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Prefore to the Preliminary Draft

This document is 2 Preliminary Draft of the Formal Definition of the Green
Programming Langu~sge. As suych, i+ indizctes the structur? and style of the
final document. At this stnge, the Stztic S tics is well 24vanced but not
corplcote, and large perts of the Dynsmic € tics are miesing., Some sections
(such as Chapter 4 - §) havc baon workc? on in ¢~tail to give a bettar ijdea of
the final shape of the Formal Rafinition.
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1. Introduction 2nd Overview

1.1 1Introduction

As a part of the DOD-1 language effort, the Steelman Report requires a formal
dofinition (1H). This recuirement is innovative and far-sighted.

PUEEOSF'S

A formal definition can be put to good use:

(i) As a standard for the l2nguage, that ies as 2 means to answer unambigquously
2ll questions that a programmer or an implcmentor may raiss 2bout the
meaning of a construct of the lanquage, The formal definiticon should serve
2s 2 rcfcrence document for the validation of implementations and 235 2
guideline for implementors. It should unify the user interface across
implementations (e.g. crror messajes) and the interface between processors
manipulating programs (=.q0. mechanical eids for normalization and
documentation of Green programs ).

(ii) As 2 reference document for justifying the velidity of ootimizations and
other progrzm transformztions. The only valio optimizations will bc those
that do not alter the meaning of a program.

(iii)As 2 rcference document for proving properties of programs written in the
language. In particular, it will 2llow the deriv-tion of inference rules
that can be used conveniently when oroving properties of programs.

(iv) As an input for a compiler-generator when the technology becomes avajlable.
The Formal Definition given in this report is spcccified with ecnough
precision to be processed, except for some straightforwzrd notztional
transformations, by the expcrimental system SIS [Mosses].

Furthermore, the concurrent development of Green and its formal definition hes
already resulted in further major bencfits:

- Difficulties in early drafts of the Reference Manual (such a2s lack of
clarity, ambiguities, omissions or inconsistencics) were uncovered very

early.
.= Feedback was cstablished to strive for economy of concepts in the Green
language.
Forma) Definition P8 | Preliminary Draft
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Rcquirements
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When designing the formal definition of 2 language like Green, there are two
major requiroments to sctisfy:

(i) The definition should be complete, If the definition is not complete its
usefulness as » reference will be seriously diminished. This completencss
can only be achicved by using 2 mathematically well-founded definitional
method. .

As of the Spring of 1979, however, the State of the Art in formal semantics
doca not allow us to offcr 5 mathomatically meaningful somantics for
parzllelism, This is 2 very serious gzp in our thecretical understanding
Of proqgrzms. No attempt na2s been made here to give 3 dynemic semantics for
task synchrenization in Green, while it is hoped that all other aspects of
the language are satisfactorily covared.

In all matters relating to concurrency, the resders will have to do with
the textual description of the dynamic semantics that is provided, pending
a scicntific breckthrough.

(ii). The Formal Definition of Green is meant to be wused in an industrial
environment. It must not remain 2n academic ecxcrcise. One difficulty when
trying to reach 2 wider zudiconce is the notaticnzl berrier.

A great deal of effort should be spent on the style of the definition and its
intuitive content, to make it accessible to the interded readership:
implementors © of compilers, standardization committeocs, educoted Green
programmers. Naturally, such an attempt should prescrve the mathematiczl rigor
of thg definition, 2nd should be seen merely as the dovclopment of a2 conveniant®
notation,

The formal definition given here is akin to a2 large program. ‘Special attention
has been given to several key issues:

- The structure of the description reflects the underlying semantic concepts
of the languege.

- The choice of identifiers stays as close as possible to the terminology of
the Reference Manual,

- The stylec of the description is homogenecous and wuniform conventions are
used throughout.

Method

There are three widely accepted methods of formally defining the semantics of 2
programming language.

(2) Operational Scmantics

In this method, best cxemplified by the Vienna Definition Mcthod, the semantics
is modelled by the behavior of an zbstract machine. This hes a2 practicel zppecl
but also presents scveral problems:

Formal Definition . 1 -2 Preliminary Draft
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(i) The mechanism of the abstract machine tends to overspecify the language
since 211 detsils of machine-state transitions must be given.

(ii) Tt is not immedictely obvious that the langurge has been wel) defined. One
must rcly on 2 proof that any exccution terminztes with » unique answer.

(1i1)The theory of opcrational semantics is, in fact, rather difficult 2nd not
well-understood. Using an opcrational semantics to vclidote cptimizations
or to prove properties of proarams is intricate bechuse we ~2re  not
well-cauipped to reason logically about the behavior of 2 complex machine,

(b) Axiomatic Definition

This method is very popular because it is directcd towards proving properties of
programs, Ite deficienciez, however, render it tota2lly unsuitable for the
definition of a language like Green:

(i) First, giving somec properties of language constructs cannot constitute 2
definiticon, unless some proof of completeness can be given.

(i1) An axiomatic definition is not adapted to 2 usc by implemantors since many
details about the dynemic semantics cannot be formalizad zdecuately.

(iii)No complete axicmetic dcfinition of 2 large programmirg Janguage has ever
been carried out successfully, to’ date. Treatment of cxceptions, for
cxamole, does not fit well in this formalism., It is even doubtful that
this method carn accomodate it at all.

(c) Dcnotation2l Semantics

In this document, we are going to present a formal definition of Green usiﬁg
denotational esemantics. There are several reasons for choosing this method:

(i) It allows the definition of the language to any desired level of detail.

(i1) The method hes been used (with success) on 2 number of 1languages with
characteristics similar to those of Green: Pasca2l, Algol 60, CLU, etc.

(iii)The mathematics underlying this method have bern cxtensively investigated.
The method is based on very strong theorctical foundations.

(iv) It is well-suited to proving the validity of program transformations and
proving properties of programs.

A potenti2l objection to the wuse of this method is the arcane style of
presentation traditionally favored by its advocates. In this report, we hope to
have overcome this difficulty.

Summary of Denotetional Semantics

In denotational secmantics, onc wishes to associate to ~very program an  abstract
mathematic2zl object called its meaning. Usuazlly, ths mezning of 2 program is
some functional objecct, say & function from inouts to outputs. The mapping that
specifies how one associates a2 meaning to every progrem in Green is caii 3 the
denotation2l semantics of Green. To pronerly define the Asnototional semantics
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of a lanquage, onc must first define a sementic vniverse, whers meaninge ~re  to
be found. Then one describes how to associate 2 meaning to every atomic
component of 2 program and, for every construct of the lanjuace, how to derive
the meaning of » compound fragment of progrem from the meaning of its subparts,
Hence, denotational semantics is nothing but a rather laran, recursive
definition of a function from syntactic objects - progrems - to s~omantic ohjccts
- input-output functions.

Defining the semantics of 2 lzngquage in this way natur2lly leads to 2ssignina 2
me2ning not only to complcte programs but 2lso to proarem fronments, 2 very
useful mathematical property known as referentia2l trensparency. The recursive
structure of the syntactic objects is well captured by the abetract cyntax of
Green. Section 1.2 is devoted to 2 detailed presentation of thn chstract syntax
of Grecn, that is of the trec form of Green programs.

There is a wide body of litcrature discussing the mathematical nature of the
semantic domains that need to be used. At first, it is not necessary to
understand in depth the mathematical thecory of these domains in order to follow
the semantic description of Greoen. ODcnotational sementice us~e a vory small
numbce of concepts. We shall describe, in gencral terms, three koys idess  that
pervade the whole definition.

Green is on imperative languzoe. Understanding it reoguires some notier of a2
store, Programs use the storc and update it as they are cvecuted. Now if we
wish to describs the store es abstractly &s possible, that is without 2scuming
any particular implementation, 211 we nenrd to know is that it defincs & mapping

STORE: LCCATIONS ~--> VALUES

If s is a store and 1 is a location the expression s(1) will then donote the
value stored at Jocation 1. To update the store, we will assume the cxistence
of a function UPDATE that, given 2 store s, 2 location 1 2nd o value v returns a
new store s’ = UPDATE(s,l,v) that differs from s only by the fzct that s'(]) =
v. Typically, it is the purpose of an assignment statement to modify the store.

Another fecature of Green is its block structure., This feature allows a given
identifier to refer to different objects, depending on where it occurs in 2
progrzm. To model this phenomenon abstractly, we will assume the existence of a
mapping:

ENVIRONMENT: IDENTIFIERS ~--> DENOTATIONS

Here again, by merely saying that 2an environment is such a mapping, we want to
avoid describing any particular implementation of this concept. The primary
purpose of declarztions is to modify the cnviromment. 1In Green, however, there
are many other ways to alter the environment.

As 2 third example, let us consider the problem of describing the control
mechanism of Green. At first it would not secem too easy to describe it in a
refcrentislly transparent mannecr. I the meaning of 2n oassignment is  some
transformation of the store, the meaning of & sccuente of assignmentz should be
the composition of these trensformations. But what if wo wish to qive mecaning
to a goto statement or an exit statement? How can we describe the caising of an
exception, ecither cxplicitly or during the evaluation of an exprcssion? A very
general technigue zllows us to deal with this kind of problem in deonotatioral
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semantics. Intuitively, the idc2 here is to give to the semantic functions an
extra porameter that specifies "whot-to-do-next". This parameter i3 callad o
continuation. The meaning of 2 program fragment 1is in gen2r2l  also a
continpu~tion. Tyoicolly, the meanirg of an assignment st tement with
continuation ¢ is obtained by prefixing ¢ with a store to store troncformation.
In fact, Green has @ sophisticated cxception mechaniem, implying the use of 2
whole eoxcention cnvironment asscciating a continuation to each exception
handler.

Continuztions are not vory casy to understand at first. The Static Semontics
does not use any continuations, so thzt it is possible to become thoroughly
femiliar with the Formal Definition's approach before having to tackle this
concept.

Style of the Definition

Given that the €irst objective of the Fermal Definition is to secrve 28 2
refercnce  cdocument for implementors, a great dea)l of attention must be given to
the choice of the mcta-longuage, i.e. the languzqge in which Green is to be
formolly described. The typogrephical conventions of the Oxford School are not
suitable for such an audience, due to 2n intensive use of Greck letters and
dizeritical signs. The nototion proposad by Peter Mosses, (which is usecd 2s
input for his system SIS) is a much better candidato. Moszes' notation is
elegent, machine readable, convenient to .usc for 2anybody familier with
applicetive progrzmming and cfficient in its treatment of abhstrrct syntox. In
this rcport, we have tried to go even further towards usual progromming
convention in using 2n (epplicative) subsct of Creen itsclf as a meta-lenguage.

A minor notation2l extonsion was nceded in order to allow procedures as
arquments and results, Italics are used to ~void confusion between language
and mctalanguage. Jdentifiers in distinct fonts are considered to he distinct.
It is hoped that the incre2secd understandability of the Formal Definition will
compensate for the loss of clegance.

In %eeping with the gozl of minimizing the number of new notations, we have
attemptced to stay closc to the terminolegy of the Reference Mepuel, refraining
from introducing ncw names unless they were absolutely nccessary. Furtharmore,
rather than nresenting the Formal Definitjon as 2 completcly separate document,
we have followed the structure of the Reference Manuscl. The equations of the
Formal Definition intend to make more explicit the English toxt in the Refereonce
Manual, Experience with the FPormzl Cefinition will show whether this is the
right approach. :

As a fin2l rcemark, the reader will notice that we make use of the cbstraction
facility of Green. It may seem unfortunate that we could not ovoid using one of
the secemingly more advanced features of the language. But in fact, 211 we
re2lly need is a way to specify 2 collection of related functions together with
their types. This concept is very fomilier in methematics as en algebre.
Similarly, the use of the gineric fecility corresponds diractly to the notion
of a polymorphic function (or functional) in mathematics., In fact, all (value
returning) procedures defined in the document cre functicns in the mathemetical
sense. The sublonquage of Green that is used is purcly spplicative and the only
"side effects" arec the construction of new objects.

Formal Dcfinition - l1 -5 Preliminary Draft
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1,2 Abstract Represcentation of Programs

In this section, we present a standard way of representing creograms, It is to
be used not only tec defire the semantics of the Green lsngucge but also 25 A
standard interface between all processors menipulating Green programs. Progreoms
are represented as trees, called Abstract Syntax Trees. These trees are defired
with the help of the Green's encarsulation facility, so as not to preclude
eubsequent efficient implemcntation.

1,2.1 Motivations

Since the meening of programs will be defined recursively on their structure, it
is necessary to specify with grecat precision what this structure is before
developing the Formal Definition per so. On the other hand, quite zpart from
the Formal Defirnition, there 1is considerable intercst in stendardizina the
recresentation of programs. This stondard representetion will play a crucizl
part in the harmonious dezvelopment of the programming supoort, 2 collection of
issues addressed in Pebbleman. Typical tools that are to benefit from such a
definition are: syntax-oriented editors, interpreters and corpilers,
documentation and normalization 2ids, program analyzers, optimizers,
verification tools.

1.2.2 Requirements

We now list some reguirements that an abstract represcntation must satisfy to be
effective as a standard:

(2) It must be possible to implement it cfficiently on 2 veriety of machineos.

(b) It must reflect the structure of programs. For cxample, it must be casy to

recognize and isolate progrzm fragments such 2s statements, procedures,
declarations, cxpressions, identifiers, etc...

(c) It must be c2sy to manipulate and modify.

(d) It must include 211 mezningful information contained in the original
program text. In particular it must be possible to restore the program
text from the representation, up to minor standardjzations.

(e) It should not be cluttered with irrelevant informstion.

(f) It must have 2 simple and usable matﬁematical definition since it will be 2
foundation for the Formal Dofinition.

Formal Definition ] -6 preliminary Deaft
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(g) Finally, &3 o matter of course, it must allow the r~orcsentation of any
legal Green program,

Requirements (b) and (c) rule out the textual reopresentation of programs. It is
easy to see that many processors would neced a "parser" 2g 2 mandatory front end,
It would 21s0 bc a mistake to use 2 parse tree a2s usu~lly oroduced by a parser:
sych treecs depend on the parsing method used and a2re cluttcred with irrelevant
detoils (Requirement (e) ).

Common intermediate languages designed for optimization f2il recuirements (b)
through (d). Using abstract syntzx, 2 method put forward in the early sixtics
[McCarthy, Landin] is Vcory naturol, simple 2nd meets raquirements (2) through
(g).

1.2.3 Abstract Syntax Trees

The essenti2l idea underlying abstract syntax is the treatment progrems and
program fragments as treoes. For example, the assignment

A :=R

will be (pictorially) rcprescented by the tree ¢,
éssign

id "a" ia "p"

Each node in the trec is lzbeled by 2 construct. 1In cur notation, the construct
lzbeling thc top node of the tres t is” dcnotcd by XIND(t). Here KIND(t] =
asgign. The subtree representing the left-hand-side of th2 assignment is
enotcd by 50N(1,t) 2nd the subtres dcnoting the right~hand-side by SON(2,t).
The whole Green lenguage is defined using 126 constructs, Most constructs label
trecs with a fixed number of sons. These constructs are said to be of fixed
arity. To represent lists, it is necessary to us~ nodes that may have an
arbitrary number of sons. For example the fragment

B := A;
D := E;
is represented as
stm s
assign 2ssign
l_d_'B" E"A' igwou -12 g X .

The construct assi%n is binary while stm s is & 1list construct, The node
labeled stm s cou have an arbitrary numbcc of sons.

Formal Definition 1 -7 Preliminary Draft
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Votations: All Green constructs ore written in italics. List constructs have
nemes cnaing in S, like stm s, exp s, or decl s,

Not 211 trees lebeled with constructs are abstract syntax trees, A gremmar
imposcs 2 restriction on the strings of terminal symbole th-t arc sontencces of
the language it defines. The Green a2bstract syntar is similerly defined by a
trce grammar, Tt specifies orecisely which trees are Green trees. Let us
cofine 2 sort to be a set of constructs. The abstroct syntex of Green is
scecified” with the help of 57 sorts. If the root of 2 tre2 t is 2 construct
beclonging to sort s, we say that t is of sort s. The entire cbstract syntax of
Green is completely specified by giving, for each construct, its arity as well
as the gort of sach son.

Note that list constructs arc homogeneous: 2all constituents of 2 list must be
of the same sort.

Notations.

(a) Sorts are written in italics and jc capitalized (e.g. COND). When 23 sort
is ¢ singleton sort (i.c. it contains a single construct), it has the same
name &s its member, but capitalized. Furthermore, since 1list constructs
are cheracterized by the common sort of thecir constituents, their name
always rcflects that sort. As on cxample, a nodes 1laboled stm s heas

subtrees of sort ST, a node labeled degl 5 has subtrocc of sort DFCL.

’
(b) A notation similer to BNF ha2s been used to specify the sorts. When writing
for example:
COND ::= EXP | condition

we mecan that COND is the union of sort EXP and the singloton sect {condition}.

Since sorts ~end constructs are distinguished typogrophically, the symbo is
used without ambiguity. For each construct, 2 scquencec of sorts is given. For

exemple the specification

if -> CONDITIONAL S STM S

means that the first son of a2n if construct is of sort (CONDITIONAL S and the
second son is of sort STH S. s

Formally,

SORT_OF SON(if,1) = CONDITIONAL S
SORT_OF_SON(If,2) = 3Tm 35

In the case of list constructs, the fact that all constituents. K belong to the
same set is emphasized by the use of three dots as in

stm s -> STM ...

The complete Abstract Syntax of Green is given in Appendix A,

Formal Definition 1 -8 : Preliminary Draft
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1.2.4 Encapsulation of the Abstract Syntax

a

To be cortain that tho abstract syntax of Green can be uzed as 2 standerd  for
the ropresentation of Green programs, we could <cefine it as a2 Green data
structure. This would not howecver leave enouqgh room for cfficiznt
implementation and would invelvs unnacessary and harmful overspecification.
R;Eh:r, we specify herc the visible part of Green Instead, we.specify here  the
visible part of Green pockeges that provide the nbstrac: nvn:nx of G{ﬂ:; S;frt?:

TS o snin " 3 g Notire th- (3 cndure MAKE is
98¢ Fora 84 Pﬁis“&?gffggulﬁy 3f1fr§§nr§§§1536 gg"ghc gvufs gfpr$%~ number of
argquments handed to it in any call. The procedurc WAXE must ke progrzmmed using
the KIND aond SORT_OF_SON proccdures provided in the oackege GREEN_SYNTAX, to
check thet it is not 2sked to build unlawful Green trees. Similarly, the
constructor procedure EMPTY checks that its arqument is 2 construct of arbitrary
arity.

Moct processors will find the selactor function SON pcrfectly adecuate. For the
Formal Dcfinition, where rcadebility is of prime importance, we have a2ssumed the
exicstence of a2 third packzge, GRUEN_SELECTORS. This package 2llows us to refer
to subtreces by name rather than by position. A simple convention for the names
of the selectors hes been followed in the Formal Definition: for each sort 3
sclector function 1is defined that is named 2fter the sort. Assume now, for
example, that "if" is a2 tree with 3 root labeled if. Instead of writing:

SON(1,if)
we may write
CONDITION_S (if)

In cases like the binary construct pair that has more than one son of the same
sort, npumbering 1is wused. Thus EXPI(pair) and EXP2(pair) return the first and
second son of the tree peir, respectively, os both are of sort EXP.

1.3 Structure and Notations

In the informal description of the semantics of Green given in the Reference
Manual, one can distinguish three kinds of concerns: g

(i) Some fcatures of the language are provided to shorten the text of progrems
or to increcase their readability. These features arc best explained as
combinations of other possibilities of Green.

(ii) A group of specifications are intended to delincate the class of legal
programs, within the class of syntactically corract ones. Considorations
such as the nced to declare every identifier used, cobcrence in the use of
types and resolution of ambiguity in the use of overloading, are in this
category.

(i1i)The rest of the informal dJdefinition concerns the bechavior of programs
during execution.

Formal Definition 1 -9 Preliminary Draft
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The Formal Definition is structured to reflect these quite distinct concorns.

1.3.1 Nermalization

This part of the Formal Definition specifies transformations of the zbstroct
syntax tree that do not reauire any type. information. These transformatione are
performed to eliminate the use of <comec notaticn»l convenimnces or to check
simple syntactic constraints. They are dcfined by functions mapping TREE's to
TREE's and given in Appendix B, Whenever these functions zre sufficiently
simple (i.e. involve no context), the text includes their description as 2
rewriting rule.

Example:

[ if CONDITIONAL S else STM S end if; ] ->
[ if CONDITIONNY, S elsif truc then STM S end if; ]

The kind of constraints dea2lt with by normalizations must recuire only 1little
contextual information, i.c. no information about types. For example, the
Manucl states:
"Within the scquence of statements of a subprogram or module body,
different labels must have different identifiers."

This check is supposcd to be performed in this normalization phase.

1.3.2 static Semantics

This part of the Formzl Definition is concerned with what is usuelly called
type_checking. A type checker is given as 2 mapping from abstract syntax trees
to an extended abstract syntax tree. This is intended to mimic the concepts of
"compile time" checks as opposed to "run time" checks. Type_checked programs
contain all type information nceded at run time. 1In this way dynamic scmantics
will not need to carry a static environment.

The Static Semantics of Green has to deal with the following:

X It must check that the declarations are valid, i.c. there is no repeated
decloration of the same designator in the same scope. It must check that
a2ll designators are declared.

2, It must check that all designators are used in 2 manncr that is consistent
with their type.

3. It must carry out the evaluation of static expressions where needed.

4, All information on types of designators must be used to generate an
extended abstract syntax tree. This includes:

Formal Definition 1 =-10 Preliminacry Drafs
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4.1 Detecting and eliminating 211 overloading

4.2 Reordering actual parameters in subprogram colls. Once it has been
processed, 2 subprogram call will 1list all its oparameters in named
paramcter associatijons.,

4.3 Norma2lizing 23gregates 2s lists of named component associations.
4.4 Resolving ambiquities between indexed component, aqualified
expression 2nd subpregram call.

S. Exception names are made unique within a proaram

6. The dot notation is systematically used to access identifiers visible
through a use list.

The Static Semantics presented here is parameterized by

- a "machine" that abstracts away the structure of the static cnvironment,
where information regarding the type of designators is recorded. The
extern2l behavior of this "machine" is defined by a set of functions that

- build or select type denotations

- declare or access designators

= a "machine” which abstracts auxiliary functions used
- to solve overloading
- check for side effects of functions and value returning procedures

1.3.3 Dynamic Semantics

The Static Semantics is described as 2 transformation nerformed on abstract

syntax trees. The Dynamic Scemantics corresconds more to the customary notion of

interpretation. The meaning of each construct is dcfined recursively on type
checked zbstract syntox trees. Information zbout the identifiers in the proarzm
(e.g. the value of a constant, the constraints associated with a subtype) is
recorded in the dynamic environment.

The functions used in Dynamic Semantics are partitioned into three groups,
following to the terminology of the Reference Manual:

(a) .Those defining the claboration of dAeclarations (Prefix ELAR).
(b) ' Those defining the evaluation of expressions (Prefix FVAL).

(c) Those defining the execution of statements (Prefix EXEC).

Formal Definition 1 -1 Preliminary Draft

¢ ¢ 606 0 0 0 9 0 90 0 O




0]

O 0O O 0O O O O O

0O G €6 C 0 ¢

The dynamic scmantics {s also paramcterized by
- an abstract machine that provides a model of storage allocation

- a set of definitions which characterize the restrictions of a concrete
machine (minimum and maximum value for integers, ctc).

1.3.4 Treatmont of Errors

Errors discovered during Normalizotion and during the checking of the Static
Semantice are reported by inserting a special construct in the Abstract Syntax
Tree at the lowest meaningful level. The Dynamic Semantics is only defined on
trees which do not contain such errors. 1In this wey, the place and reason for
an error are defined. Error messages can be standardized accordingly.

Errors occurring during the execution of a program raise the appropriate
excepntions, 2s prescribed by the semantics of Green.
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[’ 2. Lexical Elements s
O o
Thig chanter defines the laxical elements of the language. B
i O O |
{ 2.1 Character Set i
| O o)
| All language constructs may be represented with a basic character set, which is subdivided 2s follows:
i © (2) Upper case lctters (@]
I APRPCDEFGHIJERKLMNOPQRSTUVWXY?Z
| O (b) Digits o
| 123456789
; o (c) Special characters c
“geTt () Er =, /LY Cny |
1 o -
{ (d) The space character C
1 o An extended character set, for example one including the following additional ASCII characters, mey be used in o
. i programs:
H o) (e) iouer case letters o
i 2bcdefghijklmnopgrstuvwxys?z
i i
} (f) Other special cheracters
. EES RS AN =
! |
) Every program may be converted into an equivalent program using orly the basic cheracter set. A lower case G
| letter is equivalent to the corresponding upper cace letter, cxceot within character strings; rules for
| conversion of strings into the ba2sic character set appear in section 2.5.
! © In addition, the following renlacements are always allowed for characters th2t may not be available:
o) - the vertical bar character | is eguivalent to the exclamation mark ! 2s a delimiter between choices
; (e.g. see 3.6.2), Note that on some terminals, the vertic2l bar 2ppecars as a broken vertical bar.
i O - the double quote character " is equivalent to a % character as 2 string bracket
1
- the sharp character # is equivalent to the colon : in 2 based number
e Formal Definition 2= Prelivinary Droft L
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"Spaces mey be inserted freely with no effect on meaning between lexical units. At 1leost one sp
&

2.2 Lexical Units and Spacing Conventions
The lexical units of 2 progrom are identifiers (including rcserved words), numbers, strings, and delimiters. A
delimiter is either one of the following special characters in the basic character set
(IR S e PR R
or one of the following compound symbols
=> o PR t® m: :=m: fm Dd= (= <K& DD

must

ace
scparate adjacent identifiers or numbers. Besides terminating 2 comment, the end of each line is couivelent

to a space. Thus each lexical unit must fit on onc line.

2.3 1Identifiers

Identifiers are used as names. Isolated underscore characters may be included and all cheracters are
significaent, including underscores.

Syntax:

identifier ::=
letter {[underscore] letter_or_digit}

letter_or_digit ::= letter | digit
letter ::= upper_case_letter | lower_case_letter
Abstract Syntax:

id => == [lexical unit )

Note that identifiers differing only in the use of corresponding upper ond lower case latters are considered
2s the same.

2.4 Numbers

There are two classes of numbers: integers for exact computation, and rezl numbers for approximate
computation. Their explicit representation is given here.

SZntax:

number ::= integer_number | 2pproximate_number

Formal Definition 2 =2 Preliminary Draft
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integer_number ::= integer | besed_inteqger
integer ::= digit {[underscore] digit}

based_integer ::= ;
base # extended_digit {([underscore] extended_diqgit}

base ::= inteqger
extended_digit ::= digit | letter
approximate_number ::=
integer.integer [E exponent]
| intecger E exponent
exponent ::= [+] integer | - integer
Abstract Syntax:

int number => == [ lexical unit )
tecl number => =- [ lexical unit )

Isolated underscore characters mey be inserted betwcen adjacent digits or extended digits of a number, but are
not sigqnificant. Spaces may not appear withir numbers.

Rased integers can be represented with any base from 2 to 16. For bases above ten, digits may include the
letters A through F with the conventional meaning 10 through 15.

2.5 Character Strings

A character string is a sequence of zero or more characters prefixed and terminated by the string bracket
character (the double quote " or its replacement the & character).

Syntax:

character_string ::= " {character} "
Abstract Syntax:
string => =-- [ lexical unit ]

In order that arbitrary strings of cheracters may be represented, a2ny included string bracket character must
be written twice. The length of 2 string is the length of the secuence represented. Strings of length one
are a2lso used for literals of character types (see 3.5.1). Strings longer than one line must be represented
using catenation.

A character string may contain charactere not in the hasic cheracter sot, A string containing such characters
can be converted to 2 string written with the csic character set by using identifiers denoting these
characters in catenated strings. Such identificrs arec defined in the oredefined environment. Thus the string
"ABSCD" could be written a2s "AB" § DOLLAR & "CD". Similarly, the string "ARcd" with lower case letters could
be written a2s "AP" & LC_C s LC_D.

Preliminary Draft
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2.6 Comments

A comment starts with a double hyphen and is terminoted by the end of the line. It mey only 2ppear following
a lexical unit or at the beginning or end of .o progrem unit. Comments have no cffect on the meaning of 2
program; their sole purposc is the enlightenment of the human reader.

2.7 Pragmas

Pragmas arc used to convey information to the compiler. A pragma begins with the rescrved word pragma
followed by the name of the pragma. A pragma can have arguments, which can be identificrs, strings, or
numbers.

pragma ::=
pragma icdentifier [(argument {, argqument})];

argument ::= identifier | character_string | number

Pragmas may appear before a program unit, and wherever a declaration or a statement may appcar. The extent of
the cffect of 2 progma depends on the pragma.

A pragme may be lancuage defined or implementation defined. All languoge defined pragmas are described in
Aopendix B.

2.8 Raserved Words

The identifiers listed below are called reserved words 2nd are reserved for special significance in the
language. As such, thece identifiers may not be declared by the programmer. For readability of this manual,
the reserved words 2a2ppear in lower case boldface.

abort declare generic of select
accept delay goto or separate
access delta others subtype
all digits out
and do e § 4 -
array in package task
assert initiate packing then
at ; is pragma type
else private
elsif procedure
end loop use
begin entry raise
body exception mod range
exit record when
renames while
new restricted
case . for not return
constant function null reverse xor
Formal Definition i 2 -4 Preliminary Draft
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i~ 3. Declarations and Types ~
% | !
‘ g o
| s chapter describes the types in the language and the rules for declaring constants and varizbles. iy
{ O Thi hapt a ib he t i he 1 d th 1 £ declari t d iabl '
e o |
3.1 Declarations |
i 1]
| O O !
' A declaration associates an identifier with 2 declared entity. Each identifiecr must be declared before it s
o) used, with the exception of lazbels. There 2re several kinds of declarations. o)
i
i Syntax:
? 0o declaration ::= o '
i object_doclaration | type_declaration
i o | subtype_declaration | private_type_declaration (o)
! | subprogram_declaration | module_decclatation
i } cntry_declatationi | exception_declaration
renaming_declaration
1 O 9- N O
| Abstract Syntax:
| 9 decl -> NATURE DESIGNATOR S DESCRIPTICHN C i
| designator s -> DESICNATOR ... = [DESTGNI\TOR, was ) |
§ 2 >
: O NATURE ::= ant | variable | type | subtype | private | gréccdure | function | 5
! J¢ | cntry | oxccption | In | out | Tn out :
! DESIGNATOR designator s '
¢ O DESICNAGOR "'3_[“1‘ String y e
! DESCRIPTION Instantisntion | object | renaming | tvpe | unit | void l
Lo -=- Dopending on its nAature, 2 decl may 2ppear as: C ‘
H -- [OESIGNATOR S: constant DESTRIPTION] |
== [DESTEMATOR S: DESCRIPTION j
o -- [type o is CFSCRIPTION) ~
! -- Ilsubtype i is TFSCRIPTICK]
-- [restricted type © is CESCRIPTICH]
. ® -- [procedure DESCRIPTIZ:N] 3
{ == [function DESCRIPTINON] . !
: -- [package CRSCRIPTICN]
L == [task DRSCRIPTION] o
-- f{entry ; ¢ DESCRIPTION) }
! == [DFSICNATOR S: exception) C
| @ -- [DFSICUATOR S: in CESCRIPTION] '
i -- [DESIGNATOR S: out DESCRIPTION]
-- [DESIGNATOR S: in out DESCRIPTION
ks o Formal Definition 3-1 Preliminary Draft ®
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Description:
) ~
! The process by which a declaration achieves its effect is called the elahoration of the declaration. Any
{ cxpression appearing in a declaration is evaluated when the declaration ie claborated unless otherwise stated.
| ~
2 Object, type, and subtype declarations are described herc. The remaining declarations a2re described {in later
~ { chapters.
¥ ~ ~
e Static Semantics: "
A procedure CHECK_DECL_S(decl_s: TREE; env: S ENV: local: S ENV) return TREE FNV is ~
= begin = s
if 1S_EMPTY (decl_s) then
o return TREE_ENV(EMPTY(decl_s), local); o)
: else
i declare
o) tree_conv : constant TREE FNV := CHECK_DECL (HEAD(decl_s), env, local); le)
i locaT2 : constant § EV := ENV(tTee_cnv); i
H env2 + constant S E!V := NESTED_ENV(env, local2);
i o tree_env2: constant TREE ENV := CHECK_DECL_S(TATL(cecl_s), cnv2, local2);
{ begin
. return TREE_ENV(PRE (TREE (tree_ecnv), TREE(tree_cnv2)), ENV(troc_envz));
i end;
! o end if;
{ end CHECK_DECL_S;:
-
| 2 procedure CHECK_DECL(decl: TREE: env: S ENV; local: S _ENV) return TREE ENV is
{ begin
! o case KIND(DESCRIPTION (decl)) of e}
. ! when instantiation => DECL_INSTANTIATICN (decl, cnv, local);
when obhjcct => DECL_ORJECT (decl, env, local);
| o) when ren2ming => DECL_RENAMING (decl, =nv, locel); O
1 when tyve => DECL_TYPE (decl, env, loceal);
i when unit => DECL_UNTT (decl, env, Jocal);
i when voigd => DECL_EXCEPTION (decl, env, local): o
i o end case;
H end CHECK_DECL;
1
i f o procedure CHECK_DESIGNATOR_S (designator_s: TREE; env: £ CNV; den: S DEN) return TREE ENV is “
{ begin
{ o if IS_EMPTY(designator_s) then
! return TREE_ENV(desIgnator_s, env); e
| else
O declare .
3 ) trec_env : constant TREE ENV := CHECK_DESIGNATOR (HFAD(decsignator_s), env, den):
3 ! tree_env2: constant TREE ENV := CHECK_DESIGNATOR_S (TAIL(designator_s), ENV(tree_env), den):
‘ . begin
b return TREE_ENV(PRE(TREE(tree_env), TREE(trez_env2)), ENV(tree_env2)):
end;
end if;
end CHECK_DESIGNATOR_S:
- Formal Definition 3-2 Preliminary Draft v
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procedure CHECK_DESIGNATOR(designator: TREE; cnv: S ENV; den: S DEN) return TREE ENV is
begin
if IS_OVERLCADARLE (DEN_OF (designator, env), den) then
return TREE _ENV(des Tgnctor, OVERLOAD(designztor, env, den)):
! elsif 1S FORVAPD(DEN _OF (designator, crv)) then

o return TREE l"‘v(d'-signﬂm, UPDATE (designator, env, den)); ~
i elsif not(IS OECLAPED(dc ignator, env)) then
< return TREE _ENV (designator, UPDATE(designator, env, den)):
-~ else =
4 return TREE_ENV (ALREADY_DECLARED, env); -
end if;
I end CHECK_DESIGNATOR; , )
Lo o
3.2 Object Declarations
1 o o
i An object is a variable or a constant. An object declaration introduces one or more named ohjects of a given
i o type. These objects can only have values of this type. o
! i Syntax:
i o object_declaration ::= ©
i identifier_s : [constant] type [:= expression];
. © identiffcr_s ::= identificr {, identifier) c
i
| Abstract Syntax:
! o ADStract Syntax o
t ohject -> TYPE EXP vOID -= [TYPE := EXP] or [TYPF)
i O Description: ‘ v
1 An object declaration may include an expression which specifies the initial value of the declared objects. o
i o This expression is evaluated and its vslue is assigned to each of the declared objects, as part of the
elaboration of the object declaration.
i ¢
QO An object is 2 constant if its declaration includes the reserved word constant. The valuc of a constant cannot s
f be modified. If a constant object hzs components, they cannot be modificd.
| O "
i It is possible to defer the initialization of a constant record component (see 3.7.1) and of a constant of a
O private type declared in the visible part of a module (sce 7.4).
i Static Scmantics:
&) procedure DECL_OBJECT(decl: TRE env: S ENV; local: S ENV) return TREE ENV is
| nature : constant 2 NATURE (decl);
designator_s: constant DESIGNATOR_S (decl)
object : constant TREE := DESCRIPTION (decl);
. begin
£ case KIND(nature) of %
when constent | -- [DESIGNATOR_S: constant DESCRIPTION]
2 B
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| -- [CESIGNATOR_S: NESCRIPTION]

in | == [DESIGNATOR_S: in DESCRIPTION]
|
!

out L IDESIGNATOR:S! out DESCRIPTION]
in out -- [DESIGNATOR_S: in_out DPESCRIPTION]
declare
tree_des_den : constant TREE DES DEN := CHRCK_OBJECT(object, eonv);
object2 : constant TREE 1= TREE (Eree_des_den);
den : constant § DEN := DEM(naturc, DESDEN(tree_dec_den);
tree_cnv : constant TREE ENV := CHECK_DRESTGNATOR_S (designator_s, local, den):
designator_s2: constant TREE 3= TREE(tcee env):
begin
return TREE_ENV(MAKE (decl, nature, designator_s2, object2), FNV(trec_env)):
end;

when others =>
return TREE_ENV(SYNTAX_ERROR, local);
end case;
end DECL_OBJECT;

procedure CHECK_OBJECT (object: TREE; env: S ENV) return TREE DES DEN) is

tree_type_cen: constant TREE TYPE := CHECK_TYPE_CONSTRAINT (TYPE (object), env);
exp_void : constant EXP VOID := CHECK_EXP_VOID(EXP_VOTD(object), env):
cdes_den : constant S DFS DEN := DES_DEN (TYPE_DER (tree_type_den), cxp_void):

begin
return TREE_DES_DEN (MAKE (object, TREE(tree_type), exp_void), des_den);
end CHECK_OBJECT;

3.3 Type and Subtype Declarations

A type characterizes 2 set of values and a set of operations epplicable to those values. The values arc
denoted by literals or aggregates of the type, or can be obtained as the results of operations. The operations
and the properties of the valucs are said to be attributes of the type. Any subprojrem with a parameter or
result of the type is an attribute of the type. TR R T

There exist several classes of types, Scelar types are types whose values have no components; they comerise
types dcfined by enumeration of their values, integer types, and real types. Array and record types 2ra
composite; their valucs consist of severzl component values. An access type is a type whose values provide
access to other objects. The attributes resulting from the definition of these clesses of types arc predafined
attributes (see 4.1.3). Finally, there are privete types where the set of possible values is clearly defirned,
but not known to the users of such types. Hence, a2 private type is only known by the set of operations
applicable to its values (see 7.4).

The set of possible values of a type can be restricted without changing the set of apolicable operations. Such
2 restriction is called a constraint, A value is said to belong to a subtype of a2 given type if it obeys such
a constraint., Naturally,” subtyp.» may not be found for user defincad private types since nothing is known a
priori about the set of possible values. i

Syntax:

Formal Definition 3 =4 Preliminary Draft
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type ::= type_definition | type_mark [constraint])

type_definition ::=
erum"r‘tion type_definition | integer_type_definitiecn
1 21_type_ Acfinition | array_ tyon dzfinition
| record tyun definition | access tyoc definition
| derived_typc_definition

type_mark ::= typc neme | subtype name

constraint ::=
range_constraint | accuracy_constraint
| index_constraint | discriminant_constraint

type_declaration ::=
type identifier [is type_definition];

subtype_declaration ::=
subtype identifier is type_mark [constraint];

Abstract Syntax:

decl -> NATURFE * DESIGNATOR S NESCRTYPTION
constrained -> NAHE CONSTPRAINT
TYPE ::= access | array | comn s | constr2ined |
derived | gesignator s | fixed | float
intaqor { privzte | Testricted private | void
CONSTRAINT ::= fixed | float | comp assoc_s | pair

typed pair | rarge s | void,

Descrintion:
Every type definition introduces a distinct type. A type declaration associates a name with a type. A subtype
declaration introduces a name as an abbreviation for a type namc with some possible constraint. Each
constraint is evaluated when the declaration in which it appears is elaborated.
An incomplete type declzration of the form

type T;

is used for the ceclaration of mutually dependent access types (see 3.8); the complete type declaraticn must
follow in the same declarative part.

3.4 Derived Type Cefinitions

A derived type definition introduces ¢ new type deriving its characteristics from those of an existing type.

'derived_type_definition ::= new type_mark [constraint]
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With a type declaration of the form:
type NEW_TYPE is new OLD_TYPE:
the new type derives 211 ite cheracteristics from those of the old type:

- The new type belongs to the seme class of types as the old type (for example, the new type is a record
type if the old type is) and the samec attributes a2rs predefined.

- The set of values of the new type is a copy of the set of values of the o0ld type. The constraints
associated with the old type erply to objccts of the naw type.

- The notztion for litcrzls or aggregates of the new type is the same as for the old. Such literals end
ajgregates are said to be overloadcd, The notation used to denote components of objects of the new type
is the same as for the old.

- For cach visible subvrogram attribute of the old type, a suboprogram attribute of the new type is dorived
in which occurrences of thz name of the o0ld tyce are in coffect replaced by the name of the new type.
Such subproarams are s2id to be overloaded. Assignment is avsilchle for the ncw type if it is for the
old.

- Any explicit represcntation specification (se2e 13) given for the old type 2lso apclies to the new type.
The effect of such a type decleration is thys to create a new type distinct from the old type, but equivalent
in ecffect to what would be obtained by duplicating the old type definition and all its appliceble operations.
Explicit conversions are allowed between the old type and the new type (see 4.6.2).

A type declaration of the form:
type NEW_TYPE is new OLD_TYPE constraint;
is equivalent to the succession of declarations:

type new tyoe is new OLD_TYPE:
subtype NEW_TYPE is new typc constraint;

where new typec is an identifier distinct from those of the program. Hence, the velues and opecrations of the
0ld type are inherited by thes new type, but objects of the new type must satisfy the added constraint.

3.5 Scaler Types

Scalar types comprise discrete types and real types. Discrete types are the enumeration types and intecger
types; they may be used for indexing and iteration over loops. -Numeric types are the integer and rezl types.
All scalar tyoes are ordered. A range constraint specifies 2 subset of valucs of the type or subtype.
Syntax:

range_constraint ::= range range

range ::= simple_expression .. simple_expression

Formol Cefinition 3 -5 Preliminary Draft
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o Abstract Syntax:
pair -> EXP EXP -- [EXP .. EXP]}
) — — —_—— ————
4 tyocd pair -> NAME PAIR ~- [NAME range PAIR]
A RANGE ::= pair | typed pair ~
- PAIR ::= pair
~ Descrintion: Q
The range L .. R describes the values from L to R inclusive. An empty range is » range for which L is greater 3
o than R. The type of the simple expressions in a range constraint is the type for which the range constraint is ~ |
specified. <, .'
o Predefined Attributes o ;
For any scalar type or subtype T, the following 2ttributes are predefined (see also 4.1.3 and Appendix A): l
O T'FIRST the minimum volue of the type or subtype T o ;
A T'LAST the maximum veluc of the type or subtype T o :
For every discrete type or subtype T, the subprogram attributes T'SUCC, T'PRED, and T'ORD arc predefined as ‘
follows: y v I
;O O |
| T'SUCC (X) the value succeeding the velue X in T ||
o T'PRED (X) the value preceding the value X in T O |
) T'ORD(X) the ordinal position of the value X in T. For example T'ORD(T'FIRST) = 1 o
The exception RANGE_ERROR is raised by the function call T'SUCC(T'LAST) and similarly by T'PRED(T'FIRST). |
) C i
1o 3.5.1 Enumeration Types o
! o An cnumeration type definition introduces a2 set of values by listing the velues,
| N
Syntax:
o enumeration_type_dofinitior; 1= -
(enumeration_literal {, enumeration_literal})
o enumeration_literal ::= identifier | character_literal = i
Abstract Syntax:
) SISTLICh SYRESN O
designator s -> DESTGNATOR ... [DESIGNATOR, ...) !
o DESIGNATOR  ::= string | id <y
Description:
o O
|
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An enumerated valuc is reorcsented by an identifier or a character literal, Hence, 2 character sct ean he
defined by @&n ecnumeration type. Order relations betweon enumcration veues follow the order of listing, the
first being less than the last.

Within a sequence of declarations, an enumeration liter2l can aprcar in different enumeration types. Such

enumcration literals are said to be overloaded. When ambiguities arise in the usc of such literals they can be
resolved by providing 2n explicit qualification (sce 4.6).

3.5.2 Character Types

A character type is an cnumeration type that contains character literals and possibly identifiers. The
predefined type CHARACTER denotes the full ASCII character set of 128 characters (see dppendix C).

3.5.3 Boolea2n Type

There is 2 predefined enumeration type named POOLEAN. It contains the two literals FALSE and TRUE ordered with
the relation FALSE < TRUE. The evaluation of conditions delivcre results of this predefined type.

3.5.4 Integer Types

The predefined type named INTEGER denotes 2 subset of the inteqers. Other integer types can be introduced by
integer type definitions or can be derived from the type INTEGER.

Syntax:
integer_type_definltion 1= range_constraint
Abstract Syntex:
integer -> BANGF
Description:
The range of integer numbers is implicitly 1limited by the representation adopted by on  individual
implementation. An implcmentation may have predefined tyces such as SHORT_INTEGER and LONG_INTEGER, which have
respectively shorter 2nd longer ranges than INTEGER.
A type declaration of the form
type T is range L .. R;
where L 2nd R denote integer values, introduces an integer type cguivalent to

type T is new integer type range L .. R;

Formal Dcfinition 3=~-a8 Preliminary Droft
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where the intcaer tyoe is implicitly chosen so as to contain the voalues L through R and is one of the

predefined typcs such as SHORT_INTEGER, INTEGER, or LONG_INTEGER.

3.5.5 Real Types

R2al types provide approximations to the real numbers, with reletive bounds on errers for floating peoint
types, and with absolute bounds on errors for fixed point types.

Syntax:
real_type_definition ::= 2ccuracy_constraint
.accuracy constraint ::=
digits simple_expression [range_constraint]

| delta simple_expression [range_constraint]

Abstract Syntax:

0
3
[
x

float ~> EXP

PANGE _VOID -- [digits EXP RANGE VOID]
1xed ~> EXP

PANCE _VOTD -- [delta FXP RANGE VOIN]

]

PANGE _VOID ::= void | RANGE

Description:

For floating point types the ecrror bound is specified 2s 2 relative precision by giving the minimum number of
decimal digits for the mantissa.

A given implementation can have predefined floating point types, such as SHORT FLOAT, FLOAT, and LONG_FLOAT,
which correspond to the herdware supplied floating point types. Real type definitions of the forms

digits p 1

digits P range L .. R

where P is a static integer expression (see 4.8) specifying a number of decim»l digits, 2nd where L and R are
floating point values, are equivalent to the type definiticns

new floating point tyoe digits p
new floating point tyne digits P range L .. R

where floating point type is implicitly chosen as an appropriate oredefined floating point
implemented precision must be at least that of the precision specified in the corresponding definition.
range is provided, it must be covered by the chosen predefined type.

tyoe. The
If &

For fixed point types, the error bound is specified as an absclute value, c2lled the delta of the fixed point
type. The implemented orror bound must be at least as Ffine as tho specified delta, In a fixed point type
definition, the range constraint cannot be omitted, since thie detormines the representation to be used for
values of the type; the expressions specifying the range ond the delts must be static exoressions.

In a subtype or object declaration, an accuracy constraint con be 2pplied to a previously declared real type,
For a fixed point type, the delta of the constraint cannot be smaller than the delta of the type. For a
floating point type, the number of digits specified in tha conatraint cannot be laraer than that of the type.
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In 211 cases, the delta or the digits must be given by static expressions,
Predefined Attributes
For a floating point type or subtype T, the following attributes arc predefined:
~
T'DIGITS the specified number of digits (it is of type INTEGER)
T'SMALL the smallest positive value expressible with the representation and precision of type T ~
T*'LARGE the largest positive value expressible with the reprcsentation and precision of type T
o
For a fixed point type or subtype T, the following attribute is predefined: -
T'DELTA the value of the specified delta o
For any real type T the following attribute is predefined:
T'BITS the minimum number of bits needed for the representation of the mantissa of T (=]
o
3.6 Array Types
C
An array object is a set of components of the same component type., A component of an array {is designated
using one or more index values belonging to specified discrete types. =
(o
Syntax:
array_type_definition-::= -
array (Tndex {, index}) of type_mark [constraint]
index ::= discrete_range | type_mark bt
discrete_range ::= [type_mark range] range o
index_constraint ::= (discrete_renge {, discrete_range})
~
Abstract Syntax: v
arrey -> BOUNDS S TYPE -- [array BOUNDS S of TYPE]) o
bounds s => BOUNDS ... -= [BOUNDS , ...]
BOUNDS  ::= id { indexed | pair | predefined |
selected | typed pair 7
BOUNDS S ::= bounds s
Descriction:
An array object is characterized by the number of indices, the type of ezch index, the lower and upper bound
for each index, and the type and possible constraints of the components. In an array type definition, ecch
index can be specified either by a discrete range or by a type mark. These two forms of index specifications
have different conscquences:
Formal Definition 3-10 Preliminary Draft b
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(1) Index soecifird by 2 discrete range

For all objects of the array type, the discrete reng2 determines both the permitted type for the index
values and the lower and upper bound for the index values.

(2) Index specified by 2 type mark

For 211 objocts of the array type, the type mark only determines the permittcd type for the index values.
The actual values of the lower and upper bound of the index considered cen be different for different
objects of the array type.

The bounds must be given for cach 2rray separately in its object declezration by an index constraint, or
can be obtained from the initial value. For an arrey formal parameter, the boundes are obtzincd from the
actuzl parameter. -

For a2 multi-dimensional array, if onc index position is specified by a discrete range, =2ll1 index positions
must be specified by discrete ranges. Similarly, 2n index constr-int must provide ranges for 211 index
positions. For a2ccessing components, 2n n-dimensional array is equivalenrt to a onc-dimensional array of
(n-1)-dirensional subarrays.

If the bounds of a discrete range are integer numbers, these are assured to be of the predefined type INTEGER
if their type is not otheorwise known from the context.

Predefined Attributes

For an array object A (or for an array type A with specified bounds), the following attributes are predefined
(i is 2n integer value):

A'FIRST the lower bound of the first index
A'LAST the upper bound of the first index

A'LENGTH the number of components of the first index
. (zero when no components)

A'FIRST(i) the lower bound of the i-th index

A'LAST (i) the upper bound of the i-th index

A'LENGTH (i) the number of components of the i-th index
The range of each index of an array must be known when the declaration of the array is elaborated (or when
allocated in the ca&se of occess types). The expressions defining the range of an index need not be static,

but can depend on computed results. Such arrays are called dynamic arrays. In records, dynamic arrays mey only
appear when the dynamic bounds are discriminants of the record type.

3.6.2 Aggregates

An aggregate denotes 2n array or record value constructed from component values.

Syntax:

aggregate ::=
(component_association (, component_association})

Formal Dofinition 3 -11 Proliminacy Nraft
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component_association ::=
[choice {| choice} => ] expression

choice ::= simple_ecxpression | discrete_range | others

Abstract Syntax:

comnc assoc s => COMP ASSOC ... -- [(CO¥MP ASSCC, ...)]

naned => CHCICE S EXP == [CIDICE 5 => EXP]

choice s =¥ CHOTCE s .. -=- [CHOICE wais )

COMP_ASSOC ::= named all 2llocator bin~ry call |
cOmMn _28S0C_S int _number

—_—

| | |

| id | |
membership | null | ErhqcF1n°3 . | cualified

| | |

|

3 ———
rez1 _numter scleocted seclected string silitce
string unary

choice s

CHQICE S ::
TIDICE L]

The expressions define the values to be associated with components. They can be given by position (in index
order for array comporents, in toxtual order for rocord components) or by naming the chosen components (with
index velues for arrey components, with the corresponding identificrs for record componcnts). An 2ggregate
defining the value of an object must provide values for all components of the object.

EXP | othcrs | RANGE

For namecd components, the exprcssions can be given in any order, but {f both notations 2rc wused in one
aggregate, the pocitional component asscciations must be given first, x
A choice given as 2 discrete range stands for all index values in the range. The choice others stands for =2all
components not specified by previous choices and can only appear last. Choices with discrete values #re also
used in verient parts of records and in case statements. Each choice may only appear once in an aggregate
(veriant part or case statement) and, except for the choice others, its value must be determinable statically.

When an aggregate used 2s an initial value is expected to provide the bounds of an array object, the choice
others cannot bz uscd. For an array whose index is only specified by a2 type mark T, the lower bound is
assumed to be equal to T'FIRST if the initialization is given by a positional aggregate.

An aggrcgate for an n-dimensional array is written as a one-dimensional aggregate of components that are

(n~1)-dimensional array values.

3.6.3 Strings
The predefined type STRING denotes one-dimensional arrays of the predefine? type CHARACTER, indexed by values
of the predefined subtype NATURAL:

subtype NATURAL is INTEGER range 1 .. INTEGER'LAST:
type STRING is array (NATURAL) of CHARACTER;

Character strings (see 2.5) 2re a special form of aggreqete oapplicable to the type STRING and other
one-dimensional arrays of characters.

Formal Definition 3 -2 Preliminary Droft
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Catenation is 2 predefined overator over one-dimensional arroys, 2nd is represented 25 6. For

corresnonds to the following function:

function "&" (X, Y :
S : STRING(l ..
begin

STRING) return STRING {is
X'LENGTU + Y'LENGTH);

S(1 .. X'LENGTH) := X;
S(X'LENGTH + 1 .. S'LAST) := Y;
return S;

end;

3.7 ‘Record Types

A record object is a structure with named components.
denoting alternative record structures.

Syntax:

‘recoré_type_definition ::=
record
component_s
end record

component_s ::=
{object_declaration} [veriant_part] | null;

variant_pert ::=
case discriminant of
{when choice {| choice} =>
component_s}
end case;

discriminznt ::= constant component name

Abstract Syntax:

A record type definition

.. end record]
[case NAVE of VARTANT S])

[when CHOICE § => COMP_S]

corp_s =) COUP ... -=- [record COMP
veriant part -> NAYE VARIANT S -
varisnt s -> VARIANT ... == [VARIANT ...}
variant -> CHOICE S come s -
ceno ::= docl | null | varijant part

t:= veriant s

VARIANT S
VERIANT tem Varlant

Description:

The componcnte of 2 record are defined by objecct declarations,
of an expression provided as a component initisalization is evaluatad when the record type definition is
record declared of this

value

can

elaborated. This value is used to initialize the corresponding component for every

type.
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Recursion in rocord tyce definitions is not 2)llowed unless an intermediote access type is used (cce 3.8).

3.7.1 Constant Record Components and Ciscriminants

A constant component of a record which is not given an explicit value in the type definition is a deferred
constant. Such a deferred constant can only be 2ssigned by mcans of a complete record assignment,

A record component can be a dynamic array only if the bounds that are not static are deferred constant
corponants of the record type. N defecrred constant component used in this way or in 2 variant part is ca2lled
2 discriminant of the record type.

The only permissible dependencies between record components are the dependencies of 2n array bound and of a
variant on a2 discriminant.

3.7.2 Variant Parts

A record type with a variant part s
componants for the corresponding valu
must be specified by null.

pecifies 2ltornative record components. Fach variont defines the
e of the-discriminant. A variant can have an empty component list, which

3.7.3 Record Agqgregates ond Discriminant Constreints

An aggregate is used to provide v2lues for 211 the componentd of a record. In an agqregate for a record
variant, the discriminant valuc must be » static expression and must appear before the values for the
corresponding components of the variant part.

discriminznt_constraint ::= aggreqgate
A discriminant constraint is used to constroin discriminants of a record to specific values: it is exprecsed

as on &jgqrejete specifyina values for discriminants only. Discriminant constrafints moy be used to define
subtyrces of record typos with verisnts,

3.8 Access Tyoes

Objects dcclared in 2 nrogram are accessible by their name. They exist during the lifetime of the declarative
part to which they eére local. In contrast, objects may also be created dynamicelly by the execution of
zllocorters (see 4.7). Sinca they do not occur in an explicit object declaration, they cannot be designated by
their nome. Irstosd, accnss to such an akjact is ~chieved by an 2ccess value reoturned by an allocator.
Syntcx:

access_type_cefinition ::= access type

Formal Definition - 3 -14 i 3 Prcliminary Draft
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j = Abstract Syntax:
A 2ccese -> TYPE -- [access TYPE] e
L ——— R Sd-3
]
i Description:
0 * ~
! An access type definition characterizes a set of access values which may be used to designate objects of the ;
~ i type mentioned after the rescrved word access. This type cannot ke another access type. The dynemically
s created objects dozignated by the values of an access type form o collection implicitly associated with the e
type. An access value obtained from an allocator ca2n be assigned to several access vorisbles. Hence 2 given ST
{ dynamically created object may be designated by more than one variable or constant of the access type. The i
o access value null beclongs to every access type and designates no object at all. It mcy be used to initialize A ‘
' access variables, ®
i |
! ) An objecct of on access type that is introduced as a constant cannot heve its value changed, nor can the value o |
! of the designated object be changed. Such an access object can only be used in an expression or 2s 2n in t
i parameter; it cennot be a2ssigned to an access variable (otherwise the designated object could be medified '
! 0 using the variable). Y fa) ¢
'
i Constraints specified for an access type apply to the type of the designated obiects. Qualification of an §
{' o expression of an access type applies to the designated object. o |
¢ !
| Although the dynamicelly created cbjects may not be of a2n access type, there is no restriction on their ‘
| & components, Thus, components oOf the object designated by the values of an access type may be valucs of the o i
: same or of another access type. This permits recursive and mutually dependent access types (whose declaration !
i requires 2 prior incomplete type declaration for one or more types). '
1}
| O @ 1
{ %
K o
3 |
‘o .
. @ 3§
{ |
|
o < |
] ]
! t
 J ) '
| @ . ’
. @ Q.
| E
Y [ ) ;
i |
i J o !
9
i@ Formal Definition - 3-15 Preliminary Draft ® r' ]
=~ - Beiaia

A‘”""‘ L o ’:"‘—‘WW“MW‘”M e r———— e W T
- s . »




D

¢ 6 6 ¢ 6 0 9 0 0 -0 0 0 O

R : -

4. Names, Variables, 2nd Expressione ~
~
4.1 Names Oll
s o
Names denote declared entities such as variables, constents, types, and program units, H
Syntax: o !
name ::= I
identifier | indexed_component o
| selected_component | predefined_attribute t
indexed_component t:= name(cxpression {, expression}) ()’
1
selected_component t:= name . identifier :
predefined_attribute ::= name ' identifier o
. o
L}
Abstract Syntax: |
C |
ia -> -- [ lexical unit) !
indexed -> NAME EXP S == [ NAME(EXP_ S) | i
predefined -> Name I0 -- [ BAFE'ID T o
sclecte -> NAME 1D == [ NAME.ID ] :
i
NAME ::= 211 | id | indexed | predefined | selected | slice o
!
Description: i
The simplest form for the name of an entity is the identifier given in its declaration. ™
Static Scmantics:
CHECK_NAME (name: TREE; type_den: S TYPE DEN; env: S _ENV) return TREE is
begin
case XIND(name) of
when ali => CHECK_ALL (name, type_deon, onv);
when T4 => CHECK_ID (name, tyg~_decn, env):
when Tndexed => CHECK_TNDEXED  (name, type_den, env):
when Ercaarfned => CHECK_PREDEFINED (name, type_den, env);
when sclected  => CHECK_SELECTED (name, tyo>_den, env):
when Slice => CHECK_SLICE (name, type_don, cnv): N
Formal Definition 4 -1 Prcliminary Draft - r
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& end case;
end CHECK_NAME;

€3 function CHECX_ID(id: TREE; type den: S TYPE DEN; env: S FNV) return TREE is

begin ER—— —_— —_—
~ if XS_COM?AT!BLE(type_den, TYPE_D'EN_OFHG, env)) then

- return id;

else
e return ID_INCOMPATIBLE WITH_TYPE;
end if;
end CHECK_ID;

{5

o 4.1.1 Indexed Components

o Descrirtion:

An indcxed component can denote cither

o (2) ° A component of an array:

o The name identifies the array, (or an accéss object whose value designates the array, see 3.8) ond the
cxpressions give the indices for the component. If the array has more dimensions than the given number
of cxpressions, the array compenent is a subarray of the named array.

o (b) A task in a fomily of tasks:

o) The name identjfies the task family and the expression (only one can be given) specifies the index of the
individual task.

= (c) An entry in a family of entries:

o The name identifies the entry family and the expression (only one c2n be given) specifies the index of
the individual entry.

o If evaluation of one of the expressions gives an index valuec that is outside the range specified for the

index, the exception INDEX_ERROR is raised.

o Static Semantics:

function CHECK_INDEXED(indexed: TREE; type_den: S TYPE DEN: env: S ENV) return TREE is
- den : constant S _DEN t= DEN_OF (NAE(Indcxed), env);
o name_type: constant S_TYPE DEN := TYPE_DEN(den);
begin
o if IS_ARRAY(nzme_type) and IS_COMPATIBLE (type_den, COMPONENT TYPE(namc_type))
then return MAKE (indexed, NAME (indexed), CFECK_INDCX_S(EXP_S(indexea), type_den, env)):
elsif IS_ACCESS(name_typei then
declare
name_typel: constant S_TYPE_DEN := OBJECT_TYPE(name_type);
begin
if IS_ARRAY(name_type) and IS_COMPATIBLE (type_den, COMPONENT TYPE (name_typel))
then return MAKE (indcxed, NAMF (indeoxed), C"Ftk_rﬂnﬁt_ﬁ(PYP_S(indcx??), type_drn, env)
~ Formal Definition 4 - 2 Preliminary Draft
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else return INDEX_TYPE INCOMPATIBLE;;
end if; = i
end;
elsif IS_TASK(name_tycc) then
if iS_I\LCZ\"Z(EK!’_S(in'X':x&d)) then
return CHECK_TASK (indexed, type den, env);
else return ONLY_CME_EXP_ALLOWED;
end if;
elsif IS_FENTFY (nam2_tyoe) then
if IS_ALONE(EXP_S(indexcd)) then
return CHECKX_FNTRY FAMTLY (indexed, typc_den, onv);
else return ONLY_OnS_TNDEX_ALLOWED; -
end if; =
else return TYPE_INDEX_NAME_TINCOMPATIBLE;
end if;
end CHECK_INDEXED;

4.1.2 Selected Components

Descrintion:
A selected component can denote either
(a) A component of a record:

The name identifies the record (or an access object whose value designates the record) and the identifier
specifies the record component.

(b) An entity declared in the visible part of 2 module:

The name identifics the module and the identifier specifies the declared entity.
(c) An entity declared in an enclosing unit:

The name identifies the enclosing unit and the identifier specifies the declar~d entity.
(d) A user-defined zttribute of a type:

The name identifies the type and the identificr specifics a user-deofined subprogram 2ttribute of the type
(see 3.3).

For variant records, @ component identifier can denote 2 component in 2 variant part. In such a cas2, the
selected component must belong to the variant prescribod by the discriminant of the record, otherwise the
exception DISCRIMINANT_ERROR is raised.

Static Semantics:

function CHECK_INDEX_S(exp_s: TREE: type_den: S TYPE DEN; cnv: S ENV) return TREE is
begin
if IS_EMPTY(exp_s) then return void:
else Tf 1S_ARRAY(type_den) then
return BRE (CHECK_EXP (HIFAD (oxp_s) , INDEX_TYPE (typc_ceon), env),

[}
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CNECK_INDFX_S(TATL(exp_s), COMPONENT_TYPE(type_cden), env)):
elsif 1S_vOoIn(type_den) then b
return INCOMPATISLE_TYPE;
else .
return PRE(CHECK_EXP (HEAD (exp_s), type_den, env):;
end if;
end CHECK_INDEX_S;

4.1.3 Predefined Attributes

Description:

For user-defined attributes, as ecxplained zbove, the notation of selected components is used; the named contity
is 2 type, and the attribute identifier is a subprogram rrovided by the user. For predefincd attributes, the
arostroph2 notation is used; the named ontity nced not be 2 type and tho attribute identificr is predcfin=2 jn
the lénguage. A predefined attribute identifier is alwzys prefixed by an apostrophe, hence these identifiers
2re not rescrved. Specific predefined attributes are described with the corresronding lenquage constructs.

Appendix A gives a list of all the language predefined attributes. Additional predefined -attributes may exist
for 2n implementation.

o

Static Semantics: ] : J

4.2 Literals

A literal denotes an explicit value of a given type.

Syntax: S

literal ::=
number | cnumeration_litera2l | character_string | null

Abstract Syntox:
lexical unit

lexical unit
lexical unit

int number => ==
rez2] number <> -~
A2 2 R LR

3 -y ==

String -> - lexical unit
null -> == null ]

Informa2l Semantics:

rotion literal denotos a volus of the corresponding scalar type. The access value null
ct &t 2ll. Literels for epproximate numbers are rounded to the precision recquired by the
y are used.

A numbcr or 2n cnu
decignatcs no obj
context in which the
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~ procedure CHECK_LITERAL(literal: TREE; type_den: S TYPE NEN: env: S ENV) return TREE is
begin
if IS_VALID LITERAL(litorel, type_den, env) then
~ return 1Tteral;
; else
~ return LITL‘R)\L IN(’OVP/‘\T]PLE w!’T‘! TYPE:;
~ end if;
i end C!‘ECK_LITERAL:
e procedure IS_VALID_LITERAL(literal: TREE; type_cen: S TYPE DFM; onv: S_ENV) return BOOLEAN is
; begin
case XIND(literal) of
o when int number => return IS_INTEGER(tyne_den);
when T2-1 number => return IS_ _REAL (type_den) ;
when 171 => return IS_ “VALTC E“U"Fkn*rﬂv(lltnr*l, type_don, env);
o when string => return IS_ ’TRTNﬁ(rync den) or IS8 CHAQACTER(Iifer“l) and
IS_VALID F“UMPRATIOJ(!x*"ral, typﬁ den, cnv):
when null => return IG_ACCFSS(typc_dcn)-
o end case;
‘end IS_VALID_LITERAL;
o procedute IS_VALID_FENUMERATION (literal: TRFEE: typc_den: S TYPE DEN; env: S ENV) return BOOLEAN is
begin g
return IS_COMPATIRLE (type_den, TYPE_OF(literal, cnv)); .
o end IS_VALTD_ENUMERATION;
o Dynamic Sementics: =
Ptocedure EVAL_LITERAL(literal: TREE; env: D ENV; cont: EVAL CONT) return EXEC CONT is
egin
o re
return cont (VAL (literal));
end EVAL_LITERAL;
o procedure VAL(literal: TREE) return VAL is
begin
o -- maps literal to an abstract value
end VAL;
Q
{ - 4.3 Variables
PO
i A veriable is an object of an arbitrary tyce whose value can be changed. A variable can be a scalar, an
‘ © array, a record, or an access object. Alternatively, it czn be a component of another cbjmact cor a slice of an
array.
Syntax:
variable ::= name [(discrete_range)] | name.all
\ Formal Definition 4 ~ 5 Preliminary Draft
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Abstract Syntax:

~ all => NAME (MA¥E.all)
slice -> NANME RANGE [VAWF (RANGE) |
i~ NAME ::= all | id | indexed | predefined | selccted | slice
< ' When a name is followed by 2 discrete range, the namec must be-the name of an array (or subarray) or of =an
i ~ access object whose value designates 2n a2rray. The range must denote 2 contiguous secuence of index velures
for the first dimension of the array (or subarray). Such 2 variable is celled an array slice. Tts type is
that of the array, with the constraint given by the discrete range. For names of access objects with the
! A gualifier all, the varizble denotes the entire object designated by the access value,
i
¢ O
: 4.4 Expressions
1
: O
{ An expression is a formula that defines the computetion of a value.
9] Syntax:
H o cxpression ::= ; .
§ rclation {(and celation}
i | relation {or relation}
S | relation {xor relation]
! relation ::=
[ simele_cxoression (relational_operator simple_expression]
| | simplc_expression [not] in range
] | simple_expression [not] in type_mark [constraint]
{ O simple_expression ::= [unery_operator] term {adding_operator term}
; o term ::= factor {multiplying_operator factor}
| factor ::= primary [** primary]
i O primary ::=
i literal | aggregate | variable | allocator
i O | subprogram_call | qualified_expression | (expression)
Abstract Syntax:
| o exp s -> EXP ... == [ EXP , ... |
S EXP ::= binary | uvnary | membershin
| 1nt number | real number | strin null | aggregate
| NAWE | 21Tocator | c217 | cualificed
£XP LIST ti® OXD S
TYPE RANGE ::= conctrained | pair | typed pair
Descriction:
e Formal Definition 4 - 6 Preliminary Draft
IR -
 cma "‘Ma'—-.vr——‘—-"-:‘.“ s > e e L e e <
P —
—

Qg @ @ o0 o 0O 0 O 0

C o



9

¢ ¢ 6 6 ¢ 0 0 o0 O 0 O

C

(e

Primaries include constants and predefined attributes, which are covered by the syntactic category "variable",
An cxpression of 2 given type is also regarded as @ one-component aggrecate for A correcsconding arrey or
record type. The type of an cxpression depends on the tyg~ ~f its constituents, 25 described below.

Static Somantics:

procedure ClNECK _EXP (exp: TREE; typc_den: S TYPE DEN: env: § FNV) return TREF is
oxp2: constant IPFE := T NORMALIZE | _EXP(exp, type_deon, env);
begin
if XIND(oxp2) = id and not IS _ENUMERATION (type_ den) then
return CHECK_| NAME (exp2, type_den, env);
elsif IS LITFPAL(nx ©2) then
return CHECK _LITERAL(exp2, type_den, cnv);
elsif IS_NAME(cXp2) then T
return CUCCK_NAME (exp2, type_den, env);

else
case XIiND(exn2) of
when binary => return CHECK_BINARY (exp2, type_den, env):
when uncry => return CHECK_UNARY (cxp2, type_den, cnv);
when memb-rship => return CHECK_ _MEMRERSHIP (exp2, type_den, env):
when comp 7ss0c s -> return CHBC« AGGREGATE (exp2, type_ “den, env);
when 2]locator => return CHECK ALLOCATCR (exp2, type_ “den, env);
when ca1] => return CHECK CALL (cxp2, type dcn, env)
when cuclified => ceturn CHECK_QUALIFTED (cxp2, type_¢cn, cnv):
end case; E
end {f;

end CHECX_EXP;

procedure NORMALIZE_EXP(exp: TREE; type_den: S TYPE DEN; ‘env: S _ENV) return TREE is
begin -- discovers one-componant aggrcgates
if IS_ARRAY(type_den) and IS_VALID_ARRAY_COMP(cxp, type_den, env)
return PRE (MAKE (comn assoc, cxo), EMPTY) ;
elsif IS_RECORD(typc_dcen) 2nd IS5 _VALTD_RECORD_COQMP (exp, type_den, env)
return PRF(HAKE(rnnn assoc, exp), EWMPTY);
else
return eyp;
end if;
end NORMALIZE_EXP;

procedure IS_VALTD_EXP(cxp: TREE; type_den: £ TYPE DFN; env: S FENV) return ROOLEAN is
exp2: constant 7R°F := NORMALIZE FXP(ﬂxp, typc_éen, env)
begin
if XIND(cxp2) = ld and not IS_FNUMERATION (tvpa_den) then
return IS vALrD NAME (exp2, type den, anv);
elsif TS_LITERAL(eXp) then 28
return IS _VALTD _LITERAL(exp2, type_den, ecnv):
elsif 1¢ "‘”F(Fxr7) then
return IS _VALTD_NAME (exp2, type_den, cnv);

else
case KIND(exp2) of
when hinary => return TS_VALTD_RINARY  (rvc2, type_den, conv)g
Formal Deofinition - 4 -7 Preliminary Draft
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when
when
when
when
when
when

end case;

end if;

unar

momdrrshin
Snatogota
slinc-tor

e an

o
cu-lified

———

end IS_VALID_EXP2;

procedure IS_VALID_ARRAY_CCMP(cxp: TREE; array_type_den: S

begin

-- returns true,

=>
=>
=>
=>
=>
=>

return
return
return
return
return
return

if the oxpression is of & type compatible

IS_VALID_UNARY (exp?, type_den, env):
I1S_BOOLEAN (tyoe_dan);
IS_VALID_RGGRECATE (exp2,type_den,env) ;
I1S_VALID_ALLOCATCR(oxp2, type_den, cnv);
IS_VALID_CALL (2xp2, tyoe_den, eonv);
IS_VALIC_QUALIFIED(exp2, typz_cden, env);

env: S

TYPE DEN;

with

-=- that of thc components of the array type.

end;

procedure 1S_VALID_RRCORD_COMP(exp: TREE; type_den: S TYPE

begin

-=- rcturns true,

if the oxpression is of a2 types comnatible

DEN; env: 8§

with

-- that of the (unicue) component of the record_tyoe_den.

end;

procedure IS_LITERAL(exp: TREE) return ROOLFAN is

begin

case KIND(exp) of
when jint number | real number | id | string | null => return true;

when others => return false;

end case;

end I5_LITERML:

Dynamic Semantics:

procedure EVAL_EXP(exp: TREE; env: D ENV:; cont: RVAL CONT) return EXEC CONT is

begin

if IS_LITERAL(oxp) and KIND(exp) /= id then
return EVAL_LITERAML(exp, cont):

elsif IS_NAME(cxp) then
return EVAL_NAME(cxp, env, cont):

else

case XIMD(exp) of

when
when
when
when
when

momborehip
233rejate
2llocator
c211

Guclifizg

end case:

end if;
end EVAL_EXP;

=5
=5
=>
*>
=)

-~ binary and unary expressions have been normalfzed to calls

return
return
return
return
return

EVAL_MEMAEPSHIP (oD,
FVAL_AGZRFCATE (exo,
EVAL_ALLOCATOR (exp,
EVAL_CALL (exp,
EVAL_QUALIFTED (exp,

env,
°nv,
env,
env,
onv;

cont);
cont);
cont);
cont) s
cont);

4.5 Overators ord Expression Evaluation

Formal Definition

ENV) return BOOQLFAN is

FNV) return ROOLEAN {s
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% The operators in the lanquage are grouped into six

precedence:
Syntax:
A logical_operator e

= relational_operator 1=

Q

adding_operator EEL

unary_operator tew

0

multiplying_cperator ism

exponentiating_operator ::=

Abstr~ct Syntox:

binar

:

op

BINARY OP
EXP
HEMRERSHIP QP

| xor
= =]
+ | = | not

* 1/ | mod

EXp

TYPE RANGE

unsv
TonEcrehin
il Lih 4o)

RINARY OP ::= and |
| e |
| E?us |
| |
| e

o
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UNARY OP ::= plus | minus | not

- MEMBERSHIP OP ::= in |

Informal Semantics:

bt Formal pefinition

not in

<= | >

classes,

given in the following order
=

EXP EINARY OP EXP |

one, '*'_X ]

EXP MEMPETRATP QP TYPT RANGE |

@
L] " Oﬂgj
— ety
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For 2 sequence of opcrators of the same precedcnce level, eveluation proceeds in textua) order from 1left to
right, or in any order giving the samec result. The primaries of an cxpression are also cvaluated in textusl
order, All primaries are evaluated 2nd all operations are performed.

The operands, result types, 2nd the meaning of the predefined operators are given below. Note that some
oparations may result in exceotion conditions for some values of the opcrande (see chanter 11). Real
expressions are not necessarily calculated with cxactly the specified accurzcy (precision or delta), but the
accuracy used will be at least as good as that specified.

Static Semantics:

procedure CHECK_BINARY (binary: TREE; type_den: S _TYPE DEN; env: S ENV) return TREE is
param_assoc_s: constant TREE := PRE (EXP1l (binary), PRE(EXP2(binary), EMPTY)):
ext_name : constant TREE := OP_NAME(BINARY OP(binary));

begin
return CHECK_CALL2(ext_name, param_assoc_s, type_den, env);

end CHECK_| BINARY'

procedure CHECK_UNARY (unary: TREE; type_den: S _TYPE DEN; cnv: S FNV) return TREE is
param_assoc_s: constant TREF := PRE (EXP (unary), EMPTY):
ext_name : constant TREF := OP_NAME(UNAPY_OP(unary));

begin e
return CHECK_CALL2(cxt_name, param_assoc_s, type_den, env);

end CHECK UNAPY-

procedure CHECK MEMPPPSHIP(membership- TREE; type _den: § TYPE DEN; env: S ENV) return TREE is
tree_type_t den: constant TREE S TYPE TEN := CHECK _TYPE_RANGE (TYPE_| RAN”E(Trmbﬂr"hln), “onv);
exp : constant TREE = CHECK EXP (EXP (membership) , TYPE(tree _type_den), env);
begin AT
if IS_BOOLEAN(type_den) then
return MAXE (membershin, exp, MEMBERSHIP _OP (membership), TREE(tree_type_den));
else
return MEMBBRSHIP EXPRESSTONS_HAVE_TYPE_BOOLEAN;
end if; = 2 7 =
end CHECK_MEMBERSHIP;

procedure CHECK_TYPE_RANGE (type_range: TREE; env: S ENV) return TREE S TYPE DEN is
begin
case KIND(type_range) of
when constraincd => -~ [ NAME CONSTRAINT |
return CUECK CONSTRAINE i pn range, env);
when pair ]
| tyned poir => - ( “h“P range EXP .. EXP ]
declare
type_den : constant S _TYPE DFN := TYPE_OF (type_range, env):
:ynﬁa pair : constant TREF 1= CHECK RANGE(type range, type_den, env);
begin
return TREE TYPE(PAKE(constralneﬂ NAME (typed_pair), PAIR(typed_pair), type_den);
d-- a range Is normalized into constrained typo den.
end;
end case;
end CHECK_TYPE_RANGE;

The definitions of the predefined operationss are given in Aprendix C.

Formal Definition 4 - 10 Preliminary Draft
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Dynamic Semantice:
Binary and urary expressions have been normelized into procedure calls,

procedure FVAL_MEMZERSWIP (membership: TREE; cnv: D FNV; cont: EVAL CONT) return EXCC CONT {s
-- tests constraints for type or subtype membership.

Dynamic Semantics:

procedure FVAL_CALL(call: TREE: env: D ENV; cont: EVAL CONT) return FXEC_CONT {s
procedure CONTINUE! (param _vcl_s: PARAYM VAL S) return FXPC CONT {s
den: constant D DEN := DEN_OF(ID(c211), onv): R g
procedure CONTINUE2(vel: VAL) return EXEC CONT is
type_den: constant D TYPE DEN := RESULT (Crn) y
ex_cnv : constant EX FNV = EX_ENV(cnv) g
begin
if IS_FANGE_ERPOR(val, typc_den) then
return cx_cnv (RANGE_FRRROK) 3
elsif IS_OVERFLOW(val, type_den) then
return ex_cnv(val, type_Cen);
else return cont(val);
end if;
end CONTINUE2;
begin
return den(param_val_s, CONTINUE2);
end CONTINUEL;
begin
return EVAL_PARAM_ASSOC_S (PARAM_ASSOC_S(call), env, CONTINUE1);
end EVAL_CALL;

4.5.1 Logical Operators

Logical operators are applicable to boolean values 2nd to one dimensional arrays of boolean values having the
same number of componcnts. The operations on arreys are performed on a component by component basis.

Operator Operation Oncrand Type Result Type
and conjunction BOOLFAN BOOLFAN

boolean array type same array type

or inclusive disjunction BOOLEAN BOOLFAN
boolean array type same array type

xor exclusive disjunction BOOLEAN ROOLEAN
boolean array type same array type

4.5.2 Relational and Membership Operators

Formai Definition 4 - 11 Preliminary Draft
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The cclational oscrators have operands of the some type znd return booleen values, MNote thet ecouality eand -
inequality acre defined for any two objects of the same type (unless the type is a restricted type, see 7.4).
Operator Coeration Operand Type Pesult Type
e ~
= /= equality and any type BOOLFAN
inequality s
ol
< K= test for any scalar ROOLEAN bl
> >= ordering type
Equality for the discrete types is ecuality of the values. For a floating (or fixed) point type T, if two &
values differ by 1less than T'SYMALL _(or T'DELTA), then the result delivered by 2 relational operator is |
implementation defined. Equality for array and record types is equality of the components, 2s given by the o
predefined operators. Hence, this operation is unchanged by any redefinition of eguality on the component
types involved. Two access values (see 3.8) are cqu2l {if they designate the same dJdynamically eallocated
object.
lo)
The incqguality operator gives the complementary result to the ecuality operator.
The membershio operators in and not in test for membershio of a value of any type within a corresponding o
range, subtype, or constraint. These opcrators return a boolean value and have the seme precedence 2s the
relational operators. g
(=)
4.5.3 Adding Operators o
1
The adding operators + and - return a result of the same type as the operands. c
Oncrator Cneration Operand Tyoe Result Tyre o
+ addition numeric type same numeric type
- subtraction numeric type same numeric type o
& catenation one dimensional same array type o
array type :
For real types, the accuracy of the result is the accuracy of the operand type. 'C/‘
The adding operator & (catenation) is zpplied to two operands of an array type which has been declered to be
one dimensional and whose index is specified by a type mark. The result is an array of the same type. (Note
that an expression of the component type is regarded as 2 one component array of this type). For strings, this ey
operation results in conventional string catenation.
For all numeric types, the exception RANGE_ERROR is raised if the rcsult value is outside the range of the
result type. The exception OVERFLOW is raised if the result value is beyond the implemented limits.
4.5.4 Unary Operators
Formal Definition 4 - 12 Preliminary Draft - r
- B
im’w’“ MWW%W.—‘M”--_‘ e A e e e 1—.:?'-—1-‘ ————
- — vvo
—
P " Rl




cC ¢ ¢ 6 06 0 0o 0 0 o O

C

9D

(o}

Unary operators arc aoplied to a single opcrend and return a result of the same type.

Operator Operntion Operand Type Result Type

+ identity numeric type same numeric type
- negation numeric type same numeric type
not logical negation BOOLEAN ROOLEAN

boolean arrdy type same array type

The operator not can 2lso be applied to arrays of boolean values on a compenent by component basis, just as
for logical operators.

The exceptions RANGE_ERROR and OVERFLOW can be raised by the negaticn operation, just as for the subtrection
ogeration.

4.5.5 Multiplying Opecrators

The operators * and / for integer and floating point values and the operator mod for integer values return a
result of the same type as the operands.

Operator Oocration Operand Type  Result Type
* " multiplication integer came integer type
floating same floating type
/ integer division integer same integer type
flo2ting division floating same floating type
mod modulus integer - same integer type

Integer division and modulus are defined by the relation
A = (A/B)*B + (A mod B)

where (A mod B) has the sign of A and an absolute value less than the absolute value of B. Integer division
satisfies the identity

(-A)/B = -(A/B) = MA/(-B)

For fixed point values, the following multiplication and division operations are provided. The types of the
left and right operands are denoted by L and R.

* QOperztor Operztion Operand Type Result Type
L R
L multiplication fixed integer same as L
, integer fixed samec 25 R
fixed fixed universal fixed
Formal Definition 4 - 13 Preliminary Draft

'

¢ o ¢ 0 0O 0o 0o 0o O o

¢

P




O

¢c ¢ 0 0 0 o 0O O O O O

CA

smm i j -~

/ division fixed integer same 25 L
fixed fixed univars»sl fixed

Integer multiplicetion of fixcd point values is equivrlent to repeated 28dition oand hence s an  accurate
operation., Division of 2 fixed point value by an intejer does not involve 2 change in type but is anproximate.

Fixed point multiplicestion may yield a value of an asrbitrary accurecy (denoted by universal fixed in the
table). The result must be cualified (see 4.6) to cnsure that the accurocy of the corput-tion is cxnlicitly
controlled. The seme considerations apply to division of » fixed point vazlue by znother fixed proint value.

All multiplying operations can raise the exceptions RANGE_TRROR, OVERFLOW, or UMDFERTLOW. The opcrations / and
mod give the exception DIVIDE_ERROR when the right operand is zeoro.

4.5.6 Exponentiating Operator

Operator Opcration Operand Type Result Tyne
L R

8 exponentiation integer positive integer same 25 L
floa2ting integer same as L

Exponentiation of an operand by a positive exponent is equivalent to repeated multiplication (2s indicated by
the exporent) of the operand by itself. For a floatina operand, the exponent can be negative, in which case
the value is the reciprocal of the value with the pogitive exponent. This opcration cen reaise the OVERFLOM,
DIVIDE_ERROR, or RANGE_ERPOR exception. s

4.6 Qualified Expressions

Descriotion:

A qualified expression is used to state the type of an expression explicitly, to constroin an expression to a
given subtype, or, if neither case applies, to convert an expression to another type.

Syntax:

qualified_expression ::=
type_mark (expression) | type_mark aggregate

Abstract Syntax:

qualified -> NAME EXP ~- [ NAME (EXP) ] or [ EAME (COMP_ASSOC S) |

Static Semantics:

Formal Definition 4 - 14 Preliminary Draft
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procedure CHECX_QUALIFTED(gualifi~4: TREE; type_den: € TYPE DEN; env: § ENV) return TREE s
name_type_den: constant TREF S TYPE DEN := CHECK_TYPE_VARK (VAME(qualificd), env))3:
begin
if not 1S_CO“PATIBLE(type den, TYPE_DEN(trece_type_den)) then
return INCOMPATIRLE_TYPES: :
elsif IS_VALID_EXP(EXP{qualified), type_den, cnv) then -- explicit type den or subtype_den specification

return MAXE(gqualificd, NAME(nome_type_den), CHECV_HXP (EXP(cu~1Tfied), type_den, env));
else

return MAXE(guzlified, NAME(name_type_den) ,CHECK_CONVERSION (EXP(qualified), type_den, env)s
end if; .

end CHECK_ODUALIFIED;

-- The function IS_VALID_EXP checks that the expression is of the given type.
~= It is defined in Chapter 6.

Dynamic Semantics:

procedure EVAL_CUALIFIED(qualified: TRER; ecnv: D ENV; cont: EVAL CONT) return EXEC CONT is
neme: constant TREE := NAME (aualified);
cxp : constant TPEE := EXP (quzlified);
den : constant S _DEN :=DEM_OF (name, env);
procedure CONTINUE(val: VAL) return EXEC CONT is
begin
case KTND(ecxp) of *
when qualified => ~- conversion from the source type "NAME(exp)" to the target type “"namc"
return CONVERT(val, den, DEN_OF(NAMFE(exp), env), cont):
.when others => -- explicit type or subtypn specification
return TCST_CONSTRAINT (val, CONSTRAINT(den), cont);
end case; o
end CONTINUE;
. begin
return EVAL_EXP(exp, env, CONTINUE);
end EVAL_QUALIFIED;

4.6.1 Explicit Type or Subtype Specification

The same literal may appear in several types; it is then said to be overloaded. Tn these c2ses z&nd whenever
the type of 2 literal or aggregate is not known from the context, a qualified cxpression must be used to state
the type explicitly.

In particular, an overloaded liter2l must be qualified in a subprogram call to an overloaded - subnrogram that
cannot be identified on the basis of remaining parameter or result types, in a relztional expression where
both operands are overloaded literals, or in an array or loop parameter range where both bounds arc overloaded
enumeration literals.

Explicit type specification is also used to specify the result type of fixed point multiplication and

division, to specify which one of a set of overloaded parameterless functions is meant, or to constrain a
value to a given subtype.

Formal Definition 4 - 15 Preliminary Draft
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procedure TEST_CONSTRAINT(vel: VAL; constraint_val: CONSTRATMT VAL; cont: FVAL COMT) return FXPC CONT is

begin

-- test that the value "vel" satisfies the constraint value "constraint_val" and reises
-- 2ppropriate exception, if nccesseary.

end;

4.6.2 Type Conversions

For numcric exprecsions, a gqualified expression may specify 2 numeric type that is different

the ecxpression. In this cese, the value of the cxpression is converted to the named type.

involving real types, the converted value is within the accurzcy of the specified type.

Explicit conversion is allowed between objects of derived types. The conversion may result
representation, o5 described in chanter 13. Explicit conversion is also allowed between
index types for each dimension arc the same or derived from each other and if the component
or derived from each other. Conversion involving an accese type relates to the type of the

Static Semantics: -
procedure CHECK_CONVERSION (exp: TPEE; type_den: S TYPE DEN; env: S ENV) return TREE is
begin
if IS_NUMERIC(tyopc_den, env) then
return SCLVE CONVPPSION(exp, NUMERIC_TYPE_S (env) , env);
elsif IS ARRAY(type den) then
return SOLVE_CONVERSTON (exp, ARRAY_TYPE_S(type_den, env), env);
elsif 15 ACCFﬁq(tyoo den) then
return SOLVE COPVERSION(cxp, ACCESS_TYPE_S (type_den, onv), env);
else -- conversion between objects of Jerivable types
t:turn SOLVE_CONVERSTION (exp, PRE (OLD_TYPE (type_den, env), DERIVED_TYPE_S(type_den,
end if;
end CHECK_CONVERSION;

procedure NUMERIC_TYPE_S(env: S _ENV) return S TYPE DEN S is

begin

-- the list of all visible numeric types
end;
procedure ARRAY TYPE_S (type_den: S TYPE DEN; env: S ENV) return S TYPE DEN S is
begin

-- the list of all visible array types to which the given type_den may be converted
end; .
procedure ACCESS_TYPE_S (type_den: S TYPE DEN; conv: S ENV) return S_TYPE_DEN_S is
begin
-- the list of all visible access types to which the aiven type_den may be converted
end;

procedure SOLVE_CONVERSION (exp: TRRE; type den_s: S TYPE DEN S: env: S ENV) return TREE
type_den_s2: “constant S TYPE DFW S := VTLIP CONVERSTON_S{oxp, type_con_s, env)s

Formal Pefinition 4 - 16
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begin
if IS_EvPTY(typc_-den_s2) then
return INCCHPATINLE CONVERSION;
elsif LENGTH(tync_den_S2) > 1 then
return AMRIGUOUS_CONVERSION;

else -- the source tyoe den of the conversion is inserted in the result \
return MAKE (qualifind, ID(HEAD(type_den_s2)), CHECK_FXP(exp, HEAD(tyre_den_s2), env)):
end if;

end SOLVE_CONVERSION;

procedure VALID_CONVFRSICN_S(oxp: TREE; type_den_S: S TYPE DEN S; env: S ENV) return S TYPE DEN S is
begin
if IS_EMPTY (type_den_s) then
return FMPTY;
elsif IS_VALID_EXP(exp, HEAD(type_den_s), env) then
return PRE(HEAD(type_cen_s), VALID_CONVERSION_S (exp, TAIL(type_den_s), env));
else
return VALID_CONVERSTON_S (exp, TAIL(tyoe_den_s), env);
end if;
end VALIC_CONVERSTION_S;

== IS_VALID_EXP is defined in Chapter 6.

Dynamic Semantics: 4 .
procedure CONVERT(val: VAL: type_cenl, type_den2: D_TYPE DEM; cont: EVAL CONT) return EXEC CONT is
begin

- - Performs conversion from source type_den "type_dcn2" to target type_den "type_denl™ and
-- tests appropriate constraints
end CONVERT;

4.7 Allocators

An allocator specifies the dynamic creation of an object and the generation of an access value that designates
the object.

Syntax:
2llocator ::= new qualified_expression
Abstract SYNTAX:

2llocator -> QUALIFIED -- [ new QUALIFIED ]

QUALIFTED -> gualified

The object created by the allocator is initialized with the value of the expression, which is qualified by the
name of the access type.

Static Semantics:

Pormal Definition . 4 - 17 N Preliminary Draft
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procedure CHECK_ALLOCATOR(2llocator: TREE; type_den: S TYPE DEN; cnv: S ENV) return TREE is

qualified : constant TREE := QUALIFTED (7llocator) ;
nane : constant TRFE t= NAVE (cualified);
exp s := EXP (cualified);
tree_type_den: constant TREF S TYPE DEN := CUnCX_TYPE_MARK (n~me, ecnv);
begin i i
if IS_ACCESS(type_den) and IS_COMPATIBLE (type_don, TYPE_DFEM(tree_type_den)) then
declare il T i

exp2: constant TREE := CHECK_EXP(cxp, OBJECT_TYPE (tycc_den), conv);
qualified2: constant TRFE := MAKZ(qualifiend, ID(type_den), exp2);

begin
return MAKE (allocetor, qualified2);
end;
else
return INCOMPATIBLE_ACCESS_TYPE_DENS;
end if;

end CHECK_ALLOCATOR;

Dynemic Scmeontics:

procedure EVAL _ALLOCATOR(allocator: TREE; env: D _ENV; cont: FVAL CONT) return EXEC CONT is
begin
-- 2llocates dynamic object, initializes it and returns location of object
-- 235 access value 7
end EVAL_ALLOCATOR;

4.8 Static Expressions

A stitic expression is one whose value does not depend on ony dynamica2lly computed valves

Whenever the semantics require static expressions for the definition of some construct, thesec expressions are

evaluated at compilation time and they must contain only the following:

(a) literals

(b) aggregates whosc components are static expressions

(c) constants initialized by static expressions

(d) predefined operators, functions, and attributes

(e) qualified static expressions

(£) indexecd and selected components of constants

Static Semantics:
procedure CHECK_STATIC_EXP(exp: TREE; type_den: S TYPF DFN; env: S ENV) return TREE is
begff Checks whether exp is a static expression »nd returns a literal

-- corresponding to its value. If an exception (n.3., RINGE_ERROR
-- or OVERFLOW) is raised during this evaluztion, the

Formol Definjtion
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end CHECK_STATIC_EXP;
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I 5. Stctements
N . :
! Statements cause actions to be performed when executed. A statement may be simple or compound. A simple
statement contains no other statement. A compound Statement moy centain simple staterents and other compound
P statements,
\ Syntax:
o sequence_of_statements ::= {statement}
le) statement ::=
: simple_statement | compound_statement
! | <<identificr>> statcment
e simple_statement ::=
assignment_statement | subprogram_call_statement
P | exit_stztement | return_statement
[ e | goto statement | 2ssert_statcment
i | initTate_statement | delay Statement
o) | reiss_statement | abort_statement
i | code_statement | null;
o compound_statecment ::m
i if_statement | case_statement
| | loop_statement | 2ccept_stztement
i Ie) | select_statement | block
i
) Abstract Syntax:
! STM § ::= statsment s
P STM ::= assign [ ca11 | exit | return | goto | zssert
: | Initiste | Celay | reicse | zFort | code | null
f | 1] | case Toor | sccept | select | Block
A | Tobeled
o agbelsd
stm s => STM... — [m...]
; labeled => ID STM == [<<ID>> STH]
. ® . = e
1
; o Descriotion:
! A statement may be labeled, with an identifier encloscd by double 2nqle brackets, e.g. <KHEPE>>. Labels are
o used in exit and goto statements. Within the sequence of statements of a subprogram or module body, different
labels must have different identifiers.
o
° Formal pDefinition Rl Preliminary Draft
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Execution of 2 null statement hes no other effect. Blocks arn descriked in the next chopter, Initiate, dcolay,
d sclect statements are described in chapter ¢ (Tasks). Pais~ statements ore described in

abort, accept, an
chapter 11 (Excepti
rcmaining statement

ong). Code statements are described in soction 13.3
s are described here,

Insertjons). The

Tha statements in 2 sequence of statements are executed in succession unless an exception is raised or wunless

an exit, return, or
Static Semantics:

procedure CHECK

goto statemcnt is executed.

_STM(stm: TREE; env: S ENV) return TREE is

begin
case XIND(stm) of
when i => return CHECK ASSIGN (stm, env):
when => return CHECX_CALL (stm, VOTD, env):
when => return CHECK_EXIT (etm, onv);
when => return CHECKX_RETURM (stm, env);
when => return CHECK_GOTO (stm, env);
when => return CHCCK_ASSERT (stm, env):
when => return CHCCK_INITIATE(stm, c¢nv);
when => return CHECX_DELAY {stm, env);
when => return CYECX_RAISE (stm, cnv);
when ¢ => return CHECK_ABORT (stm, cnv);
when coi~ => return CIICCK_CODC (stm, env);
when null => return stm;
when 1€ => return CHECK_IF (stm, env);
when cose => return CHECX_CASF (stm, cnv);
when Toop => return CHECX_LOOP (stm, env);
when ccceot => return CHECK_ACCEPT (stm, env):
when S-Tcct  => return CHECK_SELECT (stm, env);
when EVock => return CHECX_BLOCK {stm, env, EMPTY);
when T-holed => g
if IS_LAPELED_LOOP(stm) then
declare
cnv2: constant S ENV := DECL_MARKFER(ID(Stm), env);
begin
return MAKE (lzboled, ID(stm), CHECK_STH(STU(stm), env2);
end;
else
return MAKE (labeled, ID(stm), CHECK STM(STM(stm), env)):
end if; a
end case;

end CHECK_STH;

procedure CHECK_STM_S is new CHECK_S(CHECK_STHM):

procedure IS_LA
begin

RELED_LOOP(stm: TREE) return ROOLEAN is

case KIND(stm) of
when loop =) return true;

when lobcled => return IS _LABELED _LOOP (STM(stm));

when others ®> return faTlsc;

end case;
end IS_LARELED_|

Formal Pefinition
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Dynamic Sementics:

procedure EXEC_STM(stm: TREE; cnv: D ENV; cont: EXEC CONT) return EXEC COMT is
begin
case KIMD(stm) of
when assian => return EXEC_ASSIGN(stm, env, cont):

when c-11 => treturn EXFC_CALL (stm, env, cont);
when oxit => return EXEC_EXIT (stm, env, cont);
when rcturn => return FXRC RETURN(stm, onv, cont);
when Goto => return FXEC_CGOTO (stm, env. cont);
when -~ccort => return EXEC_ASSERT(stm, env, cont);
when null  => return cont}
when ) => return EXEC_IF (stm, env, cont);
when cose2 => return EXEC_CASE (stm, env, cont);
when lccp => return EXFC_LOO® (stm, env, cont);
when block - => return EXEC_BLOCK (stm, env, cont);
when 1:bolled =>
declare
procedure CONTINUE (env: D _ENV) return EXEC CONT is
begin
return EXEC_STM(STM(stm), env, cont)
end; _
begin
return DECL_MARKER(ID(stm), env, CONTINUE)
end;
end case;

end EXEC_STM;

procedure EXEC_STM_S is new EXEC_S(EXEC_STM):

5.1 Assignment Statements

An assignment statement replaces the current value of a varicble with a new value specified by an expression.
Syntax:

assignment_statement ::= variable := expression;
Abstract Syntax:

assign => NAME EXP == [ NAME := EXP; ]

Description:

The varistle 2nd the expression must be of the same type and the velue of the expression must be compotible
with eny rznge, index, or discriminant constraint szopliccble to the variable. If the constraints 2re not
checked during compilation, an execution time check is performed and raises an exception {f it fails (the
check may be omitted if the corresponding exception is supproseed, soe 11.6).

Static Semantics:

Formal Definition : 5 -3 Preliminary Draft
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procedure CHECK_ASSIGN(2ssign: TREE; env: S _ENV) return TRFE is

den : constant S DEM OF 1= DEN_O?(ﬂNﬂn(cssign), onv);
~ type_den: constant S TYPE DEN := TYPE_DEN(den); ~

namne : constant TFF := CHECK_VARIAPLE (NAME (nssign), type_den, env);

exp : constant T 1= CPECK_EXP(FXP(assign), type_den, env);
begin e
3 return MAKE(assign, name, exp); i

- } end CHECK_ASSIGN; y

2

)
0

Dynamic Scmantice:

procedure EXEC_ASSIGN(assign: TREE; cnv: D FNV; cont: EXEC CONT) return EXEC CONT is
procedure CONTINUEL (] val: VAL) return EXEC CONT is
procedure CONTINUE2(r_val: VAL) return EXRC COMT is
den: constant D DFW := DEN _OF (NAME(ASSign), cnv);
constr_don: constant D _CONSTR DEN := CONSTR_DFN(den);
begin
return TEST_ASSIGN(r_val, constr_den, UPDATE(1l_val, r_val, cont));
end CONTINUE2;
begin
return FVAL_EXP (EXP(assign), env,. CONTINUE2);
end CONTINUEL;
begin
return LOCATE (NAME (assign), env, CONTINUE):;
end EXEC_ASSIGN;

5.1.1 Array and Slice Assignments

For an assigrment to an array or to an array slice vericble, the expression must denote a value with the same
number of components, For slice assignments where the slice velue refers to the same array as the slice
variable, overlapping of index ranges is forbidden and raises the exception OVERLAP_ERRCR.

& &€ 0 0 0 0 O

Q

5.1.2 Record Assignments

For 2n 2ssignment to a record veriable declared with 2 specified discriminant value, the assigned record value 5
must have the prescribed discriminant value. The discriminant of a record denoted by an 2ccess variable cannot
be altered, not cven by a complete record assignment,

5.2 Subprogram Calls

@ ¢ ¢ € ¢ € ®¢ ¢ ¢ 0 C O O O O

Formal Definition y ‘ 5 -4 Preliminary Dreft

T
T - .

i
i;m e i "——_—"Wmﬂ- R ey R T




———— b :

D)

Q

6 ¢ ¢ 0 © 0 9 0 O 9

¢ GC

A subtorogram call invokes execution of 2 subprogram body. The call specifies the associntion of any octual
parameters with formal parcmeters of the subprogrem, An actusl oparamcter is either a variable or the v2lue of
an cxpression.

Syntax:
C
gubprogram_call_statement ::= subprogram_call;
subprogram_call ::= ~
cubprogrsm name [(parameter_association {, parameter_association})] =
prrameter_sssociation ::= P
[formz]_poramoter :=] actual_parameter A
| [formal_paramater =:] actuzl_parzmeter
| (formal_parameter :=:] actual_paremeter lo)
formz1_paramcter ::= jdentifier
actual _parameter ::= oxpression ©
PR ]
|
Descrintion: o
-t o
Actual paramcters may be passed in positions) order (positional parameters) or by explicitly nemirg the
corresponding formal parareoters (named paramcters). For positional parameters, the actual parameter (o)
corrnsponds to the formal parameter with the same position in the form2l paramcter 1ist. For named paramcters,
the corresponding formal paramcter is explicitly given in the call. Named parameters may be given in  eany
order. (o]
1
Positional pacrameters and named parameters may be used in the seme cal) orovided that positional parameters
occur first at their normel position, i.e. once a named parameter is used, the rest of the call must use only o
romed parameters.
Abstrect Syntax: o)
call => NAME  DARAM ASSOC S -- [MAMZ(DARAM ASSOC S)]
poram assoc 5 -> PARAY ASSAC ... -~ [PARAM ASSOC, ...] pack
{
-> ™ FY.D -= 1D := FYXP) ¢
I e - ITH =. 7¥5) S
=> 79 FEXp - [IT :=:"FXP)
t:®m Sarsm 3es0C_S ”
s:= T¥D T in z=coc | out 238cc | in out asssoc
Norm~liz=tjon:
Each pocitioan-1 sssocis*ion is noctualize” fnto =~ nzm=" associstion.
Static Semantics:
Formal Definition 5 ~ 5§ Preliminary Draft - e
- Eraa
- - —— -—:———1—- -
- — v
- et
—
£ - e




. —————" . — - o7 —— 7 SRS

| O
1
| .
| o
{ procedure CHECK_CALL(call: TREE; type_den: S_TYPE DFN; conv: S ENV) return TRPF is
i begin
i ~ return CHECK_CALL2 (NAME(call), PARAM_AS SOC_S(c2ll), type_den, env);
! - end CHECK_CALL;
i o) procedure CHECK_CALL2(cxt_name: TREE; param_assoc_s: TREE; type_den: S _TYPE PRN; cnv: S _ENMV) return TREE f{s
| Ws don_sl: constant S DEN'S := DEN _OF (ext_name, env); -- ~11 denotations of the ext_namc
! - ?cn s2: constant S DFEN S := V\LID OVERLOADING _S(den_sl, param_assoc_s, type_den, “env);
| egin
| o if IS_CMPTY (Jen_s?) then
! return TNCOMPATIPLE _CALL;
! 0 elsif LENGTH(den_s2) >"1 then
| return AMBIGUOUS CALL;
| else -- solution of overloading yields a unique denotation
') declare
| don: constant S DEN := HEAD(den_s2);
{ id : constant TREE := ID(den); =-- unique identifier associsted with the subprogram declaration
I o -- which is identified by the call
param_s : constant S DEN S := PARAY_S(den);
| param_oassoc_s2: constant TREE := NORMATIZE PARAM_ASSOC _S(param_s, param_assoc_s, env);
i (o) Taram assoc s3: constant TREE 1= CHECK PnRA' ASSOC S(p1r m_s, param_ assoc _52, Tenv);
begin
% return MAKE(call, id, param_assoc_s3);
o) end; o
i end if;
i end CHECK_CALL_2;
1
i o procedure CHECK_PARAM_ASSOC_S(param_s: DEN S; param_assoc_s: TREE: env: S ENV) return TREE is
i begin
I o if IS_EMPTY (parem_s) then
i return EMPTY (param assoc s);
i else
H fo) PRE (CHECK_PARAM_ASSOC (HEAD(param_ s), HEAD(param assoc_s), env),
| a it CHTCK PARAM . _ASSOC =(TA1L(param s), TAIL(p*ram a2ssoc s), env));
en :
"o end CHECK_PARAM_ASSOC_S;
procedure CHECK_PARAM_ASSOC (param: DEN:; param_assoc: TREF; env: S ENV) return TREFE is
o begin -- param assoc has been normalized to [IO ¢~ EXP], [ID =: EXP], or [ID :=: EXP|
i dzeturn MAKE(KI“D(param assoc), ID(param_ rasoc), CHAECK _EXP (cxv(p~ram assoc) ,TYPE nru(peram), env)));
end CHECK_PARAM_ASSOC;
o
Dynamic Semantics:
procedure EXRC_CALL(call: TREE; env: D_ENV; cont: EXEC CONT) return EXEC CONT is
procedure COWTINUP(param val_s: PARAM_V. _VAL_S;) return EXEC CONT is
den: constant D DEN := DEN OF(ID(call), env);
| begin
i return den(param_val_s, cont)
end CONTINUE;
begin
return EVAL_PARAM_ASSOC_S (PARAM_ASSOC_S(call), env, CONTINUE);
end EXEC CALL;
- Pormal Definition ‘ . 5 ~6 Preliminary Draft
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procedure FVAL_PARAM_ASSOC_f (parar_nsasoc_s: TPFEy cnv: D _ENV: cont: FVAL COMT) return EXFC_COUT is

begin
if IS_EMPTY(parcm_assoc_s) then
return cont (EMPTY)
else
declare
procedure CONTINUE] (p2ram_val: PARAM VAL) return EXEC CONT is
procedure COVTINUEZ(param vai s: PARA™ VAL S) return EXEC CONT is
begin
return cont(PRE(param_val, param_vel_s)):
end CONTTINUE?;
begin
return EVAL_PARAM_ASSOC_S(TAIL(param_assoc_s), env, CONTINUE2);
end CONTINUEl;
begin
return EVAL_PARAM_ASSOC (HEAD(param_assoc_s), env, CONTINUE1):
end;
end if;
end EVAL_PARAM_ASSOC_S:

procedure CONTINUE (val: VAL) Teturn EXEC CONT is
begin
return cont (PARAM_VAL(ID(param_agsoc), NATURE(param_assoc), val));
end CONTINUE; i
begin
case XIND(peram_assoc) of
when in cssoc =>
return EVAL_EXP (EXP(param_assoc), env, CONTINUE);
when out 2ssoc | in out assoc =>
return LOCATE (EXP (param_sssoc), env, CONTINUE);
end case;
end EVAL_PARAM_ASSOC;

procedure EVAL_PARAM_ASSOC (param_assoc: TREE; env: D ENV; cont: EVAL CONT) r.:arn EXEC CONT is

5.2.1 Actual Parameter Associations

There are three forms for specifying actual parameters

(a)

(b)

Input parameter association

[formal_parameter :=] actual_parameter

The correspoanng formal parameter must have the mode in. Its value is provided by the actual parameter.
© e :

Output parameter association
¥
[formal_paremeter =:] actu2l_parameter

The‘cotrcspondlng form~1l parameter must have the modes out. Tts value is assigned to the actual
as a result of the execution of the subprogram,

parameter

Formal Definition 5 -7 Preliminary Draft
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(¢) Input-outcut paramcter association
[formal_paramoter :=:] actual_paramcter
[ 9

The corrospronding formal paramoter must have the mode in out. Within the subprogram, the formal parameter
permits access and assignment to the corresponding actual paremeter.

An expression used as 2n in parameter is evaluated before the call. An expression used 2s an out or in out

zctual parameter must be = variable or a qualificd varisble. The identity of a verizble out or in out actuel
parameter which is 2 selected component or an indexed component is established before the c2ll.

5.2.2 Omission of Actual Parameters

An in parameter may be omitted from the 2ctual parameters if the suborogram declaration specifies a default
value for the corresponding formal parameter. In such cases, any remrining actual parameters must be named,

5.2.3 Restrictions on Subprogram Calls

The type and congtraint of each actuzl parameter must be consistent with those of the corresvonding formal
parameter, as for oassignment. To prevent 2liasing (i.e. multiple a2ccess to the same variable), 2 varieble
which is used as an actual out or {n out pacrameter may not be used as znother parametcer of the same cell. For
this rule, any variable that is not local to the subprogram body is considercd 2s an implicit in parameter if
its value is rcad, and is considered as an in out parameter if it is directly or indirect)y updated as a
result of the ca2ll.

5.3 Return Statemonts

A return statement terminates execution of a2 subprogram,
Syntax:

return_statement ::= return [expressjon]:
Abstract Syntax:

return => EXP VOID -- [ return EXP VOID; |

Descrintion:

A roturn statement can only zpnear in the sccuence of statements of 2 subprogram. A return statement must not
spp2ar ir an acesst statzaent.,  For functions or volue roturning mrocedurcs, a return statement must  include
an 2xpression whosec value is the result of the subprogrom,

Static Scnmantice:

Formal Definition S~-8 Preliminary Draft
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= procedure CHECX_RETURN(return: TREE; cnv: S ENV) return TREE is
i type_den: constant S TYPE DEW := RESULT (CURRENT_ SURPROGRAM (env) ) ¢
f ~ begin
| if not I1S_IN_SUTPROGRAM(cnv) then
' return RETURN_ONLY ALLOYED TN_SUBPROGRAM_NODY;
i O elsif IS_IN_ACCFPT (chv) then™

'f return RETURN_NOT_ALLOWED_IN_ACCEPT_STATEMENT;

~ ! elsif IS_INVALIDN_RETURR (EXP_VOID (return), type_den) then

! (o) return PFTL!“N IN"O"?AT!DLC WITH_SUBPROGRAM_] FESULT;
1 else
' case KIND(EXP_VOIN(return)) of
f A when void => return return;
- P when others => return MAKE(return, CHECK_EXP(EXP_VOTID(return), type_den, env));
! end case;
! o end if;
! end CHECK_RETURN;
| O
1 procedure IS_INVALID_RETURN(exp_void: TREE; type_den: S_TYPE_DEN;) return POOLEAN is
! o begin
{ case XIND(ecxp_void) of
: when void => return type_den /= VOID
; o when others => return type_den = vorox
i end case;
| end 1S_VALID_RETURN;
‘o

o Dynemic Semantics:
! o procedure EXEC_RETURN(return: TREE; env: D ENV; cont: EXEC CONT) return EXEC CONT is
: begin
1 case KIND(EXP_VOID(stm)) of
e when void => RETURN EXEC CONT(env)):

--"RETURN_EXEC_CONT (env] is the continuation of the current procedure call
when others => EVAL _EXP (EXP_VOID(stm), env, RETURN_EVAL CONT(env)),

o == RETURN_EVAL COhT(env) Tis the continuation of the current

; -- function or velue returning procedure call
end case;

o end EXEC_FETURN_STM;
i

o 5.4 If Statements
E N An if statement effects the choice of a sequence of statements based on the truth value of one or more
' conditions. The expressions appearing in conditions must be of the predefined type BOOLEAN.

= Syntax:

if_statement ::=
if condition then
s Formal Definition . 5 -9 g Preliminary Draft
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. sa2quence of statements
{elsif condTtion then
sequence_of_statements)
{else
sequence_of_statements]
end if;

on {and then expression}
on {or else ecxprcssion}

o
x
0
~
o
@ e
0 .

W

Abstract Syntax:

if => CONRTTINNAL S STV LIS == [if CONNTTIONAL, S else STH S end if;)
conditional s => CONDITIONAL... -- [CONDITTONAL elsif ...

corlitional => COND  STH S -- [COND then ST _S)
condition -> EXP  COWDTTION OP COND =-- [E¥P CONDITION OF CONDI
ana_then -> EXP  CONDITINW 0P COND =-- (and then T
or_clsc => EX? COMDITION OP COND -- [or else]

conditional s
condition2l
EXP condition

7nd_then | or clse

CCNDITICNAL S ::
CRBITIONAL HH]

CCcuD
COMDITION OP

Description:

Exocution of an if statement results in evaluation of the conditione, one after the other (treating a final
else 2s elsif TRUE then), until one  cvaluates to TRUE; then the corresponding sequence of statements is
executed. If nonec of the conditions evaluates to TRUE, none of the sequences of statements is cxecuted.

Normalization:

[if CONDITIONAL S else STM S end if;) ->
[if CONDITIONAL S elsif true then STM S end if:)

Static Semantics:

procedure CHECK_IF(if: TREE; env: S ENV) return TPER {s

env2: S ENV T= LARELS_IN (CONDITIONAL_S(if), env):
begin

return MAKE(if, CHECK_CONDTTIONAT,_S(CONDITTORAL_S(if), env2), EMPTY);
end CHECK_IF;

procedure CHECK_CONDITIONAL_S is new CHECK_S (CHECK_CONDITIONAL):
procedure CHECK_CONDITIONAL(conditional: TRFE; cnv: § ENV) return TREE {s
begin e SNSRI —_—
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return MAKE(condition»1, CHECK_COND(COND(conditional), cnv), CHECX_STM_S(STM_S(conditional), cnv)):
end CNECK_CONDYTIHVAL;

Dynamic Semantics:

procedure EXEC _CONDITIONAL(conditional: TREE; env: D ENV; cont: EXEC CONT) return EXEC CONT is
procedure CONTINUE(val: VAL) return EXEC CONT is
begin
if DOOLEAN(val) then -
return EXEC_STM_S(STM_S(conditional), env, zont);
else
return cont;
end if;
end CONTINUE;
begin
return FVAL COND(COND(conditional), env, CONTINUE);
end CXRC_CONDITIONAL:

5.4.1 Short Circuit Conditions .-

A condition may appear as a sequence of boolean exprcssions separated by and then. In such a cese, evaluation
of the constitucnt expressions procecds in textual order until one evaluctes to FALSE, in which case the value
of the condition is FALSE; the condition is true only if all expressions evaluate to TRUE, Similarly, for
cxpressions scparated by or else, cvaluation stops as soon as an expression evaluates to TRUR, in which case
the value of the condition is TRUE; the condition is fzlse only if all cxpressions evaluate to FALSF.

Static Semantics:

g:oiedure CIHECK_COND (cond: TREE; env; S _ENV) return TREE is
egin .
if 1S5_EXP(conc) then -- [ EXP )
return CHECX_EXP(cond, ROOLEAN_TYPE, env):
else ~- [EXP CONDITION OP COND ]~
declare
exp : TREE := CHECK_EXP (EXP(cond), BOOLEAN_TYPE, env);:
cond2: TREE := CHECK_COND(COND(cond), env):
begin
return MAKE(condition, exp, CONDITION_OP(cond), cond2):
end;
end if;
end CHECK_COND;

Dynamic Semantics

Formal D2ofinition S Preliminary Draft
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procedure EVAL_COND(cond: TREE; env: D_FENV: cont: EVAL CONT) return EXFC CONT is
begin
if 1S_EXP(cond) then -- [EXP]
return EVAL _EXP(cond, env, cont);

else -- [EXP CONDTITION OP COND |
return EVAL_CONDITIOM(cond, env, cont);
end if;

end EVAL_COND;

procedure EVAL CONDITION (condition: TREE; env: D ENV; cont: EVAL CONT) return EXEC CONT is

procedure CONTINUEL (val: VAL) return EXEC CONT is
begin
if BOOLEAN(val) then
return EVAL_COND (COND(condition), env, cont):
else
return cont(val);
end if;
end CONTINUEL:
procedure CONTINUE2(val: VAL) return EXEC CONT is
begin
if POOLEAN(val) then
return cont(val);
else
return EVAL_COND(COND(condition), env, cont):
end if; 54
end CONTINUE2;
begin A
. case TONDITION_OP(condition) of
when and then => return EVAL_EXP(EXP(exp), env, CONTINUEl):;
when or clsz => return EVAL_EXP (EXP (exp) , env, CONTINUE2);
end case; §
end EVAL_CONDITION;

5.5 Casc Statements

A case statement selects and cxecutes one of several alternative seauences of statements.

The

based on the value of an expression, of a discrete type, given at the head of the case statement.

Syntax:

casc_statement ::=
case cxprcssion of
{when choice {| choice} => sequence_of_statements}
end case;

Abstract Syntax:

Formal Definition 5 = 12
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cano =-> EXP ALTFRNATIVE § =-- [ case FY¥P of ALTERNATIVE S end case:;
zlternative s =-> ALTERNATIVR . == [ ALTERRATIVE ..,
zltornotive <> CHOICE S GT¥ 9 -- [ when CSCICE 8§ => ST S )

ALTquA“YVC S ::= alternative s
2= alternative

Doscription:

!

Each 2lternative is preceded by 2 list of choices specifying the values for which the alternative is cxecuted.

Choices given in casc statements follow the same rules 2s choices given in component

associations

for oarrey

agqgregates (see 3.6.2). Thus, each vossible veluec of the type or subtype of the expression must be given for
onc 2nd only one alternative; the choice others cen be given as the choice for the last alternative
2ll wvalues not given in previous choices. Note thot it is alwaoys possible to use a gualified erpression to

limit the number of choices that need be given explicitly.
Stftxc Semantics:

procedure CUECK_CASE(cese: TREE; env: S _ENV) return TREE is
env2 : constant S ENV
tyce_den : constant S TYPE DEN := TYPE_OF (EXP(case), env2);
exp :
cltern-tyvo S
begin
if not IS_DISCRETE(typc_den) then
return TYPE_MUST_BF_DTSCRETE;
elsif not IS_EXNAUSTIVE(alternative s, type den) then
return CHOTCE_S_MUST_BE_EXHAUSTIVE; = S
else
return MAKE(case, exp, 2lternative_s);

constant AL

end CPECX_CASE;

procedure CHECK_ALTERNATIVE_S is new CHECK_S2(S_TYPE DEN, CHECK_ALTFRNATIVE):

:= LARELS_IN (ALTERNATIVE_S(case), env);

constant TFREE := CHECK _EXP(EXP(case), type_den, env2);
FPNATIVE S := CHFCX ALTFR“ATIVP S(ALTFRVATIVB S(case),

type_den,

procedure CHECK_ALTERNATIVE (alternative: TREE; type don: S TYPE DEN: env: S ENV) return TREE is

choice_s1: constant TREE := CHECK CHOICE <(CH°YCT S(alternative), type_den,
choxce s2: constant TREE := NOPMATIZE CH“YCF <(choiCﬂ sl, type_den);
-- normalizes each choire such that a range is
-- replaced by a list of choice values
stm_s: constant TREE := CHECK_STM_S(STM_S(alternative), env);
begin
return MAKE(2lternative, choice_s2, stm_g);
end CHECK_ALTERNATIVL; =

Formal Definition 5 - 13
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Dynamic Scmantics:

procedure [CXEC_CASE(case: TREE; env: D_FNV: cont: FXEC CONT) return EXEC CONT is
cnv2: constant D FuV := LARELS_TN (ALTERNATTIVE_S (c~2e2), cnv);
procedure CONTINUE(val: VAL) return EXEC_CONT is
begin
return FXEC_ALTERNATIVE_S (ALTERNATIVE_S (case), val, env2, cont);
end COMTINUE;
begin
return FVAL _EXP(EXP(casc), env2, CONTINUFE);
end CXEC_CASE;

procedure EXEC_ALTERNATIVE_S is new EXEC_S2(VAL, EXEC_ALTERNATIVE_S);

procedure EXEC_ALTERNATIVE(alternative: TREE; vel: VAL; env: D_ENV: cont: EXEC CONT) return EXBC CONT is
choice_s: constant TREE := CHOICE_S(elternative)y e
stm_s : constant TREE := STM_S(alternative):
begin
2 if 1S_EMPTY(choice_s) then
return cont;
else
declare
2lternative2: constant TREE := MAKE(2ltcrnative, TAIL(choice_s), stm_s);
.procedure CONTINUE (val2: VAL) return FXEC CONT is
begin
if val = vel2 or vel2 = others_vel then
return EXEC_STM_S(STM_S(alternative), env, cont);
else
return EXEC_ALTERNATIVE (a2lternative2, env, cont);
end if;
end;
begin
return EVAL_EXP (HEAD(choice_s), env, CONTINUE):
end;
end_if;
end EXEC_ALTERNATIVE;

5.6 Loop Statements

A loop statement specifies that a sequence of statements in 2 basic loop is to be executed repeatedly zero or
more times. Execution is terminated either when the iteration specification of the loop is exhausted or when
an exit stztement within the basic loop is executed.

Syntax:
loop_statement ::= [iteration_specification] kasic_Jloos

Formal pefinition - 5 - 14 Preliminary Draft
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basic_loop ::=
loop
seauence_of_statements
end loop [identifier];

iteration specification ::=
for Toop_parcmeter in (reverse] discrete_range
| while cordition
loop_parcmater ::= identifier

Abstroct Syntax:

loon => ITERATION STM S == [ ITFPATION loop STM S end loop; |
or -> ID0 BANGE -- [ for IU in RANGE ]

reverse =» ID RANGE -- [ for ID in reverse RANGE]

whnllo -> EXP -- [ while E¥P |

ITERATTION ::= for | reverse | while | void

Descrintion:

In 2 loop statement with 2 while clause, the condition is evaluated and tested becfore each cexecution of the
basic loop. If the while condition is TRUE the loop is executed, if FALSE the loop statement is terminated.

In a loop statement with a for clause, the discrete range is evaluzted only once, bofore executiorn of the loop
statemcnt. The loop parameter is implicitly declarcd as a local variable whose type is that of the eclements in
the cdiscrete range. On successive loop itcrations, the loop parameter is5 successively assigned valucs from the
specified range. The values are assigned in increasing order unless the reservad word reverse is presont, in
which case the valucs are assigned in decreasing order.

If the range of 2 for loop is empty, the basic loop i$ not executed. Within the basic loop, the loop paremetcr
acts as o constant. Heonce the loop parametcor may not be chonged by an assignment statement, nor mey it be
given as 2n out or in out parameter of a subcrogrem coll.

If 2 loop is a labeled statement, the label identifier must be repeated 2t the end of the 1loop after the
reserved words end loop.

Static Scmantics:

procedure CHECK_LOOP(loop: TPEE; env: S _ENV) return TREE is
env2: constant S ENV := IN_LOOP(env);
env3: constant S ENV := LARSLS_IN_STM_S(STM_S(loop), env2);
iteration_cnv : constant TREE ENV := CHECK_TTERATIOMN(ITERATICN (Ioop), env); :
stm_s : constant TREE t= CHECK_STM_S(STM_S(loop), ENV(iteration_env)):
begin
return MAKE(loop, TRFE(iteration_env), stm_s);
end CHECK_LOOP; e

procedure CHECK_ITERNTIOH(iteration: TREE; env: S _FV) return TREF EUV is

begin
case KIND(iteration) of
when for == [ for ID in RANGE )
Formal Definition 5 - 15 vreliminory Draft
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| rovorse => -- [ for ID in reverse [MCF |
decIare
- : constant ©° Typc DFN := TYPF_OF (PINCE(itoration), env);
: constant t= CUFCY_RAVOFP (RANGE(iterstion), type_den, cnv):
: constant C 1. N‘<f"l=7"'r‘l""(*y"" den, EMDPTY);
- : constant := NPCL(IN(iteration), con nt, desden, FMPTY); —~
: constant & T° 1= NEGTFD_EMV(env, ENV(13_erv));
iterstion2: constant TPUE 1= MAKE(KIND(iteration), ID(id_env), range);
- begin ~
rotucn TRER-TYV(iterztion2, cnv2);
end:
& ey
when whila => -- [ while EXP ] ‘
declare
- €xp constant TREF := CHECY_EXP(EXP(itcration), POOLEAN_TYPE, env); o
= iter-tion2: constant 1 1= MAKE ile, exp):
begin !
~ return TREC_EWV(iterztion2, env); e}
end;
when void =>
return TREE ENV(void, cnv);
2 end case; A o
end CHECK_ITERATION;
D, (&)
0 oynzmic Semantics: o
procedure EXFC_LOOP(loop: TRFF; cnv: D EYV: cont: FYEC CONT) return EXEC CONT is
env2: constant D FNV := SET '_LOOP(env, cont); )
env3: constant D ERV := [‘hrr= IN_STHM_S(STM_S(loop), cnv2, cont);
begin g
case XIND(ITERATI™(loor)) of i
when for => -- for D in FAVCE loop ST™ € end loop: |
return EXEC_POR L“"P(Tooﬂ cavi, cont);
O when rov-eze =5 -% [ for ID in reverse FINGE loop ST € end loop; | -
return EXEC_REVEFSE_LSAF(loce, enw2, cont): -~
when whilc =5 -- [ while FX? loop ST = end loop; !
return CXRC “MTILE _LO2P(lo0z, ~nvl, cont); .
o when voi? => -- T loop £T° 5 end loop: ] =
ceturn EXEC_ST_S (ST 1_ H(‘oor , ¢rv, EXFC_LOOP(loop, env, cont));
% end case;
oo e end rzC_LOOY; =
et procedure EXEC_FOR_LANP(lnop: TRCS; ~ny: N EMY; cont: EXEC CONT) .return EXEC CONT is
itar-tian: constant TP 1= TTRRATTA (ToA%) ¢
tyv-~_“~n : constant T RrP -a Pyos Af(MAaR(PANCE (ftoration)), env):
bt procedure CC.TTINE] (Vo7 TT12: ¥ 1) return rvec C”JT is
procedure T7UTI! "'“(1 1+ ALY return LEECEC N
procedure 7T 7 o0V return TANC C”’* is
begin
return FYEC_STH_S(5T_&(loop), cnv2, CCNTINUER2 (SUCC(val, type_den)))y
end CoUTTINRR;
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begin
if LF(val, vel2, type_den) then
- return DECL(JD(iter2tion), constant, vel,
else
return cont;
- end if;

end CCUTINUE2;

- begin
return CONTINUE? (vell);
end CONTINUSEL;
- begin

return FVAL RANGE (RANGE (iteration), env, CONTINUF]);

end EXEC_FOR_LJ0P;

@)
procedure EXEC_PFVERSE_LOOP(loop: TREE; env: D ENV: cont: FXFC COYT) return FXTC CONT
o itceration: constant TREE t= ITERATION (1ooD);
5 type_dcon : constant D_TYPE DEN := TYPF_OF (NA¥F(RA'SE(iterstion)), env):
procedure COUTTNURI(VZ11, vell: VAL) return FXEC CONT is
O procedure CONTTNUE2(val: VAL) return EXRC CCNT s
> procedure CONTIMUE3(envZ: D ENV) return CZ:C CONT is
begin
) return EXEC_STM_S(STM_S(loop), env2, CONTINUE2(PRFD(val, typo_den))):
- end COUTINUE3;
begin
A if Lr(val2, vel, typr_den) then
b return DECL(ID(iteration), constant, vel, cnv,
else
; return cont;
O end if;
end CONTINUE2;
Q begin
return CONTINUE2(val2);
end CONTIMNUEL;
" begin
return EVAL_RANGE (RANGE (iteration), env, CONTINUEL);
end EXEC_REVERSE_LOOP;
o
procedure EXEC_WHTLE_LOOP(loop: TREE; env: D ENV; cont: FXFC CONT) return EXEC CONT is
- procedure CONTINUE(val: VAL) return EXEC CONT is
begin
. if BCOLEAN(val) then
-~ return EXEC_STM_S(STM_S(loop), env, EXEC_WHILE_LOOP(loop, env, cont);
else h
return cont;
4 end if;
end CONTINUE;
begin
return EVAL_EXP(EXP(loop), env, CONTINUE);
end EXEC_WHILE_LOOP;
' Formal Dcfinition 5 - 57
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§.7 Cxit Statcments

An exit statement causes explicit terminstion of on enclosing loon.
Syatax:

exit_statement ::= exit [identifier] [when condition];
Abstr-=ct Syntox:

oxit ~> ID VOID COND VOID =-- [ exit IC VOIn when COND: )
-- [ exit Tf vOin; |

COND_VOID ::= COND | void

Deecrintion:

The loon cxited is the innermost loop, unless the ~xit statcoment identifies the Jzbal of 7n cnclosing loop, in
which c2se the nemed loop is oxited. The exit statement moy cont»in o condition, in which c¢cse terminction
occurs only if its volue is TRUE. An exit statcment may only cppe~r within 2z loop. An 2xit stateoment connot
transfer control out of a subprogram, module, accept stoteimont, or excepctisa handler.

Normalization:

[exit TP _VOTD when COND:] ->
[ if COUD then exit 1D VOID end if; )

Static Semzntics:

procedure CHECX_EXIT(exit: TREE; env: S_ENV) return TRFE is
begin
if IS_IN_LOOP (cnv) then
case KIND(TD_VOID(cxit)) of
when void => -- [ exit; )
return cxit;
when i¢ => -- [ exit ID; ]
if TS_M™ARKER(ID_VOTD(exit), env) then
return exit;
else
return EXIT_IDENTIFIER_MUST_BE_VIST®LF_LOOP_LAREL;
end if;
end case;
else
return EXIT_ONLY_FROM_WITHIN_LOOPS:
end if;
end CHECK_EXIT;

Dynamic Somaontics:

procedure EXEC_EXIT(exit: TREE; env: D ENV; cont: EXFC CTYT) return CXEC CONT is
begin
case KIND(ID_VOID(exit)) of
when void => -- [ exit; )
return LOOP_CONT (env); =-- the continuetijon of thn curront loovn

Formel Definition 5 =1 Prelimin~ry Droft
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when i1 = -- [ exit In; )
return MARKER_VAL(ID_VOID(cxit), env);
end case;
end EXFEC_EXIT;

5.8 Goto Staotements

The cxecution of a goto statcment results in an explicit tronsfor of control to rnother statement.

Syntex:

goto_statement ::= goto identifier;
Abstract Syntax:

goto -> ID -~ [ goto ID; |

Descrintion:

The statoment to which control is trensferred must be labelod with the came identificr. The decsiancted
stztement and the goto statcment must both bo within the seme subzrogram, module, or accent statement,

A goto statement cannot transfer control from outsidec into a compound statement, block, subprogram, module,
accept statement, or exception handler. Tt may transfor control from onc of the secuencos of statements of an
if stotemont or 2 casec statement to another. :

A goto statement canndt transfer control out of a subprogrem, module, accept statement, or exception handler.
Stztic Scmentics:

procedure CHCCK_GOTO(goto: TREE; env: D ENV) return TREE is
begin p
if IS_ULABEL(ID(goto), eny) then
return goto;
else
return IDENTIFIER_IN_GOTO_MUST_B:_VISIBLE_LATEL;
end if;
end CHECK_GOTO;

Dynamic Semantics:

procedure EXEC_GOTO(goto: TREE; cnv: D _ENV, cont: FXEC CONT) return EXEC CONT is
begin

return LABEL_CONT(ID(goto), env);
end EXEC_GOTO;

5.9 Assert Stetement
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An asscrt statoment states that a condition must hold whenever control r~zchas that point in the prejram,

Syntax:
assert_statement ::= assert condition;

Abstract Syntax:
assert => COND =-- [ assart COND; )

Description:

SEACTIpIISS
The cxrcution of an assert statement causes the evalu;tlon of the condition, an ¥xcaption ASSFLT FRROR is
reisced if the condition is false. =
Execution of assert statements may be omitted when the exceotion ASSFERT_ERROR i sunor “y a praqmz (sce
11.6).

Static Sementics:

procedure CHECK_ASSERT(2ssert: TREE; env: S _ENV) return TREE is
begin

return “AXE(assort, CHECK _COND(COND (2asscrt), ROOLEAN_TYPE, env):
end CHECK _ASSERT;

Dynamic Scmentics:

procedure EXEC_ASSERT (asscrt: TREE; env: D _ENV; cont: EXFC COMT) return EXEC CONT is
procedure CONTINUE (val: VAL) return EXEC_COMT is

begin
if ROCLFAN(vzl) then
return cont,
else
return FXRC_RAISE(asscrt_error, env)
end if;
end CONTINUE;
begin

return EVAL_COND (COND (2ssert), env, CONTINUE);
end EXEC_ASSERT;

5.10 Auxiliory Definitions for Labels

Normalization:
The following functions are used to ensure that labels arc not multiply defined within subporogrems or modules.

procedure LAPELS_IN_STM(stm: TREE; labe)_s: TREE) return TREL
begin
case KIND(stm) of
when lsbeled => == [ << ID >> STM]
1 T1S_1N(1D(stm), labcl_s) then
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return ERROR_LARELS_MUST_RE_UNTQUE;

else
return LARELS_IN_STM(STM(stm), PRE(ID(stm), 1ab21_s));
end if;
when if => ~- [ if COUDITOWAL S end if; ]
return LARELS_IN(CONDITIOUAL 3(stn), label_s);
when c:-eso => “-- [case EXP of ALTFRNATTVE 5 end case; |
return LABELS_IN (ALTCRNATIVE_S(stm), Jzbel_s)s
when 1002 -="[ JTFRATION loop STY S end loop; |

cccont => -- [ accept NAVME (DECL S) do ST = end; )
return LARELS_IN_ST* S(S5T#4_S(strm), lekel 27

when z~lrct => == T select ALTERNATIVE § else ST S end if; )
return CABFLS_IN_STM_S(STH_S(stm), GLARLLS_TM{ALTERNATIVE_S(stm), 1abel_s));

when hlock => =- [declare NECT, PART begin STY S exception ALTERNATIVE S end;
return LASELS_IN(ALTERNATIVE_S(stm), LATFLS_T»M_ST™ S(STH_S(stm), lrbel_s));:

when others => =
return label_s;

end case;
end LATELS_TN_STM;

*proiedute LARELS_IN_STM_S(Stm_s: TREE; label_s: TREF) return TPFE is
begin ;
if 1S_C4PTY(stm_s) then
return label_s;
else
return LAPELS_IN_STH_S(TATL(stm_s), LARELS_TY_ST(HEAD(stm_s), label_s));
end if; 5 A =
end LAPELS_IN_ST_S;

procedure IAPFLS_IN(list: TRFE: label_s: TRSE) return TRCF is
begin ~- list is condition2l s or 2ltecrnotive s
if 1S_E"°TY(1ist) then
return lzbel_s;
else
return LARELS_IN(TAIL(list), LABELS_IN_STM_S(S5TM_S(HEAD(list)), lzbel_s));
end if; g o
end LARELS_IN;

Static Samzntics:

The Following functions are used to declare lsbels loc-1 to 2 cnmpround stetement, block, subproarem, module,
accept statement or execption hzndler to ensure th~ rroner visihility of lehels (see 5.6, 5.7).
procedure LABELS_IN_STM(stm_s: TREE; cnv: S ENV) return S ENY {s
begin
case XIND(stm) of
when 12bnled => -~ [<KID>> STH )
return LARFLS_IN_STMTSTM(SER), DECL_LAREL(TR(etm), onv));
when others =>
return cnv;
end case
end LABELS_IN_STM;
Formal Definition 5 - 21 Prcliminary Draft
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procedure LARELS_IN_STM_S(stm: TREE; env: S ENV) return & ENV is
—~ begin
if IS_ENPTY(stm_s) then
return cnv;

o~ else ~
E return LARELS_IN_STM_S(TAIL(stm_s), LARE1S_IN_STH(UTAD(stm_s), onv));
. end if;
~ end LARELS_TN_ST!_S; ~

procedure LARELS_IN(list: TREE; cenv: S ENV) return S _EVV is
begin -- list is conditional 8 or altcrnative s -

R if IS_F1PTY(1ist) then
return env;
) else
return LABELS_IN(TAIL(list), LABELS_IN_STM_S(STM_S(IFAD(1list)), label_s)); ©
end if;
nd LASELS_IN
e} e L 1IN (@]
Dynamic Semzantics: I
o L LR CRetuin S CEL o)
N The following functions are used to associate 2 continurtion with cach lebel in the dynemic cnvironment. o
<to br inserted>
Q C
Q s C
Q &
($) <
9 o
| Q -
(S
|
L
| [+
| o < |
i i
o '
t
® Formol Definition L L g

d ? Preliminsry Draft @ .
i ol e =

‘fﬁ"'?""“mq'ﬁ ﬁwme"w~w"‘ﬁ~ G b -~ ian » i3




6. Declarative Parts, Subprogroms, and Blocks

¥ I

; o A declarative part contains declarations and related information that apply over a region of program text. o

i 0 A subprogram is 2n executable program unit that is invoked by a2 subprogrem c2ll. Its definition can be giyon e

: in two parts: 2 suborogram declaration defining its czlling convention, and 2 subprogram body defining its

| execution.

) A block allows one to make declerations local to the sequence of statements where they are used, without o

i introducing a procedure. A block may be viewed as an anonymous procedure implicitly called a2t the place of its

| definition. (@)

)

1

i O 6.1 Declarative Parts o

| o ; e o

i Blocks, subprograms, and modulcs may contain declarative parts.

o Syntax: (o)

| declarative_part ::=

o) [usc_clause] {declaration} {reprecsentation_specification} {body) o

H body ::= [visibility_restriction] unit_body | body_stub

! s

i o unit_body ::= subprogram_body | module_specification | module_body ©

i o Abstract Syntax: o ! .

{ use -> NAYE S ITEM S -= [use NAME S; JTEM S)

| o item s ->» ITFM, ., -- [1ITE4; ...] o

i unit -> SPCCIFIER "ONY -=- [SPECIFIER is BODYV]

i DECL PART ::= usa | jtem s -

i © ITEM S 1em Ttom s i

{ ITEM 1e= zdrcss | decl | component rep | packing | record rep | restricted | - 4

o) subunit | FxP . %

1 RCDY s= oc | stub | void | EXT NAME s

f SPECIFTER ::= subprogram | module | void | generic | family

; v Cescriotion:
The succossive constituents of a declarative n~ct sre oclaboraterd in the order in which they appear in the
program taxt, Excroesions zppearing in decl=r~tjons or representation specifications (see 13) are evaluated -
during this elaboration. A subprogram must not be c2lled within such an expression {f the subprogram body by
appears later in the declarative part. In particulzr, these rules aoply to formal parts of subprogram 2
specifications -nl to conatrrinte of obi~cts, tyg~c, =nd cuhtypas,
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The body of a subprogram or module declared in the declarative part of a bleck or subprojram must be provided
in the same declarative part. The body of 2 subprogram or module declered in a module specification must be
provided in the corresponding module body, If the body of such 2 unit is 2 separately compiled subunit (sce

10.2) it must be reoresented by a body stub at the place where it would otherwise appear.

A declarative part can also contain 2 use clause (sec 8.4).

Static Semantics:

procedure CHECK_DECL_PART (decl_part: TREE; env: S§ ENV: local: S _ENV) return TREE_ENV {s

begin .
case KIND(decl_part) of .
when use “=> return CHECK _USE (decl_part, env);
when Ttem s => return CHECK ITEM S(decl _part, env, local);
end case;
end CHECK_DECL_PART;

procedure CHECK_ITEM_S(item_s: TREE; env: S ENV:; local: S_ENV) return TREF ENV is

begin
if 1S_gMPTY(item_s) then
return TREE ENV(itcm s, local)s

else
declare
tree_env : constant TREE ENV := CHECK_ITEM (HEAD(item_s), env, local):
locel2 : constant S ENV s= ENV (tree_env);
env2 | : constant S _ENV := NESTED_ENV (env, loc2l2);
trce_env2: constant TREE ENV := CHECK_TTEM_S(TA!L(item_s), env2, local2);:
begin
retutn TREE_ENV(PRE (TREE (tree_env), TREE(trec_env2));, ENV(tree_env2)):
end;
end if;

end CHECK_ITEM_S;

procedure CHECK_ITEM(item: TREE; env: S ENV; local: S_ENV) return TREE ENV 1-

begin
case KIND(item) of
when decl =) -=- [NATURE DESIGNATOR S DFSCRTPTION: |
return CHECK_DECL(item, env, local):
when restricted => -- [restricted NAME S DECL S)
return CHECK_RESTRICTED(item, env, local);
when subunit -> -- [separate DECL;)
return CHECK QURLNXT(itnm. env, local);
when others => -- ignored in this version of static semantics.
return TREE_ENV(item, local) 3
end case;

end CHECK_ITEM;

procednre DECL_UNIT(decl: TREE; env: S ENV; local: § "NV) return TRFE ENV is

designator_ S: constant TREE 1= DESTGNATOR _S (decl
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~
. nature : constant TREE := NATURE (decl)
unit : constant TREE := DESCRIPTION (decl)
' begin =
' case KIND(nature) of
! function | =-- [procedure DESIGNATOR S DESCRIPTION]
i n Erccedure | =-- [procedure DESIGNATOR S DERCRIPTION] o
i A entry | =-- [entry DESTGNATOR S DESCRIPTIO] §
~ { packag -- {package DESTGNATOR S DESCPIPTION]
| o => O
i declare
! tree_des_den : constant TREF DES DEN := CHYCK_UNTT(nature, unit, env);
) unit? : constant TREE := TREF (Yree_des_den)s o
| den : constant S DFN := DFN(nature, DES _DFEN(tree_des_den)):
| tree_env : constant TREE ENV := CHECK DESIGNATOR 5(6051gnator s, local, den);
Io) designator_s2: constant TREE := TREE(tree_cnv); o
begin
return TREE_ENV(MAKE (decl, nature, designator s2), ENV(tree_env)):
° end; °
end case;
end DECL_UNIT; {
o -procedure CHECK_UNIT(nature: TREE; unit: TREE; env: § FNV) return TREE DES DEN is’ o
tree specif den : constant TRER QPECIF DEN := CHNECK_SPECTIFTER(SPECIFIEP (unit), env, EMPTY);
o specifier : constant TREE := TREE(free specif_den); o
local : constant S _ENV := LOCAL_ENVTSPECIF_DEN(trec_specif_den));
begin
1 o if IS_FUNCTION(nature) and SIDE_EFFECTS(BODY (unit), env, local) then o
i return NO_SIDE_EFFECTS_IN_FUNCTION_BODY:
| else
| o declare @)
i env2 : constant S _ENV := NESTED_ENV(env, local): !
tree_body_den: constant TREE BODY DEN := CHECK_RODY (RODY (unit), env2, local); |
(o) body ¢ constant TREE := TREE(tree_body_den); o'
des_den : constant DGS DEN := DES_DEN(SPECIF_DEH (tree_specif_den), H
BODY_DFN (tree_body_den]) ; '
i O begin o ‘ i
] dzeturn TREE_DES_DEN (MAXE (unit, specifier, body), des_den);
end;
end if; =
o end CHECK UNIT; C
o procedure CHECK_SPECIFIER(specifier: TREE; env: S ENV; loc2l: S ENV) return TREE SPECIF DEN is = E :
! begin !
i case KIND(specifier) of !
o) when subprogram => -- [(DECL_S) RESULT] ' !
CHECK_SUBPROGRAM (specifier, env, local); .
when module = -- [DECL_PART private DECL_PART) “
O CHECK “ODULP(specifler, env, local);
when void
| return TREE_! spzcxr _DEN (void, EMPTY)
when gmerlc - T(DECL_S) SPECIFIER]
= CHECK_ ENERIC(speclfier, env, local);
when fanxlz =) -- [(RANGE) SPECIFIER]
CHECK_FAMILY (specifier, env, local);
end case;
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end CHECK_SPECTFIER;

6.2 Subprogram Declarations
A subprogrem declaration specifies the designator of a subprogram, its nature (function or subprogram), its
formal parameters (if 2ny), and the type of any returned vclue.
Syntax:
subprogram_ declaration ::=
subprogram specification;
| subprogrem nature designator is generic_instantiation;

subprogrem_specificetion ::= [generic_clause]
subprogrum nature designator [formal _part] [return typc_mark [constraint]

subprogram_nature ::= procedure | procedure
‘designator ::= identificr | character_string
formal_part ::= (parameter_declaration {; parameter_declaratijon})

paramecter_declaration ::=
idnnti?ier list : mode type_mark [constraint] [:= expression)

mode ::= [in] | out | in out

Abstract Syntax:

decl => NATURE DESIGNATOR S DESCRIPTION
unit -> SPECIFIER BCDY
subcrogrem -> DECL S FESULT -- [(DECL_S) RESULT]

i

RESULT ::= constrainted | void

DESCRIPTION ::= instontiation | object | renaming | type description | unit | void

SPECIFIER s:= cubonrogram | module | void | generic | frmil

CONY ::= block | Stub | void | EXT NANE

NATURE si1= constant | cntry | cxcention | function | in | in_out |
out | peckage | procedurc | Subtype | task | type T

vériable.

Description:

A designator that is a character string is used in function declerations for overloading operators of the
language. Such a string must denote one of the existing opcrator symbols (see 4.5).

‘A subprogram specification including a generic clause specifies a qeneric subprogram; an instance of such 2

generic subprogram is declared with a subprogram declaration including 2 gencric instantiation (see 12).

A parameter declaration or constraint on the result cannot contain an identifier declered in another parameter
declaration of the same formal part.
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Normalization:

procedure NORMALIZE_SPECIFTER(specifier: TREE) return TREE is

begin

-- this function checks that "a parameter declaration or constraint on the result
-- cannot contzin an identifier declared in another parameter declaration of

-- the same formal-part".

end NORMALIZE_SPECIFIER;

Static Semantics:

procedure CHECK_SURPROGRAM(subprogrem: TREE; env: S ENV; Jocal: § ENV) return TREE SPECIF DEN is

env2 : constant S ENV IN_SURPRAGRAM (env) ;

tree_env : constant TRUE _ENV := CHECK_DRCL_S (DECL_S(subprogram), env2, local):

decl”s : constant TR := TRFE T (trce_env);

treoe_type_den: constant TREZ TYPE DEN := CHECX_RESULT (RESULT(subprogrem), eonv2);

result : constant TRET := TREE (tree_env);

specif_den : constant 5_SPECIF_DEN := SPECIF_DEN (decl_s, ENV(tree_env), TYPE_DEN(tree_type_den));

begin
return TREE_SPECIF_DEN (MAKE (subprogram, decl_s, rtesult), specif_den);
end CHECK_SU®PROGRAM;

procedure CHECK_RESULT(result: TREE; env: S _FENV) return TREE_TYPE_DEN {s

begin
case KIND(result) of
when void => return TREE_TYPE_DEN(result, TYPE_DEN(EMPTY)):
when constrained => return CHECK_TYPE (result, TYPE DEN(env));
end case; T

end CHECK_RESULT;

6.3 Formal Parameters
The formal parameters of a subprogram are considered local to the subprogrom. A parameter has one of three
modes:

in The parameter acts as 2 local constant whose valus is provided by the
corresponding actual parameter.

out The parameter acts a2s a local variable whose value is assigned to the corres-
ponding actual parameter as a result of the execution of the subprogrem.

in out The parameter acts as a local veriable and permits access and assignment to
the corresponding actual parameter.

If no mode is explicitly given, the mode in is assumed. Thec componente of in parameters that are arrays,
records, or objects denoted by access values must not be changed by the subproqram.

For in parameters, the parametcr declaration may cl1so include a specificotion of a default cxpression, whose

value is implicitly assigned to the parameter if no explicit velue is given in the cell. This expression is
evaluated when the subprogram specification is elaborated.
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For 211 modes, access to the actual paramecters can be provided either throughout the execution of the
subprogrom body or by copying the corresponding actua) parameter before the call (in paramcters), 2¢*cr the
call (out paramcters) or both (in out parameters). The effect of a subprogram that is ~bnormally terminated
by thcdoccurrcnco of an éxception is undefined; its actu2l in out and out perameters may or may not heve been
updated.

In the absence of aliasing (see 5.2.3) the cffect of 2 subnrogrem c211 is the seme whether or not copying is
used for porameter passing, unless the subprogram execution is abnormrlly terminsted. A progrem that relies
on some assumption regarding the actual mechanism used for paremcter pessing is therefore erron-ous.

6.4 Subproaram Rodies

Syntax:
A subprogram body specifies the execution of a subprogram.

subprogram_body ::=

subprogram specification is
declaratIve_part

begin
scquence_of_stateéments ve

[exception
{cxceotion_handler}]

end [designator);

Abstract Syntax:

decl -> NATURE DESIGNATOR S DESCRIPTICN
init -> SPECIFIER BODY -- [SPECIFTER is RODY]

DESCRIPTION ::= instantiation | object | renaming | type Aescription | unit | void
30DY +:= block | stub | void | EXT _NAME

Description:

The subprogram specification provided in 3 subprogram body must be identica2l to the specification given in the
corresponding subprogrzm declaration, if both arec given. A subprogrem declarotion must be given {if the
subprogram is defined in the visible part of 2 module, or if it is called by other subprogream or module bodies
that copear before its own body. Otherwise, it can be omitted 2nd the specification appeering in the body acts
as a suborogram declaration. The elaboration of 2 subprogrem body consists of the elahoration of its
specification unless the latter elahboration has already beon done.

Upon each call to a2 subprogram, the association between 2ctual and formal parsmeters is estazblished (see 5.2),
the declarative part of the body is elaborated, 2nd the st~tements of the body are executed. Upon completion
of the body, assignment to out and in out actual parameters is completed, if necessary (sce 6.3), end than
return is made to the caller. A subprogram body mezy contain exception handlers to service exceptions
occurring during its execution (see 11).

The optional designator at the end of the subprogram body must repeat the designator of the subprogram
specification.
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6.5 Function Subprograms

A function is a subprogram that computes a value. A function can only have in paremeters and must contain a2
return clause specifying the type of its returned value. The statement list in the function body must include
one or more return statements specifying the returned valuc. An attempt to lcave & function otherwise then by
a return statement (i.c. by reaching the final end) causes 2 M0O_VALUE_ERROR 2xccotion to be raised.

Side effocts, e.g. assignments to non-local variables, 2re not 2llowed within functions, whather directly, or
indirectly through othar subprogram calls, Hence, if function calls occur in exerzssions, they can be
rearranged in any order consistent with the properties of the operators.

If a paramecter belongs to an access type, the paremeter must be viewed as providing access to the complete
collection of dynamically allocated objects. For functions, this collection is considored as an implicit in
parameter. As & consecquence, within the function body there cen be no alteration to eny object designzted by
such 2 parameter or designated by a local variable of the access type. Similarly, allocators connot zppeer in
e function body.

Value returning procedures obey rules similar to those of functions: 2 value returning proccdure can only have
in parameters, its declaration must contain a return clause, 2nd its body may only be left by a return
statement. However, assignments to globel variables are permitted within value returning procedures. Calls of
such procedures &r- only valid at points of the program where the corresponding varizbles are not within the
scone of their declaration. The order of evaluation of these ca2lls is strictly that given in the text of the
program. Calls to veolue returning procedures are only 2llowed in expressions appcaring in assignment
statements, initializations, and procedurc calls.

Normalization:

proiedure NORMALIZE_FUNCTION_SPECIFIER(specifier: TREE) return TREE is
begin

-- this function checks "A function can only have in pareamcters

-- and must contain a return clause." 8

== "A value return_ing procedure can only have in

-- parameters, its declaration must contain a return clause".

end BORMALIZE_FUNCTIOW_SPECIFIER;

procedure SIDE_EFFECTS (body: TREE; env: S ENV; local: S ENV) return BOOLEAN is
begin

~= Cto be defined>

end SIDE_EFFECTS;

6.6 Overloading of Subprograms

The same subproaram designator can be given in severz] otherwise different subprogram specifications; it is
then <c2id to be oveorloaded., The declaration of on overloaded subprogrzm does not hide a previous subpregram
declaration unless the orcaer, names, modes, and types of the parsmeters, and the result type, if any, are
identical in both declarations (a default expression for an in parsmeter is ignored here). Such redefinition
is, of course, illegsl within the same declarative part. Overlooded definitions may, but need not, occur in
the same declarative part.
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A c2ll to an overloaded subprogram is ambiguous (and thercfore 1illegel) if the type, mode, and name
information decrived from the actuzl parameter a2ssociations and the type information recuired for the recult
are not sufficient to identify exactly one overloaded specificetion. Ambiguities may be resolved by the use of
a qualified expression, or by the naming of paramectars,

6.6.1 Ovearloading of Operators

A function named by a character string {is wused to define an additional meaning for 2n operator. The
overloading of operators is identical to overloading of other subyrograms, except that the character string
must denote one of the orcrators in the language.

Overloading is permitted for both unary and binary operators. A unary operator can only be overloaded as a
unary and a binary as a binary. Overloading does not change the precedence of an operator. Ar overloading of
a relational operator must have the result type BOOLEAN, The operator /= must not o overloaded explicitly,
since every overloading of the operator = results in a2n implicit overloading of /=.

6.7 Blocks

A block introduces a sequence of statements, optionally preceded by a governing declarative part.

Syntax:

block ::=
{declare
declarative part]
begin o
secuence_of_statements
[exception
{exception_handler}]
end [identifTer];

Abstract Syntax:

block -> DECL PART STM S - ALTERNATIVE S -- [declare DECL_PART begin STM_S exception ALTERNATIVE_S end]

Cescription:

Execution of 2 block results in the elaboration of its declarative part followed by the execution of the
sequence of statements. A block may also contain exception handlers to service exceptions occurring in the
block (see 11). 1If a block is labeled, the optioneal identifier appeering 2t the end of the block must repeat
the label,

Static Somantics:

procedure CHECK_BLOCK (block: TREE; env: S ENV: local: S ENV) return TREE is
tree_env: constant TREE_ENV := CHECK_DECL_PART (DECL_PART (block), env, local);
in o
if PODIES_PROVIDED (ENV(tree_env)) then
declare

rarmal Definition ! 6 -8 Preliminary Draft
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7. Modules ~
A program can be composcd of program units of three kinds. These are subprograms and two forms of modules, c
package modules and task modules. This chapter descrihes the common oroperties of package eand task modules
and the few specific properties of package modules. The specific propecrties of task modules arc described in o |
Chapter 9. }
Modules a2llow the specification of groups of logically related entitiece. In their simplest form modules can o)
represent pools of common data and type declarations. In zddition, modules can be used to describe qroups cof {
related subprograms and encapsulated data types, whose inner workinges are concealed and protected from their
usors. o
!
7.1 #odule Structure o
|
A module is generally provided in two parts: a module specification and a module body with the same o
identifier. The simplest forms of modules, thosc representing pools of data and types, do not require-a
module body.
o
Syntax: }
: o !
module_declaraotion ::= !
(visibility_restriction] module_specificetion |
| module_naturc identifier [(discrete_range)] is generic_instantiation; o
i ]
module_specification ::= {
[gencric_clause] O i
module_nature identifier [(discrete_range)] [is
declarative_part i
[private C |
declarative_part) ;
end [identifier]; !
i
o
module_nature ::= package | task i
module_body ::=
module_nature body identifier is
ceclarative_part
[begin
scaucnce_of_statements)
[exception
{cxception handler}]
end [identifler);
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env2 : constant §_FENV := LA®ELS_TN_STHM_S (STM_S (block), ENV(tree_env) ):
4 cnv3 + constant S_ENV := NESTED_ENV (env, env2);
| @ stm_s : constant TRFLC := CHECK_STM_S (STM_S (block), env3); o
H z1tZrnative_s: constant TRED := CHECK_HANDLER_S (HANDLFR_S (block), env3); i
; begin =
i ® return MAKE(block, TREF(trce_ecnv), stm_s, alternative_s); o |
3 end; Zd
! else MISSING_BODIFS; .
i end {f; o
i ® end CHECK_RLOCK; ll
e -3
'; procedure BODIES_PROVIDED(env: S ENV) return BOOLEAN is !
i begin |
| @ -- this function verifics that the body of 2 subprogram or module o)
i -- éeclared in the declaraotive part of z block or subprogram must i
i -- is nrovided in the same declarative_part. !
i O end EODIES_PROVIDED; o
|
!
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Abstract Syntax:

dncl  => NATURE DRSIGNATOR §  DESCRIPTION
unit =-> SPECIFIER
Toculc -> TECL _PART -- [is DECL PART private DFCI, PART)
Tonily -> FARCE  SPCCIFTER -= [(RANGE) SFELCIFTER]  —

SPECIFIER ::= subprogrom | module | void | generic | family
Eony := Block | stub | void | TXT _“A4e 2
DESCRIPTION ::= Jnotontiation | object | renoring | Fype arscription | unit | void

Descriotion:

A module specification contains & declarative part called.the visible part 2nd an option2l declarative pert
called the private part. Eleboration of a module declarstion results in the elaboration of thase declarative
parts and therefore in the allocetion of the variables of the module cpecification and the assignment of any
initial values.

A module spccification with 2 generjc clause defines a genecric module. Instonces of generic modules can te
obtained by module declarations including a generic instantiation (see 12).

A module declaration may include a discrete range after the identifier. This only applies to task modules and
the identifier then denotcs a family of tosks.,

The elaboration of 2 task body has no other effect. The cloboration of its declarative part and the cxccution
of its scouence of statements is crused by the execution of an initiate statement (sec 9.3). The eclaboration
of a packaje body causes the cloboretion of its declarctive part ond the cxecution of thec cequence cof
statements, if any. These statements can be used to achieve further initializotions,

Module bodies and the visible parts of packages may contain further module declaretions. The body of any unit
declared in a module specificotion must appear in the corresponding module body.

Static Semantics:

procedure CHECK_MONULE (module: TREE; env: S_ENV; local: § ENV) return TREE SPECIF DEN {s
trec_onv : constant TREF EWV := CHECK_DECL_PART (DFCL_PARTI (modulc), env, loczal);
env2 : constant S_ENV := NESTED_ENV (env, PRV (tree _env));
tree_env2 : constant TRPEF_ENV 1= CHECK_DECL_PART (DECL_PART2(module}, cnv2, ENV(tree_env));
loc>T2 : constant S_ENV t= RFUOVE (EnV (trec_env), locel);
specif_cden: constant S_SPECIF_DEN := SPECIF_DEN (viernLe (Tocal2), FNV(tree_cnv2));
begin
return TREE_SPECIF_DEN (MAKE (module, TREE (tree_envl), TREE (trec_env2)), specif:den):
end CHECK_MODULFE;

-- the constraint "the batches of the specificd units must appear within
-- the declorative part of the module body” is checked by CHECK_BLOCK (see Section 6.7).

procedure REMOVE(envl, env2: S_ENV) return S_ENV is

begin

-- This procedure builds » new environment of type S_ENV that

-- includes designators declared in env]l 2nd not in env2.

-- Tt is used to build tho environment dcfined by the visible part
-- of the module. I

end FEITVE;

Formal Dofinition T -2 Preliminaey Draft
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7.2 Module Specifications

The first declaretive part of 2 module srecification is cealled its visible part. The entitics declared {n  the
visible part cen be made visible %o other program units by means of a use claus~ (sec 8.4) or selected
components (see 4.1.2). A module consisting of only a module specificstion (i.e., without 2 module body) can
be uscd to represent a group of common constants or variables, or a common vool of dat> and types.

The visible part cont2iirs all the informition that another progrem unit is zhle to know about the module.

7.3 Module Rodies

The visible part of 2 module moy contain the specification of subprograms or the specification of other
modules, In such cases, the bodies of the specified units must 2pme>r within the declarative part of the
mocule body. This declarative p2rt c2n 2ls0 include loc2l declarations and 1local program unitz nccded to
implement the visible items.

In contrast to the entities declared in the visible part, the cntities declersd in the module body ore: not
accessible outside the module. As 2 conscouence, 2 module with 2 module body can be used for the contstruction
of 2 group of rclated subproarams (a pack2ge in the usual sense), where the logical operations accessible to
the usecr are cleorly isolated from the Internal entities,

7.4 Private Type Declarations

The structural det2ils of somc declared types may be irrelevent to their logical use outside a module. This
may be accomplished by providing a private type declaratijon.

Syntox:

privatz_type_declaration ::=
[restricted] type identifier is private;

Abstract Syntax:

restricted private =>

Descrintion:

A private type declaration can only appear in the visible part of a module. The full declaration of the
private type must appear in the private part of the module specification. Such types are called private types.

For 2 private type (not designated as restricted), the only information aveilable to other program wunits is
that given in the visible part of the defining module. Hence, the name of the type &nd the oporetions
specificd in this visible part are availoble, In addition, ossignment »and the predefined comparicon for
cquality or in2ourlity are available (unless a2 redefinition of equslity hides the predofined couality and, 2s
a consequence, also redefines ineaquality). ’
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o Thesc are the only extcrnally availzble operations on objeccts of o private type. FExternal units can declare
. objects of the private type and epply available oprrations to the objects. In contrast, external units cannot
! access the structural deteils of objects of privete types directly.,
i A constant value of & private type con be declared in the visible part as 2 deferred constant., Its actual
~ value must be specified in the private pert by redeclzring the constant in full, ~

~ Assignment and the oredefined comparison for equality or ineguality 2re not available for private type ;
A declarations containing the reserved "word restricted. Thus if a type is restricted, the only operations A~ i
- aveilable on objects of the type ore those defined by tho subprogroms declared in the visible part, A user can =

of course d2fine subprograms calling the visible oper~tions.
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8. Visibility Rules

This chaoter describes the rules defining the scope of declarations 2nd the rules defining - which identifiers
are visible 2t wvarious points in the text of the program. These rules are stated here as 2pplying to
identifiers. They aprly equ2lly to character strings used as function designatores or enumeration literels,

A declaration associates an identifier with a program entity, such as a variable, a type, a subproaram, a
formal parameter, a record component, etc. The region of text over which 2 declaration has an effect is colled
the scoce of a declaration.

The same identifier can be introduced by different declarations in the text of a oroarzm and thus be
associated with alternative entities. Hence the scoprs of several declarations with the same identifirr can
overlap.

Overlapping scopes for declarations with the same identifier can occur because of overloading of subprogrems
or of enumeration literals (see 6.6 and 3.5.1). Overlapping scopes can also occur because of nesting. In
particular, subprograms, modules, and blocks can be nested within cach other; similerly these wunits can
contain nested record type dcfinitions or nested loop statements.

At a given point of text, the declaration of an entity with a certain identifier is said to be visible {f this
entity is an accepntable meaning for an occurrence of ‘he identifior.

For overloaded identifiers, there can be several meanings accentable at 2 given point, and the ambiquity must
be resolved by the rules of overloading (sec 4.6 and 6.6). For ather identificrs {(the usual case 2n? the crse
considered in this chapter) there can be at most one acceptaBle meaning. By convention, on identifier is said
to be visible if its declaration is visibYTe, The 7isibility rules are the rules defining which identifiers are
visible at various points of the text.

8.1 Scope of Declarations

Entities can be introduced by declarations in various ways. An entity can be declered in 2 declarative part of
a block, subprogram, or module. An enumeration literal is declared by its occurrence in an enumeration type
definition, a 1loop parometer by its occurrence in 2n iteration specification. Finally, entities can be
declared as record components or as formal parameters of subprogrems, entries, and generic clauses,

The scopes of these various forms of declarations and the scope of labels are defined acs follows:
= The scope of a declaration given in the declarative part of 2 block, subprogroam body, or module body
extends from (2nd includes) the declaration up to the end of the corresponding block, subprogram, or
module.
= The scope of 2 dzclaration given in the visible or private part of a module extends from (and includes)

the declaration to the end of the module specification. It also extends over the corresponding module
body.
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- The scone of a declaration given in the visible part of & module 2150 cxtends to the end of the scope of
the module declaration itself,

- The scope of an enumcration liter2l is the scope of the enumeration type declaration (or definition)
itself,

- The scope of a record component extcnds from the comnonent declaration to the end of the scope of the
record type declaration (or definition) itself.

= The scope of an (unnamed) enumeration or record type definition, itself given within a record type
definition, extends to the ond of the scope of the enclosing definition (or declaration).

- The scope of a formal paramecter of a subprogram, entry, or generic clause extends from the narameter
declaration to the end of the scope of the declaration of the subprogram, entry, or genearjic unit itself.

- The scope of 2 loop parameter extends to the end of the corresponding loop.

- The scoce of a 1zbel extends from the first occurrence of 2 label to the end of the innarmost enclosing
compound statement, subpragram, or module. The first occurrence of a lzbel can be efthar the label itsclf
or its use in 2 goto statement.

8.2 vVisibility of Identifiers

As defined in the prcvious section, the scope of a declaration always extends a2t lcast until the end of the
lanquzge construct enclosing the declaration (either a block, & subprogram, an accept statement, a module, a
record type definition, or a2 loop statement). In adéition, the scopec extends outside the enclosing construct
for record components, formal paremeters, and items ceclared in » module visible part.

The declaration of an identifier is visible at 2 given point of text if this point §s within the construct
enclosing jts declaration, but not within an inner construct contzining anothor dzclaration with the s=2me
identificr. An entity that is visible in this manner is directly visible, that is, it cen be named simply by
its identifier.

An cntity declared in 2n enclosing construct is said to he hidden within an inner construct cont2ining 2nother
énclaration with the same identifier. A subprogram declarztion hides another eubprogram only if their
specificztions are equivalant with respect to the rules of subproqram overlozding (see 6.6). An cnumeration
literal overloods but does not hide another cnumeration literal. Redeclaration (as opposed to overlosding) ie
not allowed within tha same declaration 1ist or component list.

The name of an entity declared immediately within a subprogram or module can alwoys be written as a selected
component within this unit, whether it is visible or hidden. The name of the unit (which must be visible) is
then used as a prefix, Thus, component sclection has the effect of opening the visibility for: the occurrence
of the identifier ofter the dot,

Outside its construct enclosing its decleration, but within its scope 2 rccord componnnt, 2 formal parereter,
or an item of 2 module visible part can te made visible 22 follows:

- A record component is made visible by a seclected component whose prefix names a record of the
corresponding type. It is also visible 2s a choice in 2n ~qqreqgatz of the type,

- A formal parameter of » subprogram, entry, or generic clause {s visible within named parsmeter
associations of corresponding subproqram calls, ontry c211s, or qgeneric instentiations,

Formal Definition 8 -2 Preliminary Droft

v —

AL

¢ '0Q © 0 00 © 90-0 9

o

[




C 0O 0O 0 0 0 0 0 0 O O

C

I

0

2 O

TRy M T L e e e O

- An cntity declared within a module visible part is made visible by a selected component whose prefix
names the module. It mey also be made directly visible via a use clause (see 8.4),

Restrictions on redeclarations:

An identifier used (as opposed to bring declared) in one Adeclaration in a Aeclaration (or component) list may

.not be redeclared in subseguent declarations of the same list,

A variable or constant of an cnumeration type cannot hide an enumeration value of the type, The same
restriction applics to a parameterless function returning a result of an enumeration type.

8.3 Restricted Program Units
Eyimeans of a visibility restriction, a program unit may restrict the visibility {t otherwise has of outer
units.
Syntax
visibility restriction ::= restricted lesibllity_list)
visibility list ::= (unit name {, unit name))
Abstrzact Syntax:
restricted -> NMAME S DECL S == [ restricted NAME S DECL S |
nome s => NAUE ... -= [ NAME , ... T
NAME S 1:® name s

Description:

In 211 cases, the predefined identifiers are visible within the restricted program unit, If no visibility
list 1is given, no other identifiers are visible. If therr is a visibility list, the first n2me can (but nced
not) be the name of a unit enclosing the restricted unit, Entities declared within the enclosing unit (if
given) are visible as usual. Other names, if given, must be the names of modules that are outside the given
enclosing unit or the restricted unit {tself. These module nomes 2re also visible, and thus can be wused in
selected components and use clauses.

The outer modules could be library modules. A module body, whether restricted or not, always sees the visible
part and the private part, if any, of its own module specification. Within a restricted program unit, a
visibility restriction may be locally superseded by another visibility restriction given for an inner unit.
Static Semantics:

function CHECK_RESTRICTED(restricted: TREE; env: S AY¥V; loczl: S _FNV) return TPEE ENV is

tree_env T constant TREE ENV := CHECK_RESTRICT_NAME (NAME_STrestricted), env):
name_s : constant TREE t= TREE (trec_env);
env? : constant T _THY t= ENV (“ren_cnv);

Formal Definition 8 -1 Preliminery Draft
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tree_env2 : constant TREE ENV := CHECK_DBCL(DRCL_S(rcstrictoﬂ), env2, local);
decl_s 1 constant TREE := TREE (trec_env?);
local2 ‘: constant S _LuvV := ENV (trec_env2);
begin
return TREE_ENV(MAKE (restricted, name_s, decl_s), local2);
end;

procedure CHECK_RESTRICT_NAME (name_s: TREE; env: S ENV) return TREE ENV is
begin
if IS_EMPTY (name_s) then
return TREE_ENV(name_s, EMPTY);
elsif IS_ENCLOSING(HEAD(name_s), env) then

declare
env2: constant S ENV := RESTRICT_ENV(HEAD(name_s), env);
begin
return CHECK_RESTRICT _NAME2 (TAIL(name_s), env2);
end;
else return CHECK_RESTRICT_NAME2 (name_s, cnv):;
end if;

end CHECK_RESTRICT_MAME;

procedure RESTRICT_ENV(name: TREF; env: § ENV) return § ENV {s
begin AT T e P

-- This function hides everything but the cntities declared

-- within the enclosing unit specified by "name”.

end RESTRICT_ENV;

procedure CHECK_RESTRICT_NAME2 (name_s: TREE; env: S ENV) return S FENV is
begin
if I1S_FMPTY(name_s) then
return TREE_EFV(name_s, env);
. elsif IS_MODULE (DEN_OF (HEAD (name_s), env)) then

declare

env2 + constant S ENV := RESTRTICTED_OP (MEAD(name_s), env);
tree_env: constant TREC ENYV := CHECK_RESTRICT_NAME2(TATL (name_s), env2);
begin " &

return TREE_ENV(PRE (HEAD (name_s), TREE(tree_env)),
EV{tree_env));
end;
else return TREE_ENV (MODULE_NAME_EXPECTED, env):

end CHECX_RESTRICT_NAME2;
function RESTRICTED_OP(name: TREE; env: S _ENV) return S _ENV ie
begin
-- This function makes the name "name” visible in the environment "env".
end RESTRICTED_OP;

. 8.4 Use Clauses

If the name of a module is visible at a given point of text, the identifiers declared within the visible part
of the module can be denoted by selected components. In 2ddition, these identifiers c2»n be made directly
visible by means of 2 use clause at the start of » Adoclarative part,

Formal Pefinition A -1 Preliminory Draft
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Syntox:

use_clause ::= use module name {, module namel};

Abstract Syntax:

use => NAM" S 1ITEM S == [ use NAMR S; ITEM S )
nane g => NAME ., -= { NAMET T

Description:
The names appearing in the use clause must be visible module names.

In order to define the sct of {dentificrs that are made visible by use clauses at a given point of the text,
consider the sct of module names appearing in the use clauses of the current and 21l enclosing units, up to
the innermost enclosing restricted unit.

An identifier is made visible by a use clause {f it {s defined in the visible part of one 2and only one of
these modules and {f it is not visible otherwise.

Sever2z]l overloaded identifiers (subprograms or enumeration literals) can be made vigible by use clauses :zs
long as none of them constitutes a redefinition of an otherwise visible identifier or of 2n {dentifier of
another mocule in the set,

Thus an identifier madz visible by a use clouse can never hide another i{dentifier although it m>yy overload f{t,
If an i{dentifier appears in several used modules or is otherwise visihle, the entity corresnonding to its
definition in one of the modules must still be denoted as a selected component. Renaming and cubtype
declarations may help avoiding excessive use of sclected componcents.

Static Scrantics:

procedure CHECX_USFE (use: TREE, env: S ENV) return TRFE_LNV {is:

trro_onvl: constant TPEfL CNV := USE_ENV(NAME_S(use), cnv);

name_s : constant TRER = NAME_S (tree_envl);

envl : constant S 1= CNV (tree_envl);

tree_env2: constant TPFF ENV := CHECK_ITEM_S (TTEM_S (use), env2, EMPTY);

item_s : constant Tri:k  := TREF (tree onv2);

env2 : constant & _EUV := ENV (tree_env?);
begin

return TREE_UNV(MAKE (usc, name_s, ltem_s), env?);
end CHECK_USR;

procedure USE_ENV(name_s: TREE; env: S_ENV) return TREE_ENV is
begin
if I5_EMPTY (name_s) then
return TREE_ENV(name_s, env);

elsif
IS_'ODULE (DEN_OF (HEAD (name_s))) then

declare
specif_den: constant S _SPECIF DEM :«= SPRECIF _DEN(DEN_OF (HEMD (name_s8), env));
env2 : constant 5 'V 1= USE_OP(env, VISIRLE(specif den));
tree_env : constant TREL ENMV :® USE_FNV(TATL(name_s), env2]:

begin L
return TREF_ENY (PRE (HEAD (n2me_s) , TREF (trec_onv)),

ENV (tree_onv)T;
Formal nefinftion 8 ~-5 Preliminary Draft
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end;
else
return TREE_ENV (MODULS_NAME_EXPECTED, env):
end if;

end USE_CNV;

procedure USE_OP(envl, env2: S ENV) return £ FNV is
vnvl_ptr!!: constant HALF S ENV := SURRODUMDIMNG (env]);
env2_cartl: constant 'ALF = SURRDUNDING (env2) ;
cnvl_part2: constant ['A[.F IMPORTED (cnvl) ;
cnv_pa2rt2 : constant 'ALF T 1= MERGF (cnvl_peort2, env2_partl);
begin o
return S_ENV(cnvl_partl, env_part?);
end USE_0P;

procedure MERGE(h21f_cnvl, half env2: HALF_S_FNV) return fALF S ENV is
begin

== <to be defined>

end MERGE;

8.5 Renaming

A renaming declaration associates 2 local na2me with an entity.
Syntox:

renaming_declaration ::=

identifier : type_mork renames name;

identifier : exception renames name;

| subprogram_nature designetor renames [name.]designator;
| module_nature identificr renames name;

Abstract Syntox:

renzming => RENANE SPEC YT NAWFR ~- [RENAME_SPEC renames EXT_NAME; ]

RENAME SPEC ::= subprogrem | void | TYPE
EXT NAME 1:m HAME selectcd etring [ string

Descrirtion:

The id~ntity of the item following the reserved word renames is established when the renaming  declaratfon is
elaborated. The newly declared {dentifier (or designator) takes on the same properties (such 25 constancy,
parameter types, and conestra2ints, etc.) 2s the renamed entity.

A label cannot be renamed. An entry cen nnly be renamed 25 3 procedure. A subtype can effectively be used
for renaming types as !n

subtype ST is S.T;

Renaming may be used to resolve name conflicts (see examgle in soction 8.4), to achieve partial evaluation and
to act as a shorthand,

Formal pefinition 8 -0 Prcliminary Droft
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8.6 Predefined Environment

All predefined identifiers, for example built-in types, operators, and so forth, are assumed to be defined in
the predefined mecdule STANDAPD given in Appendix C. Other installation defined modules may be included in the
default environment by the pragma

pragma ENVIRONMENT (module name {, module name});
All identifiers declared in the visible part of the modules of the default cnvironment are ~ssumed declared ot

the outermost level of a program. Visibility restrictions. 4o not affect the visibility of these predefined
identificrs.
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H o 10. Program Structure and Compilation Issues
i
i O This chapter describes the overall structure of programs and the facilities ror separate compilation of their
; parts. A program is a collection of onc or more compilation units. These can ke subprogram bodies, module
{ o specifications, or module bodies. The body of a unit declered within another unit can be separately compiled
gt as a subunit,
0
{ 10.1 Compilation Units
e
H A program can be compiled 2s a single compilation unit or it can be submitted to the compiler 2s a succession
i o of compilation wunits. One compilation can consist of several such units. The compilation units of a progrem
| are said to belong to a2 program library
i -
| O Syntax: =
1 i compilation ::= {compilation_unit}
| © compilation’unlt 1=
} [visibility restriction][separate] unit_body
: Q Abstract Syntax:
1
] restrictad -> NAME S  DECL S -- [ restricted NAME_S  DECL_S ]
+ O scparatc -> -- [ separate ]
| ZEPIrata
i
{ Descriction:
i o T
| _Each compilation unit is in ecffect a restricted program wunit. In the absence of an explicit visibility
H restriction, an empty visibility list is assumed. The visibility rules that epply to compilation units follow
1 O from those that opply to all restricted program units (see 8.3). Tn particular, a separately comniled unit
§ that makes use of a separately compiled module must n2me that medule in ite visibility 1list. These
; o dependencies between units have an influence on the order of compilation and recompiletion of compilation
H units,
{ %) All compilation units (that are not subunits) belonging to the same program library must have different names.
| A compilation unit that is a subprogram body can be a main program in the usua2l sense. The means by which
| O main progrzms are executed are not within the language definition.
The following three compilation units define a program with an equivalent effect (the broken 1lines between
compilation units are here to remind the reader that thee~ units nced not be contiguous texts).
Note that in the latter version, the package D is (implicitly) a fully restricted program unit. Hence, it has
no visibility of outer identifiers other than the predefined identifiers. In particular, D does not depend on
any identifiecr declared in PROCESSOR and honce con he extracted from PROCESSOR.
~ Formal Definition 10 - 1 Preliminary Draft
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The procedure PROCESSOR is also a restricted unit, but must name D in its visibility list in order to contain
a legal use clause for D.

These three compilation units can be submitted in one or more compilations. For example, it is possible to
submit the package specification and the package body in a single compilation.

10.2 Subunits of Compilation Units

The body of a subprogram or module declared in the outermost declarative part of another compilation unit (or
subunit) can be scparately compiled and is then s2id to bz 2 subunit. Within the subprogrzm or module where a
subunit is declared, its body /. represented by a body stub a2t the place where the body would otherwise
appear. This method of splitting @ progrom permits hierarchical program development.

Syntax:

body_stub ::=
subprogrem_specification is separate;
{ module_nzture body identifier is separate;

Abstroet Syntax:

stub -> -- [ is separate |

Description:

A subunit is =aid to be 2ncloszd by the compilation unit where its stub is given. Transitively, a subunit of 2
subunit of 2 unit is also said@ to be enclosed by the unit.

The body of a subunit must have a visibility restriction, itself followed by the reserved word separate (see
10.1). The first nome zppearing in the visibility list must be the name of an gnclosing compilation unit. The
name of 2 subunit is local to its immediately enclosing unit. In consequence, scvira subunits of the same
neme can exist within a program librery.

In the above example, 0 and D are subunits of TOP (TOP encloscs Q and D); G is 2 subunit of D (D encloses G
anéd similarly TOP encloscs Q). The visibility list of G must mention TOP since G accesses the type REAL
(mentioning D instead of TCP would not bz cenough).

Note that the visibility lists in the split version are estsblished in such a2 manner that the same identifiers
are visible at al]l program points as in the initial version. For cxample, the variables R and S declared in

TOP, the constant PI declared in the visible part of D and the other entities declared in the package body D
are all visible within the scauence of ststements of the subunit G.

10.3 n0r2cr of Concilrtion

The visi®ility rulrz th=t =srely to compilstion units (whether subunits or not) 2re the usual rules that apply
to all cestricte? projrzm units,

The rules defining the order in which unite cen be compiled are direct consequences of the visibility rules. A
unit must he compile? aftar A1) compilztion unite vhore npomos  appesr in its visihility 1list or in the
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visibility 1ist of any textually nested subprogram or module. A module body must be compiled after the
corresponding module specification. The subunits of a unit must be compiled after the unit,.

Consistent with the partial ordering defined zbove, the compilation units of a proqram cen be compiled in e2ny
order.

In the previous examples:
(a) The package body D must be compiled after the corresponding package specification (example 1b),

(b) The specification of the package D must be compilcd before the proccdure PROCESSOR. On the other hand,
the procedure PROCESSOR can be compiled either before or after the package body D.

(c) The procedure QUADRATIC_EQUATION (example 2) must be.compiled after the 1library modules MATH_LIB and
INPUT _OUTPUT that appecar in {ts wvisibility 1list. Similarly (example 32) the proccdure TOP must be
compiTed after the library module INPUT_OUTPUT that appears in the visibility list of the nested
procedure G. On the other hand, in example 3b INPUT_OUTPUT could be compiled after TOP,

(d) The subunits Q and D (example 3b) must be compiled 2ftcr the compilstion unit TOP. Similarly the subunit
G must be compiled after the enclosing unit D. Note also that the library module THPUT_OUTPUT must be
compiled before G.

Similar rules apply for recompilations. Any change in a given compilation unit can only affect its subunits
and other compilation wunits mentioning the unit in their visibility lists. Hence the potentizlly affected
units need to be rccompiled. An implementation may be able to rcduce the recompilation costs if it can deduce
that some of the potentially affected units are not actually affected by the chenge.

Note that the subunits of a unit can always be recompiled without affecting the wunit itself. Similorly,
changes in & module body do not affect other (non-nestcd) units, since these units only have access to the
visible part of the module. Hence to minimize recompilations, it is advantzqeous to compile the module body
and the module specification (the visible part) in different compilations.

10.4 Program Library

Compilers must prescrve the same degree of type safety for a program consisting of several compilation units
and subunits, 2s for 2 program submitted as a single compilation unit. Conseguently a library file containing
information on the compilation units of the program library must be maintained by the compiler. This
information may include symbol tables and other information pertaining to the order of previous compilations.

A normal submission to the compiler consists of the compjlation unit(s) and the library file. The latter |is
used for checks and is updated as 2 consequence of the current compilation. .

There should be compiler commands for creating the program library of a given program or of a given family of
programs. These commands may permit the reuse of units of other program libraries. Finally, there should be
commands for interrogating the status of the units of a program library. The form of these commands {s not
specified by the language definition.

10.5 !llboratlon of Compilation Units

Formal Definition 10 - 1 Prcliminary Draft
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pefore the execution of a main program, all library modules that are not subunits and that are wused by the
main program are elaborated. These modules are units mentioned in the visihility lists of the m2in program
and of its subunits, and transitively in the visibility lists of these library modules themselves.

The elaboration of these modules is performed consistently with the partial ordering defined by the visibility
lists (see 10.3).

10.6 Program Optimization

A static expression can be evaluated by the compiler. In consequence, if a2 static expressfon is required and
the actuzl exprcssion involves & variable, or if an exception arises in the cvealuation of the ecxpression, then
the progrem is in error. On the other hand, a compiler may be able to ootimize 2 progrem by evaluatirg
expressions which are not required to be static. If the cvaluation raises an cxception, then the cofe in  th:t
gath in the program can be replaced by code to raise the exception. Under such circumstances, the compiler
may wern the programmer of a potenti~l error.

Cptimization of the elaboration of declarations and the execution of statements may be performed by compilers.
1f a2 subprogram is compiled by an in-line substitution of the body, then expressions within the bedy may be
capoble of further optimization as above

A compiler may find that some statements or.subprograms cennot be executed, in which case the corresponding
code can be omitted. If non-static expressions within such code would generate an exception, then the program
is not in error. These rules permit the effect of conditiona] compilation within the language,

Formal Definition . 10 - 4 ‘ Preliminary Draft
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11. Exceptions

This chapoter defines the facilities for dealing with crrors or other exceptional situations that arise during
program execution. An excention is an event that causes suspension of normal progr2m cxecution. Bringing an
exception to attention is celled raising the exception. To execute some actions, in response to the occurrence
of an exception, is called handling the exception.

The units whose execution ca2n be premzturely terminated by an exception are blocks, subprogrems, and modules.
Exceptions are introduced by exception declarations. Exceptions can be raised explicitly by raisc statements,

or they can be propagated by subprograms, blocks, or language defined operations that raise the exceptions.
When an exception occurs, control can be passed to 2 uscr-provided exception handler.

11.1 Exception Declarations

An cxception declaration defines one or several exceptions whose names can appear in raise statements and in
exception handlers within the scope of the declaration.

Syntax:
exception_declaration ::= jdentifier_list : exception;

Abstract Syntax:
decl -> NATURE-DESIGNATOR S DESCRIPTION

NATURE ::= constant | entry | exception | function | in | in out | ou
2ckcge | procecdure | subtype | tzsk | type | varieble
DESCRIPTION ::= instantiation | object | Tenaming | typs description | unit | voigd

The identity of the exception introduced by an exception declaration is established ot compilation time
(exceptions can be viewed as constants of some predefined enumeration type initialized with static

- expressions). Hence an exception declaration introduces only one exception cven if it is declared in a

recursive procedure.

The following exceptions are predefined in the language:

ACCESS_ERROR When an access variable has the value null and an attempt is made to read or to
update the designated dynamic object (sce 3.8).
. ASSERT_ERROR When violating an assertion (scec 5.9).
DISCRIMINANT_ERROR When attempting to access a component of a variant part not prescribed by the

record's discriminant (see 4.1.2).

Formal Definition 11 -1 Prelimin~ry Droft
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. DIVIDE_ERROR When dividing a number by zero (see 4.5.5, 4.5.6).
PATLURE For gencral use within procedures and tasks, This is the only exception that can be
roised by » task for another task (sce 11.3, 11.5).
INDEX_ERROR When an index value is outside the range specified for the array (sece 4.1.1).
INITIATE_ERROR When attempting to initiate a task that is 2lzcady active (see 9.3).
NO_VALUE_ERROR When accessing the value of an uninitialized verisble or returning from a function
without a volue (see 6.5).
OVERFLOW When an arithmetic operation fzils by attempting to produce 2 value which is too
large to be handled by the implementation (sce 4.5).
OVERLAP_ERROR Wwhen attempting to assign overlapping slices (see 5.1.1).
RANGE_ERROR when excecding the declared range of a variable or type (see 4.5).
SELECT_ERROR When 211 altcrnatives of a sclect statement without else part are closed (sec 9.7).
STORAGE_OVERFLOW When the dynamic storage allocated to 2 task is excecded, or during the exccution of
an allocator, if the aveilable space for the collection of dynamic objects is
exhausted (see 13.2).
TASKING_ERROR When exceptions arise during intertask communication (sce 9.2, 11.4).
UNDERFLOW Wwhen a floating point operation fails by attempting to produce 2 value which is too

small to be handled by the implementation (see 4.5.5).

11.2 Exception Handlers

The processing of one or more exceptions is specified by an exccption handler. A handler may appear at the end
of a unltiwhich must be a block, subprogram body, or module body. The word unit will have this meaning in
this section. =

Syntax:

exception_handler ::= ;
when exception_choice (| exception_choice} =>
sequence_of_statements
exception_choice ::= exception name | others

Abstract Syntax:

2lternative -> CHOICE S STM S == | when CHOJCE S => STM S )
choice & -> THOICE ... == [ CHOICE T ... ) \
stm s -> 5T ... - [ §T™ ...
Formal pefinition 1 -2 Preliminary Draft
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CHOICE S ::= choice s
CHOICE t1= EXP | others | RANGE
T s s T

S s:® CtM S

Descrintion:

Each handler handles the named exceptions when they are raised in the given unit. An alternative containing
the choice others applies to all exceptions not listed in other alternatives, including cxcertions whose names
are not visible within the current unit.

When an cxception is roised within 2 unit, either Aduring elaboration of its local declarations, or during the
execution of its scquence of statements, the eoxecution of the corresponding hanéler replaces the cxecution of
the remainder of the unit: the actions following the point where the exception is raoised are ckipped, and the
execution of the handler terminates the execution of the unit., ITf no handler is provided for the exception,
the unit is terrinated and tha excention is propeg>ted 2ccording to the rules stated in section 11.3.1.

Since @ handler acts &s & substitute for the corresnonding unit, the handler has, in genersl, the some
capabilities as the unit it replaces. For example, 2 handler within o function has access to its paremeters
and may issue a rcturn statemont on behalf of the function. However, since #n exccption may be raissd during
the olaboration of the declarations local to the unit considered, it ceznnot be assumed within a handler that
all Ceclarations have been eloborated,

Static Scomantics:

procedure CHECK_HANDLER(2lternative: TREE; env: S _ENV) return TREE {s
cnv2: S_ENV := IN_NANDLER(env);
begin .
return MAKE(2ltornative, CHECK_EX_CHOICE_S(»)ternative), env2),
CHFCK T _S(sTH! S(alfarn-tive). env2));

end;
procedure CHECK_EX_CHOTCE_S(choice_s: TREE; env: S _FNV) return TREE is
begin

if IS_EYPTY (choice_s) then return void:

else

return PRE(CH"CK EX_CHOTCE (HEAD(choice_s), env),
4 i CHECK_ "EX CHOICE Q(TAIL(choiCﬂ _€), env));
en £

end CHECK_EX_CHOTCE_S;

procedure CHECK_CX CHOICE(choice- TREE; cnv: S _FNV) return TREE is
begin
if 1S W\WC(&I“U(ohoicc)) then
return CNECK_EX_NAME (choice, env):
elsif choics = othors then
return choice;
else return EXCFPTION_CNOICE  JUST_DTR_A_NAuE,
end if;
end CHLCK EX_CHOICE:

procedure CHECK_EX_NAME (name: TREE; cnv: S_EVV) return TPEF is

begin
if KIND(name) = selected and IS_TASK(DEN_OF (NAME(name), env)) then
return CHECX_EX_' name, env);
else
Formal Definition : ‘ 11 -3 Preliminary Draft
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ceturn ID_PART (DEN_OF (namec, env));
end if;
| end CHECK_EX_NAME;

D

D

11.3 Raise Statements

An exception can be explicitly raised by 2 raise statement.

Syntax:

raise_statement ::= raise [gxcention name);

Abstrzct Syntax:

raise -> NAME VOID (raise NAME_VOID |

NAME VOTD ::= NAME | void
Descrirtion:

A raise statement raises the named exception., A task can raise the predefined exception FAILURE in another
task (say T) by giving T.FAILURE as exception name. A raise stztement of the form

¢ 0 0 0o 0 0O OO O O O O 9 0

raise;
can only appear in a handler. It reraises the same exception which caused transfer to the handler.

Static Semantics:

proiedurc CHECK_RAISE(raise: TREE; env: S ENV) return TREE is
begin
case KIND(NAME_VOTD(raise)) of
when void => == [ raise; ]
if TS_IN_HANDLER(env) then
return raise;
el:e‘;eturn RAISE_ALONE_CAN_ONLY APPEAR_IN_A_HANDLER;
en H
when others => -- [raise NAME; ]
return MAKE(raise, CHECK_EX_NAME (NAME_VOID(r2ise), env));
end case;
end CHECK_RAISE;

¢ 0 0 0o 0 6 6 0 0 O O
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11.3.1 Dynamic Association of Handlers with Exceptions

G

When an exception is raised, normal program execution ig suspended and one of the following events takes
place.

(a) If a block does not contain a local handler for the exception, execution of the block is terminated end - ;' .
the same exception is reraised in the enclosing scaunnce of statcments, Similarly, if a subbrogrem does :
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i not contain = local handler, its execution is terminated and the exception is rerained at the point of
call of the subprogram. In both cases the exccptior is s5aid to be propegated. The predefined cxceptions

€ ~ are exceptions that can be propagated by the language dafincd constructs.
(b) If a task does not contain a local handler for the exception the task is terminated but the exccption is

o) not propagated.

(c) If a loc2l handler has beecn provided, cxecution of the handler renlaces exccution of the remainder of the

(o) current unit. A further cxceotion raised in the seguence of statements of the handler causes  torminsticon
of the current unit, and the cxception is propogated if the current unit is a block or subprogram as in

P
cese (2).

0O

o 11.4 Exceptions Raised during Tasking

o An exception can be propagated to a task communicating, or attempting to communicate, with another task.

On any attempt to call an entry or a subprogrem of an inactive task, the TASKING_ERROR coxceotion is raised in

o the invoking task., Note thot this also a2pplies to entry ca2lls to an active task if the taosk terminates before

accepting these cells. :

o A rendezvous can be terminated abnormally ip. three cases.

(2) When an cxception is raised inside an accent statement and not handled 1locally. 1In this ceoee, the

o exception is proragated both in the unit containing the 2ccept statement and in tho calling tosk at the
point of the entry call. (A different treatment is employed for tho exception FAILURE 2s ecxploined in
scction 11.5 below.)

o (b) When the unit containing the accept statement is terminated abnormally (ec.g. as the result of on =2bort
statement). 1In this case, the TASKING_ERRCR exception is raised in the celling teck 2t the point of the
entry call.

o

o (c¢) when the unit issuing the entry call is terminated abnorma2lly. In thie case the rendezvous terminstes
zbnormally and the TASKING_FRROR exception is roised within the called task, in the unit containing the
accept statement.

o A task calling a procedure of another task receives a TASKING_ERROR exception if the celled tcsk terminates

before the end of the procedure execution.

o

© 11.5 Raising an Exception in Another Task

® A task cen raise the predefined exception FAILURE in another task (s2y T) by a raise statement of the form:

raise T.FAILURE;

o The execution of this statement has no direct effect on the tosk iseuing the statement (unless, of course,

raises FAILURE for itself).

o

o Formal Definition 11 = § Preliminary Draft
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If the task receiving the FATLURE exception is currently executing, or if it is suspended by =&n accept or
select statement, the cffect {s to raise the cxcention at the point of the current stoteoment, TIf the tosk is
suspended on a delay statement, the corresponding wait in cancelled and the exception is reajised 2t the point
of the deley statement. I{ the task has issued an entry call, the exception {- “rised at the point of the
call 2nd two cases are possible for the called teosk:

(a) If the eontry ca2ll hes not yet been z2ccepted, the call is concelled 2nd the called tesk is unaffected.

(b) Tf an accent statemeant for this entry is in execution, tho rendezvous is abnormally tcrminated and the
TASKING_ERROR exception is raised, as in scction 11.4(c).

1f & FAILUPEC cxception is rcceived by 2 suspmended task, coxecution of the task is scheduled zccording to the
priority rules (see 9.8) in crder to 2llow handling of the excection. If the cxception FAILURE is received
within an 2ccept statement 2nd not handled locally, the rendezvous is terminated end the cxception
TASKING_FERROR is ra2ised in the c2lling task at the point of the entry call.

The predefined exception FATLURE is the only excention that con be explicitly reaised in another task. It
supersedes all other exceptions not yet handled or received before FATLURE is handled. A unit can contain 2
handler for the cxception FATLURE as for any other exceptian.

11.6 uppressing Exceptions

The dotcction of exception conditions may be suppressed within a unit by a pragma of the form:

pragma SUPPRESS (cxception name {, exception name})

This pragma indicstes that no run time checks nced be provided to ensure that the named exceptions do not
erise. The occurrence of such 2 progma within a given unit does not guarantee that the named exceptions will
not zrise since the pragma is iwrcrely 2 recommend-tion to the compiler, and since the cxceptions may be
propagated by called units. Should an exception situation occur when the corresponding run time checks are
omitted, the program would ke erronecous, and the results unpredictable.

Formal Definition : 11 - 6 Preliminary Draft

¢ 0 0 0 0o 06 0 0 0 O O

> ¢ ¢ & ¢ C




o)

¢ ¢ 6 0 0 06 0O 0O OO O O O O

A. APPENDIX: ABSTRACT SYNTAX OF GREEN ~ |
o)
package GREEN_SYNTAX is o
type CONSTRUCT is ( !
-- nullary
and + 2nd then , catenate , constant , div ¥ o
ontr v 9 , cxceotion » oxconentiation , function .
B » gt ¢ 10 e ) . 1In out v
%F op & %Ft number » Jc o IE , minus ' o
mult +» Mo . ne + DOt , DOt 1n ’
nul , Others ¢ Or ¢ Or clse , out . o
nckage , Prckin » pPlus , privote , procedure »
, Iostricted private , =-narate ¢+ Stub , Strina .
LV pe s t25Kk = EYpe » Viriable , void g o
, 2cross , 2ddress ¢ 2l , allocator ' o
s code , dela » derived + goto '
initiate , L2180 s, retuen , subunit » type description , L
while s intoger G lo) |
-- binary
gltcrnative v crza¥ , 7ssign , c211 s CASCE .
conditional ,» constrained s OXIt , fomil , Fixed ’ w
tTo-t for anori 1S AS€0C v IE '
in_cssoc , TrToxed : ?ﬁ‘ﬁﬁ?sessoc : jrncrontiation , Tobeled 3 o
100 , MOYule ¢ RATAG s ODjoCt s Out ~ssoc ’
21r M Ez:J:fined , cuslified , rcnoming s FCverSe v
restricted ,» Sclect ¢« Seloctod s, Selected string , slice ' o)
subrrojram , tyned cair s unory , unit ¢ UEH i
variant s veoriont part ’
=g |
-- ternary y C [
accoot ¢+ binar » block ¢+ COMp repr » condition ’ i
dec ’ wcmBorshig s record repr
-- arbitrary
2lternative s , bounds s + choice s '
Comp_S y COND_-550C S s COMD rove 8,
conditionsl s , Jccl s v 3:s§gnator s ,
CXD S , item s » NOME_ S ’
pEram a2ssoc 8 , ronac s , vVoricnt s )
type ARITIES {8 (nullary, unary, binary, ternary, arbitrary); b
functIon ARITY (construct: CONSTRUCT) return ARTTIRSS 8
Formal Definition - A -1 Preliminary Draft v E’
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type SORT is sct_of (CONSTRUCT);
--"We assume 2 generic package set has becen defined
-- which provides sets and union of sets

-- Table of all sorts

ALTERNATIVE , ALTERNATIVE S , BINARY OP , BODY » BOUNDS '
BOUNNS 5 » CHOICE . CHOICE & , COo , CO"P 5 '
CO'P_ASSOC , ChP TFPR , CONP _RFPR § , COOn : "
COND VCID ; , CONDITIONAL , CONDITIONAL S , :
CEISTRATIT |, + BECE , PRCL S , DFCL _PART,
BFSCRIPTION , 0 GNATOR S , EXP + EXP VOID ,
EXT_NANE . ., ; « 1D VOID , TTEW ;, ITEM 8,
TTFRATION ; , NAME , NATF § , NAYE VOID,
NATURE ., PAIR , PARAYM ASSOC , PARAW ASSOC S , AUALIFIED,
RANGE , RAUGE _VOID , PCSULT s SPRCIFTER o STH '
8T S , STRING , TYPE , TYDPF_RANGE , TYPE _SPEC,
GUARY OP , VARIANT , VARTANT S

constant SORT:

function SORT_OF_SON (construct: CONSTRUCT; n: INTEGER := 0) return SORT;
~- the expression SORT_OF_SOW(construct, n) denotcs the sort of the
~=- n-th arqument of "construct", if it is of fixed arity. 1In the case
~- of a list construct, it denotes the common sort of each son.

private
~- The sorts are initialized so as to be the sets described by the following table:

~= ALTERNATIVE

::= altecnative
~= ALTERNATIVE S ::

2lternative s

~~ BINARY OP ::= 2nd | catenate | div | ea | exponentiation | ge

== gt | Tg | T& | minus | T | mod |

- ne | not | or | plus

~- nony ::= Block | stub | void | EXT NAME

~- 30UNDS LT | Tndexed | pair | pred=fined | selected {

L typed pair

-- POUMDS § ::= bounds s

~- CHOICE EXP | others | RANGE

-=- CHOTCE S choice s

-= COouPp dec) | null | yarjant part

-- COMP_S coTn s

-~ CONP_ASSOC ::= named | all | allocator | binary | call | comp assoc s
- fioat number | IT | Int number | Tndexed | membership |
- nuil | predafined | ocuclificc | real number | Eelected |
-- sclected string | slice | string | unery

-= COMP_REPR ::= compo recr

-= CO"P PEPR S $:= cOonp _renr S

== CCUD 1:= concition | EXP
-- COMD_VOID t:= COND | void

-~ CONDITION OP ::= 3nJ then| or_else
-- CONDNITIONAL se= congitionzal

Formal Definition A-2
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£ -= CONDITIONAL S = conditional s
-~ TOJSTRAINT TXod float | comp assoc s | pair |
‘'~ -- typ2d pair | range s | void
< == CONSTRAINED 1:® constrained
== DECL ~
(o] -- DECL S =
< ! -= DECL_PART | item s !

o) -= DESCRIPTION | object | renaming | type descriotion | ol
: | void il
i -- DESIGHATOR  s:= 12 | String !
1 -= DreIGUATO }
l, o) D G R S () !
: -- EXP | 21locator | binary | call | comp assoc s |
! o o | id | int number | indcxed | (o) {
| == | null | prodofined | quzlified | !
! - | sclected | slice 4 i
3 == | unar {
1 O -- EXP_VOID | ¥oid © |
} == EXT NAME | sclected string | string ‘
| o -- GENERIC ASSOC ::= PARAM ASSOC | selected string | is cssoc c :
]

I}
| © fie ge ' =1
| = id | void i
! ::= address | decl | comp reor | packing | record repr | t

o restricted | subunit | EXP Q.
! t:= jtem s J
! ::= for | revorse | void | while i
! © ::= in_op | not in < |
i tem 711 ic | indexed | predefined | selected | slice i
! : s -
PO : | void S
{ se ant | cntry | excention | function ! |
{ o | Tn out | out | pockaac | procedure | subtype | o
; -- | Type | variable !
1
! o -- PAIR 1:= pair o |
| -- PARAY ASSOC ::= In ossoc | in out assoc | out assoc | EXP |
{ == PARAY ASSOC § ::= par-m asSoc S (
o -- QUALIFIED 1= oualified <
{
{ o == RANGE t:= pair | typed pair
| -= RANGE VOID ::= void | RANGE k
I == RESULT :1= constrainc? | void y
© == SPCCIFIER ::= family | generic | mocdule | cubproaram | void

== STH ::® accont | abort | @assign| assert | BYock { cald | case |

S coz? | dela | Fx | aoto | l_t | Jnitiste |

- Tbcled | Yooo | null | xzise | roturn | sclect

-= STM 8§ t:= stm S

-= STRING t:®= string
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designator s

’—
T
-- TYPE 1:= dccess
gebidt Cledslins
G derived
== intcger

rcst;ictodggrivate

-

~- TYPF RANGE ::= conctrzined

I
o

|

~=- TYPE SPEC ::= subnrodran

<

~= UNARY CP ::= minus | not

~= YARINNT 113 variant
~= VARIANT § ::= variant s
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The constructs of Grecen have a structure described

by the following tabhles:

Unary constructs

abort

2ccess

COb AL

2GCECSS e

ST1 h E
Z1locator -> QUALIFIED
assert =-> CovD

code -> HUALIFIED
deiax -> EXP
derized => CONSTPAINED
:l'f Lo

initiate
intcgar
r/ino
roturn

sudunit

type description -> TYPE

walle -> EXP

Binary constructs

2lternative -> ST™M S
-2 TYPE
=> 1 XD
-> PATAM ASSOC S
-> ALTERNATIVE S
-> SIS
-> CONSTRAINT
-> CoMD _voID
-> SPECTFTER
-> RAVGE _VOID
- 15F _VOTND
-> RANGE .
g -> SPECTFIER
it -> €11 S
Tn_assoc -> a3
Incexoa -> 1 F¥5 S
Jr_out_assoc -> FXP
Jnst-ntiation => PiRaM ASSOC §
1s_cssoc e =Y EXT NAYE
1eholed e ST
oop e - STH &
roiule -> DFCL_PART
named -> rXp
obj~ct -> £Xp_VOID
out 2ssoc - EXp
Tolr -> KD
Statefined -> T
cualificd =-> EXP
renamning -> FAT NAME
rovsrse -> RAVSE
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-=- restricted => NAME_ S
== goloct => TAUDITIONAL § °
P -- scincted -> 7
; -- t-lncted string ->
-- slico ->
- ->
o -= tyn-~o -> PAIR
-= yn-r ->
-= unjt ->
© -— yso -> 1.8
-= y-riant -> COul S
(o) -= ycriant part -> VARTANT S
o) -= Torpary constructs
-= zccent -> NAME DECL_S STM S
- F.)n:ry_ =0 GNR NIYARY OP EXP
o -= block -> DRECL_PART ST S ALTERNATIVE S
3 -= COMD _trenr =3 rxp RANGE
fe) -- tondition -> CORDITION OP CovD
-= docl -> TRGIANATOR S DESCRIPTION
-- morbership -> MEMPCR OP TYPE_RANGE
le) -- Tecord ropr -> EXP C0!1? REPR S
-= List constructs
o -=- alternative s -> g
- ->
- ->
o == => CDNP e
- WO &S -> 0P ASSOC o
== COMP rcCr € .
o -- Tonditional-s .o
S T i
c & v
(= e e
o b .o
© end CREFV_SYNTAX;
o
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F S package GRFEN_TREES is
i use GREEN_JYNTAX;
'~ type TREE is private;

-=- Trce constructors

i
| N procedure MAXE (construct: CONSTRUCT; s: STRING) return o
| procedure MAKE (construct: CONSTRUCT; t: TREF) return |
< | procedure MAKE (construct: COVGTRUCT; tl1, t2: TREE) return H H
! o procedure MAXE (construct: CONSTROCT; t1, t2, t1: TRRE) return TREE; ~
| o |
| -- Tree seclectors
|
! 2 procedure XIND (t: TRTE) return CONSTRUCT; ©
i procedure SON (n: INTFGER, t: TREE) return TREE; .
‘ procedure TOKEN (t: TFFE) return STRING:
| © - e o
! -- Handling of list constructs
i
i o procedure HEAD (1: TREE) return TREE; o
procedure TAIL (1: TREE) return TREE;
o procedure PRE (t: TREE, 1: TREE) return TREE; (o)
procedure EMPTY (construct: CONSTRUCT) return TEXE;
; procedure I5_EMPTY(1l: TREF) return BOOLEAN;
|0 %
! private
] o -- Description of the implementation of type TREE o)
| end GREEN_TREES;
1
|
1 O . o
. i !
| O o
o @)
|
i G |
| O C i
|
(@) &l
i ‘
| © “a
O
<
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package GREEN SCLECTORS {s
| use GREEN_SYNTAX, GREEN_TREES;
F N -- To increase read»bilTty, onc wishes to avoid positional sclection of subtrees. -
e -- To this effect, sclector functions are defined that are nomed zfter the sort :
i -- of the corresponding subtrec. ‘
i ~ == Exeample:  if: constant TREE -~ where KIND(if) = {if ~ i
g -= then SON(1, if) is squivalent to COMDITION _S(if) “Znd i
< : - sot(2, if) is esquivalent to STM _S(if) . 1
! o -=- Hence the following celectors cre daclared: (o) :
J procedure CONDITION_S(t: TREE) return TREE; |
i procedure STM_S(t: TREF) Teturn TREE:
(o) -= 2nd so on for each construct of fixed arity. In cases like pair
== which has more than one son of the same sort, numbering is used; o
procedure FEXP](t: TREF) return TRES;
(o) procedure CXP2(t: TRrr‘) return TR"r'y o)
end GREEN_SELECTORS;
o} y o ;
o (o}
| o o '
o ol 1
H i
\ ‘
. H o - Q ‘
(@) @)
o o '
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|
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