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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through
technical committees established by the respective organization to deal with particular fields of
technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other
international organizations, governmental and non-governmental, in liaison with ISO and IEC, also
take part in the work.

In the field of information technology, ISO and IEC have established a joint technical committee,
ISO/IEC JTC 1. Draft International Standards adopted by the joint technical committee are
circulated to national bodies for voting. Publication as an International Standard requires approval
by at least 75% of the national bodies casting a vote.

International Standard ISO/IEC 15291 was prepared by Joint Technical Committee ISO/IEC
JTC 1, Information technology, Subcommittee 22, Programming languages, their environments
and system software interfaces.

Annexes A, B, C, and D of this International Standard are for information only.
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Introduction

The Ada Semantic Interface Specification (ASIS) is an interface between an Ada environment (as
defined by ISO/IEC 8652:1995) and any tool requiring information from it. An Ada environment
includes valuable semantic and syntactic information. ASIS is an open and published callable
interface which gives CASE tool and application developers access to this information. ASIS has
been designed to be independent of underlying Ada environment implementations, thus
supporting portability of software engineering tools while relieving tool developers from needing to
understand the complexities of an Ada environment’s proprietary internal representation.

Examples of tools that benefit from the ASIS interface include: automated code monitors,
browsers, call tree tools, code reformators, coding standards compliance tools, correctness
verifiers, debuggers, dependency tree analysis tools, design tools, document generators, metrics
tools, quality assessment tools, reverse engineering tools, re-engineering tools, style checkers,
test tools, timing estimators, and translators.

The word “may” as used in this International Standard consistently means “is allowed to” (or “are
allowed to”). It is used only to express permission, as in the commonly occurring phrase “an
implementation may”; other words (such as “can,” “could” or “might”) are used to express ability,
possibility, capacity, or consequentiality.

The ASIS interface consists of a set of types, subtypes, and subprograms which provide a
capability to query the Ada compilation environment for syntactic and semantic information.
Package Asis is the root of the ASIS interface. It contains common types used throughout the
ASIS interface. Important common abstractions include Context, Element, and Compilation_Unit.
Type Context helps identify the compilation units considered to be analyzable as part of the Ada
compilation environment. Type Element is an abstraction of entities within a logical Ada syntax
tree. Type Compilation_Unit is an abstraction for Ada compilation units. In addition, there are two
sets of enumeration types called Element Kinds and Unit Kinds. Element Kinds are a set of
enumeration types providing a mapping to the Ada syntax. Unit Kinds are a set of enumeration
types describing the various kinds of compilation units.

All ASIS subprogram interfaces are provided using child packages. Some child packages also
contain type and subtype interfaces local to the child package.

The child package Asis.Implementation provides queries to initialize, finalize, and query the error
status of the ASIS implementation. The child package Asis.Ada_Environments encapsulates a set
of queries that map physical Ada compilation and program execution environments to logical ASIS
environments.

The child package Asis.Compilation_Units defines queries that deal with compilation units and
serves as the gateway between Compilation_Units, Elements, and Ada_Environments. The child
package Asis.Compilation_Units.Times encapsulates the time related functions used within ASIS.
The child package Asis.Compilation_Units.Relations encapsulates semantic relationship concepts
used in ASIS.

The child package Asis.Elements defines general Element queries and queries for pragmas. It
provides information on the element kinds for further semantic analysis.

The child package Asis.Iterator provides a mechanism to perform an iterative traversal of a logical
syntax tree. During the syntax tree traversal, ASIS can analyze the various elements contained
within the syntax tree. ASIS can provide the application additional processing via generic
procedures, which are instantiated by the application. These additional processing queries
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decompose as ASIS elements from the logical Ada semantic tree. Queries are provided in the
child packages: Clauses, Declarations, Definitions, Expressions, and Statements.
• child package Asis.Clauses - Defines queries dealing with context clauses and representation

clauses.

• child package Asis.Declarations - Defines queries dealing with Ada declarations.

• child package Asis.Definitions - Defines queries dealing with the definition portion of Ada
object, type, and subtype declarations.

• child package Asis.Expressions - Defines all queries dealing with Ada expressions.

• child package Asis.Statements - Defines queries dealing with Ada statements.

The child package Asis.Text encapsulates a set of operations to access the text of ASIS
elements. It defines the operations for obtaining compilation text spans, lines, and images of
elements.

The child package Asis.Ids provides a mechanism to efficiently reference ASIS elements in a
persistent manner.

To support portability amongst a variety of implementors’ compilation environments, certain types
and constants have been identified as implementation-defined.

The child package Asis.Errors defines the kinds of errors. The exceptions that can be raised
across the ASIS interface are defined in the child package Asis.Exceptions.

The interface supports one optional child package and its single child package:
• child package Asis.Data_Decomposition - The interface also includes an optional capability to

decompose data values using the ASIS type information and portable data stream,
representing a data value of that type.
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1

Information technology —
Programming languages —
Ada Semantic Interface Specification (ASIS)

 1 General

1.1 Scope
The Ada Semantic Interface Specification (ASIS) is an interface between an Ada environment (as
defined by ISO/IEC 8652:1995) and any tool requiring information from this environment. An Ada
environment includes valuable semantic and syntactic information. ASIS is an open and published
callable interface which gives CASE tool and application developers access to this information.
ASIS has been designed to be independent of underlying Ada environment implementations, thus
supporting portability of software engineering tools while relieving tool developers from needing to
understand the complexities of an Ada environment’s proprietary internal representation.

Examples of tools that benefit from the ASIS interface include: automated code monitors,
browsers, call tree tools, code reformators, coding standards compliance tools, correctness
verifiers, debuggers, dependency tree analysis tools, design tools, document generators, metrics
tools, quality assessment tools, reverse engineering tools, re-engineering tools, safety and security
tools, style checkers, test tools, timing estimators, and translators.

This International Standard specifies the form and meaning of the ASIS interface to the Ada
compilation environment.

This International Standard is applicable to tools and applications needing syntactic and semantic
information in the Ada compilation environment.

1.1.1 Extent
This International Standard specifies:
• The form of the ASIS interface;

• Sequencing of ASIS calls;

• The permissible variations within this International Standard, and the manner in which they are
to be documented;

• Those violations of this International Standard that a conforming implementation is required to
detect, and the effect of attempting to execute a program containing such violations;

This International Standard does not specify:
• Semantics of the interface in the face of simultaneous updates to the Ada compilation

environment.

• Semantics of the interface for more than one thread of control.

INTERNATIONAL STANDARD   © ISO/IEC ISO/IEC  15291:1999(E)
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1.1.2 Structure
This International Standard contains twenty-three clauses and four annexes.

Clause 1 is general in nature providing the scope of this International Standard, normative
references, and definitions.

Clause 2 identifies the ASIS technical concepts. Here the Ada compilation environment to which
ASIS interfaces is described. The concept of queries is presented. The ASIS package architecture
is presented.

The packages that comprise the ASIS International Standard are provided in Clauses 3 through
23. These packages are provided in the correct compilation order and when presented in
electronic format are compilable.

• Clause 3 package Asis

• Clause 4 package Asis.Errors

• Clause 5 package Asis.Exceptions

• Clause 6 package Asis.Implementation

• Clause 7 package Asis.Implementation.Permissions

• Clause 8 package Asis.Ada_Environments

• Clause 9 package Asis.Ada_Environments.Containers

• Clause 10 package Asis.Compilation_Units

• Clause 11 package Asis.Compilation_Units.Times

• Clause 12 package Asis.Compilation_Units.Relations

• Clause 13 package Asis.Elements

• Clause 14 package Asis.Iterator

• Clause 15 package Asis.Declarations

• Clause 16 package Asis.Definitions

• Clause 17 package Asis.Expressions

• Clause 18 package Asis.Statements

• Clause 19 package Asis.Clauses

• Clause 20 package Asis.Text

• Clause 21 package Asis.Ids

• Clause 22 package Asis.Data_Decomposition (optional package)

• Clause 23 package Asis.Data_Decomposition.Portable_Transfer

The following annexes are informative:

Annex  A: Glossary
Annex  B: ASIS Application Examples
Annex  C: Miscellaneous ASIS I/O and IDL Approaches
Annex  D: Rationale

The major package interfaces visible to ASIS users are identified as clauses facilitating access
from the table of contents.
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The ASIS interface is compilable. Consequently, Sentinels have been used to mark portions of the
ASIS text with comments appropriate to an ASIS implementor and an ASIS user.

The sentinels and their meanings are:

  --|ER (Element Reference) These comments mark an element kind reference which acts as a
header for those queries that work on this element kind.

  --|CR (Child Reference) These sentinel comments follow sentinel comments marking element
references (--ER) and reference child element queries that decompose the element into
its children.

  --|AN (Application Note) These comments describe suggested uses, further analysis, or other
notes of interest to ASIS applications.

  --|IP (Implementation Permissions) These comments describe permissions given an
implementor when implementing the associated type or query.

  --|IR (Implementation Requirements) These comments describe additional requirements for
conforming implementations.

1.1.3 Conformit y with this International Standard

1.1.3.1 Implementation conformance requirements
An ASIS implementation  includes all the hardware and software that implements the ASIS
specification for a given Ada implementation and that provides the functionality required by the
ASIS specification. An ASIS implementor is a company, institution, or other group (such as a
vendor) who develops an ASIS implementation. A conforming ASIS implementation shall meet all
of the following criteria:

a) The system shall support all required interfaces defined within this International Standard.
These interfaces shall support the functional behavior described herein. All interfaces in the
ASIS specification are required unless the interface is specifically identified as being optional.
The ASIS specification defines one optional package: Asis.Data_Decomposition.
Asis.Data_Decomposition has one child package,
Asis.Data_Decomposition.Portable_Transfer.

b) The system may provide additional facilities not required by this International Standard.
Extensions are non-standard facilities (e.g., other library units, non-standard children of
standard ASIS library units, subprograms, etc.) which provide additional information from ASIS
types, or modify the behavior of otherwise standard ASIS facilities to provide alternative or
additional functionality. Nonstandard extensions shall be identified as such in the system
documentation. Nonstandard extensions, when used by an application, may change the
behavior of functions or facilities defined by this International Standard. The conformance
document shall define an environment in which an application can be run with the behavior
specified by this International Standard. In no case except package name conflicts shall such
an environment require modification of a Basic Conforming or Fully Conforming ASIS
Application. An implementation shall not change package specifications in this International
Standard except by:

• Adding “with” clauses, pragmas, representation specifications, comments, and
allowable pragmas. Allowable pragmas are those which do not change the semantics
of the interface (e.g., List, Optimize, Page).

• Replacing instances of the words <implementation-defined> with appropriate value(s).
• Adding or changing private parts.
• Making any other changes that are lexically transparent to Ada compilers.
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c) An ASIS implementation shall not raise Program_Error on elaboration of an ASIS package, or
on execution of an ASIS subprogram, due to elaboration order dependencies in the ASIS
implementation.

d) Except as explicitly provided for in this International Standard, Standard.Storage_Error is the
only exception that should be raised by operations declared in this International Standard.

e) When executed, an implementation of this International Standard shall not be erroneous, as
defined by ISO/IEC 8652:1995.

1.1.3.2 Implementation conformance documentation
A conformance document shall be available for an implementation claiming conformance to this
International Standard. The conformance document shall have the same structure as this
International Standard, with the information presented in the equivalently numbered clauses, and
subclauses. The conformance document shall not contain information about extended facilities or
capabilities outside the scope of this International Standard.

The conformance document shall contain a statement that indicates the full name, number, and
date of the International Standard that applies. The conformance document may also list software
standards approved by ISO/IEC or any ISO/IEC member body that are available for use by a Basic
or Fully Conforming ASIS Application. Applicable characteristics whose documentation is required
by one of these standards, or by standards of government bodies, may also be included.

The conformance document shall describe the behavior of the implementation for all
implementation-defined features defined in this International Standard. This requirement shall be
met by listing these features and providing either a specific reference to the system documentation
or providing full syntax and semantics of these features. The conformance document shall specify
the behavior of the implementation for those features where this International Standard states that
implementations may vary.

No specifications other than those described in this subclause shall be present in the conformance
document.

The phrase “shall be documented” in this International Standard means that documentation of the
feature shall appear in the conformance document, as described previously, unless the system
documentation is explicitly mentioned.

The system documentation should also contain the information found in the conformance
document.

1.1.3.3 Implementation conformance categories
An implementation is required to define all of the subprograms for all of the operations defined in
this International Standard, including those whose implementation is optional. Required
functionality is the subset of ASIS facilities which are not explicitly identified in the ASIS standard
as optional. Optional functionality is the subset of ASIS facilities which are explicitly identified in the
ASIS standard as optional which may legitimately be omitted from a Basic Conforming ASIS
implementation. Optional interfaces shall be included in any Fully Conforming ASIS
implementation, unless stated otherwise in the ASIS specification. An application that accesses an
Ada environment’s semantic tree (e.g., Diana Tree) directly using work-arounds is not considered
to be a conformant application. All Conforming Applications fall within one of the categories
defined below.

If an unimplemented feature is used, the exception Asis.ASIS_Failed shall be raised and
Asis.Implementation_Status shall return the value for Error_Kinds of Not_Implemented_Error.

There are four categories of conforming ASIS implementations:
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1.1.3.3.1 Basic conforming ASIS implementation
A Basic Conforming ASIS Implementation is an ASIS implementation supporting all required
interfaces defined within this International Standard.

1.1.3.3.2 Fully conforming ASIS implementation
A Fully Conforming ASIS Implementation is an ASIS implementation supporting all required and all
optional interfaces defined within this International Standard.

1.1.3.3.3 Basic conforming ASIS implementation using extensions
A Basic Conforming ASIS Implementation Using Extensions is an ASIS implementation that differs
from a Basic Conforming ASIS Implementation only in that it uses nonstandard extensions that are
consistent with this International Standard. Such an implementation shall fully document its
extended facilities, in addition to the documentation required for a Basic Conforming ASIS
Implementation.

1.1.3.3.4 Fully conforming ASIS implementation using extensions
A Fully Conforming ASIS Implementation Using Extensions is an ASIS implementation that differs
from a Fully Conforming ASIS Implementation only in that it uses nonstandard extensions that are
consistent with this International Standard. Such an implementation shall fully document its
extended facilities, in addition to the documentation required for a Fully Conforming ASIS
Implementation.

1.1.3.4 Application conformance categories
An ASIS application is any programming system or any set of software components making use of
ASIS queries to obtain information about any set of Ada components. All ASIS applications
claiming conformance to this International Standard shall use a Conforming ASIS Implementation
with or without extensions.

1.1.3.4.1 Basic conforming ASIS application
A Basic Conforming ASIS Application is an application that only uses the required facilities defined
within this International Standard. It shall be portable to any Conforming ASIS Implementation.

1.1.3.4.2 Fully conforming ASIS application
A Fully Conforming ASIS Application is an application that only uses the required facilities and the
optional facilities defined within this International Standard. It shall be portable to any Fully
Conforming ASIS Implementation.

1.1.3.4.3 Basic conforming ASIS application using extensions
A Basic Conforming ASIS Application Using Extensions is an application that differs from a Basic
Conforming ASIS Application only in that it uses nonstandard, implementation provided, extended
facilities that are consistent with this International Standard. Such an application should fully
document its requirements for these extended facilities. A Basic Conforming ASIS Application
Using Extensions may or may not be portable to other Basic or Fully Conforming ASIS
Implementation Using Extensions.

1.1.3.4.4 Fully conforming ASIS application using extensions
A Fully Conforming ASIS Application Using Extensions is an application that differs from a Fully
Conforming ASIS Application only in that it uses nonstandard, implementation provided, extended
facilities that are consistent with this International Standard. Such an application should fully
document its requirements for these extended facilities. A Fully Conforming ASIS Application
Using Extensions may or may not be portable to other Fully Conforming ASIS Implementation
Using Extensions.
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1.1.4 Implementation permissions
The ASIS Application Program Interface (API) may be implemented through a variety of
approaches. Approaches permitted by this International Standard are based on the traditional
approach and the client /server approach. These implementation permissions are depicted in
Figure 1 and described below:

1.1.4.1 Traditional approach (permission 1)
Traditionally, the ASIS API implementation is intended to execute on the node containing the
implementor’s Ada software engineering environment and the desired Ada compilation
environment. Because the ASIS API interfaces directly, ASIS performs at its best. It is expected
that most ASIS implementors will support this approach as it requires little additional effort when
alternative approaches are supported. In Figure 1, the client tool using Permission 1 uses the
ASIS specification exactly as specified in this International Standard. ASIS tools and applications
are compiled in the implementor's environment.

1.1.4.2 Client / server approach (permission 2)
As an alternative, a client / server approach can be used to implement the ASIS API. Here the
ASIS API is supported by a server; ASIS client tools can request ASIS services within the
supported network.

Figure 1 identifies four ASIS client tools using permission 2 capable of interfacing with an ASIS
Object Request Broker (ORB) server. One client tool is written in Ada, one in Java, one in C++,
and one in Smalltalk. The ORB serves as a broker between the client and server on a network
consisting of many nodes. Server location and services are registered with the ORB. A client
needing the services interfaces with the ORB, who brokers the needed server interface
information. The interface between a client and server is written as an interface specification in the
Interface Definition Language (IDL). IDL is very different from most computer languages; when
IDL is compiled, the interface specification is produced in either Ada, Java, C++, or Smalltalk. In
addition, the necessary artifacts are produced to register the client or server interface with the
ORB.

1.1.4.3 Distributed traditional approach (permission 3)
The Ada specification created by the compilation of this ASIS API in IDL is semantically equivalent
to this ASIS standard, but not syntactically identical. An ASIS Client tool written in Ada interfaces
to the ASIS API as specified in this International Standard. As shown in Figure 1, the ASIS API
encapsulates the ASIS ORB client as generated from the compilation of the ASIS IDL into Ada.
Client tools using either permission 1 or permission 3 are, most likely, identical. Client tools
developed using permission 3 can be developed as plug and play.

1.1.4.4 ASIS dynamic client approach (permission 4)
In addition to using traditional compiled tools through the client / server interface, ORBs can
provide a Dynamic Interface Invocation (DII) capability where rather general purpose tools can
access the interface dynamically. Shown in Figure 1, such a tool behaves more like a browser. It
accesses the ASIS IDL as registered with the server and browses through the services provided
by the ASIS interface. Use of this capability with ASIS is extremely cumbersome and manually
intensive. However, this provides a user access to information across the interface that had not
been preprogrammed by a tool.
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Figure 1 — ASIS implementation permissions
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1.1.5 Classification of errors
ASIS reports all operational errors by raising an exception. Whenever an ASIS implementation
raises one of the exceptions declared in package Asis.Exceptions, it will previously have set the
values returned by the Status and Diagnosis queries to indicate the cause of the error. The
possible values for Status are indicated here along with suggestions for the associated contents of
the Diagnosis string.

ASIS applications are encouraged to follow this same convention whenever they explicitly raise
any ASIS exception to always record a Status and Diagnosis prior to raising the exception. Values
of errors along with their general meanings are:

Not_An_Error -- No error is presently recorded
Value_Error -- Routine argument value invalid
Initialization_Error -- ASIS is uninitialized
Environment_Error -- ASIS could not initialize
Parameter_Error -- Bad Parameter given to Initialize
Capacity_Error -- Implementation overloaded
Name_Error -- Context/unit not found
Use_Error -- Context/unit not use/open-able
Data_Error -- Context/unit bad/invalid/corrupt
Text_Error -- The program text cannot be located
Storage_Error -- Storage_Error suppressed
Obsolete_Reference_Error -- Semantic reference is obsolete
Unhandled_Exception_Error -- Unexpected exception suppressed
Not_Implemented_Error -- Functionality not implemented
Internal_Error -- Implementation internal failure

Diagnostic messages may be more specific.

A set of exceptions shall be raised for the following circumstances:

• ASIS_Inappropriate_Context - Raised when ASIS is passed a Context value that is not
appropriate for the operation. This exception typically indicates that a user error has occurred
within the application.

• ASIS_Inappropriate_Compilation_Unit - Raised when ASIS is passed a Compilation_Unit
value that is not appropriate. This exception typically indicates that a user error has occurred
within the application.

• ASIS_Inappropriate_Element - Raised when ASIS is given an Element value that is not
appropriate. This exception typically indicates that a user error has occurred within the
application.

• ASIS_Inappropriate_Line - Raised when ASIS is given a Line value that is not appropriate.

• ASIS_Inappropriate_Line_Number - Raised when ASIS is given a Line_Number value that
is not appropriate. This exception typically indicates that a user error has occurred within the
application.

• ASIS_Failed - All ASIS routines may raise ASIS_Failed whenever they cannot normally
complete their operation. This exception typically indicates a failure of the underlying ASIS
implementation. This is a catch-all exception that is raised for different reasons in different
ASIS implementations.
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1.2 Normative reference
The following standard contains provisions which, through reference in this text, constitute
provisions of this International Standard. At the time of publication, the edition indicated was valid.
All standards are subject to revision, and parties to agreements based on this standard are
encouraged to investigate the possibility of applying the most recent edition of the International
Standard indicated below. Members of IEC and ISO maintain registers of currently valid
International Standards.

ISO/IEC 8652:1995, Information technology — Programming languages — Ada.

1.3 Terms and definitions
For the purposes of this International Standard, the terms and definitions given in ISO/IEC
8652:1995 and the following apply.

Additional terms are defined throughout this International Standard, indicated by italic type. Terms
explicitly defined in this International Standard are not to be presumed to refer implicitly to similar
terms defined elsewhere. Terms not defined in this International Standard and ISO/IEC 8652:1995
are to be interpreted according to the Webster’s Third New International Dictionary of the English
Language. Informal descriptions of some terms are also given in Annex A, “Glossary”.

“ASIS” is used in reference to the acronym “Ada Semantic Interface Specification.”
“Asis” is used in reference to the package Asis.
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2 ASIS technical concepts

2.1 Ada compilation environment
ASIS is an interface between an Ada environment as defined by ISO/IEC 8652:1995 (the Ada
Reference Manual) and any tool requiring information from this environment, as shown in
Figure 2.
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Figure 2 — ASIS as interface to Ada compilation en vironment

2.1.1 Ada environment
ISO/IEC 8652:1995, 10.1.4(1) provides a notion for this compilation environment as: “ Each
compilation unit submitted to the compiler is compiled in the context of an environment
declarative_part (or simply environment), which is a conceptual declarative_part that forms the
outermost declarative region of the context of any compilation. At run time, an environment forms
the declarative_part of the body of the environment task of a partition.”
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2.1.2 ASIS notion of the Ada compilation en vironment
However, the mechanisms for creating an environment and for adding and replacing compilation
units within an environment are implementation-defined. Some implementor environments create
and maintain persistent databases while others do not. Consequently, ASIS requires the user of
the interface (i.e., ASIS application) to establish the compilation environment. This is done through
the context.

The context defines a set of compilation units and configuration pragmas processed by an ASIS
application. ASIS provides any information from a context by treating this set as if its elements
make up an environment declarative part by modeling some view (most likely - one of the views of
the underlying Ada implementation) on the environment. Context is a view of an Ada environment.
ASIS requires an application to identify that view of the environment using the procedure
Asis.Ada_Environments.Associate, as shown in Figure 3. ASIS may process several different
contexts at a time.

Ada                               

Environment        

Ada
Compiler

Ada Compilation Units

ASIS Context                                  

                                       
Ada Compilation Units

Associate (…)ASIS
Queries

ASIS Tool or
Application

Figure 3 — Application interface to ASIS Context

A context may have one or more Compilation_Units. ASIS has defined Compilation_Unit as an
ASIS private type. This type has values which denote an Ada compilation unit or configuration
pragma from the environment. Compilation_Unit also is an abstraction, which represents
information about some physical object from the "external world". This physical object is treated by
the underlying Ada implementation as the corresponding Ada compilation unit or as a result of
compiling a configuration pragma. An ASIS compilation unit includes the notion of some
implementation-defined way to associate the corresponding ASIS object with some physical
external object. This is necessary to support ASIS queries such as Time_Of_Last_Update and
Text_Name which have no relation to the Reference Manual-defined notion of an Ada compilation
unit.

To facilitate the use of context, implementations may support the use of containers which are
logical collections of ASIS compilation units. For example, some containers can hold compilation
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units which include Ada predefined types; another container can hold implementation-defined
packages. Containers provide an implementation-defined way of grouping the compilation units
accessible for an ASIS application through the ASIS queries.

2.1.3 Illegal / inconsistent units in the compilation en vironment
Ada Implementation permissions allow for illegal and inconsistent units to be in the environment.
Because the contents of the Ada environment are Ada-implementation-defined, the ASIS context
can contain illegal compilation units. The use of ASIS can result in the exception ASIS_Failed
being raised if the Ada environment includes such units.

2.2 ASIS queries
ASIS queries are provided in the form of structural (syntactic) and semantic queries to the Ada
compilation environment.

2.2.1 Structural queries
Structural queries are those ASIS queries which provide the top-down decomposition and reverse
bottom-up composition of the compilation unit according to its syntax structure. These structural
queries are further characterized as:
• "Black-box" queries are those ASIS queries which produce information about compilation units

• "White-box" queries are those ASIS queries which produce information about lexical elements
of compilation units.

2.2.2 Semantic queries
Semantic queries are those ASIS queries which express semantic properties of ASIS Elements in
terms of other Elements. There are three kinds of semantic queries in ASIS:
• Semantic queries about Elements,

• Semantic queries about Compilation Units, and

• Semantic queries about Dependence Order.

2.2.3 General ASIS quer y processing
Both structural (syntactic) and semantic queries are facilitated through the notion of ASIS
elements and their kinds. Most ASIS queries provide for the processing of specific constructs with
respect to the Ada Reference Manual and the processing of their lists.

2.2.3.1 Elements and element kinds
The base object in ASIS is the Asis.Element. Element is a common abstraction used to denote the
syntax (both explicit and implicit) of ASIS compilation units. Elements correspond to nodes of a
hierarchical tree representation of an Ada program. Most elements of the tree have child
elements. These children can appear as single elements (possibly with children themselves) or as
a list of elements (also possibly with children). As an example, think of an Ada object declaration
having three sub-parts or children:
• A list of identifiers,

• A reference to a subtype (subtype indication),

• An initialization expression (possibly absent)

Thus, the declaration: A, B : Latitude := 0.0;

has a corresponding tree as in Figure 4.
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Object

Latitude 0.0A              B              :=:

List of Identifiers Subtype Indication Initial Expression

Element tree for the Object Declaration     A,B:  Latitude := 0.0;

Figure 4 — S yntactic tree representation of an Ada object declaration

ASIS Elements are either explicit elements, representing a language construct that appears
explicitly in the program text for the compilation unit, or implicit elements, representing a language
construct that does not exist in the program text for the compilation unit, but could occur at a given
place in the program text as a consequence of the semantics of another construct (e.g., an implicit
declaration, a generic instantiation).

ASIS provides the ability to visit elements of the tree and ask questions of each element. One key
hierarchy of questions begins with: “What kind of element do I have?” Elements of the highest
level of the ASIS hierarchy are classified into kinds. The following table identifies the high level
hierarchy of kinds, the primary ASIS package to support processing of those kinds, and the
references for those kinds in the Ada Reference Manual.

A_Defining_Name Asis.Definitions Reference Manual  3, 6
A_Declaration Asis.Declarations Reference Manual  3, 5, 6, 7, 8, 9, 10, 11, 12
A_Definition Asis.Definitions Reference Manual  3, 7, 9, 12
An_Expression Asis.Expressions Reference Manual  2, 4
A_Statement Asis.Statements Reference Manual  5, 6, 9, 11, 13
A_Path Asis.Statements Reference Manual  5, 9
A_Clause Asis.Clauses Reference Manual  8, 10, 13
An_Association Asis.Expressions Reference Manual  2, 3, 4, 6, 12
An_Exception_Handler Asis.Statements Reference Manual  11.2
A_Pragma Asis.Elements Reference Manual  2, 10, 11, 13, B, G, H, I, L

The function Asis.Elements.Element_Kind classifies any element into one of these kinds. Once
the client knows that an element is a declaration, for example, it can further classify the element
as to what kind of declaration it is with the Asis.Elements.Declaration_Kind function. This leads to
case structures like the following.
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EXAMPLE Case statement to classify elements:

    case Asis.Elements.Element_Kind (My_Element) is               -- 13.6
        when Asis.A_Declaration =>                                --  3.9.1
            case Asis.Elements.Declaration_Kind (My_Element) is   -- 13.9
                when Asis.A_Variable_Declaration =>               --  3.9.4
                    { statement }
                when others =>
                    null;
            end case;
        when Asis.A_Statement =>                                  --  3.9.1
            case Asis.Elements.Statement_Kind (My_Element) is     -- 13.25
                when Asis.A_Block_Statement =>                    --  3.9.20
                    { statement }
                when others =>
                    null;
            end case;
        when others =>
            null;
    end case;

In this example, variable declarations and block statements will presumably be processed further.
All other element kinds are ignored by falling into the null when others alternative.

2.2.3.2 Processing specific constructs
Once this level of classification is determined, ASIS provides a set of functions for processing a
specific statement, declaration, or other element kinds. The following functions are available for
processing object declarations:

    function Names (Declaration : Asis.Declaration)                       -- 15.1
            return Asis.Defining_Name_List;
    function Object_Declaration_View (Declaration : Asis.Declaration)     -- 15.9
            return Asis.Definition;
    function Initialization_Expression (Declaration : Asis.Declaration)   -- 15.10
            return Asis.Expression;

These functions correspond to each of the three parts of an object declaration. Once it is classified
into its kind, each element can be processed further with the provided functions. Some functions
“traverse” to other child elements such as the Object_Declaration_View and
Initialization_Expression functions above. Since the kind of element that is returned for each of
these functions is already known, processing can continue directly with the functions in the
Asis.Definitions package (Clause 16) that accept A_Type_Definition elements or the
Asis.Expressions package (Clause 17) that accept An_Expression elements. The exception
ASIS_Inappropriate_Element is raised whenever an ASIS function is passed an element it is not
intended to process. Parameter names and subtype names in the function specifications indicate
what kind of input element is expected and what kind of element is returned.

2.2.3.3 Element list processing
Lists of elements are processed with a loop iteration scheme in the following manner:

EXAMPLE Loop iteration scheme

        List : constant Asis.Element_List :=                          -- 3.7
            <ASIS function returning a list>;
        An_Element : Asis.Element;                                    -- 3.6
    begin
        for I in List’Range loop
            An_Element := List (I);
            Process (An_Element);
        end loop;
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Functions that return Element_List types generally indicate what type of elements are in the list
they return. Thus, processing can sometimes continue with specific calls without first asking what
type of element is being processed.

2.2.3.4 Operations that apply to all elements
Figure 5 depicts operations which, in general, apply to all elements.

Element

Related
Elements

Component Elements

Kind Text Span
Text Image

Enclosing 
Compilation Unit

Enclosing 
Element

Figure 5 — Operations on elements

The ASIS packages provide some general interfaces that operate on all nodes, such as:

• Asis.Elements.Element_Kind (13.6) - Returns the Element_Kind for the element. Once the
Element_Kind is known, the Element can be decomposed into its component elements.

• Asis.Elements.Enclosing_Element (13.36) - Returns the element that contains the current
element (one element up in the tree hierarchy).

• Asis.Elements.Enclosing_Compilation_Unit (13.2) - Returns the Compilation_Unit that
contains the given element.

• Asis.Text.First_Line_Number (20.8) - Returns the first line number in which the text of the
element resides.
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• Asis.Text.Last_Line_Number (20.9) - Returns the last line number in which the text of the
element resides.

• Asis.Text.Element_Span (20.10) - Returns the span for the element.

• Asis.Text.Lines (20.19) - Returns a list of lines for the element.

• Asis.Text.Element_Image (20.23) - Returns the program text image of any element.

• Asis.Elements.Hash (13.42) - Returns a convenient name for an object of type Asis.Element.

• Asis.Ids.Create_Id (21.7) - Returns a unique Id value corresponding to this element.

• Asis.Elements.Is_Nil (13.30) - Determines whether an element is nil. Some functions return a
Nil_Element when a potential element does not exist in the program. This is true for the
Initialization_Expression function above when no initial value is present in the declaration.

2.2.3.5 Semantic references
References from one part of an Ada program to another can be traversed with functions whose
name begins with “Corresponding_”, such as: Corresponding_Children,
Corresponding_Declaration, Corresponding_Body, Corresponding_Type_Declaration,
Corresponding_Type, Corresponding_Body_Stub, Corresponding_Name_Definition,
Corresponding_Name_Declaration, Corresponding_Loop_Exited, Corresponding_Entry, etc. If an
element references another element, the user can traverse to the referenced element with this
function. A Nil_Element is returned if no definition traversal is possible.

A slightly more precise statement of the operation of this function is that identifier references point
to identifier definitions. Traversal arrives at the identifier definition where the Enclosing_Element
function is used to arrive at the complete element declaration.

For example, the user can traverse to the type declaration referenced in an object declaration with
the Corresponding_Expression_Type function as shown in Figure 6.  Figure 6 also depicts links
using the semantic query Corresponding_Name_Declaration. (Note: the thin lined-arrows depict
syntactic queries while the thick-lined arrows depict semantic queries.)
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Corresponding_
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 Full Type Declaration

Real Range
Specification

Type Definition
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8

Static Expression

Corresponding_
Expression_Type
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Latitude 0.0A              B              :=:
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Object Declaration

Figure 6 — Semantic reference using corresponding queries
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2.3 ASIS package architecture
Figure 7 depicts the package architecture for the ASIS interface. A tool or application using ASIS
has visibility to the entire declarative region of package Asis including all child packages. To get a
better understanding of how these packages are used, see the examples in Annex B.

ASIS

Clauses

Declarations

Definitions

Expressions

StatementsText

Tool or Application using ASIS

Implementation

Permissions

Ada_Environments

 Containers 

Errors 

Ids  

Exceptions

Data_Decomposition (optional)

Portable_Transfer

Portable_Unconstrained_Record_Type

Portable_Array_Type_1

Portable_Array_Type_3

Portable_Array_Type_2

Portable_Constrained_Subtype

Elements

Iterator

Compilation_Units

Relations

Times

Figure 7 — ASIS package architecture

package ASIS - Package ASIS, together with its children, provides the interface between an Ada
environment (as defined by ISO/IEC 8652:1995) and any tool requiring information from it.
Valuable semantic and syntactic information is made available via queries through child packages
of package ASIS.
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Package Asis contains common types and subtypes used for the ASIS interface and its child
packages. Important common types include (see Clause 3):
• Type Context helps identify the compilation units considered to be analyzable as part of the

Ada compilation environment.

• Type Element is an abstraction of entities within a logical Ada syntax tree.

• Element Kinds are a set of enumeration types providing a mapping to the Ada syntax.

• Type Compilation_Unit is an abstraction for Ada compilation units.

• Unit Kinds are a set of enumeration types describing the various kinds of compilation units.

• Type Traverse_Control provides a mechanism to control iterative traversals of a logical syntax
tree.

• Type Program_Text provides an abstraction for the program text for a program’s source code.

Package Asis also encapsulates implementor-specific declarations, which are made available to
ASIS and its client applications in an implementor-independent manner. Package ASIS is the root
of the ASIS interface. All other packages are child packages of package Asis. These packages
are:

• Asis.Ada_Environments - This child package encapsulates a set of queries that map
physical Ada compilation and program execution environments to logical ASIS environments.
An ASIS Context is associated with some set of Ada compilation units maintained by an
underlying Ada implementation. After this association has been made, this set of units is
considered to be part of the compile-time Ada environment, which forms the outermost
context of any compilation, as specified in section 10.1.4 of the Ada Reference manual. This
same environment context provides the implicit outermost anonymous task during program
execution. If an Ada implementation supports the notion of a program library or “library” as
specified in section 10(2) of the Ada Reference Manual, then an ASIS Context value can be
mapped onto one or more implementor libraries represented by Containers. More than one
context may be manipulated at a time. Important interfaces include: Associate, Dissociate,
Open, and Close (see Clause 8). The type Container and its supporting functions are provided
in the child package Asis.Ada_Environments.Containers (see Clause 9).

• Asis.Implementation - This child package provides operations to initialize and finalize the
ASIS interface. It also provides queries for the error status of the ASIS implementation (see
Clause 6). Its child package Asis.Implementation.Permissions provides queries to
determine options used by an implementation (see Clause 7).

• Asis.Compilation_Units - This child package encapsulates a set of queries that implement
the ASIS Compilation_Unit abstraction. It defines queries that deal with Compilation_Units and
the gateway queries between Compilation_Units, Elements, and Ada_Environments. More
than one compilation unit may be manipulated at one time (see Clause 10). The child package
Asis.Compilation_Units.Times encapsulates the time related functions used within ASIS
(see Clause 11). A second child package, Asis.Compilation_Units.Relations encapsulates
the semantic relationship concepts used in ASIS. Relation queries provide references to
compilation units that are related, in some specific fashion, to one or more given compilation
units (see Clause 12).

• Asis.Iterator - This child package encapsulates the Traverse_Element mechanism to perform
an iterative traversal of a logical syntax tree. During the traversal, ASIS can analyze the
various elements present and provide application processing via generic procedures
instantiated by the application using queries to decompose ASIS elements into the logical
semantic tree of the Ada program (see Clause 14). This key mechanism is the heart of most
ASIS tools; examples of its use are provided in Annex B.
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• Asis.Elements - This child package encapsulates a set of queries that operate on all
elements and some queries specific to A_Pragma elements. Element_Kinds, defined in
package Asis are defined as enumeration types describing the various kinds of elements.
ASIS offers a hierarchical classification of elements. At the highest level, the Element_Kinds
type provides literals that define “kinds” or classes into which all non-nil elements are grouped.
Element_Kinds are: Not_An_Element, A_Pragma, A_Defining_Name, A_Declaration,
A_Definition, An_Expression, An_Association, A_Statement, A_Path, A_Clause, and
An_Exception_Handler. Elements in each of the Element_Kinds classes, with the exception of
An_Exception_Handler, can be further classified by a subordinate kind at the next level in the
hierarchy (see Clause 13).

• Asis.Clauses - This child package encapsulates a set of queries that operate on the
A_Clause element (see Clause 19).

• Asis.Declarations - This child package encapsulates a set of queries that operate on
A_Defining_Name and A_Declaration elements (see Clause 15).

• Asis.Definitions - This child package encapsulates a set of queries that operate on
A_Definition elements (see Clause 16).

• Asis.Expressions - This child package encapsulates a set of queries that operate on
An_Expression and An_Association elements (see Clause 17).

• Asis.Statements - This child package encapsulates a set of queries that operate on
A_Statement, A_Path, and An_Exception_Handler elements (see Clause 18).

• Asis.Text - This child package encapsulates a set of operations to access the text of ASIS
Elements. This text is represented as logical lines from the source code of the external
representation of a compilation unit. Type Line is defined to support program text operations
(see Clause 20). It assumes no knowledge of the existence, location, or form of the program
text.

• Asis.Errors - This child package provides an enumeration type identifying the error kinds
used for the ASIS interface (see Clause 4).

• Asis.Exceptions - This child package identifies all defined ASIS exceptions (see Clause 5).

• Asis.Ids - This child package encapsulates a set of operations and queries that implement the
ASIS Id abstraction. An Id is a way to identify a particular element (i.e., a unique reference to
an Element) which is efficient and persistent as long as the environment is not recompiled
(see Clause 21).

• Asis.Data_Decomposition - This optional child package encapsulates a set of operations to
decompose data values using the ASIS type information and a portable data stream,
representing a data value of that type (see Clause 22). Its child package
Asis.Data_Decomposition.Portable_Transfer provides support for logging and delogging of
application data using ASIS. Internal packages of
Asis.Data_Decomposition.Portable_Transfer include: Portable_Constrained_Subtype,
Portable_Unconstrained_Record_Type, Portable_Array_Type_1 (for one dimensional arrays),
Portable_Array_Type_2 (for two dimensional arrays), and Portable_Array_Type_3 (for three
dimensional arrays) (see Clause 23).

2.4 Application use
The ASIS Interface is provided through child packages of package ASIS. Complete executable
examples of application use are provided in Annex B. This section discusses the establishment of
ASIS context, required sequencing of calls, erroneous applications, and usage rules.

2.4.1 Establishing ASIS context
An application using ASIS has a context clause for package ASIS and the child packages needed
by the application.
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An application using all child packages includes the following in its context clause:

Asis, Asis.Errors, Asis.Compilation_Units, Asis.Compilation_Units.Times, 
Asis.Compilation_Units.Relations, Asis.Ada_Environments, Asis.Implementation, 
Asis.Exceptions, Asis.Elements, Asis.Iterator, Asis.Declarations, 
Asis.Expressions, Asis.Clauses, Asis.Definitions, Asis.Statements, Asis.Text, 
Asis.Ids, Asis.Data_Decomposition; and Asis.Data_Decomposition.Portable_Transfer.

Only these packages should be referenced (withed) by a portable application. Other packages,
which may be present in a specific ASIS implementation, are not part of this International
Standard.

2.4.2 Required sequencing of calls
An ASIS application shall use the following required sequencing of calls:

a)  Asis.Implementation.Initialize;         -- Initialize the ASIS interface
b)  Asis.Ada_Environments.Associate(..);    -- Name an Ada Environment
c)  Asis.Ada_Environments.Open(..);         -- Access an Ada Environment
d)  Use the various ASIS queries.           -- Fetch a unit, its attributes,
                                            -- get its Unit_Declaration element,
                                            -- traverse its elements, etc.
e)  Asis.Ada_Environments.Close(..);        -- Drop access to an Ada Environment
f)  Asis.Ada_Environments.Dissociate(..);   -- Release the Ada Environment name
g)  Asis.Implementation.Finalize;           -- Release all resources

These calls may be used in a loop. More than one element may be manipulated at one time. (The
exact number is subject to implementation/target specific limitations.) An element, obtained from a
compilation unit, can continue to be manipulated while the Context, from which the element’s
compilation unit was obtained, remains open.

2.4.3 Notional ASIS application
ASIS Applications may take on many forms. This section is intended to present a notional ASIS
Application using the example of a simple restrictions checker. A restrictions checker is intended
to visit every element in an ASIS context to determine if a violation of a safety-critical check has
been made. The ASIS context could include all compilation units in the Ada application. Such a
restrictions checker might contain a large number of restrictions to check. The example
restrictions checker looks for violations of two safety-critical guidelines:

a) Short circuit operators are always used

(i.e., OR ELSE and AND THEN are used and OR and AND are not used).

b) Tasks are declared at the library level.

A procedure, named Process_Element, is created which contains calls to procedures
Check_Short_Circuit and Check_Library_Level_Task, which performs a restrictions check for
each of our safety-critical guidelines above.

procedure Process_Element (Elem       : in Asis.Element;               -- 3.6
                           Control    : in out Asis.Traverse_Control;  -- 3.13
                           Dummy      : in out boolean) is

begin

    Check_Short_Circuit (Elem);
    Check_Library_Level_Task (Elem);

    -- Additional guidelines can be checked here.

end Process_Element;

Copyright International Organization for Standardization 
Provided by IHS under license with ISO 

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ISO IEC 15291-1999

http://www.avadocuments.com/doc/iso-iec-15291-1999
http://www.avadocuments.com/doc/iso-iec-15291-1999


ISO/IEC 15291:1999(E) © ISO/IEC

22

This procedure will process each element in the Context as controlled by an instantiation to
Traverse_Element. The body of the Check_Short_Circuit and Check_Library_Level_Task identify
the processing to be performed on each Element.

The Check_Short_Circuit procedure is passed the current Element to be evaluated. The
Operator_Kinds function identifies the operator kind. If the Element happens to be
An_And_Operator or An_Or_Operator, then a violation exists and must be reported by identifying
the line number of the violation. Otherwise, there is no processing for this Element.

procedure Check_Short_Circuit( Elem : in Asis.Element) is        --  3.6
       Op_Kind : Asis.Operator_Kinds :=                          --  3.9.18
                     Asis.Elements.Operator_Kind (Elem);         -- 13.22

begin
    case Op_Kind is

    when Asis.An_And_Operator =>                                 --  3.9.18
        Put_Line ("Violation of Short Circuit Operator guideline:");
        Put ("-- Use of AND Operator at line ");
        Put (Asis.Text.Line_Number’Wide_Image                    -- 20.2
                        (Asis.Text.First_Line_Number (Elem)));   -- 20.8
        New_Line;

    when Asis.An_Or_Operator =>                                  --  3.9.18
        Put_Line ("Violation of Short Circuit Operator guideline:");
        Put ("-- Use of OR Operator at line ");
        Put (Asis.Text.Line_Number’Wide_Image                    -- 20.2
                  (Asis.Text.First_Line_Number (Elem)));         -- 20.8
        New_Line;

    when others =>
               null;
    end case;

end Check_Short_Circuit;

The Check_Library_Level_Task checks to see if the Element parameter is a Declaration_Kind of
A_Task_Type_Declaration, A_Protected_Type_Declaration, A_Single_Task_Declaration, or
A_Single_Protected_Declaration. If the Element is such a declaration, then a test Is_Library_Level
is performed. If the task is not at the Library level, then a violation is reported along with its line
number.

procedure Check_Library_Level_Task (Elem : Asis.Element) is               --  3.6
begin
    case Asis.Elements.Declaration_Kind (Elem) is                         -- 13.9

        when Asis.A_Task_Type_Declaration |                               --  3.94
             Asis.A_Protected_Type_Declaration |                          --  3.94
             Asis.A_Single_Task_Declaration |                             --  3.94
             Asis.A_Single_Protected_Declaration =>                       --  3.94

                If not Is_Library_Level
                    (Asis.Elements.Enclosing_Compilation_Unit(Elem)) then -- 13.2
                    Put_Line ("Violation of Tasking guideline:");
                    Put ("-- Non-Library Level Task at Line:");
                    Put (Asis.Text.Line_Number’Wide_Image                 -- 20.2
                        (Asis.Text.First_Line_Number (Elem)));            -- 20.8
                    New_Line;
                end if;

        when others =>
            null;
     end case;

end Check_Library_Level_Task;
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The function Is_Library_Level returns true when the Unit_Class of the Compilation_Unit is
A_Public_Declaration.

function Is_Library_Level ( CU : Asis.Compilation_Unit )          --  3.10
    return boolean is
begin

    Case Asis.Compilation_Units.Unit_Class (CU) is                -- 10.2
        when Asis.A_Public_Declaration =>                         --  3.12.2
            return true;
        when others =>
            return false;
    end case;

end Is_Library_Level;

So far the procedure Process_Element has been created to check restrictions on an Element in a
Compilation_Unit. The next step is to traverse all the Elements in a Compilation_Unit with this
check. The following package, called Check_Compilation_Unit, does this with its procedure
Find_Violations. Find_Violations prints the name of the Unit_Kind and name of each
Compilation_Unit as it checks each element in the Compilation_Unit for restrictions using the
procedure Check. Procedure Check is an instantiation of ASIS’s Traverse_Element with
Process_Element, containing the restriction checks. Traverse_Element provides a traversal of
each element in a Compilation_Unit’s logical syntax tree. The generic is instantiated with a state, a
pre-operation, and a post-operation. In this example, Process_Element is the pre-operation which
is executed when we land on each Element in the logical syntax tree. In this example, no
processing is needed as we leave the Element, so the third generic parameter is the procedure
No_Op. The state is not needed by the application. The package Check_Compilation_Unit
provides the procedure Find_Violations for the selected Compilation_Unit. It traverses the logical
syntax tree, finding and reporting the short circuit violations and task library level violations.

with Asis;
package Check_Compilation_Unit is

    procedure Find_Violations (CU : in Asis.Compilation_Unit);         --  3.10

end Check_Compilation_Unit;

with Asis; with Asis.Elements; with Asis.Iterator; with Asis.Text;
with Ada.Wide_Text_Io; use Ada.Wide_Text_Io;
package body Check_Compilation_Unit is

    procedure Process_Element (Elem    : in Asis.Element;              --  3.6
                               Control : in out Asis.Traverse_Control; --  3.13
                               Dummy   : in out boolean);

    procedure No_Op (Elem    : in Asis.Element;                        --  3.6
                     Control : in out Asis.Traverse_Control;           --  3.13
                     Dummy   : in out boolean);

    procedure Check is new Asis.Iterator.Traverse_Element              -- 14.1
                               (boolean, Process_Element, No_Op);

    Procedure Find_Violations (CU : Asis.Compilation_Unit) is          --  3.10
        Control : Asis.Traverse_Control := Asis.Continue;              --  3.13
        Dummy   : boolean;
    begin
        Put_Line ("Processing " &
            Asis.Unit_Kinds’Wide_Image                                 --  3.12.1
               (Asis.Compilation_Units.Unit_Kind (CU))                 -- 10.1
            & ": " &  (Asis.Compilation_Units.Unit_Full_Name (CU)));   -- 10.19
        Check (Asis.Elements.Unit_Declaration (CU), Control, Dummy);
    end Check_Compilation_Unit;

The ASIS application is almost complete. A main program is needed which contains the required
sequencing of calls to initialize the ASIS interface, name the Ada environment, access the Ada
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environment, loop through all Compilation_Units in the ASIS Context with the Find_Violations
procedure, and closing/releasing all ASIS resources. The Compilation_Units in the Context are
placed into the Unit_List. This is achieved with the following main program, called My_Application.

with Asis;                                                              --  3.0
with Asis.Implementation;                                               --  6.0
with Asis.Ada_Environments;                                             --  8.0
with Asis.Compilation_Units;                                            -- 10.0
with Check_Compilation_Unit;

procedure My_Application is
    My_Context : Asis.Context;                                          --  3.5

begin
    Asis.Implementation.Initialize;                                     --  6.6
    Asis.Ada_Environments.Associate (My_Context, "My Context");         --  8.3
    Asis.Ada_Environments.Open (My_Context);                            --  8.4

    declare
        Unit_List :  Asis.Compilation_Unit_List :=                      --  3.11
              Asis.Compilation_Units.Compilation_Units (My_Context);    -- 10.10
    begin
        for I in Unit_List’Range loop
            case Asis.Compilation_Units.Unit_Origin (Unit_List (I)) is  -- 10.3
                when Asis.An_Application_Unit =>                        --  3.12.3
                    Check_Compilation_Unit.Find_Violations (Unit_List (I));
                when others => null;
            end case;
        end loop;
    end;

    Asis.Ada_Environments.Close (My_Context);                           --  8.5
    Asis.Ada_Environments.Dissociate (My_Context);                      --  8.6
    Asis.Implementation.Finalize;                                       --  6.8
end My_Application;

2.4.4 Erroneous applications
An ASIS application is erroneous if:
• It uses any ASIS query, other than those exported by Asis.Implementation, while

Asis.Implementation.Is_Initialized = False.

• It attempts to use a Context before opening it (exceptions to this are Asis.Ada_Environments:
Associate, Dissociate, and the Context query functions; these are the only ones that shall be
used before opening a Context).

• It attempts to use a Context after closing it (exceptions to this are Asis.Ada_Environments:
Associate, Dissociate, and the Context query functions; these are the only ones that shall be
used after closing a Context).

• It attempts to Dissociate or Associate an open Context.

• It attempts to manipulate a Compilation_Unit whose Context has been closed.

• It attempts to obtain Compilation_Unit information from an unopened Context.

• It attempts to manipulate an Element from a Closed Context.

2.4.5 Usage rules

2.4.5.1 General usage rules
The following are general usage rules:
• All queries returning list values always return lists with a ’First of one (1).

• All queries with a Context parameter of mode IN raise ASIS_Inappropriate_Context if the
Context value is not open. The Status is set to Value_Error.
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• All queries with an Element or Line parameter attempt to detect the use of invalid values and
raise ASIS_Inappropriate_Element in response. The Status is set to Value_Error. (An invalid
value is one where the associated Context variable has been closed.) Not all ASIS
implementations are able to detect the use of invalid values. An application that depends upon
the success/failure of this invalid value detection is not portable.

• All queries other than simple Boolean or enumeration value queries, raise
ASIS_Inappropriate_Element if passed an Element that is not appropriate to the query. The
commentary for each query indicates the appropriate element kinds.

• It is generally inappropriate to mix elements of distinct subtypes (e.g., Passing a statement to
a query expecting a declaration is inappropriate). It is also inappropriate to mix kinds of
elements within a subtype when a query is expecting a specific kind. (i.e., Passing a type
declaration to a query expecting a procedure declaration is inappropriate).

• Any query may raise ASIS_Failed with a Status of Obsolete_Reference_Error if the argument
or result is itself, or is part of, an inconsistent compilation unit.

• Any Asis.Text query may raise ASIS_Failed with a Status of Text_Error if the program text
cannot be located or retrieved for any reason such as renaming, deletion, corruption, or
moving of the text or Ada environment.

2.4.5.2 Rules for processing queries for illegal/inconsistent context
The following provides some general rules to identify processing when some inconsistent subset
of Compilation Units is processed during semantic query processing. Processing of inconsistent
unit sets is in a certain extent implementation-dependent; the following in general should apply:

Semantic queries about elements:
Semantic queries across compilation boundaries may raise an exception if the units are
inconsistent.

Semantic queries about compilation units:
• Corresponding_Children: If the declaration of a child is inconsistent with the argument of the

query, neither declaration nor body is returned. If the declaration of a child is consistent with
the argument, but the body is not, the declaration is returned, and for the body, the result of
the Corresponding_Body query applied to the declaration is returned.

• Corresponding_Parent_Declaration: If a parent is inconsistent with a child passed as the
argument, A_Nonexistent_Declaration shall be returned.

• Corresponding_Declaration: If the declaration of an argument Element is inconsistent with
the argument, A_Nonexistent_Declaration shall be returned. (For a unit A_Procedure_Body or
A_Function_Body kind the solution may be in any case to return Nil_Compilation_Unit if the
unit is of A_Public_Declaration_And_Body kind.)

• Corresponding_Body: If the argument Element requires a body to be presented to make up
a complete partition containing this Element, but the Context does not contain the
corresponding body, or the body contained in the Context is inconsistent with the argument
Element, A_Nonexistent_Body shall be returned.

• Subunits: If a subunit is absent or if it is inconsistent with the argument Element,
A_Nonexistent_Body shall be returned for it.

• Corresponding_Subunit_Parent_Body: If the corresponding body does not exist in the
Context, or if it exists, but is inconsistent with the argument Element, then
A_Nonexistent_Body shall be returned.

Copyright International Organization for Standardization 
Provided by IHS under license with ISO 

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ISO IEC 15291-1999

http://www.avadocuments.com/doc/iso-iec-15291-1999
http://www.avadocuments.com/doc/iso-iec-15291-1999


ISO/IEC 15291:1999(E) © ISO/IEC

26

Semantic queries about semantic dependence order:
The Semantic_Dependence_Order query should never raise an exception when processing
inconsistent unit (sub)sets. This query is the only means for an application to know if a given unit
is consistent with (some of) its supporters (dependents), and therefore the related semantic
processing can give valuable results for this unit.

The remaining clauses in this International Standard are presented
as a compilable interface, documented with Ada comments.
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---------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------

-- 3 package Asis
---------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------
package Asis is
---------------------------------------------------------------------------------------
-- Package Asis encapsulates implementation-specific declarations, which are
-- made available to ASIS and its client applications in an
-- implementation-independent manner.
--
-- Package ASIS is the root of the ASIS interface.
--
---------------------------------------------------------------------------------------
-- Abstract
--
-- The Ada Semantic Interface Specification (ASIS) is an interface between an
-- Ada environment as defined by ISO/IEC 8652:1995 (the Ada Reference Manual)
-- and any tool requiring information from this environment. An Ada environment
-- includes valuable semantic and syntactic information. ASIS is an open and
-- published callable interface which gives CASE tool and application
-- developers access to this information. ASIS has been designed to be
-- independent of underlying Ada environment implementations, thus supporting
-- portability of software engineering tools while relieving tool developers
-- from having to understand the complexities of an Ada environment’s
-- proprietary internal representation.
--
---------------------------------------------------------------------------------------
-- Package ASIS Types:
--
-- The following types are made visible directly through package Asis:
--       type ASIS_Integer
--       type ASIS_Natural
--       type ASIS_Positive
--       type List_Index
--       type Context
--       type Element
--       type Element_List
--       Element subtypes
--       Element Kinds (set of enumeration types)
--       type Compilation_Unit
--       type Compilation_Unit_List
--       Unit Kinds (set of enumeration types)
--       type Traverse_Control
--       subtype Program_Text
--
-- The ASIS interface uses string parameters for many procedure and function
-- calls. Wide_String is used to convey ASIS environment information.
-- Program_Text, a subtype of Wide_String, is used to convey program text.
-- The Ada type String is not used in the ASIS interface. Neither the Ada
-- types Character nor Wide_Character are used in the ASIS interface.
--
-- Implementation_Defined types and values
--
-- A number of implementation-defined types and constants are used. To make
-- the ASIS specification compile, the following types and constants are
-- provided:

    subtype Implementation_Defined_Integer_Type is Integer;
    Implementation_Defined_Integer_Constant : constant := 2**31-1;

-- In addition, there are several implementation-defined private types.
-- For compilation convenience these types have been represented as
-- enumeration types with the single value of "Implementation_Defined".
-- An implementation may define reasonable types and constants.
-- Please refer to commentary where each is used.
--
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---------------------------------------------------------------------------------------

-- 3.1 type ASIS_Integer
---------------------------------------------------------------------------------------

    subtype ASIS_Integer is Implementation_Defined_Integer_Type;

---------------------------------------------------------------------------------------
--
-- A numeric subtype that allows each ASIS implementation to place constraints
-- on the lower and upper bounds.  Whenever possible, the range of this type
-- should meet or exceed -(2**31-1) .. 2**31-1.
--
---------------------------------------------------------------------------------------

-- 3.2 type ASIS_Natural
---------------------------------------------------------------------------------------

    subtype ASIS_Natural is ASIS_Integer range 0 .. ASIS_Integer’Last;

---------------------------------------------------------------------------------------

-- 3.3 type ASIS_Positive
---------------------------------------------------------------------------------------

    subtype ASIS_Positive is ASIS_Integer range 1 .. ASIS_Integer’Last;

---------------------------------------------------------------------------------------

-- 3.4 type List_Index
---------------------------------------------------------------------------------------

    List_Index_Implementation_Upper :
        constant ASIS_Positive := Implementation_Defined_Integer_Constant;
    subtype List_Index is ASIS_Positive
        range 1 .. List_Index_Implementation_Upper;

---------------------------------------------------------------------------------------
-- List_Index is a numeric subtype used to establish the upper bound for list
-- size.
---------------------------------------------------------------------------------------

-- 3.5 type Context
---------------------------------------------------------------------------------------
-- The ASIS Context is a view of a particular implementation of an Ada
-- environment.  ASIS requires an application to identify that view of
-- the Ada environment.  An ASIS Context identifies an Ada environment
-- as defined by ISO/IEC 8652:1995.  The Ada environment is well
-- defined for Ada implementations.  ISO/IEC 8652:1995 provides for an
-- implementation-defined method to enter compilation units into the
-- Ada environment.  Implementation permissions allow for illegal and
-- inconsistent units to be in the environment.  The use of ASIS may
-- result in the exception ASIS_Failed being raised if the Ada
-- environment includes such units.
--
-- Defined by the implementation, an ASIS context is a way to identify
-- a set of Compilation Units to be processed by an ASIS application.
-- This may include things such as the pathname, search rules, etc.,
-- which are attributes of the Ada environment and consequently
-- becomes part of the ASIS Context only because it is a "view" of
-- the Ada environment.
--
-- Because the contents of the Ada environment are (Ada-)implementation
-- defined, the ASIS context may contain illegal compilation units.
-- An ASIS Context is a handle to a set of compilation units accessible
-- by an ASIS application.  The set of compilation units available
-- from an ASIS context may be inconsistent, and may contain illegal
-- compilation units.  The contents are selected from the Ada
-- environment as defined by the corresponding Ada Implementation.
-- ASIS should allow multiple open contexts.
--
-- In the Context abstraction, a logical handle is associated with Name and
-- Parameters values that are used by the implementation to identify and
-- connect to the information in the Ada environment.
--
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-- An ASIS Context is associated with some set of Ada compilation units
-- maintained by an underlying Ada implementation or a stand-alone ASIS
-- implementation.  After this association has been made, this set of units
-- is considered to be part of the compile-time Ada environment, which forms
-- the outermost context of any compilation, as specified in section 10.1.4 of
-- the Ada Reference Manual.  This same environment context provides the
-- implicit outermost anonymous task during program execution.
--
-- Some implementations might not need explicit Name and/or Parameters values to
-- identify their Ada environment.  Other implementations might choose to
-- implement the Ada environment as a single external file in which case the
-- name and parameters values might simply supply the Name, Form, and any other
-- values needed to open such a file.
--
---------------------------------------------------------------------------------------
-- Context shall be an undiscriminated limited private.
---------------------------------------------------------------------------------------

    type Context is limited private;
    Nil_Context : constant Context;

    function "=" (Left  : in Context;
                  Right : in Context)
                  Return Boolean is abstract;

---------------------------------------------------------------------------------------
--
--|IR Implementation Requirement
--|IR
--|IR The concrete mechanism of this association is implementation-specific:
--|IR
--|IR Each ASIS implementation provides the means to construct an ASIS
--|IR Context value that defines the environment declarative_part or
--|IR "context" from which ASIS can obtain library units.
--
---------------------------------------------------------------------------------------

-- 3.6 type Element
---------------------------------------------------------------------------------------
-- The Ada lexical element abstraction (a private type).
--
-- The Element type is a distinct abstract type representing handles for the
-- lexical elements that form the text of compilation units.  Elements deal
-- with the internal or "textual" view of compilation units.
--
-- Operations are provided that split a Compilation_Unit object into one
-- Element and two Element lists:
--
-- a) A context clause represented by an Element_List containing
--    with clauses, use clauses, and pragmas.
--
-- b) An Element associated with the declaration.
--
-- c) A list of pragmas, that are not part of the context clause but which
--    nonetheless affect the compilation of the unit.
--
---------------------------------------------------------------------------------------
-- ASIS Elements are representations of the syntactic and semantic information
-- available from most Ada environments.
--
-- The ASIS Element type shall be an undiscriminated private type.
---------------------------------------------------------------------------------------

    type Element is private;
    Nil_Element : constant Element;

    function "=" (Left  : in Element;
                  Right : in Element)
                  Return Boolean is abstract;
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---------------------------------------------------------------------------------------

-- 3.7 type Element_List
---------------------------------------------------------------------------------------

    type Element_List is array (List_Index range <>) of Element;

    Nil_Element_List : constant Element_List;

---------------------------------------------------------------------------------------

-- 3.8 subtypes of Element and Element_List
---------------------------------------------------------------------------------------

    subtype Access_Type_Definition          is Element;
    subtype Association                     is Element;
    subtype Association_List                is Element_List;
    subtype Case_Statement_Alternative      is Element;
    subtype Clause                          is Element;
    subtype Component_Clause                is Element;
    subtype Component_Clause_List           is Element_List;
    subtype Component_Declaration           is Element;
    subtype Component_Definition            is Element;
    subtype Constraint                      is Element;
    subtype Context_Clause                  is Element;
    subtype Context_Clause_List             is Element_List;
    subtype Declaration                     is Element;
    subtype Declaration_List                is Element_List;
    subtype Declarative_Item_List           is Element_List;
    subtype Definition                      is Element;
    subtype Definition_List                 is Element_List;
    subtype Discrete_Range                  is Element;
    subtype Discrete_Range_List             is Element_List;
    subtype Discrete_Subtype_Definition     is Element;
    subtype Discriminant_Association        is Element;
    subtype Discriminant_Association_List   is Element_List;
    subtype Discriminant_Specification_List is Element_List;
    subtype Defining_Name                   is Element;
    subtype Defining_Name_List              is Element_List;
    subtype Exception_Handler               is Element;
    subtype Exception_Handler_List          is Element_List;
    subtype Expression                      is Element;
    subtype Expression_List                 is Element_List;
    subtype Formal_Type_Definition          is Element;
    subtype Generic_Formal_Parameter        is Element;
    subtype Generic_Formal_Parameter_List   is Element_List;
    subtype Identifier                      is Element;
    subtype Identifier_List                 is Element_List;
    subtype Name                            is Element;
    subtype Name_List                       is Element_List;
    subtype Parameter_Specification         is Element;
    subtype Parameter_Specification_List    is Element_List;
    subtype Path                            is Element;
    subtype Path_List                       is Element_List;
    subtype Pragma_Element                  is Element;
    subtype Pragma_Element_List             is Element_List;
    subtype Range_Constraint                is Element;
    subtype Record_Component                is Element;
    subtype Record_Component_List           is Element_List;
    subtype Record_Definition               is Element;
    subtype Representation_Clause           is Element;
    subtype Representation_Clause_List      is Element_List;
    subtype Root_Type_Definition            is Element;
    subtype Select_Alternative              is Element;
    subtype Statement                       is Element;
    subtype Statement_List                  is Element_List;
    subtype Subtype_Indication              is Element;
    subtype Subtype_Mark                    is Element;
    subtype Type_Definition                 is Element;
    subtype Variant                         is Element;
    subtype Variant_Component_List          is Element_List;
    subtype Variant_List                    is Element_List;

--
---------------------------------------------------------------------------------------
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---------------------------------------------------------------------------------------

-- 3.9 Element Kinds
---------------------------------------------------------------------------------------
-- Element Kinds are enumeration types describing various kinds of elements.
-- These element kinds are only used by package Asis.Elements.
---------------------------------------------------------------------------------------

-- 3.9.1 type Element_Kinds
---------------------------------------------------------------------------------------
-- Element_Kinds Hierarchy
--
-- ASIS offers hierarchical classification of elements.  At the highest
-- level, the Element_Kinds type provides literals that define "kinds" or
-- classes listed below into which all non-nil elements are grouped.  Elements
-- in each of the Element_Kinds classes, with the exception of
-- An_Exception_Handler, can be further classified by a subordinate kind at
-- the next level in the hierarchy.  Several subordinate kinds also have
-- additional subordinate kinds.
--
-- For example, Element_Kinds’A_Declaration might be classified into
-- Declaration_Kinds’A_Parameter_Specification which might be further
-- classified into Trait_Kinds’An_Access_Definition_Trait.
-- This fully identifies the syntax of an element such as:
--
--       (Who : access Person)
--
-- All Element_Kinds and subordinate kinds Queries are in Asis.Elements.
--
-- It is not necessary to strictly follow the hierarchy; any element can be
-- classified by any subordinate kind from any level.  However, meaningful
-- results will only be obtained from subordinate kinds that are appropriate.
-- These are designated within the hierarchy shown below:
--
--        Element_Kinds         -> Subordinate Kinds
---------------------------------------------------------------------------------------
--   Key: Read "->" as "is further classified by its"
--
--        A_Pragma              -> Pragma_Kinds
--
--        A_Defining_Name       -> Defining_Name_Kinds
--                                         -> Operator_Kinds
--
--        A_Declaration         -> Declaration_Kinds
--                                         -> Trait_Kinds
--                                         -> Declaration_Origins
--                                         -> Mode_Kinds
--                                         -> Subprogram_Default_Kinds
--
--        A_Definition          -> Definition_Kinds
--                                         -> Trait_Kinds
--                                         -> Type_Kinds
--                                                    -> Trait_Kinds
--                                         -> Formal_Type_Kinds
--                                                    -> Trait_Kinds
--                                         -> Access_Type_Kinds
--                                         -> Root_Type_Kinds
--                                         -> Constraint_Kinds
--                                         -> Discrete_Range_Kinds
--
--        An_Expression         -> Expression_Kinds
--                                         -> Operator_Kinds
--                                         -> Attribute_Kinds
--
--        An_Association        -> Association_Kinds
--
--        A_Statement           -> Statement_Kinds
--
--        A_Path                -> Path_Kinds
--
--        A_Clause              -> Clause_Kinds
--                                         -> Representation_Clause_Kinds
--
--        An_Exception_Handler
--
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---------------------------------------------------------------------------------------
-- Element_Kinds - general element classifications
--  Literals                   -- ASIS package with queries for these kinds
---------------------------------------------------------------------------------------

  type Element_Kinds is (

    Not_An_Element,            -- Nil_Element

    A_Pragma,                  -- Asis.Elements

    A_Defining_Name,           -- Asis.Declarations

    A_Declaration,             -- Asis.Declarations

    A_Definition,              -- Asis.Definitions

    An_Expression,             -- Asis.Expressions

    An_Association,            -- Asis.Expressions

    A_Statement,               -- Asis.Statements

    A_Path,                    -- Asis.Statements

    A_Clause,                  -- Asis.Clauses

    An_Exception_Handler);     -- Asis.Statements

---------------------------------------------------------------------------------------

-- 3.9.2 type Pragma_Kinds
---------------------------------------------------------------------------------------
-- Pragma_Kinds - classifications for pragmas
--  Literals                          -- Reference Manual
---------------------------------------------------------------------------------------

  type Pragma_Kinds is (

    Not_A_Pragma,                     -- An unexpected element
    An_All_Calls_Remote_Pragma,       -- E.2.3(5)
    An_Asynchronous_Pragma,           -- E.4.1(3)
    An_Atomic_Pragma,                 -- C.6(3)
    An_Atomic_Components_Pragma,      -- C.6(5)
    An_Attach_Handler_Pragma,         -- C.3.1(4)
    A_Controlled_Pragma,              -- 13.11.3(3)
    A_Convention_Pragma,              -- B.1(7), M.1(5)
    A_Discard_Names_Pragma,           -- C.5(3)
    An_Elaborate_Pragma,              -- 10.2.1(20)
    An_Elaborate_All_Pragma,          -- 10.2.1(21)
    An_Elaborate_Body_Pragma,         -- 10.2.1(22)
    An_Export_Pragma,                 -- B.1(5), M.1(5)
    An_Import_Pragma,                 -- B.1(6), M.1(5)
    An_Inline_Pragma,                 -- 6.3.2(3)
    An_Inspection_Point_Pragma,       -- H.3.2(3)
    An_Interrupt_Handler_Pragma,      -- C.3.1(2)
    An_Interrupt_Priority_Pragma,     -- D.1(5)
    A_Linker_Options_Pragma,          -- B.1(8)
    A_List_Pragma,                    -- 2.8(21)
    A_Locking_Policy_Pragma,          -- D.3(3)
    A_Normalize_Scalars_Pragma,       -- H.1(3)
    An_Optimize_Pragma,               -- 2.8(23)
    A_Pack_Pragma,                    -- 13.2(3)
    A_Page_Pragma,                    -- 2.8(22)
    A_Preelaborate_Pragma,            -- 10.2.1(3)
    A_Priority_Pragma,                -- D.1(3)
    A_Pure_Pragma,                    -- 10.2.1(14)
    A_Queuing_Policy_Pragma,          -- D.4(3)
    A_Remote_Call_Interface_Pragma,   -- E.2.3(3)
    A_Remote_Types_Pragma,            -- E.2.2(3)
    A_Restrictions_Pragma,            -- 13.12(3)
    A_Reviewable_Pragma,              -- H.3.1(3)
    A_Shared_Passive_Pragma,          -- E.2.1(3)
    A_Storage_Size_Pragma,            -- 13.3(63)
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    A_Suppress_Pragma,                -- 11.5(4)
    A_Task_Dispatching_Policy_Pragma, -- D.2.2(2)
    A_Volatile_Pragma,                -- C.6(4)
    A_Volatile_Components_Pragma,     -- C.6(6)

    An_Implementation_Defined_Pragma, -- 2.8(14)

    An_Unknown_Pragma);               -- Unknown to ASIS

---------------------------------------------------------------------------------------

-- 3.9.3 type Defining_Name_Kinds
---------------------------------------------------------------------------------------
-- Defining_Name_Kinds - names defined by declarations and specifications.
--  Literals                                   -- Reference Manual
---------------------------------------------------------------------------------------

  type Defining_Name_Kinds is (

    Not_A_Defining_Name,                       -- An unexpected element

    A_Defining_Identifier,                     -- 3.1(4)
    A_Defining_Character_Literal,              -- 3.5.1(4)
    A_Defining_Enumeration_Literal,            -- 3.5.1(3)
    A_Defining_Operator_Symbol,                -- 6.1(9)
    A_Defining_Expanded_Name);                 -- 6.1(7)
                                               -- program unit name defining_identifier

---------------------------------------------------------------------------------------

-- 3.9.4 type Declaration_Kinds
---------------------------------------------------------------------------------------
-- Declaration_Kinds - declarations and specifications having defining name literals.
--  Literals                                 -- Reference Manual -> Subordinate Kinds
---------------------------------------------------------------------------------------

  type Declaration_Kinds is (

    Not_A_Declaration,                       -- An unexpected element

    An_Ordinary_Type_Declaration,            -- 3.2.1(3)
      -- a full_type_declaration of the form:
      -- type defining_identifier [known_discriminant_part] is type_definition;

    A_Task_Type_Declaration,                 -- 9.1(2)
    A_Protected_Type_Declaration,            -- 9.4(2)
    An_Incomplete_Type_Declaration,          -- 3.2.1(2),3.10(2)
    A_Private_Type_Declaration,              -- 3.2.1(2),7.3(2) -> Trait_Kinds
    A_Private_Extension_Declaration,         -- 3.2.1(2),7.3(3) -> Trait_Kinds

    A_Subtype_Declaration,                   -- 3.2.2(2)

    A_Variable_Declaration,                  -- 3.3.1(2) -> Trait_Kinds
    A_Constant_Declaration,                  -- 3.3.1(4) -> Trait_Kinds
    A_Deferred_Constant_Declaration,         -- 3.3.1(6),7.4(2) -> Trait_Kinds
    A_Single_Task_Declaration,               -- 3.3.1(2),9.1(3)
    A_Single_Protected_Declaration,          -- 3.3.1(2),9.4(2)

    An_Integer_Number_Declaration,           -- 3.3.2(2)
    A_Real_Number_Declaration,               -- 3.5.6(2)

    An_Enumeration_Literal_Specification,    -- 3.5.1(3)

    A_Discriminant_Specification,            -- 3.7(5)   -> Trait_Kinds
    A_Component_Declaration,                 -- 3.8(6)

    A_Loop_Parameter_Specification,          -- 5.5(4)   -> Trait_Kinds

    A_Procedure_Declaration,                 -- 6.1(4)   -> Trait_Kinds
    A_Function_Declaration,                  -- 6.1(4)   -> Trait_Kinds

    A_Parameter_Specification,               -- 6.1(15)  -> Trait_Kinds
                                             --          -> Mode_Kinds
    A_Procedure_Body_Declaration,            -- 6.3(2)
    A_Function_Body_Declaration,             -- 6.3(2)
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    A_Package_Declaration,                   -- 7.1(2)
    A_Package_Body_Declaration,              -- 7.2(2)

    An_Object_Renaming_Declaration,          -- 8.5.1(2)
    An_Exception_Renaming_Declaration,       -- 8.5.2(2)
    A_Package_Renaming_Declaration,          -- 8.5.3(2)
    A_Procedure_Renaming_Declaration,        -- 8.5.4(2)
    A_Function_Renaming_Declaration,         -- 8.5.4(2)
    A_Generic_Package_Renaming_Declaration,  -- 8.5.5(2)
    A_Generic_Procedure_Renaming_Declaration,-- 8.5.5(2)
    A_Generic_Function_Renaming_Declaration, -- 8.5.5(2)

    A_Task_Body_Declaration,                 -- 9.1(6)
    A_Protected_Body_Declaration,            -- 9.4(7)
    An_Entry_Declaration,                    -- 9.5.2(2)
    An_Entry_Body_Declaration,               -- 9.5.2(5)
    An_Entry_Index_Specification,            -- 9.5.2(2)

    A_Procedure_Body_Stub,                   -- 10.1.3(3)
    A_Function_Body_Stub,                    -- 10.1.3(3)
    A_Package_Body_Stub,                     -- 10.1.3(4)
    A_Task_Body_Stub,                        -- 10.1.3(5)
    A_Protected_Body_Stub,                   -- 10.1.3(6)

    An_Exception_Declaration,                -- 11.1(2)
    A_Choice_Parameter_Specification,        -- 11.2(4)

    A_Generic_Procedure_Declaration,         -- 12.1(2)
    A_Generic_Function_Declaration,          -- 12.1(2)
    A_Generic_Package_Declaration,           -- 12.1(2)

    A_Package_Instantiation,                 -- 12.3(2)
    A_Procedure_Instantiation,               -- 12.3(2)
    A_Function_Instantiation,                -- 12.3(2)

    A_Formal_Object_Declaration,             -- 12.4(2)  -> Mode_Kinds
    A_Formal_Type_Declaration,               -- 12.5(2)
    A_Formal_Procedure_Declaration,          -- 12.6(2)  -> Subprogram_Default_Kinds
    A_Formal_Function_Declaration,           -- 12.6(2)  -> Subprogram_Default_Kinds
    A_Formal_Package_Declaration,            -- 12.7(2)
    A_Formal_Package_Declaration_With_Box);  -- 12.7(3)

-- The following Declaration_Kinds subtypes are not used by ASIS but are
-- provided for the convenience of the ASIS implementor:

  subtype A_Type_Declaration is Declaration_Kinds range
              An_Ordinary_Type_Declaration .. A_Private_Extension_Declaration;

  subtype A_Full_Type_Declaration is Declaration_Kinds range
              An_Ordinary_Type_Declaration .. A_Protected_Type_Declaration;

  subtype An_Object_Declaration is Declaration_Kinds range
              A_Variable_Declaration .. A_Single_Protected_Declaration;

  subtype A_Number_Declaration is Declaration_Kinds range
              An_Integer_Number_Declaration .. A_Real_Number_Declaration;

  subtype A_Renaming_Declaration is Declaration_Kinds range
              An_Object_Renaming_Declaration ..
              A_Generic_Function_Renaming_Declaration;

  subtype A_Body_Stub is Declaration_Kinds range
              A_Procedure_Body_Stub .. A_Protected_Body_Stub;

  subtype A_Generic_Declaration is Declaration_Kinds range
              A_Generic_Procedure_Declaration .. A_Generic_Package_Declaration;

  subtype A_Generic_Instantiation is Declaration_Kinds range
              A_Package_Instantiation .. A_Function_Instantiation;

  subtype A_Formal_Declaration is Declaration_Kinds range
              A_Formal_Object_Declaration ..
              A_Formal_Package_Declaration_With_Box;
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