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PREFACE

This document contains the Ada 9X revision requests submitted to the Ada Joint Program Office

(AJPO) as of 25 July 1989. These requests are being considered for inclusion in the current revision of

. ANSI/MIL-STD-1815A by the Ada 9X Project Requirements Team. Updates of this document will be

issued periodically. The revision requests can also be viewed on the Ada 9X electronic bulletin board at
1-800-Ada9X2S or 1-301-459-8939 and in Europe on Eurokom.

¥ This document was prepared by IIT Research Institute (IITRI) under sponsorship of the AJPO. The
IITRI Program Manager is Ms. Mary Armstrong (IITRI, 4600 Forbes Boulevard, Lanham, Maryland 20706).
Other IITRI staff that contributed to the document are Mr. Hank Greene, Ms. Susan Carlson, and Ms.
Trisha Guethlein. The AJPO Program Manager is Ms. Christine Anderson, the Ada 9X Project Manager
(Air Force Armament Laboratory/FXG, Eglin Air Force Base, Florida 32542-5434).
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/ INTRODUCTION

BACKGROUND

- The overall goal of the Ada 9X Project is to revise ANSI/MIL-STD-1815A 1o reflect current essential
requirements with minimum negative impact and maximum positive impact to the Ada community. The
Ada 9X process is a revision and not a redesign of the language and should be viewed as a natural part of
the maturation process.

Requiremcnts for the revision are based on input from the Ada community in the form of special
studies, workshops, public meetings, Ada Language Issues, and revision requests. The solicitation of revision
requests was initiated in October 1988 and will continue through October 1989. ' Individuals and groups are
encouraged to submit requests for a particular revision of the language using the format shown in Appendix
A Revisicn requests are being reviewed by the Ada 9X Project Requirements Team. The status of revision
requests will be tracked throughout the Ada 9X revision process. Revision requests may be viewed on the
Ada 9X Project electronic bulletin board at 1-800-Ada9X25 or 1-301-459-8939 and in Europe on Eurokom.

——————— . o

"ORGANIZATION OF THIS DOCUMENT

This document contains all the revision requests submiited as of 25 July 1989. Requests are organized
according to relevant sections in the Language Reference Manual, ANSI/MIL-STD-1815A. If a request
is relevant to more than one section, it will physically appear in the first section designated by the author
as a reference, and appear by reference in other sections. Indices are provided to support referencing by
key words, submitter, organization, and revision request number. This document will be updated and
reissued pericdically throughout the duration of the Ada 9X Project.
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Ada 9X Revision Request 0051

~1ANDARDIZATION OF GENERAL PURPOSE PACKAGES
DATE: February 10, 1989
NAME: Mark F. Komatar

ADDRESS: U.S. Army Management Engineering College
ATTN: AMXOM-PA (M. Komatar)
Rock Island, IL 61299-7040

TELEPHONE: (301) 782-4041
AUTOVON: 793-4041

ANSI/MIL-STD-1815A REFERENCE:  1.1.1(5)
PROBLEM:

All mature, production-quality computer languages include standard (or more-or-less standard) libraries of
useful, general-purpose routines -- except Ada. Examples of such routines include: square-root, sin, cos,
and other math functions; string edit functions, money-type operators, and access methods interfaces. As
a result of this lack, Ada programmers are continually re-inventing many software wheels, or are digging
through Ada (non-standard) software repositories looking for general-purpose routines, or are tying their
code to non-standard packages supplied by their compiler vendors. The problem: Inefficient
implementations of general-purpose routines (math packages, string packages, etc.) and/or non-portable code.

IMPORTANCE: ESSENTIAL

One of the basic (enets of the Ada philosophy is strict standardization. If common math, string-handling,
and other useful routines are not standardized (in the form of a package specifications at the language-
definition level), then potential billions of dollars will be wasted writing inefficient and/or non-portable Ada
code.

CURRENT WORKAROUNDS:

There are no workarounds; all current "workarounds” are part of the problem: application programmers
writing inefficient impiementations of routines that they simply take for granted in other mature languages;
muitiple Ada software repositories where general-purpose packages are mixed with literally thousands of
highly-specialized ones -- and the problems inherent in searching, accessing, retrieving and testing software
from such repositories; and finally, compiler vendors writing efficient but non-portable (across compilers)
implementations of general-purpose routines.

POSSIBLE SOLUTIONS:

The solution is to have DoD, ANSI, and ISO research and define package specifications of those common,
general-purpose routines most needed to make Ada a truly mature, application-oriented language. The
specific change to ANSI/MIL-STD-i815A might be an additional chapter similar in format to Chapter 14,
"Input-Output”. Once such specifications are standardized, then Ada compiler vendors can compete to
provide the most efficient implementations of said packages.




Ada 9X Revision Request 0042
INCORRECT ORDER DEPENDENCIES ‘
DATE: February 20, 1989
NAME: Mats Weber
ADDRESS: Swiss Federal Institute of Technology
EPFL DI LITh
1015 Lausanne
Switzerland

TELEPHONE: 0041 21 693 42 14

E-mail: madmats@elma.epfl.ch
ANSI/MIL-STD-1815A REFERENCE: 1.6(9)
PROBLEM:

LRM 1.6(9) says : "... Furthermore, the construct is incorrect if execution of these parts in a different order
would have a different effect.”

First, we all know that no compiler will ever be able to detect all such errors (because it leads at least to
NP-hard, if not undecidable problems).

Second, the LRM does not explain exactly what "would have a different effect” means. For example, consider ‘
the following example on an implementation where System.Address is an integer type:

with System,
Unchecked_Conversion,
Text_IO;

procedure Is_This_An_Incorrect_Order_Dependence is
type Access_Integer is access Integer;

function To_Address is new Unchecked_Conversion(Access_Integer,
System.Address);

type Rec Is
record

A : Access_Integer;
B : Access_Integer;
end record,

X : constant Rec := (A => new Integer, B => new Integer);
-- The order in which the allocators are evaluated is
-- not defined by the language.
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Ada 9X Revision Request 0042

if System."<"(To_Address(X.A), To_Address(X.B)) then
Text_IO.Put_Line("A < B");

else

Text_IO.Put_Line("B < A");

end if;

end Is_This_An_Incorrect_Order_Dependence;

OK, this is a bad example because it uses Unchecked_Conversion and System.Address, but it is still legal
Ada. The question is: does the above example contain an incorrect order dependence ? If the answer is
yes, it means that two or more allocators should never appear in an aggregate.

Now suppose we change Text_IO.Put_Line("B < A"); (in the else part of the if statement) to
Text_IO.Put_Line("A < B"); The output of the program would be "A < B" in any case, but two paths
through the program are possible. Is this considered to be "a different effect” ?

IMPORTANCE: IMPORTANT
I think that it should be possible for an Ada compiler to decide if an Ada program is correct or not (at
compilation time or at runtime). Uninitialized variables is a detectable problem (at runtime) but incorrect

order dependence is not.

Many programmers are unaware of the existence of incorrect order dependence and erroneous construct.
They think that "If my program compiles and executes fine, then it is a legal program”.

CURRENT WORKAROUNDS:
POSSIBLE SOLUTIONS:

- Define what "having a different effect” means in the 9X LRM (this is necessary, but would
not solve the problem).

- Allow programs with incorrect order dependence to execute in different ways without being
illegal. But don’t allow raising Program_Error.

- Explicitly state the order in which different parts of a construct are executed (order of
evaluation of actual parameters, components of aggregates, etc..., but NOT the execution
of tasks).

This is a bad solution because changing the order of declaration of components of a record or formal
parameters of a subprogram could change the effect of a program. But it has the advantage that the effect
of a program is well defined.




Ada 9X Revision Request 0066

ERRONEOUS EXECUTION AND INCORRECT ORDER DEPENDENCE .
DATE: March 21, 1989

NAME: B. A. Wichmann (from material supplied by members of Ada UK)

ADDRESS: National Physical Laboratory
Teddington, Middx

TWI11 OLW
UK
TELEPHONE: +44 1 943 6976, (Messages: +44 1 977 3222,

E-mail: baw@seg.npl.co.uk)
ANSI/MIL-STD-1815A REFERENCE: 1.6(c), 1.6(d)

PROBLEM:

There can be no doubt that the existence of both erroneous programs and ones having incorrect order
dependence is highly undesirable. Programs with either property will execute differently on conforming,
validated systems. The original language design acknowledged that neither property could be totally avoided
in a language having the expressive power of Ada.

Given that both properties will continue to exist in any revised language does not mean that the risks '
associated with these cannot be reduced. The time has come to make an ir-depth study of the issues and
to propose mechanisms to reduce the risks for practical Ada programs.

The problems with both the above properties arise because implementations of Ada need to vary to suit
the underlying architecture. Such differences are well accepted for all programming languages - the only
special feature of Ada in this respect is that the comprehensive nature of the language means that there
are several complex issues to resolve.

The Ada Rapporteur Group has identified some ambiguities in the situations which lead to an erroneous
execution and has resolved these within the current language design.

However, the work that has just started of the Uniformity Rapporteur Group (URG) is more relevant to
this issue. Guidance to implementors on the preferred strategies for handling erroneous programs does
reduce the risks to users. But relatively small changes to the language definition could dramatically reduce
the risks to manageable proportions.

As an example of the nature of the problems, consider the handling of an undefined simple variable. This
is technically erroneous which implies that no semantics is given to the program. If detected by an
implementation, it couid raise PROGRAM_ERROR, while without detection anything could happen.
Proposals by the URG would restrict the actions by the implementation so that programs could recover by
means of the exception mechanism.

A further example is given by the freedom of implementation to choose the mechanism for parameter
passing. While passing large objects by reference is almost universal now, to require this would be a
mistake since passing by copy is required on multiprocessors without shared memory. If a program depends
upon the parameter mechanism, it is erroneous even if it would function correctly (but differently) on copy .
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Ada 9X Revision Request 0066

on reference implementatiors. It would seem that such programs could be allowed to have different effects
while not being erroneous. Hence an implementation could still use either mechanism, but the semantics
would be either copy or reference (for any specific call). The freedom given by the current language is far
more than implementors require. For instance, as it stands, an implementation could choose the mechanism
dynamically, even if the subprogram was compiled in-line.

IMPORTANCE: IMPORTANT
But ESSENTIAL for safety-criticai software.
CURRENT WORKAROUNDS:

In the long-term, program analysis tools could make some impact on the problem. No effort is known by
the author to detect erroneous programs for the full language. Hence there are not effective workarounds
known.

POSSIBLE SOLUTIONS:

[t is felt that a significant improvement over the current position could be attained by requiring
implementations to define critical properties related to this area. For instance, the implementation could
be required to define the parameter mechanism used, or define the order of elaboration of library units.

ISO WG9 be asked to study the implications of erroneous execution and incorrect order dependence
upon the effective use of Ada.

ISO WG9 be asked to include in its agreed work item on the uniformity of implementations to
prepare proposals for Ada 9X to reduce the impact of erroneous programs and those with incorrect
order dependence.
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Ada 9X Revision Request 0034

USE 8-BIT ASCII

DATE: January 14, 1989
NAME: William Thomas Wolfe
ADDRESS: Home: 102 Edgewood Avenue #2

Clemson, SC 29631

Office: Department of Computer Science
Clemson University
Clemson, SC 29634

TELEPHONE: Home: (803) 654-7030
Office: (803) 656-2347
E-mail: wtwolfe@hubcap.clemson.edu

ANSIMIL-STD-1815A REFERENCE:  2.1(1)

PROBLEM:

Ada is based on 7-bit ASCII (ISO 646), rather than on 8-bit ASCII (ISO 8859/1-9).
CONSEQUENCES:

It is difficult to construct programs which are capable of handling the characters which appear in European

languages other than English; this leads to English-language dependencies or to machine dependencies and
non-portability in Ada-based products.

IMPORTANCE:
CURRENT WORKAROUNDS:
Ada-based products can be made machine-dependent and non-portable.

POSSIBLE SOLUTIONS:
Revise ANSI/MIL-STD-1815A 2.1 (1) to read:

"The only characters allowed in the text of a program are the graphic characters and the format effectors.
Each graphic character corresponds to a unique code of the ISO eight-bit coded character set (ISO
standards 8859/1-9), and is represented visually by a graphic symbol. The description of the language
definition in this standard reference manual uses the ASCII graphic symbols, the ANSI graphical
representation of the [SO character set.”




Ada 9X Revision Request 0126
UNDERSCORE BEFORE EXPONENT IN NUMERIC LITERALS .

DATE: May 23, 1989

NAME: Jurgen F H Winkler

ADDRESS: Siemens AG ZFE F2 SOF3

Otto-Hahn-Ring 6

D-8000 Munchen 83

Fed Rep of Germany
TELEPHONE: +49 89 636 2173
ANSI/MIL-STD-1815A REFERENCE: 24

PROBLEM:

Allow underscore before exponent part of numeric literals

Ada allows the underscore in numeric literals. This can be used to improve readability:
1000000 vs. 1_000_000.

Readability of literals containing an exponent part is impaired by the fact that the underscore is not allowed

before the exponent part: .

1.34E-12 vs. 1.34_E-12
IMPORTANCE: ADMINISTRATIVE
CURRENT WORKAROUNDS:

POSSIBLE SOLUTIONS:

exponent::= [underline] E [+] integer | [underline] E - integer

2-3




Ada 9X Revision Request 0039

INTERFACING FORTRAN LIBRARIES TO ADA PROGRAMS
DATE: January 2, 1989
NAME: C. G. Van der Laan

ADDRESS: Rekencentrum der Rijksuniversitreit
Landleven 1
Postbus 800
9700 Av Groningen
The Netherlands

TELEPHONE: -50-633374
E-mail: cgl@HGRRUGS (bilnet)

ANSI/MIL-STD-1815A REFERENCE: 238

PROBLEM:

Interfacing FORTRAN libraries to Ada programs.

IMPORTANCE: IMPORTANT

If not satisfied, FORTRAN numerical libraries can be used marginaily.

CURRENT WORKAROUNDS:

Interface pragma, but its use is limited (see referenced report)

POSSIBLE SOLUTIONS:

Van der Laan. 1985. "Interfacing Ada to FORTRAN", Rekencentrum der rijksuniversiteit te groningen.
1. INTRODUCTION

Use of FORTRAN routines in an Ada environment is an example of mixed language programming.
Mixed language programming came into existence along with the introduction of high-level algorithmic
programming languages via the use of assembly routines in high-level languages. Nowadays, mixed language
programming with modern high-level languages and FORTRAN is interesting because of the general
availability of FORTRAN numerical program libraries on various machine ranges (e.g., NAG mark 10 on
roughly 52 computer series and IMSL edition 9 on roughly 25 computer series, while PORT-conforming
routines, such as CALGO, are transportable and can be used on practically any computer). Mixed languages
programming activities are described in Einarsson & Gentleman (1984), Van der Laan (1981, 1983a), De
Bruin & Van der Lann (1983), while pioneering work is described by Gentleman and Traub (1968). A
coherent approach is given by the UNIX environment, where programs written in C, FORTRAN, and
PASCAL can be intermixed, with C an intermediate language (Feldman (1981)); another xample of this
direction is given by the UCSD-P system. The problems with the latter possibilities is that they are hardly
documented. Related activities are concerned with preprocessors (Feldman (1983)) and language
transformation (Partsch & Steinbrugger (1981)). The advantages of using FORTRAN program libraries in
other languages are:
- extensive, efficient, fully documented, thoroughly (field) tested FORTRAN libraries exist for many

24
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computers.

- maintenance of program libraries with transliterations in various languages in cumbersome.

The disadvantages are:

- use of FORTRAN routines in other languages is generally not elaborated and therefore not
standardized and hardly provided by manufacturers,

- dealing with more than one language is more complex and error prore,

- portability is decreased by mixed language programming, unless (trans-) portable, or generally
available, operating systems or programming environments are introduced as environments for
compatible compilers,

- error-handling, and input-output in general, is more complicated;

- interfacing overhead, especially for small routines;

- fewer protection mechanisms are available in FORTRAN because it is not a strongly-typed language.

Difficulties with mixed language programming are discussed by Einarsson & Gentleman (1984), who
distinguish fundamental incompatibilities between languages from incompatible implementations of
languages. In the Ada Reference Manual (ARM in the sequel) the INTERFACE pragma for interfaces with
other languages, is dealt with in section 13.9; the general pragma syntax is given in section 2.8. Elaborated
pragmas with respect to interfaces with other languages can be supplied in appendix F of the ARM. In this
paper we explore the INTERFACE pragma with respect to the creation of virtual numerical program
collections in Ada on top of FORTRAN program libraries. Moreover, we specify a FORTRAN pragma,
in order to couple routines which have subprograms as dummy arguments. Our proposal is within the
syntax of the standard because we believe that modification of the standard will at least take time, if it
happens at all. We hope this paper will inspire manufacturers or software houses to implement the
INTERFACE pragma as well as the tailored FORTRAN pragma, in order to make the use of FORTRAN
program libraries in Ada possible; furthermore we hope that the specification of the FORTRAN pragma
will be included in appendix F of ARM. This work is a continuation of our earlier experiences in mixed
language programming with ALGO 68 and FORTRAN (Vabp der Lann (1981), De Bruin and Van der Laan
(1983)); so far we are only able to describe our ideas because we have no access to an Ada compiler.
Moreover, the FORTRAN pragma is a proposal which is not yet implemented to our knowiedge and not
mentioned in ARM. However, our examples are represented as compilation units, especially packages, so
they can be tried out when a sufficiently sophisticated compiler can be accessed.

Notational conventions.

ARM denotes the Ada reference manual; FRM denotes the FORTRAN reference manual. [n the examples
the following naming conventions are used. If we start form a FORTRAN program library collection with
name X then the FORTRAN bound interface level is called XF, the Ada bound interface level is supplied
as a package specification with name X_A, while the virtual Ada collection is supplied as a package with
name VIR_X. The latter layer is not specific for the interface but supplied in order to elucidate the X_A
level. Packages were chosen as units because we like to couple collections, with encapsulated data types,
instead of single routines; furthermore, the designators of routines as library units are restricted to
identifiers. GEF stands for the collection of subprograms published by Forsythe et al. (1977).

4. THE FORTRAN PRAGMA

In order to make use in Ada of FORTRAN routines with Ada subprograms as parameters, we
propose a FORTRAN pragma. This pragma obeys the general syntax of pragmas as given in section 2.8
of the ARM, and quoted below:

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

2-5
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argument_association ::= [ argument_identifier =>] name |
[ argument_identifier =>] expression. "

We propose the FORTRAN pragma

pragma FORTRAN (NAMEF [,( Al [ ,( B, aggregate { , BM, aggregate})]
{,AR [ ,(BRI, aggregate { ,3RM, aggregate})|}
)

]
)

where Al, .., AR correspond to the dummy arguments of NAMEF, and B!, .., BM, and
BR1,..BRM correspond to arrays of a dummy subprogram, with bounds given in the subsequent
aggregate (for each dimension lower and upper bounds must be given, all separated by commas),
of the formal generic subprograms. NAMEF denotes the name of the coupled FORTRAN
subprogram.

Name restrictions are imposed by those of FORTRAN. The FORTRAN pragma is an extension of the
INTERFACE pragma and aimed at generic subprograms with only procedures or functions as generic format
parameters; as extension of the INTERFACE pragma it may be used for the cases treated in section 3, by
suhctitution nf

pragma INTERFACE( FORTRAN, NAME) by pragma FORTRAN( NAME),

It is a pity that in Ada subprograms are allowed as parameters of subprograms only via generic units. A
large class of numerical problems such as : quadrature, zero finding, optimization, and solving differential
and integral equations, parameterize over a function. Routines in FORTRAN for the above problems
parameterize in general via subprograms as dummy arguments. When a dummy subprogram itself contains
an array as dummy argument, one must supply information about the bounds, because FORTRAN generally
lacks this information. (This is done via the above mentioned aggregates.)

It must be kept in mind that use of the FORTRAN pragma with generic units severely restricts the generic
formal parameters: together with the FORTRAN pragma only functions and subprograms are allowed as
generic formal parameters, because that is what we need in order to couple FORTRAN subprograms with
dummy subprograms and it will probably relieve the implementation of the FORTRAN pragma.

2-6
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For additional references to Section 2. of ANSI/MIL-STD-1815A, see the following sections, revision request .
numbers, and revision request titles in this document.

REVISION REQUEST

NUMBER TITLE SECTION

0049 REFERENCE TO VARIABLE NAMES 5
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THAT REFERENCE
ANSI/MIL-STD-1815A

SECTION 3. DECLARATION AND TYPES
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Ada 9X Revision Reguest L7

PRE-ELABORATION

DATE: June 7, 1989
NAME: Ted Baker (ACM Special Interest Group on Ada, Ada Runtime Environment Working
Group)

ADDRESS: Department of Computer Science
Florida State University
Tallahassee, FL 32306-4019

TELEPHONE: (904) 644-5452
E-mail: (ARPAnet) tbaker@ajpo.sei.cmu.edu

ANSI/MIL-STD-1815A REFERENCE: 3,6, 7,9, 10, 12
PROBLEM:

Real-time applications require that programs (and tasks) be able to start up more quickly than is possible
if all elaboration is performed at execution time. A well-defined class of constructs, defined similarly to
static expressions but larger in scope, is needed; such that a programmer can rely on the elaboration of
these constructs not taking any execution time. We call constructs whose elaboration does not take any
execution time “pre-elaborated”.

SPECIFIC REQUIREMENT/SOLUTION CRITERIA:

There should be a standard class of constructs that are guaranteed able to be pre-elaborated. We call this
class the "standard pre-elaboratable constructs”.

There should be a way for a programmer to require that all constructs in this class be pre-elaborated. A
compiler need not be required to support pre-elaboration, since this feature may not be needed by all Ada
applications, but a request for pre-elaboration should not be ignorable. That is, it should resuit in failure
of the compilation, as with other implementation limitations.

Like static expressions, this class would impose a minimum requirement ca all compilers that support
pre-elaboration, and would not limit any compiler from performing further optimizations. The standard
pre-elaboratabie constructs should include simple forms of aggregate objects, subtypes, subprograms, tasks,
and packages.

Pre-elaborated objects should be ROM-able.

IMPORTANCE:

Applications requiring this feature will not use Ada, or will rely on features of a specific (possibly custom)
compiler. This feature requires a language change for two reasons: (1) conformance cannot be strongly
checked (meaning a program cannot be rejected for mis-use of the pragma or because the compiler does
not support the feature) unless the pragma is language-defined; (2) re-use and portability of programmers,
programming styles, and program components will rely on some minimum level of agreement about this
feature across compilers.

CURRENT WORKAROUNDS:

3.2
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This ARR addresses a kind of optimization, one that is sufficiently critical for real-time applications that
some standard support seems necessary. In an application whose design is driven by timing constraints, it
is necessary to know a-priori which constructs are "safe” with regard to not imposing any significant run-time
costs. It is typical of many real-time applications that the entire application, or certain tasks within it, must
be able started (and restarted) instantly, more or less. This implies that constructs which impose run-time
elaboration costs be avoided. [t is therefore important that application programmers and "real-time" Ada
compilers agree upon a set of constraints, so that if a programmer respects these constraints and requests
pre-elaboration, the compiler can be relied upon not to generate any significant amount of run-time
elaboration code.

While it is clear that each compiler must set a limit on how far to go in compile-time elaboration. In the
absence of a standard this limit will vary widely. The absence of such a standard makes it impractical to
develop a common style of real-time programming, and difficult to re-use real-time softwarc components
across compilers. Any application concerned about start-up time will need to define its own set of usage
restrictions to fit a particular compiler, and may even require a custom compiler.

POSSIBLE SOLUTIONS:

The present Ada standard sets a precedent by defining a class of "static® expressions, which a compiler is
supposed to be able to evaluate at compile-time. This class is more narrowly defined than necessary, but
it is sufficient 10 be useful. The class of pre-elaboratable constructs proposed here would be a
generalization of this idea to more complex constructs, including certain simple forms of aggregate objects,
subtypes, procedures, packages, and tasks. The class would be sufficiently narrow to insure the constructs
can be elaboratable at compile time, but sufficiently large to permit programming a useful range of real-time
applications.

By giving this class a name and making its definition standard, real-time programmers are given a framework
within which they know it is "safe” to operate, given they use a compiler that supports this feature. By
requiring compilers that do not support this feature 1o reject programs that request it, programmers will
know that programs that compile are "safe”.
In order to illustrate what we mean, and provide a starting point for discussion, we will define a class of
constructs that might be pre-elaboratable. The intent is that a programmer might .equest that certain
library packages be pre-elaborated, by means of a pragma. The pragma would only be allowed for library
packages that contain only “"allowable® components, where "allowable” is specifically defined below.

- A static expression is allowaole.

- A scalar type with a static constraint is allowable.

- A subtype is allowable if its base type is allowable, the constraint is static, and elaboration
of the subtype raises no exceptions.

- An array type is allowable if the component and index subtypes are allowable.
- A record type is allowable if every component is of an allowable subtype.
An access type is allowable if the designated subtype is allowable.

-- An allocator is allowable if its subtype and initial value (if any) are allowable.
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- An aggregate is allowable if its subtype, component values, and any expressions used as
array index choices are allowable.

- An object declaration is aliowable if its subtype is allowable and is unconstrained or has
an allowable constraint, and the declaration i- either

-- a variable declaration and has no initial value, or

- a constant declaration and the value is specified by an allowable expression.

- A type or subtype declaration is allowable if the type or subtype is allowable.

-- A subprogram declaration is allowable if ELABORATION_CHECK is suppressed, or if
no separate specification is given for the subprogram.

(Note: Subprogram declarations do not include generic units and generic instantiations.)

- A generic instantiation is allowable if the generic unit, its body, and all generic parameters
are allowable, and the instantiation does not raise any exception.

- A package is allowable if all its component declarations are allowable and its body has
no sequence of statements.

= A task (type) is allowable if all the declarations in its declarative part are allowable and
it does not occur within another task or subprogram body.

-- A generic declaration is allowable if all expressions and types in its formal part are
allowable, and its body is a subprogram or allowable package body.

Only these declarations, expressions, types, and subtypes are allowable.

The requirements defined above are a compromise between ease of implementation and generality. They
could be somewhat relaxed, at a price. For example, initial values could be allowed in variable declarations,
but then restarting a program quickly might be difficult. Similarly, expressions involving selection of
components and slices of allowable array and record constants might be allowed, but the benefit was felt
10 outweigh the extra cost. Even though certain kinds of nested tasks could conceivably be pre-elaborated,
we have ruled them out for similar reasons. We intend to have ruled out all constructs whose elaboration
might require the execution of a statement. In contrast, aliocators are permitted in expressions defining the
values of constants, even though supporting this may not be easy. This is because access types are
considered a necessity for real-time programs.

DIFFICULTIES TO BE CONSIDERED:
Compilers which support this feature will be more complex.
REFERENCES/SUPPORTING MATERIAL:

ARTEWG CIFO
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Ada 9X Revision Request 0125
INTRODUCE INHERITANCE INTO ADA ‘

DATE: June 12, 1989

NAME: Jurgen F H Winkler

ADDRESS: Siemens AG ZFE F2 SOF3
Otto-Hahn-Ring 6
D-8000 Munchen 33
Fed Rep of Germany

TELEPHONE: +49 89 636 2173
ANSI/MIL-STD-1815A REFERENCE: 3,7.
PROBLEM:

Ada provides some elements of object oriented programming (OOP) but it lacks the mechanism of
inheritance, which is very useful mechanism, and which can save a lot of recompilation and retesting effort.

IMPORTANCE: IMPORTANT
CURRENT WORKAROUNDS:

No good workarounds known. See Ada Letters (Vol III, No. 5 (1988) p 37-46) for a possible workaround. .
POSSIBLE SOLUTIONS:

SOLUTION 1

Inheritance can be provided along the following lines:

a) Package type (analogous to task type)

b) Inheritance clause (subtype)

This leads to the following additional rule for package specification:

package_specification ::=
package type identifier [subtype of package_name] is
{basic_declarative_item}

[private
{basic_declarative_item}|
end [package_simple_name]
The semantics are as follows:
a) Package types are private types.

b) The declarative region of the package type designated by "identifier” (the subtype) is logically .
contained immediately in the declarative region of the type designated by "package_name" ( the
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supertype) at the point after the last declaration immediately contained in the supertype. The
package type designated by "identifier" is called a direct subtype of the package type designated by
"package_name".

A package type S is called a subtype of a package type T iff

) S =T, or

c2) S is a direct subtype of a subtype of T.

c) An objec. of the subtype consists of the data objects of the supertype (inheritance) followed by
those declared in the subtype. Each object of a package type has its own set of cz2ta components.

d) All subprograms declared in the public part of the supertype are lmplxculy declared in the public
part of the subtype. (Inheritance).

€) If OT is an object of package type T and S a subprogram declared in the public part of T the
construct "OT.S(...)" means the invocation of S in the context of the data components of OT.

f Assignment compatibility for package types:
the type of the rhs must be a subtype of the type of the lhs, and assignment means projection.

g) Assignment compatibility for access types designating package types:
the type of the object designated by the rhs must be a subtype of the designated type of the lhs.
This may require a dynamic check
Assignation means copying of the access value.

A consequence of this rule is that an access variable may designate objects of any subtype of its
designated type.

REMARKS:

R1)  The term "object” is used here in the Ada sense.

R2) The term "package subtype® could be replaced with e.g. "type extension" [Wir 88], because there are
differences between the package subtypes and other subtypes in Ada.

R3)  The proposal does unt deal with virtual subprograms. They can be included also. The proposal
is intended to give the flavor of an object-oriented extension of Ada, but not to define afl details
of such an extension.

SOLUTION 2

A combination of Wirth's type extension [Wir 88] and Ada’s derived types would also introduce some form
of inheritance into Ada. The solution would be limited solution because the type extension proposal of
Wirth works for record types only.

REFERENCES:

(Wir 88] Wirth, N.: Type Extensions, TOPLAS 10,2 (1988) 204..214
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Ada 9X Revision Request 0092
FINALIZATION .

DATE: April 4, 1989

NAME: C. Lester (from information supplied by members of Ada-UK)

ADDRESS: School of Information Science

Portsmouth Polytechnic
Portsmouth, P01 2EG
England

TELEPHONE: +44-705-598943 after 1 pm EST

ANSI/MIL-STD-1815A REFERENCE: 32,37, 71, 105

PROBLEM:

Ada provides adequate facilities for the initialization of variables, (3.2), record components (3.7), and
packages (7.1): in the case of library packages great care is taken to ensure that the initializations occur in
an acceptable order (10.5).

However, for everything that might need initializing, there are likely to be symmetric needs for finalization -

and Ada provides no facilities for that (unlike Simula, which was a major formative influence on these

aspects of Ada - see section 1.3 of the LRM: also unlike the draft Extended Pascal, which shows the Pascal
community’s awareness of the need for finalization to match the initialization facilities being introduced in ‘
Extended Pascal).

Examples:

A “counter” variable, initialized to zero, and which should return to zero before exit from
the declaring scope - there is currently no easy means to determine that it returns to that
value;

a file which needs opening in a package initialization part - there is currently no easy means
to close it (perhaps after first checking that it was left at end-of-file);

ADTs supplied by packages, and which should arrive in some final state before being
extinguished;

complements of anything else for which a package initialization part could be used.

IMPORTANCE:

Depends on one’s point of view:

That Ada should be able 10 do anything that any other language can do is (of course) a nonsense argument
on its own, but in this case SIMULA experience strongly suggests that such facilities are highly desirable
for.all the reasons that SIMULA-like initialization facilities were included in Ada. .

ESSENTIAL to the guy habituated to it in other languages;

ESSENTIAL to prevent Ada from being the subject of ribaldry over the obvious
inconsistency;

MILDLY DESIRABLE to the guy numbered to the perpetual irritation of the workarounds;
IRRELEVANT to the guy in the habit of writing un-robust code.

3.7
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CURRENT WORKAROUNDS:

Mirror-imaging the sort of messy code that the initialization facilities were supposed to supplant, and with
all the disadvantages of the supposedly supplanted messy code.

POSSIBLE SOLUTIONS:
For packages, a SIMULA-like solution:

package body CLEANS_UP_AFTER_ITSELF is

begin
-- initialization code

terminate -- very Ada-like 10 reuse a keyword!
-- finalization code

end CLEANS_UP_AFTER_ITSELF;

Superficially a minor extension, it has catches:
. from the point of view of the definition, it needs a new concept of "de-¢laboration” in the
inverse order of elaboration (suppose something declares two package bodies, A then B:
A initializes by opening a file:
B initializes by asking A to do input;

B finalizes by asking A to be sure it got to end-of-file;

A finalizes by closing the file:

any other order would be hard to live with in that and other scenarios). De.
elaborations would need to be implied by the end matching the begin following the
declarative part declaring the seif-finalizing things-these "implicit things happening
at an end” are also a new definitional concept (except for the funny things that
happen at an end matching a begin following declarations of tasks). In the case
of self-finalizing library units, the finalizations would need to come after main
program termination subject to the inverse of the current partial ordering of library
unit elaborations: one option is that the finalizations be in exactly the inverse order
of the chosen total ordering of libiary unit elaborations.

. interaction with termination of tasks deciared in the same declarative sequence as the
package body, or (if the package body is a compilation unit) with library tasks - wouid the
finalizations precede the required termination of the tasks, follow it, or would it be a case
of 'order not defined by the language’?

. interaction with exceptions raised by the sequence of statements preceding the 'terminate’ -
wouid we permit exception handlers before terminate? If there were not such a handler
(whether allowed or not), what would be the propagation rules?

For variables: there is not one most-obvious solution. Here are two candidates for consideration:

. decree that such variables ought be declared only in packages, and pass the buck to the
package’s finalization part (this is Extended Pascal’s kludge).
. some way of specifying a test that the value of the variable must pass before de-allocation

of the variable (messy to add to the definition, for two reasons: 1/ it would be radically
novel syntax; 2/ then current definition never clearly says that variables can cease to exist,
when, how, why, etc., so that would need clarifying first!): if the test fails then something
has to happen (also messy, because it’s not obvious what should happen -
PROGRAM_ERROR? if so, where would it be considered to be raised?)
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For record components: this is now finalization of all variables of given (record) type, so the Extended
Pascal kludge becomes very dubious. The "specified test” becomes attractive, but is yet another case in
which something is executed in a scope very different from where it is defined - the rules would presumably
be like those for initializations expression itself.

These issues were ducked in the original design for lack of time to consider them more fully. We now have
the time (even if it takes till 200X).
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IDENTIFIER LISTS AND THE EQUIVALENCE OF SINGLE
AND MULTIPLE DECLARATIONS

DATE: March 22, 1989
NAME: E.N. Thomas
DISCLAIMER: The views expressed in this note are those of the author, and do not necessarily

represent those of SD-Scicon PLC.

ADDRESS: SD-Scicon PLC
Pembroke House
Pembroke Broadway
CAMBERLEY
Surrey
UK
GU1S 3XD

TELEPHONE: +44 276 686200
ANSI/MIL-STD-1815A REFERENCE: 3.2(10), 3.2(11), 3.2(12), 3.8.1, 7.4, 6.3.1
PROBLEM:

Section 3.2 defines an equivalence for use throughout the reference manual for single and multiple object
declarations. Object declarations, however, are not the only place where identifier_list is used, and 3.2
extends the equivalence to number declarations, component declarations, discriminant specifications,
parameter specifications, generic parameter declarations, exception declarations, and deferred constant
declarations.

Unfortunately, this equivalence is not universally accepted in the rest of the manual, and further the ability
to use lists (identifier_list or equivalent) is not provided for some forms of declaration.

Non-equivalences

Although 3.2 defines the equivalence for component declarations and parameter specifications, 6.3.1 does
not accept this in defining conformance of subprogram specifications and discriminant parts (3.8.1(4) and
7.4.1(3)). This leads to the ridiculous example in 6.3.1(8), which should not cause any problems at all.

The equivalence rules in 3.2(10) allow for "whatever appears in the right of the colon in the multiple object
declaration”, and define the effective order of the equivalent single declarations. In the case of deferred
constant declarations, 7.4.3 has no difficulty allowing any combination of multiple and single object
declarations for the deferred and full declarations. A further ridiculous resuit of 6.3.1 is the purposes of
overloading, yet to not conform.

Missing lists
Several forms of declaration do not provide the ability to use lists, although an extended form of 3.2 would

give no semantic difficulty in interpreting their meaning. In some cases this is equivalent to identifier list,
but in others the missing construct is composite. These include:
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. Incomplete type declarations, 3.8.1 .
. Private type declarations, 7.4.

. Multiple objects of the same (sub)type initialized to (textually) differing values.

IMPORTANCE: ESSENTIAL

Regularity is compromised without these, and the design goals of 1.3(3) are violated ("a small number of
underlying concepts integrated in a consistent and systematic way").

CURRENT WORKAROUNDS:

None for the missing consistency caused by non-equivalences, but verbose forms of declaration cover the
missing lists -- for example package ASCII in C(15), and constructs like the following.

type A;

type B

type C;

type D;
Instead of the following.

type A, B, C, D;
The package ASCII case is an example of verbosity introducing hazards for program maintenance -- the ‘
constant declarations are not able to encapsuiaie the fact that they are all of the same type other than by

repeating the "constant CHARACTER" part (the author of the reference manual even gave up in the case
LC_A to LC-Z, and used” .."!).

POSSIBLE SOLUTIONS:

Non-equivalences

Apply the concepts of section 3.2 consistently to the places discussed above.

Missing lists

Extend the syntax as follows for type declarations. The new rule type_signature could also be used in
existing syntax rules for consistency, such as full_type_declaration in 3.3.1(2).

private_type_declaration ::=
type_signature_list is (limited) private

incomplete_type_declaration ::=
type_signature_list;

type_signature_list ::=
type_signature {, type_signature}

tvpe_signature 1= .

3-11
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identifier {discriminant_part}
For multiple object initialization, rather more departure is required from the existing style of object
declaration in Ada, but this really arises from Ada’s failure to conform to established style in the first place,
(c.f. Algol's
INTEGER a, b, ¢;
or FORTRAN’s
INTEGER A, B, G

).

The syntax needs to associate closely each identifier and its initializing expression, and avoid expressing them
as two lists that need to be matched one to one. Thus it needs to have a list of identifier_expression pairs.
The following syntax is suggested, being constructed out of parts of 3.2, and preserving the observed fact
that nowhere in the existing syntax are two adjacent non-reserved identifiers allowed. The number
declaration alternative seems hardly justified, but is included for completeness.

object_declaration ::=

< <as at present followed by>>

| [constant] subtype_indication declare initialize_object_list;
number_declaration ::=

< <as at present followed by>>

| constant declare initialize_number_list;

initialize_number_list ::=
initialize_number {, initialize_number}

initialize_number ::=
identifier := universal_static_expression

initialize_object_list ::=
initialize_object {, initialize_object}

initialize_object ::=
identifier := expression

Examples using this syntax are:

constant CHARACTER declare

LCA_A := 2,
LCA B := "V,
LCA_C:="'C,
LCA D := 'd’,

constant declare Pl := 3.1415926536,
MAX := 500,
POWER_16 := 2:1:E16;
INTEGER declare COUNT := 0, SUM := -1;
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Semantic rules will be needed as for other declarations concerning use of an identifier before the end of
the declaration, and whether or not multiple constant declarations like the one given above can be of mixed

universal real and universal integer.

3-13




Ada 9X Revision Request 0100

CONSTANTS CANNOT USE DEFAULT VALUES

DATE: March 22, 1989
NAME: E.N. Thomas
DISCLAIMER: The views expressed in this note are those of the author, and do not necessarily

represent those of SD-Scicon PLC.

ADDRESS: SD-Scicon PLC
Pembroke House
Pembroke Broadway
CAMBERLEY
Surrey
UK
GUISs 3XD

TELEPHONE: +44 276 686200
ANSI/MIL-STD-1815A REFERENCE: 3.2.1(2), 3.3(6).
PROBLEM:

When a variable is declared, it is able to make use of auy initial default value for the relevant type.
However, when a constant is declared it cannot, because 3.2.1 requires explicit initialization.

This is particularly a problem in the case of a private type from another package, because it is quite
possibie that no suitable value is visible for declaring constants. The properties described for the operations
on the private type may be such as to make it clear that a default must be present, even though the p..vate
declaration is not available to the user. For example, in the case of the limited private type FILE_TYPE
in the predefined package DIRECT_IO, it is clear that it must have a default initial value because of the
properties of the defined operations like OPEN, RESET, CLOSE, and so on, and because there is no
operation to initialize a newly declared object of FILE_TYPE ready for use by the other operations-the file
is described as initially closed, not undefined. Of course in the case of a limited private type no user
constants can be declared anyway, but the ability to deduce a default value is equally valid for nonlimited

types.)

Although it is most noticeable for private types, the same applies to variable of any type with an initial
value.

IMPORTANCE: ESSENTIAL

Regularity is compromised without these, and the design goals of 1.3(3) are violated ("a small number of
underlying concepts integrated in a consistent and systematic way").

CURRENT WORKAROUNDS:
One possibility at present is to declare a dummy variable, from which the value for the constant can be

obtained, as in the following (contrived) example. The presence of such dummy variables is a maintenance
hazard.
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type POINT is access INTEGER;

DUMMY : POINT -- Has value null
NULL_POINT : constant POINT := DUMMY;

POSSIBLE SOLUTIONS:

The syntax for default expressions used for object declarations, component declarations, and parameter
specifications should be extended to permit an explicit "default”. In order to avoid the introduction of a
new reserved word, it is suggested that the box compound delimiter of 2.2(6) should be used, as has been
suggested in another Ada9X Revision Request relating to explicit defaults for actual parameters at
subprogram calls.
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MAKE "EXCEPTION" A PREDEFINED TYPE
DATE: January 19, 1989
NAME: Damon Lease

ADDRESS: Strategic Electronic Defense Division
GTE Government Systems Corporation
100 Ferguson Drive
P.O. Box 7188
Mountain View, CA 94039

TELEPHONE: (415) 966-3439
ANSI/MIL-STD-1815A REFERENCE: 33.1, 111, 11.2
PROBLEM:

In order to adequately handle all possible exceptions within any block of code, it is necessary, at times, to
explicitly handle many more exceptions in a handler than is desirable. This leads to poor programming
techniques, such as overuse of the "when others® handler. When this occurs many times in a large system,
traceability suffers greatly. During integration (CSC, CSCI, SYSTEM) and test, this can become extremely
expensive when untraceable errors occur.

IMPORTANCE:

The importance of this depends on individual programming styles. Personally, for code I write, I consider
it to be low, maybe a two or three. This is because I make it a point to explicitly handle a large set of
exceptions, and rarely use a "when others” handler. However, for other programmers, this may seem more
important. Overall, [ would probably rate the possible solution below a five or six. If no change is
implemented, programmers will continue to abuse the “when others™ handler in the interest of getting to
the next piece of code.

CURRENT WORKAROUNDS:

Explicitly handle all exceptions that could possibly propagate through any exception handler. Always
include the optional exception handler.

POSSIBLE SOLUTION:

Modify the language so that the reserved word "exception” is a predefined type. Modify the syntax and
semantics of exception handlers.

Specific suggestions:

Cicate a new kind of type definition known as an exception_type_definiiion. This will be added to the
type_definition in section 3.3.1 of ANSI/MIL-STD-1815A. Define exception_type_definition as follows:

exception_type_definition ::= exception
This would cause the definition of an exception_type to be as follows:
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type my_exception_type is exception;

Also allow subtypes of exception types and subtypes. That is, the following statement would be legal, and
create an exception subtype of my_exception_type:

subtype my_other_exception_type is my_exception_type;
This will allow the creation of hierarchical classes of exceptions.

Allow exceptions to be declared from any exception type or subtype, including the original excepticn type.
That is: an_exception: exception; my_exception: my_exception_type; would both be legal.

Therefore, the syntax of the exception declaration would be:
exception_declaration ::= identifier_list : subtype_indication;

The predefined exceptions would be of type predefined_exception. This implies that predefined_exception
is an exception type. Exceptions cannot be declared of type predefined_exception.

To coincide with this, the syntax of the exception handler would change.
The exception handler would allow exception handlers to handle exceptions as individual exceptions, as
classes of exceptions (those of the same type or subtype), or with a "when others” handler. The syntax will
change so that an exception_choice will be:
exception_choice ::= exception_name |

in exception_type_mark |

others
It will still remain true that an individual exception may only be explicitly handled once. In particular, as
a consequence of allowing subtypes of exception types, it is possible that a single exception could be covered
by multiple "in exception_type_mark" handlers. This will not be permitted by the compiler. If exception
my_exception has been declared as above, the following handler will be flagged as illegal by the compiler:
exception when my_exception => sequence_of statements; when in my_exception_type =>
sequence_of_statements; .... end simple_name;

Also, the following will e illegal:

procedure p is

type exl_type is exception;

subtype ex2_type is ex1_type;

exl: exl_type;

exl: ex2_type;
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begin

sequence_of_statements;
exception
when In ex]_type =>
sequence_of_statements;
when in ex2_type =>
sequence_of_statements;

end p;

The above two examples are illegal because two different handlers explicitly handle the same exception.
The proposed changes shown here can be easily implemented for a few reasons. They are:
- No new reserved words would be added to the language.

- All existing code would still compile and execute the same as it does now because the
reserved word exception is still being allowed ‘o declare an exception.

- The semantic checking of the handler would not be much more difficult because a
mechanism is already in place to ensure that no exception is explicitly handled twice.

3-18




Ada 9X Revision Request 0129
INITIALIZATION FOR NONLIMITED TYPES ‘

DATE: May 23, 1989

NAME: Jurgen F H Winkler

ADDRESS: Siemens AG ZFE F2 SOF3

Otto-Hahn-Ring 6

D-8000 Munchen 83

Fed Rep of Germany
TELEPHONE: +49 89 636 2173
ANSI/MIL-STD-1815A REFERENCE: 33.1

PROBLEM:

Allow initialization for all nonlimited types.

Ada allows the intialization for record types only (for the components not for the type itself), and it defines

a default initialization for access types. This irregular structure of the language complicates the learning

of the language, and complicates the formulation of correct and robust programs.

IMPORTANCE:  IMPORTANT .
CURRENT WORKAROUNDS:

Provide the initialization in the variable declaration or by an assignment statement.

POSSIBLE SOLUTIONS:

full_type_declaration::=
type identifier [discriminant_part] is type_definition [:=expression];
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NON-CONTIGUOUS SUBTYPES OF ENUMERATION TYPES
DATE: April 4, 1989
NAME: Eric F. Heck

ADDRESS: GE Aerospace GCSD
Mail Stop 13-7-5
Camden, NJ 08102

TELEPHONE: (609) 338-4776
ANSI/MIL-STD-1815A REFERENCE: 33.2(2)
PROBLEM:

When interfacing Ada code to external devices the use of enumeration types, with representations clauses,
is used. Because values are defired for the enumeration type, via a representation clause, an order for the
elements is implied. In the Ada code, however, subtypes of the enumeration type may need to be declared.
The problem is that these subtypes may need to have non-contiguous elements from the base type. For
example:

type Network_Type is
(UHF_High, IWC, UHF_Low, VHF_High, VHF_Low);

for Network_Type use (UHF_High => 16#02#,
IwC => 16#04#,
UHF_Low => 16#10#,
VHF_High => 16#12#,
VHF_Low => 16#14#.);

Network : Network_Type

An embedded real-time system may need the following subtype:

subtype Hopping_Subtype is Network_Type
(UHF_High, UHF_Low, VHF_Low);

Currently, Ada does not allow the subtype declaration for Hopping Subtype as defined above.
IMPORTA! CE: IMPORTANT

This request is important to those trying to use Ada on a system that interfaces with external devices. If
this request is not incorporated into the Ada revision, those types of systems could still use Ada; however,
they may chose to declare objects as bytes instead of using enumeration types with representation clauses.
This would make the code look more like Fortran than Ada.

CURRENT WORKAROUNDS:

1) Declare objects to be of Byte_Type (range 0..255) instead of using enumeration types. Thus instead
of coding:
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if Network = UHF_High
we would code:

if Network 16#02#

This produces poor Ada code!!!

2) Declare a new enumeration type that contains the values of the subtype declared above. The
problem here is that we then must explicitly convert from one type to the other type.

POSSIBLE SOLUTIONS:

Implement the reserved area for types and subtypes as linked lists.
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VARIABLE FINALIZATION
. DATE: December 2, 1988

NAME: James L. Allison
ADDRESS: Lockheed Missiles and Space Company

1150 Gemini Avenue

Houston, TX 77058
TELEPHONE: (713) 282-6498
ANSI/MIL-STD-1815A REFERENCE: 3.3(6), 8.2

PROBLEM:

It is often necessary to define a type that must have some processing done before it can be released.
There are several reasons for this. It may be necessary to keep track of how many variables of a particular
type exist at any given time. The variable may contain a key’ that allows access to a resource. The variable
may contain a heap pointer. As far as [ can tell, this problem only arises with limited types. With any
other type multiple copies can exist with NO chance of correcting this.

The case where the variable contains a heap pointer is probably the most common.

. For example:

with heap_manager;

procedure do_something is
temp:heap_manager.limited_type_with_hidden_pointer;

begin

i;;:ap_manager.get_space(tcmp);

Heap_manager.release_space(temp);
end;
If the application programmer forgets to make the call to release the space, that space can be lost forever.
Each entry into this procedure locks up more space, with no hint that anything is wrong. In general, no

garbage collection procedure could ever detect that locked up space. This could cause a system failure
hours or months in the future.

IMPORTANCE: ESSENTIAL

This is a hole in the firewall between packages; every variable of a type that must be finalized is a potential
trouble spot, waiting only for an application programmer to forget the cleanup call. The compiler does not
now have the information to check for this oversight.
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CURRENT WORKAROUNDS: .

Provide a cleanup procedure with every type that needs it, and instruct the programmers that they must use
it. There is no way to enforce this use, other than an a manual audit.

It is also possible that in a large project neither the application programmer nor his supervisor understand
the importance of variable finalization.

POSSIBLE SOLUTIONS:

Allow a (limited private?) type definition to specify a cleanup procedure to be invoked automatically before
a variable of that type is freed. The forced finalization must be on the type, not on the variable declaration.
It would be just as easy for an application programmer to forget to specify cleanup if it were on the
variable.

The spec could be as follows, with the suggested change indicated.

package heap_manager is

type limited_type_with_hidden_pointer is limited private;

private

procedure release_space(x:in out limited_type_with_hidden_pointer);
type limited_type_with_hidden_pointer => release_space is record .
end record;

end heap_manager;
It is debatable whether or not to allow export of the cleanup procedure, or even whether or not to allow
the argument list to be provided. The appearance of a name in the type definition might be all that is
needed.

This solution would not introduce any new tokens or reserved words, and the impact to existing software
would be confined to those packages that really need the forced finalization.
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VISIBILITY OF BASIC OPERATIONS ON A TYPE
DATE: December S, 1988
NAME: David Brookman

ADDRESS: Magnovox Electronic Systems Company
1313 Production Road
Department 542
Fort Wayne, IN 46808

TELEPHONE: (219) 429-4440
E-mail: CONTR220NOSC-TECR.Arpa

ANSUMIL-STD-1815A REFERENCE: 333, 8.1(10), 8.3(7)

PROBLEM:

Basic operations on a type, defined in a package specification, are not directly visible in another module
which imports that package. If the basic operations are deﬁned as infix operations, such as "=", then the
infix notation cannot be used in the other module.

IMPORTANCE:  ADMINISTRATIVE

These forces the programmer to use one of the three workarounds listed below.

CURRENT WORKAROUNDS:

1. Place a "Use” clause in the module importing the package. This ruins the traceability of identifiers.
Therefore this is a very poor workaround.

2. Use the fully qualified form of the operations as a prefix operation. This reduces the readability
of the resulting code.

3 Rename the operation so that it becomes directly visible. This is the best workaround, but it still
is not ideal. It forces ugly rename clauses and may cause errors. If "<" is renamed to ">", the
error could be quite difficuit to detect.

POSSIBLE SOLUTIONS:

L. Make the basic operations directly visible.

2. Provide a "half-use” clause that only makes bzsic operations directly visible.
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Ada 9X Revision Request 0052
MULTIPLE TYPE DERIVATIONS .
DATE: March 17, 1989
NAME: Mats Weber
ADDRESS: Swiss Federal Institute of Technology
EPFL Di LITh
1015 Lausanne
Switzerland

TELEPHONE: 0041 21 693 11
E-mail: madmats@eima.epfl.ch

ANSI/MIL-STD-1815A REFERENCE: 34
PROBLEM:

The type derivation mechanism has undesirable effects when multiple types declared in the same package
visible part are derived. For example: package Graph_Handler is type Vertex is private; type Arc is private;
function New_Arc (Initial, Final : Vertex) return Arc; function I[nitial (Of_Arc : Arc) return Vertex;
function Final (Of_Arc : Arc) return Vertex; private

end Graph_Handler;

type Node is new Graph_Handler.Vertex;
- derives subprograms
-- function New_Arc (Initial, Final : Node) return Graph_Handler.Arc;
- function Initial (Of_Arc : Graph_Handler.Arc) return Node;
- function Final (Of_Arc : Graph_Handler.Arc) return Node;
type Edge is new Graph_Handler. Arc;
- derives subprograms
-- function New_Arc (Initial, Final : Graph_Handler.Vertex) return Edge;
- function Initial (Of_Arc : Edge) return Graph_Handler.Vertex;
-- function Final (Of_Arc : Edge) return Graph_Handler.Vertex;
-- What we need is
- function New_Arc (Initial, Final : Node) return Edge;
- function Initial (Of_Arc : Edge) return Node;
= function Final (Of_Arc : Edge) return Node;

IMPORTANCE: IMPORTANT
CURRENT WORKAROUNDS:

Use a lot of type conversions.
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POSSIBLE SOLUTIONS:

Add multiple type derivations to the language, with a syntax like type (Node, Eage) is new
(Graph_Handler.Vertex, Graph_Handler.Arc); which would derive the desired subprograms.
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Ada 9X Revision Request 0080
DERIVED TYPES ‘

DATE: April 21, 1989

NAME: Stewart French

ADDRESS: Texas Instruments
P.O. Box 869305 MS 8435
Plano, TX 75086
TELEPHONE: (214) 575-3522
ANSI/MIL-STD-1815A REFERENCE: 3.4(17)
PROBLEM:
Current use of derived types is clumsy; current syntax requires renaming of derived types and operations.

IMPORTANCE: IMPORTANT

CONSEQUENCES:

implementors will avoid use of derived types due to verbose declaration requirements of derived types.
CURRENT WORKAROUNDS: ‘
Avoidance of construct.

POSSIBLE SOLUTIONS:
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OVERFLOW AND TYPE CONVERSION
DATE: February 21, 1989
NAME: SY Wong

ADDRESS: 5200 Topeka Drive
Tarzana, CA 91356

TELEPHONE: (818) 345-6274

E-mail: hermix!sywong@rand-unix.arpa
ANSI/MIL-STD-1815a REFERENCE: 354, 453, 45.5, 4.6-1

PROBLEM:
Integer multiplication is capable of generating a double size word, and most machines are implemented
as such and also uses the same facility to accommodate a division remainder. The Ada definition of one
size for the multiplier, multiplicand and product would result in overflow for most of the cases. In general,
(A/B)*B /= A in the Ada definition.

The same problem even manifests itself in additive operations:

x: intege:= A + B + C + D;

may overflow in intermediate results even x has been analyzed to yield an in-range integer. A more precise
definition of overflow and type conversion is required.

IMPORTANCE: ESSENTIAL
CURRENT WORKAROUNDS:

Use double_length integers and wastes performance and resources.
To require explicit conversion of expression to long_integers and then convert back to integer is also

extremely awkward and not always necessary. First converting to long_integer is not the same as integer
arithmetics with long_integer intermediate results.

POSSIBLE SOLUTIONS:

A compromise might be to require/allow double_length intermediate results, consistent with arithmetic
basics and arithmetic unit designs. Overflow exception is raised only on the final result or when
ir:ermediate double_length results are exceeded.

a, b: integer;

long_integer (a * b) or long_integer (a + b) should never raise overflow exception.
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Ada 9X Revision Request 0138

UNSIGNED INTEGERS
DATE: June 27, 1989
NAME: Neil Salant
ADDRESS: ITT Avionics
Dert. 73813

390 Washington Ave.
Nutley, NJ 07110

TELEPHONE: (201) 284-3896
ANSI/MIL-STD-1815SA REFERENCE: 354

PROBLEM:

Ada does not provide unsigned integer types which allow the "sign bit" to be interpreted as a part of the
absolute numeric value of an integer object. Under the current language definition, it is impossible to
represent the numeric values 0..(2**n)-1 in an n bit integer, due to the Ada requirement that integer types
be symmetric about zero, i.e. have a sign bit.

IMPORTANCE: ESSENTIAL

Unsigned integer representation is needed to interface with various hardware devices as well as non-Ada
software systems which make use of such fields. Unsigned integers are additionally needed for
implementation of efficient overflow counters.

CURRENT WORKAROUNDS:

Signed integers can be used for values between 0 and (2**(n-1))-1, where n is the number of bits in the
underlying representation. However, operations that cause the sign bit to go from logical 0 to 1 cause aa
overflow, which should not be the case for an unsigned integer with rauge 0..(2**n)-1. It is possible to try
to increase the value of n by type conversion to a "longer” integer type, but here various implementation
dependencies and inefficiencies are encountered such as sign extension, availability of longer types,
restrictions on unchecked conversion, and insertion of compiler generated temporary variables.

POSSIBLE SOLUTIONS:
Introduce a new predefined integer type to the language definition which is an unsigned integer with values
of 0..(2**n)-1 where n is the number of bits in the underlying representation. An overflow (value >=

2**n) should raise an exception (Numeric_Error or Constraint_Error); however overflow checking should
be suppressible.
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LIMITATION ON RANGE OF INTEGER TYPES
DATE: May 30, 1989
NAME: Donald R. Clarson

ADDRESS: Teledyne Brown Engineering
151 Industrial Way East
Eatontown, NJ 07724

TELEPHONE: (201) 389-7500
ANSI/MIL-STD-1815A REFERENCE: 3.5.4(6)
PROBLEM:

An implementation is required to accept any integer type as an array index, case statement selector, or
discriminant. This makes it impractical to support integer types with a large range of values (e.g. -2**63
.. 2°°63-1) since this would affect the size of control blocks for descriptors necessary to store these values
(e.g. array bounds). Types with these large values would be necessary to store cardinal values such as the
national debt in cents but are impractical for parameters of data structures.

IMPORTANCE: IMPORTANT

Private types which hide the numeric properties of these values do not support integer literals for values
of these types. These types would aiso be useful as the fuil implementation of a private type which requires
a large integer range or operations with a wide range of values before an overflow condition result.

CURRENT WORKAROUNDS:

Declare private types with arrays of predefined integer values in the full type declaratiag, and subprogram
bodies which emulate arithmetic operations for these types. Provide coaversion routines from a long
floating point type to allow some literal values beyond the range of the largest predefined integer type for
the implementation.

POSSIBLE SOLUTIONS:
An implementation should be allowed to accept integer type definitions with a range beyond a practical

value for discrete types and then reject the use of those types for array indices, loop parameters, case
statement selectors or discriminants.
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Revision Request

0135

CATENATION OPERATION FOR ONE-DIMENSIONAL CONSTRAINED ARRAYS ‘

DATE:

June 13, 1989

NAME: Donald R. Clarson

ADDRESS: Teledyne Brown Engineering

151 Industrial Way East
Eatontown, NJ 07724

TELEPHONE: (201) 389-7500

ANSI/MIL-STD-1815A REFERENCE: 3.5.4(6)

PROBLEM:

Catenation operation for one-dimensional constrained array declarations raise CONSTRAINT_ERROR even
for intermediate values in a larger expression.

- Explores cantenation operation for a constrained array type

-- AUTHOR:
-- Donald R. Clarson

-- based on Doug Bryan, Ada Letters, Sep/Oct 1988 and May/June

1989

with Float_TEXT_IO, TEXT_IO;
use Float_TEXT_IO, TEXT_IO;
procedure EXAMPLE_CONSTRAINED_SLICES is

type Vector is array (1..10)

of Float;

Vv : Vector := (1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0);
begin

V := Vector ( V(6..10) & V(1.4) & 33 );

-- This cantenation should be an operation of the base type

-- No CONSTRAINT_ERROR should occur
for [ in VVRANGE loop

TEXT_IO.PUT (ITEM => "V (" & IntegerIMAGE(]) & ") --

FLOAT TEXT_IO.PUT( [TEM => V(I),

FORE => §,
AT => 2,
EXP =>0)
TEXT_IO.NEW_LINE;
end loop;
TEXT_IO.NEW_LINE;
exception

when CONSTRAINT_ERROR =>
TEXT_IO.PUT (ITEM => "CONSTRAINT_ERROR'0;
end EXAMPLE_CONSTRAINED_SLICES;

IDMPORTANCE: ADMINISTRATIVE
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| ‘ CURRENT WORKAROUNDS:
Declare the unconstrained base type and the constrained array subtype as separate declarations.
POSSIBLE SOLUTIONS:

Change the interpretation of the rules for raising CONSTRAINT_ERROR in this case 10 delay the check
until the assignment operation. This would more closely match the expected behavior of this expression.
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Ada 9X Revision Request 0144

FLOATING POINT CO-PROCESSORS
DATE: July 13, 1989
NAME: M. Ben-Ari
ADDRESS: Brandeis University (until 8/89)

81 Hagedud Haivri St. (from 9/89)
Kiryat Haim 26306
Israel

TELEPHONE: 617-736-2726 or 617-332-1419 (until 8/89)
011-972-4-725905 (from 9/89)
E-mail: moti@cs.brandeis.edu (until 8/89)

ANSIL'MIL-STD-1815A REFERENCE: 356
PROBLEM:

Most microprocessors used in real-time systems implement floating point operations using a co-processor.
A systems design may elect not to incorporate a co-processor for reasons of expense, space, etc. A
conforming implementation should be required to support a configuration that lacks a co-processor. It
should be required to support fixed point types implemented as integers. Software support for floating point
is useful but possibly should not be required so that the run-time system of a hardware-constrained system
can be kept small

IMPORTANCE: IMPORTANT

CURRENT WORKAROUNDS:

Most vendors do in fact support configurations without co-processors. Unfortunately, this may not include
fixed-point operations which are important in embedded applications. Thus the use of Ada in
hardware-constrained applications often leads to programming in integers rather than fixed-point.
POSSIBLE SOLUTIONS:

If the target configuration of a conforming implementation includes a separate floating point processor and

the target can be sensibly run without such a processor, the implementation shall be required to support
the language on the reduced configuration as well. Optional: (except for floating point types and operations).
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Ada 9X Revision Request 0061

FLOATING POINT MUST INCLUDE LONG_FLOAT AND SHORT_FLOAT
' DATE: March 21, 1989
NAME: Joseph Fasano

ADDRESS: 2300 Geng Road
Palo Alto, CA 94303

TELEPHONE:
ANSI/MIL-STD-1815A REFERENCE:  3.5.7(8)
PROBLEM:

The names of floating point types must be stancardized. The fact that Locg_Float and Short_Float MAY
Be used offers less portability to Ada. The "MAY™ should not appear in Chapter 3.

IMPORTANCE:
CURRENT WORKAROUNDS:

POSSIBLE SOLUTIONS:




—

Ada 9X Revision Request 0086
REFERENCE TO SELF IN INITIAL VALUE EXPRESSION ‘

DATE: May 17, 1989

NAME: T. P. Baker

ADDRESS: Florida State University
Department of Computer Science
207A Love Building
Tallahassee, FL 32306-4019

TELEPHONE: (904) 644-5452
E-mail: (ARPAnet) tbaker@ajpo.sei.cmu.edu
E-mail: baker@nu.cs.fsu.edu

ANSI/MIL-STD-1815A REFERENCE: 3.7
PROBLEM:

There is no way to insure initialization of circular list structures, because there is no way to obtain a
reference (pointer) to the structure being initialized.

IMPORTANCE:  IMPORTANT
CURRENT WORKAROUNDS: ‘

All operations must check for unitialized nodes. In the procedure
INSERT below, this amounts to two extra if-statements.

package RINGS is
type NODE;
type LINK is access NODE;
type NODE is
record
NEXT,PREV: LINK:= null; -- would like to initialize to self.
DATUM: INTEGER:= (;
end record;
procedure INSERT(RING, ITEM: LINK);
.. == more operations
end RINGS;

package body RINGS is
procedure INSERT(RING, ITEM: LINK) is
begin
if RING.NEXT=null then
RING.NEXT:= RING; RING.PREV:= RING;
end if
if TEM.NEXT=nuil then
[TEMNEXT:= ITEM; [TEM.NEXT:= ITEM;

end if;
[TEM.NEXT:= RING.NEXT,; [TEM.PREV:=RING; .
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RING.NEXT.PREV:= [TEM; RING.NEXT:= [TEM;
end INSERT;

end RINGS;

POSSIBLE SOLUTIONS:

A notation could be introduced that would only be legal within an allocator, and which would return a
pointer to the object currently being allocated.

One issue is choosing a notation, that does not introduce any new keywords. Oae solution might be an
attribute of the type-mark of the access type being used.

Another issue is what to do about nested allocators. The obvious solution is to resol.= such references to
the allocator most immediately enclosing the reference.

This is not hard to implement, is a compatible extension of the existing semantics, and would be a
convenience.
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Ada 9X Revision Request 0027

ADDITION OF ATTRIBUTES FOR RECORD TYPES

DATE: January 14, 1989
NAME: William Thomas Wolfe
ADDRESS: Home: 102 kbdgewood Avenue #2

Clemson, SC 29631 USA

Office: Department of Computer Science
Clemson University
Clemson, SC 29634 USA

TELEPHONE: Home: (803) 654-7030
Office: (803) 656-2847
E-mail: wiwolfe@hubcap.clemson.edu

ANSI/MIL-STD-1815A REFERENCE: 3.7.4

PROBLEM:

The attributes applicable to a record type do not include NUMBER_OF_FIELDS, FIELD_NAME
(Field_Number), or FIELD (Field_Number).

CONSEQUENCES:

It is not possible to construct a generic report generator which accepts an arbitrary record type and
provides a procedure which, given a file of records of this type, will automatically generate a report file
in which the column headers are labeled with the field names (with spaces substituted for the underscores),
and the columns are automatically arranged with an appropriate layout across the page. (Assuming the
availability of an appropriate set of file operations, the name of the report file would be used as the
report title).

CURRENT WORKAROUNDS:

There is no easy solution. The closest it is possible to come (without accepting a very messy parameter list)
is a generic report handler which accepts arbitrary procedures for the generation of page headers, column
headers, etc.; this tool is more general and therefore more versatile, but does not provide the tremendous
savings of time which are possible if one has the described generic report generator at one’s disposal.

POSSIBLE SOLUTIONS:
Add the attributes NUMBER_OF_FIELDS, FIELD_NAME (Field_Number), and FIELD (Fieid_Number)

for record types, through the insertion of three more attribute descriptions between ANSI/MIL-STD-1815A
3.7.4 (3) and ANSI/MIL-STD-1815A 3.7.4 (4).
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Revision Request 0018

STATIC RAGGED ARRAYS

DATE: October 23, 1988

NAME: Ken Garlington

ADDRESS: General Dynamics-Data Systems Division
P. O. Box 748
Mail Zone 5997

Fort Worth, TX 76101

TELEPHONE: (817) 762-9204

ANSIMIL-STD-1815A REFERENCE: 33(8)

PROBLEM:

Certain

data structures in embedded systems require the use of arrays of constant data whose components

are non-homogeneous records (not all the same length). It is unclear whether the language allows the
declaration of such a structure directly (some currently-validated compilers do not allow it). In addition,
such a structure should require minimal data and code allocation, and should not require actions to be
taken as a part of program elaboration.

SPECIFIC REQUIREMENT:

This paper makes the following assumptions:

D

2)

3)

The target architecture has an addressing mode which efficiently uses access objects which have an
underlying representation of SYSTEM.ADDRESS.

This is true for the MIL-STD-1750A, which has “indirect” addressing modes for many of its
instructions. It is also true for many other modern CISC architectures, such as the DEC VAX and
Motorola 680x0 processor series.

The Ada compiler uses SYSTEM.ADDRESS as the underlying representation for its access types.

This is true of many (if not all) vendor’s implementations of Ada cross-compilers for the
MIL-STD-1750A, as well as the DEC Ada compiler. In fact, the author knows of no compilers
which do not use SYSTEM.ADDRESS as the underlying representation. This is not surprising,
given assumption #1.

There is, occasionally, a situation where the underlying SYSTEM.ADDRESS vaiue refers to the
address of an object descriptor, rather than the object itself. This is normally the case for arrays
whose sizes are not known at compile-time (i.e., STRINGs). This particular problem is discussed
in more detail elsewhere.

There is an upper bound on the time which can be spent in the elaboration of library-level units
(usually during the power-up cycle).

Full-authority flight control systems are "fail-operate” devices.
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A loss of function for more than a brief interval (usually specified in the region of 20 ms) can place
the aircraft into an unrecoverable condition, endangering the airframe and pilot. Usually, backup
power sources are available to prevent in-flight losses of power. However, there are certain cases
where a power loss of a few miiliseconds can occur, requiring the program to be re-elaborated (see
also #4). Therefore, it is necessary that the time spent in this process be minimized. Flight
control systems (and other embedded systems) may also have maximum power-up times imposed
due to mission constraints. For example, many aircraft platforms have requirements to transition
10 a fully-powered-down state to aircraft takeoff within a set period under alert conditions. In this
situation, the time spent in program elaboration can impact the ability to meet this requirement.

4) Many embedded systems are not loaded from mass memory on system initiation. Rather, the
program code and literal areas are stored in firmware - they are "ROMed".

This situation is often used to help meet the requirement described in #3 above. For a
significantly-sized program, the time needed to load the application from an external storage device
may be excessive. Therefore, only the data areas (in RAM), which are relatively smail for many
embedded systems, are initialized as part of the program elaboration. As a consequence of this,
the RAM area must be initialized after each application of power. Therefore, the process called
"pre-etaboration” (which as been suggested as an alternate solution to the run-time problems
described below) is not always workable. (In addition, the "pre-elaboration” technique assumes that
the elaboration sequence is insensitive to values known only at run-time. This is not always true.)

5) Embedded systems have limited processor power and memory available. Furthermore, a few
instructions (or words) saved in a simple example can be significant when applied to a larger

example. .

In the workaround given, a savings of a few words for each object accessed can have great benefits
when applied to a larger database. Similarly, a few instructions saved can prove important, given
that the algorithm may be executed over a large number of input values.

6) Compilers can recognize simple optimizations and make them, but cannot recognize complex
optimizations which require implicit knowledge of programmer intent.

Therefore, any proposed solution should be one which will allow the compiler to readily generate
highly-efficient code and data structures without any elaboration overhead. In the example, below, a specific
technique (the use of an array of "static pointers”) is described. The solution should also avoid some or
all of the weaknesses in the current workaround (see below).

IMPORTANCE:

Obviously, the user is given two choices: Use a "legal” (portable) Ada implementation which may not be
acceptlable given the available processor resources, or use an erroneous (non-portable) but efficient
approach which features weak type checking and (for the naive programmer) the potential for an incorrect
implemen. uon. Neither is particularly desirable.

CURRENT WORKAROUNDS:
Databases of the type govern above are most commonly found in display applications which have data

structures describing different message formats; however, other application examples include gain data
tables in flight coatrol systems and weapon data tables in fire control systems. ‘
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The following example comes from a hypothetical design document:
"In the application is a package called MESSAGE_SERVICES. Within this package is the function
GET_MESSAGE which will, given an integer code ranging from 0 to 100, return a corresponding
pre-defined text string of 1 to 255 characters. Strings will be of widely-varying lengths. Both the speed of
execution and the memory use of GET_MESSAGE should be kept as low as possible.”
1. MESSAGE_SERVICES Implementation
Here’s a possible implementation of MESSAGE_SERVICES:
package MESSAGE_SERVICES is
type MESSAGE_CODE_TYPE is range 0 .. 100;
subtype MESSAGE_LENGTH_TYPE is INTEGER range 1 .. 255;

-- sure, INTEGER may not include the range 1 .. 255. And
-- my mother might be the true Queen of England.

type MESSAGE (MESSAGE_LENGTH: MESSAGE_LENGTH_TYPE) is record
VALUE : STRING(1 .. MESSAGE_LENGTH);
end record;

-- using MESSAGE type instead of STRING prohibits zero-length
-- messages and requires only one array bound (the length).

function GET_MESSAGE (MESSAGE_CODE: MESSAGE_CODE_TYPE)
return MESSAGE;

pragma INLINE (GET_MESSAGE);
end MESSAGE_SERVICES;
2. GET_MESSAGE Implementation

There are several ways GET_MESSAGE could be implemented. Each of the following sections examines
a different approach. Keep in mind that the efficiency of the unit is extremely important!

2.1 Standard Programming Approaches to GET_MESSAGE

A case statement could be used to implement GET_MESSAGE, but this would probably generate at least
two assembly instructions for each message, and possibly other extraneous data as well. Therefore, this
would probably not be a good approach.

[t turns out that array accesses on the target machine (in fact, on most target machines) can be fairly fast
Given an array, it might take as few as one or two instructions to calculate the address of a particular array
element (indexed by MESSAGE_CODE) and put that address in MESSAGE. Since the instructions to do
this are the same, regardless of which message is to be returned, the problem with the first approach is
solved.

There are two snags with an array of text strings, however. First, not all validated Ada compilers allow
different elements of an array to have different lengths. This has to do with the interpretation (and
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re-interpretation) of LRM 3.6.1:16. Therefore, an array of MESSAGEs can’t be declared directly. Second,
if all array elements are not the same size, the array access calculation is made more complex, and the
statement made in the previous paragraph may not hold. There are other approaches (i.e., making all
MESSAGEs the same size or declaring an array of indices into a large string contawning aill MESSAGEs),
bui these methods are clumsy and usually not very efficient. However, there is a better alternative in Ada:
the use of pointers (or access values). Consider the following example code fragment from
GET_MESSAGE:

type MESSAGE_POINTER is access MESSAGE,;
type MESSAGE_ARRAY is array (MESSAGE_CODE_TYPE) of MESSAGE_POINTER;

MSG_TABLE: constant MESSAGE_ARRAY := MESSAGE_ARRAY'
( 0 => new MESSAGE'(2,"OK"),
1 => new MESSAGE'(14, "SYSTEM RESTART), ...

begin -- assembly equivalent is
return MSG_TABLE(MESSAGE_CODE).all; -- LOAD MESSAGEMSG_TABLE(MESSAGE_CODE)

end GET_MESSAGE;

One extra word of data per message (for the MSG_TABLE eiement which points to each MESSAGE) and
one assembly instruction to get a MESSAGE certainly seems to be extremely fast and small! What could
be wrong with this solution?

Here’s what's wrong: There is a hidden piece of code which is being generated for each array element.
[t is hidden in the word "new.” For zimcst all compilers, a routine must be called during the elaboration
of the program to allocate each MESSAGE record in an area of memory called the "heap,” returning a
MESSAGE_POINTER which points to the allocated heap area. This is unacceptable from an efficiency
standpoint, both because of the additional time required during system start-up and because this approach
normally requires that the strings be moved from a literal area to a data area (the heap), doubling the size
of the table. The "new" question, then, becomes: Is there an aiternate way to generate
MESSAGE_POINTERSs?

22 A New Approach: Array of MESSAGEs Using Static Pointers

There is, in fact, a way to define a function which requires no instructions to generate a
MESSAGE_POINTER. This is done by instantiating a copy of the generic UNCHECKED_CONVERSION
as follows (assuming the types defined in the previous approach are defined):

function MAKE_POINTER is new UNCHECKED_CONVERSION (ADDRESS, MESSAGE_POINTER);

What does MAKE_POINTER do? In essence, it allows a value of type ADDRESS (a pre-defined type
in package SYSTEM) to be stored in an object of type MESSAGE_POINTER. Since the underlying
representation of MESSAGE_POINTER (for most compilers) is an ADDRESS, the function should be
acceptable to the compiler. An interesting conmsequence of using an instantiation of
UNCHECKED_CONVERSION is that a good optimizing compiler will (usually) generate no instructions
for the statement

POINTER : constant MESSAGE_POINTER := MAKE_POINTER(something’”ADDRESS);

but will evaluate this statement at link time and reduce it to a pre-defined literal value. POINTER, in
this statement, will be a literal which contains the address of "something”; POINTER.all will generaie one
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instruction to retrieve the value of “something” (unless “something" is too big to get in one
statement).

Therefore, to use MAKE POINTER, we define a set of MESSAGEs, such as
MESSAGE_0 : constant MESSAGE(2) := (2,"0K");
MESSAGE_1 : constant MESSAGE(14) := (14, "SYSTEM RESTART), ...
and define the pointer array as \

MESSAGE_DATABASE: constant MESSAGE_ARRAY :=
( 0 => MAKE_POINTER(MESSAGE_0’ADDRESS),
1 => MAKE_POINTER(MESSAGE_1'ADDRESS), ...

for all of the messages. The problem with the "new" allocator is solved, and the implementation meets its
requirements (using one instruction to return the MESSAGE, with one data word per MESSAGE of
overhead).

Some people may object to this last statement. After all, the function returns a MESSAGE, not a
MESSAGE_POINTER. However, since MESSAGE is a composite object, the most efficient way to pass
the value is by reference (and most compilers use this technique). Passing "y reference” is nothing more
than passing the address of the object. Therefore, this type of approach can result in exceptionally small
and fast implementations.

As to the mairtainability of this approach: consider the changes needed to implement a new MESSAGE
with static pointers vs. dynamic pointers. It should be readily apparent that the difference is not overly
burdensome.

There are some problems with this "optimal® approach, however:

1) The solution requires the use of UNCHECKED_CONVERSION to convert an ADDRESS to an
access value. When the 'TADDRESS attribute is used, all information relating 1o the base type of
the object being "pointed t0" is lost. The UNCHECKED_CONVERSION makes no attempt to
check for compatibility between the object base type and the access type. This reduces the reliability
of the software.

2) Certain objects take on different underlying structures depending upon how they are declared, which
can cause problems when using the implementation approach. For example, an object declared with
a subtype STRING(1..10) will typically be represented as 10 storage elements (bytes or words).
However, an object of STRING(1..N), where N is not known until run-time, will have an extra
value (a descriptor) defining the length or bounds of the string. Note that both objects are of type
STRING; therefore, an object of type "access STRING" could point to either of them. The
compiler cannot deduce from the access object which is to be used, thus, it must choose one (which
will be wrong in haif of the cases). There is a workaround for this problem; by enclosing the
STRING in a discriminated record (see MESSAGE in the example), the descriptor is explicitly
defined as the discriminant. This is unlikely to work for all compilers, however.

3) An optimization, commonly performed by compilers, is to use a register copy of a memory object
for a sequence of code that does not update the memory object. Since the compiler does not know
if the code is using a static pointer to update the object indirectly, the optimization technique may
lead to an incorrect implementation. Experienced programmers will design their algorithms to
avoid this problem; however, it can still occur.
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4)

Another problem with the solution above is that it could cause the generation of erroneous code.
Specifically, if an access object is referencing a constant object, the compiler is unable to determine
that the referenced object is a constant. Therefore, it might be possible to update a constant object
by using the access object.

POSSIBLE SOLUTIONS:

One possible solu'‘on is to make the following changes to the LRM, which would create a function to
generate access vaiues for statically-declared objects:

1)

2)

Delete the sentence in LRM 3.8:8 currently stated as "An access value can only designate an object
created by an allocator; in particular, it cannot designate an object declared by an object
declaration.”

Make the following changes within section 13.10.

a.

b.

Renumber paragraph 13.10:4 as 13.10:6.
Add the following as paragraphs 13.10:4 and 13.10:5:

"The predefined generic library subprogram UNCHECKED_ACCESS is used to generate
access values which designate objects declared by an object declaration.

"generic
type OBJECT_TYPE is limited private;
type ACCESS_TYPE is access OBJECT_TYPE;
function UNCHECKED_ACCESS (X: OBJECT_TYPE) return ACCESS_TYPE;"

Add the following text as paragraphs 13.10.3:1 through 13.10.3:4:

"An access value which designates an object declared by an object declaration can be
achieved by a call of a function that is obtained by instantiation of the generic function
UNCHECKED_ACCESS.

"The effect of an unchecked access is to generate a value which matches the underlying
representation of an ACCESS_TYPE, and which designates the object passed to the
unchecked access function (or designates a descriptor associated with the object), that is,
the value can be used in any way consistent with an ACCESS_TYPE value returned from
an allocator. An implementation may place restrictions on unchecked accesses, for
example, restrictions on the declarative regions or scopes in which the actual parameter
for X can exist. Such restrictions must be documented in appendix F.

"Note: It is a consequence of the visibility rules that the generic function
UNCHECKED_ACCESS is not visible in a compilation unit unless this generic function
is mentioned by a with clause that applies to the compilation unit.

"References: access type 3.8, actual parameter 6.4, apply 10.1.1, declarative region 8.1,

designate 3.8 9.1, generic function 12.1, generic instantiation 12.3, object declaration 3.2.1,
scope 8.2, type 3.3, with clause 10.1.1
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This solution attempts to repair the weak type checking of UNCHECKED_CONVERSION; it additionally
can allow the compiler to fix the problem of inconsistent object allocation by copying the object to the
heapsstack (at the cost of processor resources).

Additional features (i.e., pragma INTERFERENCE applied to all referenced objects or to all potential
OBJECT_TYPEs) could be added to repair the problem with the compiler optimizations. As for the
updating of constants, this could either be accepted as a potential erroneous result of using
UNCHECKED_ACCESS or additional pragmas could be used. It is not acceptable to restrict the object
or access value to non-constant (Or constant) items.

DIFFICULTIES TO BE CONSIDERED:
It is essential that the proposed solution be of minimal impact to existing compilers. Furthermore, the
resulting semantics should make it easy for the compiler to deduce the intent of the structure and generate

an efficient implementation. If the solution is not completely "clean” (i.e., may lead to an erroneous resuit
under extreme circumstances), such a solution is still reasonable.

3-4
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MUTUALLY DEPENDENT TYPES OTHER THAN ACCESS

DATE: March 22, 1989
NAME: E.N. Thomas
DISCLAIMER: The views expressed in this note are those of the author, and do not necessarily

represent those of SD-Scicon PLC.

ADDRESS: SD-Scicon PLC
Pembroke House
Pembroke Broadway
CAMBERLEY
Surrey
UK
GU1S 3XD

TELEPHONE: +44 276 686200
ANSI/MIL-STD-1815A REFERENCE: 331
PROBLEM:

Section 3.8.1 only admits the possibility of mutually dependent iypes involving access types. Consequently,
the rules concerning the use of incomplete types only permit use in an access type declaration (3.8.1(4)).

On the other had, section 7.4.1(3) allows the wider use of private types before the full declaration, which
permuts declaration of components and parameters of the type amongst other things.

A case where mutually dependent types arises without involving access, and where the order of declaration
cannot be changed to avoid the circularity concerns types in a package made visibie by generic instantiation.
A type needed as an actual parameter for the instantiation cannot contain a component of a type made
visible by the instantiation. (It cannot be assumed that this visible type is the same for all instances.)

As an explicit example, take the predefined DIRECT_[O. This has a parameter ELEMENT _TYPE, and
makes visible COUNT. If it is wished to have files of a record type that contain "pointers" of type COUNT,
this cannot be declared using the following code.

type LIST;
package LIST_IO is new DIRECT_[O (ELEMENT_TYPE => LIST);

type LIST is
record
VALUE : INTEGER;
LEFT : LIST_[O . COUNT;
RIGHT : LIST_IO . COUNT;
end record -- LIST

’
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IMPORTANCE: ESSENTIAL

This is no way of overcoming this probiem, without using assumptions about the type about to be made
visible, and probably unchecked conversions.

CURRENT WORKAROUNDS: NONE
POSSIBLE SOLUTIONS:

Allow for the limitations of order of declaration introduced by generic instantiations, and permit wider use
of incomplete types, possible in a similar way to private types prior to their full declaration.
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For additional refereaces t0 Section 3. of ANSI/MIL-STD-18135A, see the following sections, revision request .
numbers, and revision request titles in this document.

REVISION REQUEST

NUMBER TITLE SECTION
0093 CONSTANTS REFERRED TO PACKAGE BODY 7
0096 LIMITATIONS ON USE OF RENAMING 8
0012 MUTATION OF TYPES 9
0101 IMPLEMENTATION OF EXCEPTIONS AS TYPES 11
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AGGREGATE FOR NULL RECORDS AND NULL ARRAYS
DATE: March 17, 1989
NAME: Mats Weber

ADDRESS: Swiss Federal Institute of Technology
EPFL DI LITh
1015 Lausanne
Switzerland

TELEPHONE: 0041 21 693 11 11

E-mail: madmats@elma.epfl.ch

ANSI/MIL-STD-1815A REFERENCE: 4.
PROBLEM:

There is no way of writing aggregates for null records and null arrays.

Example:

type Void is -- such a type is often useful as a generic record -- actual parameter when
some of the functionality null; -- of the generic unit is not required.
end record;

function Void_Value return Void is

begin
return ..., -- how should [ write this ?
end Void_Value;

For array types, the problem is a little bit different: An aggregate for a null array can be written if some
value of the component type is available (as in String’(1..0 => ’a’)), but this is not true for example if the
component type is a generic formal private type.
IMPORTANCE: IMPORTANT
CURRENT WORKAROUNDS:
Declare a variable in a local declare block and us its value.
function Void_Value return Void is
Resuit : Void; -- cannot be a constant because constants -- must be initialized.
begin

return Result;
end Void_Value;
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POSSIBLE SOLUTIONS: .

Syntax for a null array aggregate: (<Lower_Bound>..<Upper_Bound>) without component association.
Would raise Constraint_Error if <Upper_Bound> >= <Lower_Bound>.

Syntax for a null record aggregate: (null).
Note that this can cause some problems with overload resolution.

4-3
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SEPARATION OF EXPONENT AND MANTISSA
DATE: December 9, 1988
NAME: Lawrence J. Gallaher

ADDRESS: LMSC 5T 40
1150 Gemini Ave.
Houston, TX 77058

TELEPHONE: (713) 282-6305
ANSI/MIL-STD-1815A REFERENCE: 4, 13.
PROBLEM:

On of the problems of writing in Ada a machine independent elementary function library (sin, cos, sqrt,
etc..) is the mapping or factoring of a real number into a reduced range, in particular, separating a real
number into its exponent and mantissa. For example, for a given real X (not zero), one would like to find
the Xo and J such the X = Xo"2"J, where J is integer and 0.5 <= Xo < 1.0. This is straight forward in
assembler code by picking off the appropriate bits from the real representation of X. However since each
machine hardware has a different representation for its reals (and even different kinds of reals, such as 32,
64, or even 128 bit reals) there is no easy or efficient way to do this in Ada. One needs to do this
separation of exponent and mantissa for quick evaluation of the square root, cube root, and the logarithm
functions, and one would like to do it efficiently in a machine independent way.

IMPORTANCE: ADMINISTRATIVE

This is an efficiency problem. If it is not solved then elementary libraries containing sqrt, In, etc.. will be
either quite inefficient, or highly machine dependent-- this is the situation now.

CURRENT WORKAROUNDS:

At present a procedure Decompose(X, J) can be written which does the job but is very slow for large values
of X:

procedure Decompose(X : in out real; J : in out integer) is --

--This procedure takes in an X and returns an X and J

--such that X[in] = X[out]'2"]. X[out] in 0.5..1.0 if X /=0.0.

begin J:=0;
if X /= 0.0 then
while abs(X) >= 0.0 loop X := X2.0; J := J + 1; end loop;
while abs(X) < 0.5 loop X := X'2.0; J := J - 1; end loop;
end if;

end Decompose;

This is machine independent and works for all X. This is a linear search for J; going to a binary search

for J will speed things but that’s still gross. The same thing can be accomplished in just a few assembler
language instructions with no need even for any floating point arithmetic operations.

POSSIBLE SOLUTIONS:
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Make the procedure Decompose(X, J) or something equivalent an intrinsic of the Ada language. It would
be very easy for the compiler to generate the appropriate machine code to do this for a particular hardware
and do it efficiently-- if it is a part of the language and done through the compiler this would effectively
achieve machine independence.

It might also be desirable to generalize this process to be able to decompose on a radix other than 2.

This suggested modification to Ada would be upward compatible with the existing standard.
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ATTRIBUTE P’REPRESENTATION
DATE: April 4, 1989
NAME: Eric F. Heck

ADDRESS: GE Aerospace GCSD
Mail Stop 13-7-5
Camden, NJ 08102

TELEPHONE: (609) 338-4776
ANSI/MIL-STD-1815A REFERENCE: 4.1.4(4)
PROBLEM:

An attribute P’Representation is needed for enumeration types. This attribute would return the underlying
value of an object P. The result is of Universal_Integer. This attribute would return the representation
value for an object. For example:

type Network_Type is
(UHF_High, IWC, UHF_Low, VHF_High, VHF_Low);

for Network_Type use (UHF_High => 16#02#,
IWC => 16#04#,
UHF _Low => lo#10#,
VHF_High => 16#12#,
VHF _Low => 16#14#),
Value : Integer;

Network : Network_Type := IWC;

Value := Network’Representation; -- Value now equals 16#04#
IMPORTANCE:  ESSENTIAL

The Ada LRM allows placing representation clauses on types, however, there is no way (o get that assigned
value back. Processing may need to be performed on objects which requires knowing its assigned underlying
representation. If this request is not satisfied, certain applications may not choose to use Ada, or if they
do use Ada it would be poor Fortran looking Ada.

CURRENT WORKAROUNDS:

We don’t use enumeration types for objects whose underlying representation may need to be known. We
declare those objects as integer or byte type.
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ALLOW OTHERS V/ITH NAMED ASSOCIATION AT ARRAY INITIALIZATION

DATE: January 15, 1989
NAME: William Thomas Wolfe
ADDRESS: Home: 102 Edgewood Avenue #2

Clemson, SC 29631 USA

Office: Department of Computer Science
Clemson University
Clemson, SC 29634 USA

TELEPHONE: Home: (803) 654-7030
Office: (803) 656-2847
E-mail: witwolfe@hubcap.clemson.edu

ANSI/MIL-ST? -1815A REFERENCE: 4.3.2(6)
PROBLEM:

Cannot use an others choice in conjunction with named associations during the initialization of an array
at the point of declaration.

CONSEQUENCES:

The programmer must, for example, enumerate 32 TRUEs in order to get to a point at which the 33rd
element of a Boolean array can be set to FALSE and an others choice can finally be used to set the
remaining elements of the array to TRUE.

CURRENT WORKAROUNDS: NONE

POSSIBLE SOLUTIONS:

Revise ANSIUMIL-STD-1815A 4.3.2 to permit the use of an others choice in conjunction with named
association in all situations in which the precise meaning of "others" is obvious from context.
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ALLOW RELATION TO SPECIFY NONCONTINUOUS RANGE

DATE: January 15, 1989
NAME: William Thomas Wolfe
ADDRESS: Home: 102 Edgewood Avenue #2

Clemson, SC 29631 USA

Office: Department of Computer Science
Clemson University
Clemson, SC 29634 USA

TELEPHONE: Home: (803) 654-7030
Office: (803) 656-2847
E-mail: wiwolfe@hubcap.clemson.edu

ANSI/MIL-STD-1815A REFERENCE: 4.4(2)
PROBLEM:
It is not possible to specify "if X in 3 | 4 | 6 | 9 then..."; only a continuous range can be specified.
CONSEQUENCES:
The workaround described below must be used, reducing clarity.
CURRENT WORKAROUNDS:
An extended Boolean expression such as
f(X=3)or (X