism in the language.
A loop statement specifies that a sequence of statements is to be executed
repeatedly as directed by an iteration scheme, or until an exit statement is
encountered.

A block statement comprises a sequence of statements preceded by the
declaration of local entities used by the statements.

Certain statements are only applicable to tasks. A delay statement delays
the execution of a task for a specified duration. An entry call statement

is written as a procedure call statement; it specifies that the task issuing
the call is ready for a rendezvous with another task that has this entry.
The called task is ready to accept the entry call when its execution reaches
a corresponding accept statement, which specifies the actions then to be
performed. After completion of the rendezvous, both the calling task and the
task having the entry may continue their execution in parallel. One form
of the select statement allows a selective wait for one of several alternative
rendezvous. Other forms of the select statement allow conditional or timed
entry calls.

Execution of a program unit may encounter error situations in which normal
program execution cannot continue. For example, an arithmetic computation
may exceed the maximum allowed value of a number, or an attempt may

be made to access an array component by using an incorrect index value.

To deal with such error situations, the statements of a program unit can be
textually followed by exception handlers that specify the actions to be taken
when the error situation arises. Exceptions can be raised explicitly by a
raise statement.

Language Summary 1.4
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21

22

23

24

25

26

27

Data Types

Every object in the language has a type, which characterizes a set of values
and a set of applicable operations. The main classes of types are scalar types
(comprising enumeration and numeric types), composite types, access types,
and private types.

An enumeration type defines an ordered set of distinct enumeration literals,
for example a list of states or an alphabet of characters. The enumeration
types BOOLEAN and CHARACTER are predefined.

Numeric types provide a means of performing exact or approximate nu-
merical computations. Exact computations use integer types, which denote
sets of consecutive integers. Approximate computations use either fixed
point types, with absolute bounds on the error, or floating point types, with
relative bounds on the error. The numeric types INTEGER, FLOAT, and
DURATION are predefined.

Composite types allow definitions of structured objects with related compo-
nents. The composite types in the language provide for arrays and records.
An array is an object with indexed components of the same type. A record is
an object with named components of possibly different types. The array type
STRING is predefined.

A record may have special components called discriminants. Alternative
record structures that depend on the values of discriminants can be defined
within a record type.

Access types allow the construction of linked data structures created by

the evaluation of allocators. They allow several variables of an access type
to designate the same object, and components of one object to designate the
same or other objects. Both the elements in such a linked data structure and
their relation to other elements can be altered during program execution.

Private types can be defined in a package that conceals structural details
that are externally irrelevant. Only the logically necessary properties
(including any discriminants) are made visible to the users of such types.

The concept of a type is refined by the concept of a subtype, whereby a user
can constrain the set of allowed values of a type. Subtypes can be used to
define subranges of scalar types, arrays with a limited set of index values,
and records and private types with particular discriminant values.
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Other Facilities

Representation clauses can be used to specify the mapping between types
and features of an underlying machine. For example, the user can specify
that objects of a given type must be represented with a given number

of bits, or that the components of a record are to be represented using a
given storage layout. Other features allow the controlled use of low level,
nonportable, or implementation-dependent aspects, including the direct
insertion of machine code.

Input-output is defined in the language by means of predefined library
packages. Facilities are provided for input-output of values of user-defined
as well as of predefined types. Standard means of representing values in
display form are also provided.

Finally, the language provides a powerful means of parameterization of
program units, called generic program units. The generic parameters can be
types and subprograms (as well as objects) and so allow general algorithms
to be applied to all types of a given class.

1.4a VAX Ada

All of the language elements specified by the ANSI or ISO standard
definition for the Ada language are provided by VAX Ada. In addition,
VAX Ada implements certain options and makes certain interpretations,

as permitted by the standard. Material has been inserted throughout this
manual to describe and explain these permitted options and interpretations.
The term “VAX Ada” and colored print are used to distinguish the VAX Ada
material.

1.5 Method of Description and Syntax Notation

1

The form of Ada program units is described by means of a context-free
syntax together with context-dependent requirements expressed by narrative
rules.

The meaning of Ada program units is described by means of narrative rules
defining both the effects of each construct and the composition rules for
constructs. This narrative employs technical terms whose precise definition
is given in the text (references to the section containing the definition of a
technical term appear at the end of each section that uses the term).

Method of Description and Syntax Notation 1.5



3 All other terms are in the English language and bear their natural meaning,
as defined in Webster’s Third New International Dictionary of the English
Language.

4 The context-free syntax of the language is described using a simple variant
of Backus-Naur-Form. In particular,

5 (a)

7 (b)

8 (c)

9 (d)

10 (e)

n

Lower case words, some containing embedded underlines, are used to
denote syntactic categories, for example:

adding_operator

Whenever the name of a syntactic category is used apart from the
syntax rules themselves, spaces take the place of the underlines (thus:
adding operator).

Boldface words are used to denote reserved words, for example:
array

Square brackets enclose optional items. Thus the two following rules
are equivalent.

return [expression];
return; | return expression;

return_statement ::
return_statement ::

([l

Braces enclose a repeated item. The item may appear zero or more
times; the repetitions occur from left to right as with an equivalent
left-recursive rule. Thus the two following rules are equivalent.

term ::= factor {multiplying operator factor}
term ::= factor | term multiplying operator factor

A vertical bar separates alternative items unless it occurs immediately
after an opening brace, in which case it stands for itself:

letter or_digit ::= letter | digit
component_association ::=
[choice {| choice} =>] expression

If the name of any syntactic category starts with an italicized part,

it is equivalent to the category name without the italicized part. The
italicized part is intended to convey some semantic information. For
example type_name and task_name are both equivalent to name alone.
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Note:

The syntax rules describing structured constructs are presented in a form
that corresponds to the recommended paragraphing. For example, an if
statement is defined as

if statement ::=

if condition then
sequence_of_statements

{elsif condition then
sequence of_statements}

[else
sequence_of_statements]

end if;

Different lines are used for parts of a syntax rule if the corresponding
parts of the construct described by the rule are intended to be on different
lines. Indentation in the rule is a recommendation for indentation of the
corresponding part of the construct. It is recommended that all indentations
be by multiples of a basic step of indentation (the number of spaces for the
basic step is not defined). The preferred places for other line breaks are
after semicolons. On the other hand, if a complete construct can fit on one
line, this is also allowed in the recommended paragraphing.

1.6 Classification of Errors

1-11

1

The language definition classifies errors into several different categories:

(a) Errors that must be detected at compilation time by every Ada
compiler.

These errors correspond to any violation of a rule given in this
reference manual, other than the violations that correspond to (b)

or (c) below. In particular, violation of any rule that uses the terms
must, allowed, legal, or illegal belongs to this category. Any program
that contains such an error is not a legal Ada program; on the other
hand, the fact that a program is legal does not mean, per se; that the
program is free from other forms of error.

(b) Errors that must be detected at run time by the execution of an Ada
program.

The corresponding error situations are associated with the names of
the predefined exceptions. Every Ada compiler is required to generate
code that raises the corresponding exception if such an error situation
arises during program execution. If an exception is certain to be raised
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in every execution of a program, then compilers are allowed (although
not required) to report this fact at compilation time.

6 (¢) Erroneous execution.

7 The language rules specify certain rules to be obeyed by Ada programs,
although there is no requirement on Ada compilers to provide either
a compilation-time or a run-time detection of the violation of such
rules. The errors of this category are indicated by the use of the word
erroneous to qualify the execution of the corresponding constructs. The
effect of erroneous execution is unpredictable.

8 (d) Incorrect order dependences.

9 Whenever the reference manual specifies that different parts of a given
construct are to be executed in some order that is not defined by the
language, this means that the implementation is allowed to execute
these parts in any given order, following the rules that result from that
given order, but not in parallel. Furthermore, the construct is incorrect
if execution of these parts in a different order would have a different
effect. Compilers are not required to provide either compilation-time
or run-time detection of incorrect order dependences. The foregoing
is expressed in terms of the process that is called execution; it applies
equally to the processes that are called evaluation and elaboration.

10 If a compiler is able to recognize at compilation time that a construct is
erroneous or contains an incorrect order dependence, then the compiler
is allowed to generate, in place of the code otherwise generated for the
construct, code that raises the predefined exception PROGRAM_ERROR.
Similarly, compilers are allowed to generate code that checks at run time
for erroneous constructs, for incorrect order dependences, or for both. The
predefined exception PROGRAM_ERROR is raised if such a check fails.
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Chapter 2

Lexical Elements

The text of a program consists of the texts of one or more compilations.

The text of a compilation is a sequence of lexical elements, each composed
of characters; the rules of composition are given in this chapter. Pragmas,
which provide certain information for the compiler, are also described in this
chapter.

References: character 2.1, compilation 10.1, lexical element 2.2, pragma 2.8

2.1 Character Set

The only characters allowed in the text of a program are the graphic
characters and format effectors. Each graphic character corresponds to

a unique code of the ISO seven-bit coded character set (ISO standard
646), and is represented (visually) by a graphical symbol. Some graphic
characters are represented by different graphical symbols in alternative
national representations of the ISO character set. The description of the
language definition in this standard reference manual uses the ASCII
graphical symbols, the ANSI graphical representation of the ISO character
set.1

graphic_character ::= basic _graphic character
| lower_case_letter | other_ special_ character

basic_graphic_character ::=
upper_case_letter | digit
| special character | space_character

basic_character ::=
basic graphic_character | format_effector

1 See also Appendix G, AI-00339.
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The basic character set is sufficient for writing any program. The characters
included in each of the categories of basic graphic characters are defined as
follows:

(a) upper caseletters ABCDEFGHIJKLMNOPQRSTUVW

XYZ
(b) digits0123456789
(c) special characters "# & ()*+,—./:;<=>_ |

(d) the space character

Format effectors are the ISO (and ASCII) characters called horizontal
tabulation, vertical tabulation, carriage return, line feed, and form feed.

The characters included in each of the remaining categories of graphic
characters are defined as follows:

(e) lower caselettersabcdefghijklmnopgqrstuvwxyz
(f other special characters! $ %? @[\ 12" {} ~

Allowable replacements for the special characters vertical bar ( | ), sharp
(#), and quotation (") are defined in section 2.10.

Notes:

The ISO character that corresponds to the sharp graphical symbol in the
ASCII representation appears as a pound sterling symbol in the French,
German, and United Kingdom standard national representations. In any
case, the font design of graphical symbols (for example, whether they are in
italic or bold typeface) is not part of the ISO standard.

The meanings of the acronyms used in this section are as follows: ANSI
stands for American National Standards Institute, ASCII stands for
American Standard Code for Information Interchange, and ISO stands
for International Organization for Standardization.

The following names are used when referring to special characters and other
special characters:

symbol name symbol name

" quotation > greater than

# sharp _ underline

& ampersand I vertical bar

' apostrophe ! exclamation mark

Character Set 2-2
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symbol name symbol name
( left parenthesis $ dollar
) right parenthesis % percent
* star, multiply ? question mark
+ plus @ commercial at
, comma [ left square bracket
- hyphen, minus \ back-slash
. dot, point, period ] right square bracket
/ slash, divide A circumflex
colon : grave accent
; semicolon { left brace
< less than } right brace
= equal ~ tilde

2.2 Lexical Elements, Separators, and Delimiters

2-3

1

The text of a program consists of the texts of one or more compilations. The
text of each compilation is a sequence of separate lexical elements. Each
lexical element is either a delimiter, an identifier (which may be a reserved
word), a numeric literal, a character literal, a string literal, or a comment.
The effect of a program depends only on the particular sequences of lexical
elements that form its compilations, excluding the comments, if any.

In some cases an explicit separator is required to separate adjacent lexical
elements (namely, when without separation, interpretation as a single
lexical element is possible). A separator is any of a space character, a format
effector, or the end of a line. A space character is a separator except within a
comment, a string literal, or a space character literal. Format effectors other
than horizontal tabulation are always separators. Horizontal tabulation is a
separator except within a comment.

The end of a line is always a separator. The language does not define what
causes the end of a line. However if, for a given implementation, the end of
a line is signified by one or more characters, then these characters must be
format effectors other than horizontal tabulation. In any case, a sequence of
one or more format effectors other than horizontal tabulation must cause at
least one end of line.

Lexical Elements, Separators, and Delimiters 2.2



In VAX Ada, source files are read using VAX Record Management Services
(RMS). Each RMS record is considered to contain at least one line, and

the end of a line is implied by the record boundary. If the record returned
by RMS contains a sequence of one or more format effectors other than
horizontal tabulation, the sequence is interpreted as the end of the line.
However, no characters, other than a space or a horizontal tabulation
character, are allowed in a record following a format effector sequence if the
sequence occurs in a comment.

4 One or more separators are allowed between any two adjacent lexical
elements, before the first of each compilation, or after the last. At least
one separator is required between an identifier or a numeric literal and an
adjacent identifier or numeric literal.

5 A delimiter is either one of the following special characters (in the basic
character set)

&  (V¥+,—-./:;<= |

6 or one of the following compound delimiters each composed of two adjacent
special characters
= . ¥ = /= >= <= <« > <

7 Each of the special characters listed for single character delimiters is a
single delimiter except if this character is used as a character of a compound
delimiter, or as a character of a comment, string literal, character literal, or
numeric literal.

8 The remaining forms of lexical element are described in other sections of
this chapter.

Notes:

9 Each lexical element must fit on one line, since the end of a line is a separa-
tor. The quotation, sharp, and underline characters, likewise two adjacent
hyphens, are not delimiters, but may form part of other lexical elements.

10 The following names are used when referring to compound delimiters:

delimiter name
=> arrow
double dot
** double star, exponentiate

= assignment (pronounced: “becomes”)
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delimiter name

/= inequality (pronounced: “not equal”)
>= greater than or equal

<= less than or equal

<< left label bracket

>> right label bracket

<> box

1 References: character literal 2.5, comment 2.7, compilation 10.1, format effector
2.1, identifier 2.3, numeric literal 2.4, reserved word 2.9, space character 2.1, special
character 2.1, string literal 2.6

2.3 lIdentifiers

1 Identifiers are used as names and also as reserved words.

2 identifier ::=
letter {[underline] letter_or_digit}

letter or_digit ::= letter | digit
letter ::= upper_case letter | lower_case_ letter

3 All characters of an identifier are significant, including any underline
character inserted between a letter or digit and an adjacent letter or digit.
Identifiers differing only in the use of corresponding upper and lower case
letters are considered as the same.

4 Examples:

COUNT X get_symbol Ethelyn Marion
SNOBOL 4 X1 PageCount STORE_NEXT ITEM

Note:
5 No space is allowed within an identifier since a space is a separator.

6 References: digit 2.1, lower case letter 2.1, name 4.1, reserved word 2.9, separator
2.2, space character 2.1, upper case letter 2.1
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2.4 Numeric Literals

There are two classes of numeric literals: real literals and integer literals.
A real literal is a numeric literal that includes a point; an integer literal is
a numeric literal without a point. Real literals are the literals of the type
universal_real. Integer literals are the literals of the type universal_integer.

numeric_literal ::= decimal literal | based_literal

References: literal 4.2, universal_integer type 3.5.4, universal_real type 3.5.6

2.4.1 Decimal Literals

1

A decimal literal is a numeric literal expressed in the conventional decimal
notation (that is, the base is implicitly ten).

decimal literal ::= integer [.integer] [exponent]
integer ::= digit {[underline] digit}
exponent ::= E [+] integer | E - integer

An underline character inserted between adjacent digits of a decimal literal
does not affect the value of this numeric literal. The letter E of the exponent,
if any, can be written either in lower case or in upper case, with the same
meaning.

An exponent indicates the power of ten by which the value of the decimal
literal without the exponent is to be multiplied to obtain the value of the
decimal literal with the exponent. An exponent for an integer literal must
not have a minus sign.

Examples:

12 0 1E6 123_456 -- integer literals
12.0 0.0 0.456 3.14159_26 -- real literals
1.34g-12 1.0E+6 -- real literals with exponent

Notes:

Leading zeros are allowed. No space is allowed in a numeric literal, not even
between constituents of the exponent, since a space is a separator. A zero
exponent is allowed for an integer literal.

References: digit 2.1, lower case letter 2.1, numeric literal 2.4, separator 2.2,
space character 2.1, upper case letter 2.1
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2.4.2 Based Literals

1

A based literal is a numeric literal expressed in a form that specifies the
base explicitly. The base must be at least two and at most sixteen.

based_literal ::=
base # based_integer [.based integer] # [exponent]

base ::= integer

based_integer ::=
extended_digit {(underline] extended digit}

extended digit ::= digit | letter

An underline character inserted between adjacent digits of a based literal
does not affect the value of this numeric literal. The base and the exponent,
if any, are in decimal notation. The only letters allowed as extended digits
are the letters A through F for the digits ten through fifteen. A letter in a
based literal (either an extended digit or the letter E of an exponent) can be
written either in lower case or in upper case, with the same meaning.

The conventional meaning of based notation is assumed; in particular the
value of each extended digit of a based literal must be less than the base.
An exponent indicates the power of the base by which the value of the based
literal without the exponent is to be multiplied to obtain the value of the
based literal with the exponent.?2

Examples:

2#1111_1111# 16#FF# O0le6#0FF# -- integer literals
-- of value 255

16#E4#EL 24#1110_0000# -—- integer literals
-- of value 224

16#F . FF#E+2 2#1.1111 1111 111#E11l -- real literals

-—- of value 4095.0

References: digit 2.1, exponent 2.4.1, letter 2.3, lower case letter 2.1, numeric
literal 2.4, upper case letter 2.1

2 See also Appendix G, AT-00008.
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2.5 Character Literals

A character literal is formed by enclosing one of the 95 graphic characters
(including the space) between two apostrophe characters. A character literal
has a value that belongs to a character type.

character_literal ::= ’‘graphic_character’
Examples:

rpr rxr rrr o

References: character type 3.5.2, graphic character 2.1, literal 4.2, space
character 2.1

2.6 String Literals

1

A string literal is formed by a sequence of graphic characters (possibly none)
enclosed between two quotation characters used as string brackets.

string literal ::= "{graphic_character}"

A string literal has a value that is a sequence of character values cor-
responding to the graphic characters of the string literal apart from the
quotation character itself. If a quotation character value is to be represented
in the sequence of character values, then a pair of adjacent quotation char-
acters must be written at the corresponding place within the string literal.
(This means that a string literal that includes two adjacent quotation
characters is never interpreted as two adjacent string literals.)

The length of a string literal is the number of character values in the
sequence represented. (Each doubled quotation character is counted as a
single character.)

Examples:
"Message of the day:"

-- an empty string literal
"o "AM o -- three string literals of length 1

"Characters such as $, %, and } are allowed in string literals"
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Note:

A string literal must fit on one line since it is a lexical element (see 2.2).
Longer sequences of graphic character values can be obtained by catenation
of string literals. Similarly catenation of constants declared in the package
ASCII can be used to obtain sequences of character values that include
nongraphic character values (the so-called control characters). Examples of
such uses of catenation are given below:

"FIRST PART OF A SEQUENCE OF CHARACTERS " &
"THAT CONTINUES ON THE NEXT LINE"

"sequence that includes the" & ASCII.ACK & "control character"

References: ascii predefined package C, catenation operation 4.5.3, character
value 3.5.2, constant 3.2.1, declaration 3.1, end of a line 2.2, graphic character 2.1,
lexical element 2.2

2.7 Comments

A comment starts with two adjacent hyphens and extends up to the end of
the line. A comment can appear on any line of a program. The presence
or absence of comments has no influence on whether a program is legal or
illegal. Furthermore, comments do not influence the effect of a program;
their sole purpose is the enlightenment of the human reader.

Examples:
-- the last sentence above echoes the Algol 68 report
end; -- processing of LINE is complete

-- a long comment may be split onto
-- two or more consecutive lines

---------------- the first two hyphens start the comment

Note:

Horizontal tabulation can be used in comments, after the double hyphen,
and is equivalent to one or more spaces (see 2.2).

The DEC Multinational Character Set can be used in VAX Ada comments.*
This character set has 256 characters, each with a decimal equivalent
number in the range 0 to 255. The first 128 characters in the set correspond
to the characters in the ASCII character set. The DEC Multinational

3 See also Appendix G, AI-00339.
4 See also Appendix G, AI-00339.

2-9

Comments 2.7



Character Set is documented in the Guide to Using VMS and in several
other manuals in the VMS documentation set; see the VMS Master Index for
more information.

References: end of a line 2.2, illegal 1.6, legal 1.6, space character 2.1

2.8 Pragmas

1

A pragma is used to convey information to the compiler. A pragma starts
with the reserved word pragma followed by an identifier that is the name
of the pragma.

pragma ::=
pragma identifier [ (argument_association
{, argument_association})];

argument_association ::=
[argument_identifier =>] name
| [argument_identifier =>] expression

Pragmas are only allowed at the following places in a program:

* After a semicolon delimiter, but not within a formal part or discriminant
part.5

* At any place where the syntax rules allow a construct defined by a
syntactic category whose name ends with “declaration”, “statement”,
“clause”, or “alternative”, or one of the syntactic categories variant and
exception handler; but not in place of such a construct. Also at any place
where a compilation unit would be allowed.

Additional restrictions exist for the placement of specific pragmas.

Some pragmas have arguments. Argument associations can be either
positional or named as for parameter associations of subprogram calls

(see 6.4). Named associations are, however, only possible if the argument
identifiers are defined. A name given in an argument must be either a name
visible at the place of the pragma or an identifier specific to the pragma.

The pragmas defined by the language are described in Annex B: they must
be supported by every implementation. In addition, an implementation may
provide implementation-defined pragmas, which must then be described

in Appendix F. An implementation is not allowed to define pragmas whose
presence or absence influences the legality of the text outside such pragmas.
Consequently, the legality of a program does not depend on the presence or
absence of implementation-defined pragmas.

5 See also Appendix G, AI-00388.
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15

A pragma that is not language-defined has no effect if its identifier is

not recognized by the (current) implementation. Furthermore, a pragma
(whether language-defined or implementation-defined) has no effect if its
placement or its arguments do not correspond to what is allowed for the
pragma. The region of text over which a pragma has an effect depends on
the pragma’

Examples:

pragma LIST (OFF);

pragma OPTIMIZE (TIME) ;

pragma INLINE (SETMASK) ;

pragma SUPPRESS (RANGE CHECK, ON => INDEX) ;

Note:

It is recommended (but not required) that implementations issue warnings
for pragmas that are not recognized and therefore ignored.

References: compilation unit 10.1, delimiter 2.2, discriminant part 3.7.1, exception
handler 11.2, expression 4.4, formal part 6.1, identifier 2.3, implementation-defined
pragma F, language-defined pragma B, legal 1.6, name 4.1, reserved word 2.9,
statement 5, static expression 4.9, variant 3.7.3, visibility 8.3

Categories ending with “declaration” comprise: basic declaration 3.1, compo-
nent declaration 3.7, entry declaration 9.5, generic parameter declaration 12.1

Categories ending with “clause” comprise: alignment clause 13.4, component
clause 13.4, context clause 10.1.1, representation clause 13.1, use clause 8.4, with
clause 10.1.1

Categories ending with “alternative” comprise: accept alternative 9.7.1, case
statement alternative 5.4, delay alternative 9.7.1, select alternative 9.7.1, selective
wait alternative 9.7.1, terminate alternative 9.7.1

2.9 Reserved Words

The identifiers listed below are called reserved words and are reserved for
special significance in the language. For readability of this manual, the
reserved words appear in lower case boldface.

abort declare generic of select
abs delay goto or separate

6 See also Appendix G, AI-00186, AI-00242, AI-00306, AI-00322, and AI-00371.
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