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Pref’e~ to the Prc’limin ~ ry Dreft

This doeumcnt is ~ Prcli- ’insry Dr~~ft oF th” P~ rm~,l Def inition of thc Green
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1. Introduction end Overview

1.1 tntroduction

C As a part of the DOD—i language effort , the Steelman Report requires a formal C’
definition (lii). This requirement is innovative and far—sight ed .

Purposas 0
A formal definition can be put to good uses

0 0
CL )  As a sta nd ar d for the langu a ge, that is as a means to anawar unambIguously

2 all questions that a programmer or en implemontor may rsisn about thao meaning of a construct of the I’ngusge . The formal def in ition sh o u l d  serve Q
as a reference document for the vaIid~ tIon of isplcnentntions and C

guideline for iaplemcntors . It should unify th . user interfacC acrosso ieplcmcntations (e.g. error mesanges) and the intnrfacn between processors 0
man ipulating programs (e.g. mechanie~ l aids for norma li zation and
documentation of Green programs ).o 0:

(ii) (Is e reference document for justifying the v~ l1~~i~~ of opti mtzntf ons and
other program transformations. The only valid optiml attons will be thoseo that do not alter the moaning of a program .

(iti)As a reference document for proving properties of programs written in theo language. In particular , it will allow the dcrlvrtion of inference rules
that can be used conveniently when proving propertier of progrems.

O (iv) As an input for a compiler—generator when the technolocy becomes avelleble .
The Formal  D e f i n iti on g iven  in th is repor t i s  scec i f i e d wi th enou gh

• prec i s ion  to be process ed , except for some str ,ightforwerd notational
t r a n s f o r m a t ions , by the experimental system SIR tMossesl.

Furthermore, the concurrent development of Green and it~ f o r m a l  def in i t ion hes
O already resulted in further major b~nef1ts:

- — Difficultie s in early drafts of the Reference Manual (such as lack of
clar ity, ambi guities, omissions or inconsistencies) were uncovered very
early.

• — Feedback was established to strive for economy of concepts in the Green
language.

Formal Defini tion I — Pr ’ 1 ) m i n n r y  flraft
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- R e q u i r e m e n t s

• When designing the formal definition of a language li ke Green . there ar, two
major requirement s to satim fy~ 

-

(I) The definition should be complete. If tho definit ion in not complete its
usefulness as a reference wi ll be seriously d in inin h~~~• This completencas
can only be achieved by using a methematically well— found ed lie fin it ionmi
met hod . •

As of the Spring of 1979, howcvmr . ~he State of th~ A rt in foresi semantic s
does not allow us to offer a math ematic ally meaningful c~ ’antirs for

O parallelism . This is a very serious gap in our theoretical understanding C
of programs. No attempt has becn made hnre to g ive a dynamic seman tics for
task synchronization in Green , while it is hoped that all other ampecta of

0 the langu a ge are  sa t i s f a c to r i l y  covered . 0
In all matter c relating to concurrency, the readers will have to do witho the textual description of the dynamic semantics that is provided . pendIng 0
a scientific breakthrough.

1 0 (ii). The Formal Definition of Green is meant to be used in an industri al 
— 

0
environment. It must not remain en mc~demie exercise. One difficulty whcn
trying to reach a wider eudi~ nce is the notational barrier.

A great deal of effort should be spent on the style of the definition and its
intuitiv e Content , to make it accessible to the intend”- readership.

I 0 implcm ontors of compilers , standardization com~ ittecs , e4uc~ted Green 0
programmers. Na turally, such an attempt should preserve th- mathematical L4.2.21
of the definition, an d shoul d be seen me re ly  as th~ development of a conveni’~n~ • -

• 0 notation . 0
The formal definition given hero is akin to a large program. Special attentiono h~s been given to several key issues: C

— The structure of the description reflects the underlying semantic Conceptso of the language.

— The choice of identifiers stays as close as possible to the terminology ofo the Reference Manual. C
— The style of the description is homogeneous and uniform conventions are

O used throughout. Cd

Method• 0
Ther e are three widely accepted methods of formally defining the semantics of a

• programming language .

(a) Operational Semantics

In thiS method , best exemplified by the Vienna Definit ion Method , the semantics -
is modelled by the behavior of an abstract machine. This has a practical appeal
but also presents several problems:

Formal Defini tion 1 — 2 Prelisinary Draft
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(i) The mechanism of the abstract machine tends to overspecify the language -
since all detslla of machine—sta ta transitions m u s t  be givan.

(ii) It is not immediately obvious that the languege has bc~ n well defined. (The
must rely on a proof that any execution termin ates with a unique answer.

(iii)The theory of operational semantics is , in fact , rather difficult end not
well—understood. Using an operational semantics to v alidate opt imization s
or to prove properties of eroarams is intric at C because we are not
wcll—eauipped to reason logically about the behavior of a complex machin e .

• (b) Axiom atic Definition
O C’

This method is very popular because it is directed towards proving properties of
• programs . Its clcfici enci cz, however , render it totally unsuit able for the
0 definition of a language like Green: 0

ii) Firs t , giving some properties of language Constructs cannot constitutc a
O defin Ition , unless some proof of completeness can be given. 0

(ii) An axiomatic definition is not adapted to a uae by implementors since many• 0 details about the dynamic semantics cannot be formalized aderiuctely. 0
(iii)No Complete exic-~ ,tic definition of a large progra”’mirg language has ever

• 0 bean car r ied ou t succes s f u l l y ,  to~ date. Treatment of exceptions , for 0
• examole, does not fit well in this formalism . It is even doubtful that

th is me thod can accomo d~ te it at all. o~Cc ) Denotational Semantics

o In this document, we are going to present a formal definition of Green using 0 -

denotetlonal semantics. There are several reasons for choosing this method.

o (i) It allows the definition of the language to any desired level of detail. Cd
(ii) The method has been used (with success) on a numbor of languages with

O characteristics similar to thoae of Green: Pascal , 1’lgol 60, CLII, etc. • Q
¶ (iiI)The mathematics underlying this method have be’n extensively investigated.

- 
Q The method is based on very strong theoretical foundations. C

(iv) It is well—suited to proving the validity of program tranatorm ation s and
0 proving properties of prograaa.

A potential objection to the use of this method is the arcane style of

~J presentation traditionally favored by its advocates. In this report , we hope to
have overcome this difficulty.

~ Susmary of Denotation.,) Semantics -

In denotationel semantics , one wishes to associate to “very program an abstract
mathematic al ohject called its me anin g . Umually, t~~ e m ann ing of a program is -

some func tional object , say a func tion from inputs to outputS . The sappino that • -
specifies how one associates a moaning to every program in Green is c~ l l e~ the -
denotational semantics of Green .  To properly dofine the ~ano tational semantics • ‘ •

— Formal Defini tion I — 3 
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- of a language , one must first define a semantic universe , where meanings are to
be found . Then one describes how to associate a m’-~~.,lng  to ev— ry atomic

- component of a program end , for every construct of the lmngua’~e , h~w to ~eriiethe meaning of a compound fragment of program from the m e a n i ng ~~f itr. subp~ -t5 .
Hence, denotetional semantics is nothin g but a rather l’en” , recur elve
definition of a function from syntactic objects — progresm — to s”m •ntic ehjcc~r
— input—output functions.

• Defining the semantics of a language in this way netur all y leals to asslgninn ~O meaning not only to complete progress but alco to proltem frn’”r”nts. a - ‘cry
useful mathematical property known as referent ial trareparency. The recursive
structure of th~ syntactic objects is well captured by th~~ ahrt raet ryntax of

O Green. Section 1.2 is devoted to a detailed prosentetlon of th .hstr’ct syntax
of Green , that is of the tree fore of Groan progress .

O There is a wide body of literature discuening the m athem ati cal n-I- lI re of the
semantic domains that need to be used . At first, it is not necessary to
understand in depth the mathematical theory of these domains in or ’er to foflow - •

0 the semantic de~eription of Green . Dcnotation’l senan~ ier u~~ a a v r y  ~xall 0
number of concepts. We shall describe , in general terms , t h r e e  k ys ideas th~ I-
pervade the whole definition.

0 0
Green is an imperati’,e Lengusee. Understanding it requi rec some notic e of a
store . Programs use the store and update it as they are executed . Now If we• 0 wish to describe the store as abstractly as possible, that is without a i-ring 0
any particular implementation , all we need to know is that it defines ( mapping

0 STORE: LCCATIOWS ---> VALUE S 0

If a is a store and 1 is a location the expression s(1) will then denote the
O value stored at .loc~ tion I. To update the store , we w i l l  assume th e ox l s t~ nc~ 0

of a f u n c t ion U PDA TE th a t, given a store a, a loca t ion 1 and a v~ l uc v re tu rns a
new store a ’ — UPOATE(s,1,v) that differm from a only by the fact that s’(J ) —

O ~~. T y pi c a l l y ,  it is the purpose of an assignment statement to modify the Ctore . C’

Another feature of Green is its block structure. This f~ aturc allows a given
O identifier to refer to different objects , dependin g on whe re it occurs in a C -

program . To model this phenoCenon abStractly, we w i l l  assume th e ex i s tence of a
mapping :o Cd

ENVIRONMENT: IDENTIFIERS ——— > DENOTATIONS

O Here again , by merely saying that an environm ent is such a m a p p i n g ,  we want to
avoid describing any particular implem entation of this concept . The primary
purpose of declarstions is to modify the environment. In Green , howev er , there
ar e many other ways to alter the environment. •

As a third example, let us consider the problem of describing the control
mechanism of Green. A t first it would not seam too easy to describe it in a
referen tially transparent manner. If the meaning of an aceigesent is some
transformation of the store, the meaning of a SCcuente of assignments should be
the composition of these transformations. But what if we wish to g i ve me a n i n g
to a goto statement or an exit Statement? Mow can we describe th~ r aising Of an
exception, ei ther explicitly or during the evaluation of an expression? A very
general techni que allows us to deal with this kind of prohl-’ -” in clenotatiorial

Formal Defini tion I — 4 pre liminary Dreft
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scs~ ntics. Intuitively, th~ id—- hcr~ is to give to th~ seman tic functions en
extra pa’ameter that specifies “wh et—to—do—next ” . Thic pa ram eter is called a

- — continuation. The meaning of a program fragment is ir general alCo a
cont inuatIon. Typically, the eeanirg of en asslgna—nt rt-t~ m~ rt w ith
continuation c Ia obtained by prefixin g c with a store to Store tr’nrforme tion .
In f~ ct , Green has a aophimticated exception mcch~ nia~ , impl ying the use of a
whole exceotion environm ent associating a continu at Ion to each exception
handler.

~D Continuations ore not very comy to understand at first. The Static Scmanti~ s - ~~~- -
does not use any continuation s , so thet it is possible to become thorough ly
familiar with the Formal Definition ’s approach before having to tackle this

O concept , a
of the Definition 

0
• Given that the first objective of the Formal Definition is to carve as a

reference docurent for Implemcntors , a great dccl of attention ‘suet be given to
- 0 the choice of the mete—l anguage, i .e. the language in whi ch Green is to be 0
• formally described . The typographic al conventions ef the Oxford School arc not

suita ble for auch an audience , due to an intensiv e use of Greek letters and
O diacritic al signs. The notation proposed by Peter ?‘osaes, (which ix used as 0

input for him Cystem SIR) is a much bettor candidate. MoaCes ’ notation is
elegant, machin e readable, convenient to - usc for anybod y fam iliar with

- 0 applicative programming ~nd efficient in its treatment of e~ strrct Syntax. In 0 -
this report , we have tried to go even further towards usual progr amming
convention in using an (applicative ) subset of Cr~ en itself as a mete—l anguage.- 0 . • 0
R minor notational extension was needed in order to allow procedures as
arguments and results. Itslics era used to avoid confusion between l anguaneo and ectalenguago. Identifiers in distinct fonts are considered to he distinct. 0
It is hoped that the increased understandability of the Formal On finitt on will
compensate for the loss of elegance.

i O
In keep ing with the goal of minimizing the number of new notations , we h?ve
attempted to stay close so the terminology of the Reference Manuel , refr ainin g

- 0 from introducing new names unless they were absolutely necessary. Furthermore ,
• rather than presenting the Formal Definit ion as a completely separate document ,

we have followed the Structure of the Reference Manual. The equations of the
O Formal Definition intend to make sore exp licit the English text in the Reference

Manual. Experience with the Formal ~efin ition will Show whether this is the
right appeosch . -

As a final remark , the re~der will notice that we make use of the abstraction
facility of Green. It may seem unfortunate that we ~oulr1 non Cvoid using one of

- U the seem ingly mor e advanced fo~ tures of th— language . Rut in fact , all we
really need is a way to specify a coll etion of related functIons together with
their types. Thie concept is very f,’miliar in mathematics os en algebra.
Similarly, the use of tb-s g -ner ’c facility corresponds direct l y to the notion

- of a polymorphic function (or functional) in mathemati cs. In fact , al l (velue
returning) procedures defined in the document are functions In the mathematical
sense, The sublanguage of Green that is used Is pu rcly :~~l icativ e and the only
“side effects” are the construction of new objects.
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-~~ 1 .2 Abstract Representation of Programs

- In this section , we present a standard way of representing programs. It is to -.

— be used not only to define th~ se”a ntics of the Grc~ n language but also as -‘
stand ard interface between all processors manipulating Gr ’—n prOqr arc . Programs

- - - are represmnted as trees , called Abotract Syntax Tree s .  Theme t r ee s  are defined
with the help of the Green ’s encaosulation facility , so an not to preclude
subsequent efficient implem entation.

0 1 .2.1 Motivations 0

0 Since the meening of programs will be defined recursively on their struc tu re , it 0
is necessary to specify with great precision what this Structure is before
develop ing the Formal Definition so. On the other hand , ‘luite apa r t fromo thc Formal Definition , there is cons lIcrable interest in standa rdi ni ng t’e 0 -

- representation of programs. This standard represent ation will play a cruel-I
part in the harmonious development of the programming supoort , a collection of

I 0 issues addressed in Pebbleman . Typical tools that are to benefit from such a 0
dafiniti on are : syntax—orient ed editors , interpr eters and cos-pil t-ra ,
documentation and normalisation aids , program analyzers, optimizer s ,

0 verification tools. 0

• -, .
¼./ l

l.2.Z Requirements

• i o  •

We now list some requirements that an abstract representation must satisfy to be
effec tive as a standard: -

0
(a) It must be possible to implement it efficiently on a variety of machin~~ .

O (b) It nuCt reflect the structure of programs. For example , it must be easy to -
recognise and isolate program fragments such as statements , procedures ,
declarations, expressions , identifiers , etc...

Cc) It must be easy to manipulate and modify.

U Cd) It must include all meaningful information contained in the original -

program text. In particular it must be posaiblc to restore the program
, text from the representation , up to minor atandardizetions .

- u  -

- Ce ) It should not be cluttered with irrelevant informa tion .

(f) It must have a sisple end usable atethemetical definition sine— it will he ~ - 
-

founda tion for the Formal Definition. -
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(g) Finally, as a matter of course , It eust allow the r—o rc sent at ion of any
legal Green progr am.

Ro~ uirements (b) and Cc) rule out the textual repr e sent ation of programs. It is
easy to see that many processors would need a “par ser ” as a mandatory front end .
It would also be a mistake to uae a parse tree as usu all y produced by a parser
stich trees depend on the parsing method used and are cluttered with irrelevant
details (Requirement (a) ).

Common intermediate languages designed for opt imiza tIon fail r~ cu1rorne nte (b) -
through (d). timing abstract syntax, a method put forwerd in the early sixti cS
I~4cCs rthy, tandin) is very natur al , simple and meets reOu iraec nt z (a) through

0 (g).

- o  
- 0~

1.2.3 Abstract Syntax Trees
0 0

The essential !dea underlying abstract syntax is the treatment programs and
- 0 program fragments as trees . For example , th~ assI gnment 0

will be (pictorially) represented by the tree t.
1 0 assign 0

0 - 
- 

!~~~~“A” id ”D” C ’
Each node in the tree is labeled by a construct. In cur notation , the construct

0 labeling the top node of the tree t is denoted by ~TND (t). Mere ~fMO(tj 0 -

assign. The subttee representing the left— hand—sid e of the ~msi gnm ent is
denoted by S O M ( l ,t) and the subtree denoting the right—h and—si de by SO~ (2,t). - 

-

0 The whole Green language is defined using 126 constructS. Most constructs label
trees with a fixed number of sons. These constructS are said to be of fixed
a n t  . To represent lists , it is necessary to us’- nodes that may have an 

-0 ar itrary number of Sons. For examp le the fragment 0

-U 0 :

• is represented as
U

ass ig n assigfl

id’s” id’A ” id” D” La “ t ”  
- 

•

The construct assign is binary while ste m lx a list construct. The node -•

labeled st m s  could have an arbitrary number of sons.

— formal Definition 1 — 7 Preliminary Draft 
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~ot~ tions : All Green conetruats -C r— written i n  It ilic e . Lint construct S have
names ending in ~~, like s~m s , cxc 5 , or dec- i a,

Not all trees labeled with constructS are abstr act syntax trees. A gramm ar
imposes a restriction on the strings of tcrmi n~ l symbols that c-re SenteoCCa of

- __ 
- the languago it definc a . The Green abstract syntax is similarly defined by a

tree •gr mma r. It specifies orecisely which trees are Green trees . Let us

~~TTne a sort to be a set of constructs. ~~~ abstract syntax of Green ic
ap-ecifi arl with the h’

~TF of 57 SortS. If the root of a t reC t is a constru ct
- belonging to sort s, we say that t is of sort s. The entire abstract syntax of

Green is completely ape cified by giving , T~~~e~ ch construct , itS ~rlt y as well
as the sort of each son .

- —
~~~~~~~

——
Note that list constructs are homogeneous: all con~ tituents of a list rust he
of the sara sort. O c
tlotat ions.

0 (a) Sorts are written in italics end ic capitalized (e.g. C’DMP) . When a sort
is a singleton sort (i.e. it contains a sing le construc t ), it h~ s the same
nasa as its men-bar , but capitalized . Furthermore, since list constructs

0 arc characterized by the common sort of the ir const ituents, their nero 0
always reflects that sort. As an example , a no ” — labe led t ’s s h’~~~
subtrces of sort SrI ,- a node li- b~~~i~~~d c3’~cl a has subtr a c of sort CPC’L.

1 0 , 
0 ,

(b) A notation similar to PNF hen been used to specify the sorts. When writing
0 for example: 0

CO’JD ::= fliP C conditiono — — 0
we mean that COND is the union of sort FXP and the aingl ton set (condition ).
Since Sorts ~~~ constructs are distinguished typogr eohically, the symbol I is
used without ambiguity. For each construct , a sequence of sorts is given. For U

example the specification

0 i f  ->  C O ND I T I O N A L  S STM S - 0

means that the first son of an if conStruct is of sort CONDITIOMA!. S and the
second son is of sor t S I M S. — 

-

Fo r m a l l y ,

SORT OF SON(if ,l) • CONDITIONAL S
- SORTThFThON(T~,2) STT-! S

1 U - -  — —

In the case of list constructs , the feet that ell constituents - belong to the

- 
same set is emphasized by the use of three dots as in

atm s -> STM

The complete Abstr act Syntax of Green is given in Append ix A .
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1. 2 .4 Encapsulation of the libitrect Syntax

To b~ certain that abe -abstract syntax of Green can he uced as a stand.’rrl for
the representation of Green progress , we could de fine it as a Green deac
structur c-. This would not however l e a v e  ~ r o u - j h  roe-a f o r  ef , c i a n t
iciplesentatlon ~nd would involve unnecessary ~nd harm ful overspeci fication . - -

f - c - C h a r , we specify her ç th~ vi Sib le s e Et  of  G r e e n  ln 5 t ca d , wc Ca~~c i f y  h e r e  t h e
_ - , i a i b je  cart of Green C a c k c - C T - c t I l ~~~t p r o v i d e  t h e  ab s tr a c t  sy n t a x  of Gr e en  c -r d  t h e

- tonic f~~~~ thc e:nic~c l -~~~on of 
1
~recn trees . Noti~~ r h a t  t h ~ p r o c e du r e  ~ ASr  is

o v c r I o c -~~c - .  l a i R  ov c r ~~o c - i . i n g  w i l l  he r e so l ve d  on t h e  b r ’s i t  of t h e  n u n - h e r  of
argume nts hande d to it in c-ny call. The procedure 1-1555 r u s t  be n r o q r c - a c r a u s i n g

-~~~ the KIND and SORT_OF_SON procct3ures provid ed in thc e a c k c - g e  GREEN ~Y NTAX , to
check that it is not c~ k~ d to buil d unlaw ful Green trees . Similarly, the
constructor procedure EMPTY checks that itm ar~ umc’nt is a construct of arbitr ary

f~i arity .

Moat processors will find the selector function SON perfectly ode~~u e t ’- . For  t h e
0 F o r m a l  Dc fin iti on , whcro re -ad soll ity is of prim e !mportance , we heve assumed the 0

existence of a third package , G R I ’E N .P E L F C T O R S.  T h i s  p a c k a ge  p l l ow s  us to refer
to subtrees by name rather than by position. A simple conv ant-C on for the names

- Q of the  selectors has been followed in the Formal O~ fini t~ Co~ for cach Sort a 0
selector function is defined that is nas~d after the sort. Assume now , for
exaeple, thst “if” is a tree with a root labeled if. In stead of writing :

0 01
SON (I, If)

- Q we may write C
CO14OITION_S (ifC

0 0
In cases like the binary Construct J~ 

that has more than one son of the same
sort, numbering is used. Thus E~~ l1peir ) and EXP2(oair) return the first and

Q second ~on of the tree pair , resoectively, as both are of sort EXP. C

1.3 Structure and Notations -

U C 1
- In the informal description of the semantics of Green g iven in the Reference

Manual , one can distinguish three kinds of concerns: -

- 0  -
~~~Ii) Some features of the language are provided to shorten the text of programs

or to increase their readability. Thcae features are best exp lained as
combinations of other possibilit ies of Green .

(ii) A group of specific ations are intended to delin eate the èlmss of legal
programs , within the cleas of syntactically correct ones. Consider ations
such ax the nc~ d to declare every identifier used , coherence in the use of
types ~nd resolution of ambiguity in the use of overloading , are in this
category.

(iii)The rest of the informal definition concerns the behavior of progr ams -

during execution.
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The Formal Definition is structured to reflect these guite distinct conc”rns.

1.3.1 Norm alization

This part of the Formal Definition specifies transformations of the abstract
syntax tree that do not rsnuire any type information. Th~~~~ t r a n s f o r m a t i o n S  are

- ‘~~ performed to elimin ate the use of some notation ”l coevf-niencea or to chcc t’.
simple syntactic - constraints. They ar, defined by functions rapping TREE’ a to
TREE S -and given in Appendix B. Whenever these functions are suTfl~~ient Iyd) sinole (i .e. invo lve no context), the text includes their description am a C
rewriting rule. 

.

0 Example:

if  CONDITION-St S else STM S end if; — >
0 1 if CON ~~I TI - )N ’ !  a e l s i f  r u e  t hen  STM S end if; C -

The kind of constraints dealt with by norsalisations cuRt reouire only little
0 contextual information , i.e. no inform ation about types. For ax-ample, the 0MCnuaj StateS : -

“Within the sequence of statements of a subprogram or module body, -
O different labels must have different identifiers. ’ C -

This cheek is supposed to be performed in this normalization phase. -

O - c c

o 1.3.2 Static Semastics c
I ~~ This part of the Formal Definition is concerned with what i~ usually called C’type-_checking . A type checker is given as a mapping from abstract syntax trees -

to an extended abstract syntax tree. This is intended to mimic thc concepts of
Q “comp i l e  t ime ” chec ks as opposed to “run time ” checks. Type_checked programs C -

con tain all type information needed at run time . In thiS way dynamic semantics -
will not need to carry a static environment.

0 -
The Static Semantics of Green has to deal with the following: - -

C,) 1. It must check that the declarations a-re v a l i d . i.e. there is no repeated
declaration of the same designator in the same Scope. It must cheek that
all designators are declared .

2. It must check that all designators are used in a manner that is consictent -
with their type.

3 . I t  must cSrr:, out the evaluation of static expreesfonm where needed.

4. All inform ation on types of designators must he used to generate an
ex tended abstract syntax tree. This includes: -
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• vs. -

4.1 Detecting end eliminating all overloading -

4.2 Reordering actual parameters in subprogram cells . Once it has been
processed , a subprogram call will list all its parameters in named
parasoter essociationm .

4.3 Normalizing aggregates as lists of named component associations.

4.4 Resolving ambiguities between indexed comnonent , aualified
0 expression and subprogram call.

0 5. Exception nasea are made unique within a program 0

6. The dot notation is systematically used to eccesh identifiers visible
O through a use list. 0

The Static Semantics presented here is parameterized by
0 0-

— a ‘machin e” that ebstractm away the structure of the static environmont ,
where information regarding the type of dexignaPors is recorded . The

O external behavior of this “machine ” is defined by a met of functions that 0
— build or select typo denotations

O
— declare  or access desi gna tors  -

0 1
— a “mac hi ne ” which abstracts auxiliary functions used

o — to sol ve overloa d ing 0
— check for side effects of functions and value returning procedures

0 -

O 1.3.3 Dynamic Seman t ics

o The Static Semantics is described as a transformation ~aerforme d on ahstraet 
-syntax trees. The Dynamic Semantics corresponds wore to the customary notion of

interpretation . The meaning of each construct is defined recursively on type
O checked abstract syntex trees. Information about the identifier s in th~ program

(e.g. the value of a constant , the constraints amsoclated with a subtype) is
recor ded in the dynamic environment.

0
The functions used In Dynamic Semantics are partitioned into three groups,
followin g to the terminology of the Reference Manual :

(a) Those defining the elaboration of declarations (Prefix FLAB) .
- 
(b) Those defining the evaluation of expremmiona (Prefix FVAL) . -.:

Cc) Those defining the execution of etatements (Prefix EXEC). 
- 

-
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p

Th The dynamt~ mcma~ ticg is also p~rameterized 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, etc)

‘D 1.3.4 T r e a t m e n t  of E r r o r s  C

0 Errors discovered during Normalization and during the checking of th~ Static 0
Semantics are reported by inserting a special construct in the abatrsct Syntax

- Tree a t  the  lowest m e a n i n g f u l  level . The Dy n a m i c  Se m an t i d s  in  o n l y  d e f i n e d  on -

trees which do not contain such errors. In this way, the place and r ea s o n  for  0
an error are defined . Erro r messages can be standardised according ly. I

0 ErrOrs occurring during the execution of a program raise the appropriate 0
exceptions, as prescribed by the semantics of Green. - I

t o o~
~0 o~

- C :

- -

10 -

-
.
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P) 2. Lexical Elements

This chapter defines the lexical elements of the language. - -

0
2.1 Character Set ‘

C i
All language constructs may be represented with a basic character set, which is subdivided cm follows:

1 0 (a) Upper case letters 0
A~~~C D E F G I I I J K L M N O P Q R S T U V W X Y Z

0 (b) Digits 0
0 1 2 3 4 5 6 7 8 9

0 Cc) Special characters 0
-; I

0 Cd) The space character C

o An extended character Set , for example one including the following additional ASCII characters , may be used in
programs:

O C e)  tower case letterS
a b c d e f g - h i j k l m n o p q r s t u v w x y z

o (f) Other special cheracterm
! $ % ? 4 ( \ ~~~ ” ’  ( } ~ -

Every program may be converted into an equivalent program using only the basic character Set. A lower case
• letter is equivalent to the corresponding upper cae~ letter , except within character strings; rules for

conversion of strings into the basic character set appear in section 2.5.

I 0 In addi t ion , the following replacements are always allOwed for characters that may not be available: C

o — the vertical bar character is equivalent to the exclamation mark I em a delimiter between choices
(e.g. sec 3.6.2). Note that on some terminals , the vertic~ 1 ber appears as a broken vertical bar. - 

-

o — the double quote character “ is equivalent to a % character as a string bracl~et

— the sharp character 4 is equivalent to the colon in a based number
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2.2 Lexical Units and Spacing Conventions

The lexical units of a program are identifiers (including reserved words), numbers , strings , end dcl Ixiterm. A
delimiter is either one of th~ following special characters in the basic character set

-~~

or one of the following compound aymbols

** : •: :v :  /— >= <~ << >>
0 Spaces may be inserted freely with no effect on meaning between lexical units. At le~ at one space must 0

separate adjacent identifiers or numbers. Resides terminating a comment , the end of each line Is couival ant
to a space. Thus each lexical unit must fit on one line. C

0 2 .3  Identifiers 0

0 Identifiers are used ax names. Isolated underscore characters may be included and all characters are C
significant , including underscores.

0 Syntax: 0

o identifier ::
- letter ((underscore) letter_Or_digit)

o letter_or_digit ::— letter I digit o
l e t t e r  : : —  upper_case_letter I lower_case_letter

0 AbStract Syntax:

o Id — >  — —  (lexical unit J Q
tD : id

0 NOte that identifiers differing only in the use of corresponding upper and lower esse letters are considered ~
as the same .

0

o 2 . 4  Numbers - - -

o There are two classes of numbers: integers for exact computation , and real numbers for approximate
computation . Their expl icit representation is given here.

Syntax: -

number : in teger_number I approximate_number -

- 
Formal Defini tion 2 — 2 Preliminary Draft
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• -r, -

I integer_number ::— integer I based_ integer

integer :: digit ((underscore) digit)

- based_ integer :: -

base 4 extended_di git ((underscore! extended _di git)

- 
• - base :: integer 

- 
-

- 
0 extended _digit ::— digit I letter 0

approximate_nuehor :: C’- integor.integer [5 exponent!
- I integer S exponent

C) exponent ::— (+) integer I — integer 0

0 Abstract Syntax: o I
I 

m t  number —> —— lexical unit I
real number — )  — —  ( lexical unit 3 0

- Isolated underscore characters may be inserted between adjacent digits or extended digits of a number , but are
- 0 not significant. Spaces sa~j not appear with in numbers. 0

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

- 
0 2.5 Character Strings 

C)

0 A character string is a sequence of zero or more characters prefixed and terminated by th~ string bracket C’ I
‘ 

character (the double quote “ or its replacement the S character)

0 - Syntax: 
- 

‘ 0

: charac ter_string :: “ ( c h a r a c te r )  ‘

Abstract Syntax:

1 0 string —> —— I lexical unit I ‘
~~ 

-

In brder that arbitrary strings of characters may be represented , any included string bracket character must
I be written twice. The length of m string Is the length of the  sequence represented . Strings of length one

are also used for literals of character types (mee ~.5.I). Strings longer than one line must be represented
- usinc’ catenation .

A charac ter string say contain charactera C O P  I n  t h —  b a s i c  c h ar a c t er  Set . A s t r i n g  c o n t a i n i n g  such c h a ra ct e r s
can be converted to a string writt cn with ~~~~ bad e character set by using identifiers denoting these
charac ters in catenated strings. Such identifier s are  defined in the predafined environment. Thus the string
“A SSCD” could be w r i tten em “AB & DOt. L.AR & ‘CD” . Si m i l a r l y ,  the string “ABed’ wi th lower came letters could
ba w rit t”n em “55’  & LC_C ;
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2 . 6  Comments

A comment stortm with a double hyphen and is terminated by the end of the line. It may only appear following
a lexical unit or at the beginning or end of.a program unit. Comments have no effect on the meaning of a

- -~~ program ; their sole purpose is the enlightenment of th~ human reader.

-
~ r— 2.7 Pragscas - -

Praqmas are used to convey information to the compiler. A pragm a begins with the reserved word pragma 0 I
followed by the name of the pragme . A pra gma can have arguments , which can be identifiers , strings , or

p~ 
numbers. 

0
- 

pragma ::
- c pragma identifier (largument I, argument)) !; 0 

-

argument ::— identifier I character_string I number

- 
pra~mas may appear before a program unit , and wherever a declaration or a Statement say appear. The extent of 0
the effect of a pragma depends on the pragma.

I A pragma may be lan~ uaqo defined or implementation defined . All languoge defined pragmas are described in 0
Appcndix B.

o 2.8 R~ servcd words 0

rho identifiers listed below are called reserved words and are reserved for special significance in the
- language. Am such , these identifiers may not be~~~~Tared by the programmer. For readability of this manu al ,
- the reserved words appear in lower case boldface.

abort declare generic of select 0
accept delay goto or separa te
access delta others subtype -
all digits Out ‘

~~and do if
a r r a y  in package task
asser t i n i t i a te packin g then
at - is pragma type

- else pr iva te -

- ch it procedure
- end loop use

begin en try r a i m e
body exception mod range

exi t record when -

renames while
new res tr ic ted

case - for no t return
constant function null reverse mor 

- 
- •
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- 3. D e c la rat i o n a  and Types

This chapter  descrtbe~ the types in the language and the rules for declar ing constants ~nd variables. 
C)

3.1 D e c l a r a t i o n s

A declaration associates an identifi er with a declared entity. Each identifier must h~ declare d before it is
used , with the exception of labels . There a-re meveral kinds of declarations. 0
Syntax:

0 declarat ion ; : —  0
object_declaration I type d~cl m r e t ion

I subtype_declaration I private type_declaration
I aubprogram _declaration I module ~cclarationI entry declara tion I exceptTon declaration

• - I renm -mt ng_declaration 0
Abstract Syntax:

0 dccl -> NATURE DESXPNATOR S DESCRTPrIC !~S — >  D E S I ~~~~~A I O R  ... —— IDCSTP N AT O R , ... I -

- 0 N’TURE ::. constant vari able I I subtype I private I ~~~~odure I function I
________ I I exception I in I Out I in Out

D E S T P ~ThT~)R S :: design ator a — —
DESr~~ ATOS :: id~~( s t r i n - ~ 

-

DESCBTPTI~)N : : —  T~ s t a n t i a t i o n  I object I renam Ing I I u n i t  I v oid

0 —— Danending on its nature , a dccl may spgear as:—— (CE~ TCNAT~ R S: conatant  !~~~TBTIO~II—— [ p r ~~~ ’-~-~Top i~: D!~SCSTPTIO~I)0 —— (type C T~ --’.1 --rr, S is r~~~~C 1 M I a -’fl ~- -
— —  ~subtype S is ~‘~~cRr ”T:’ -- ;I

. —— [restricted type ST ’~~~~ I~~~~~2 is I-~~cPlP~ I -’J
• — —  [procedure r~:sx ~-~a -r- ’s S D C P T P ~~~I~~~~~ 1—— ( f u n c t i o n  - era r-a -~-\rpl s ~~m lPTrl-; 7 -—— [package ~
• —— ( t a s k  ~I~~I - \ JOR S rn~acRT p- r rn~ )—— (entty tcSiC.wP~’rw. S DFc CRIP T I(~W!

- — —— L D F S t ~~’~•~TOP 8: except ion !  - -
— —  I S T ~~~~~.- \TOR 5: in CT~SCRIPTION)
— —  I D ~~ SI P N A T O R  5: out DCSCRI PTION )—— [DESICNATI2R S: in out DESCRIPTION)
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— 
-

Description :

The process by which a declaration achieves it~ effect 1’ cal1 e~-l the ~lahora 4-Ion of the declaration. Any
expression appearing in a declaration is evaluated when the declaratIon is claho rat ed unless otherwl~ c stated . -

- 
- - Object, type, and subtype declarations are described hCrr . The rein-’ining dc,claretions are described in later -

- chapters. -
- _

- 
S tat i c  Semantics: -

- procedure CKECE _DEC f ._S ( d e c l  s :  TREE :  env: S ENV ; local: S ENV) return TeEF F.NV is 
~~~ 

-

- begin --
- if IS CNDTY (decl_s) then -

- re turn TREE_ENV (EM PTY(decl m) , loca l); 
-- ‘~~ - else -

declare 
-t r e C  env : constant TREE ENV :— CRECK_DECt (HEAD(decl_s), env , local); I

- locaT2 : conatant S E -~V :. ENV(troe cnv)
epv 2 : constant ~~~‘1V : N ESTED ENV (env , locai2);

O 
trec_env2: constant TREE E~V :— CHECK_DECL_S (TAIL(de ci 5), env2 , local2);

- begin
- return TREE_SNV (PRE(TREE(tree_cnv ), TREE (tree_cnv2)), SNV(trc’e_env2)); I

end ;0 end if; 0~end CNF C (_DECt_S;

- procedure CH ECN _DECL( decl : TR EE ; env :  S ENV ; l o c a l :  S S NV )  return TP -EE FNV is 0
begin I

O case XIND (DESCRIPTION (decl)) of
-
- 

. - when ins tan tiat ion — > DFC~. lN5TS~TI STION (d ecl , ccv , local) :
- when o’aTect —, DECI._O’3IECT (dccl, ccv , b e d ) ;  -

O when r’-nem!ng ~~) DECL_REMAMIN G (dccl, any, local); 
-

- when > DEC!_TYPE (dccl, env , local);
when unit —> DR•CL. _U N T T  (dcci , env, local);
when V~Ta —> DECL._EXCEPTION (dccl. any , local) ; -0 end case;

- end CNECI( _DECL;

o procedure CHECR _OSSIGNATOR _S (desjgna tor s: TREE ; any : S CNV; den: S~~~~EN) retursi TREE ENV is
beg in

I ..~ if TS_EMPTY (designator s) then 
-I re tu rn  TREE _ENV(desTgnat or _ s, env) ; I

else
declare -

tree env ; constant TREE ENV ;—  CBEC~_DESIGN~TOR (READ(designator _s), env , den);
- tree env2 : constant T R E E  ENV : —  C)IECg_DESIGNATOR_S(TAIL(designator_m). ENV(tree_env), den) ;

- begin~~~return TREE_ENV(PRE(TREE(tree env) , FREE(tree_env2)) , EN V(tree _env 2));
end; -

end if ,
- end CIIECK_DES IGNATO R_S; 

-
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I 
procedure CHECK_DESIGNATOR (designator: TREE; env : S CNV : den : S O r ~I)  return TREE ENV is
begin

~~ if IS ovFRL.OADAPLE(DCN OF (dealgnator , ccv) , den) then
- return TREE ENV (deeTgnator, OVERtOAD(d eaignatnr , any , den));

elsif lS_FOR~:PIRO(OE!4_OF(desi-gnator , ccv)) then
I 
~~ return TRrE_E”;V (dcsignator , UPebTE(das~gnator , eny , den));- el aif not (IS_OECLARED (dcsignator , anv Il then

- - return TPEE_ENV (designator , UPDIkTTI (d’signator, any , den));
- else —~

- return TREE ENV (ALREADY DECLARED , eny ); -
I end if ;
- end CHECK_DESIGNATOR; 

- 

- C)

H
3.2 Object Declarations

l o  o l
An object is a variable or a constant. An object decleration introduces one or more named objects of a given
type . These objects can only have values of this type. 0
Syntax: 

- 

-

0 object_declaration ::— 0
identifier _s : (constant! type (:— e x p r e s s i o n) ;

0 - identifier _s :; identifier ( ,  identificr) 0

Abstrac t Syntax: o
object —> TYPE EXP VOID —— [TYPE ;“  EX P)  or [TYPE.)

o Description: -

An object declaration may include an expression which specifies the initial value of the declared objects. 
~

—0 This  exp res s ion  is evalua ted an d i ts v a l u e  is assi gned to eac h of the dec lar e d  objec ts , as par t of the
e l a b o r a t i o n  of the object  d e c l a r a t i o n .  -

0 An objact is a constant if its declaration includes the reserved word cons tan t .  The value of a constant cannot
be modified. If a constant object ham components , they cannot be modifie d .

It is possible to defer the initialization of a constant record component (see 3.7.1) and of a constant of a
priva te type declared in the visible part of a module (see 7 . 1) .  -

Sta t ic  Semant ics :

: procedure DECL. OB-IECT(decl: TREE; env: S ENV; local; S ENV) return TREE EPW Is
ne tu r e  ~ : constant TP~ET. NATURT (decj); -

•desi gna tor_s: constant TREE :— DCSICNAI’OR_S (decl); -

-- object : constant TREE :• DESCRIPTION (dccl); .

• begin
• case KIPID(nature) of

when cons t5nt I — —  (DE S T G N A T O R _S: constant TIF•SCRTPTIONJ
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vari able I —— (CERIIINATOR 5: DESCRIPTIOW)
- I — —  ( D E S; c ~~iATOR ~~ S: in OESCRIPI’IOWI
- Out I —— ) D E 5 I P N A T O P~~S: out DESCRIPTI)Wi —

— Trout I —— (DESIGNATORTh : in_out CESCRXCTION )

-~ declare-
- treC des_den : constant TREE DES ~EN :~ C!IECS OSJFCT (object , envl ;

ohje~ t2 : constant TREE := TPFE (tree des den)
- ~~ den : constant Wi5i~ :~ CE; (na4-urc , fl~SDEfl(tree des den) ;
- - - tree_eny : constant T R E a E 1V : CT CK _ Iflt RATOR S (desilnator_s, loc al, den);

designator s2: constant TIlER :~ TPEE (trce_onv);
- begin

-
~~ return TREE E f l V ( M R I < C ( d a c l , nature , deeignator _s2 , objec~ 2), EPlV Itrec_env)):

- end ; —

- O when otlers .)
- return TREE_ENV (SYNThX_ERROR , local) ;

end case;

o end DECL_OSJECT; 0

i 0 procedure CRECK OSJECP (object: TREE; eny: S F.NV) return TREE DES DEN) is 0 -

tree_type_den: constant TREE~~ V~ E :— CI3~~~~~YPE_CONSTPMNT(TYPE(object), env);exp_void : constant E~ P V O I D  :~ .CIIECK_EXP VOTDIEXP_V01r (objoct), ccv ’ ;
des_den : constant T!I otN ocs_DEM(TVPE_DEII tr ee _type_dcn) , cxp void);

- begin
return TREF-_OES_CEN(MAKE(object , TREE(tree_type) , exp_voi d), des_den);

- 
0 end C;3F•CK_oBYECT;

- 3.3 Type and Subtype Declarations

0 0
A type characterizes a met of values and a set of operations ?pplicahle to thosp values. The values are

O denoted by litera ls or aggregates of the type , or can be obtained as the results of operations. The operations - -and the properties of the values are said to be attributes of the type . ~‘ny subpro~ ram wi th a parameter or
result of thc type is an attribute of the type.

0 There e x is t sever a l classes of types . Scalar types are types whose values have no components; they comprise
- 

- 
type. defined by enumeration of their values , integer types, and real types. 

~~~~~ 
and record types ‘r

composite; their vaiues consist of Several component values. An acceas type is a type whose values provide ,- -
access to other objects. The attributes resulting from the da fin iti on of these clrsaas of types ‘re prer3~ flned

• attributes (see 4.1.3). Finally, there are private types whore th~ sat of possible values is clearly defined ,
bu t not known to the users of such’ types. Hence , a private type is only known by the set of operations

~S app l i cab le  to i t s  va lues  (see 7 . 4 ) .  —

- The set of possible values of a type can be restricted without changing tho met of applicable operations . Such
a restriction is called a constraint. A value is said to belong to a subtype of a given type if it obeys such
a constraint. Naturally, suh typ .~ may not be found for user defIned priv ate types since nothing is known ~priori about the set of possible values.

Syntax:
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S.

type ;:— type_definition I type_mark (constraint !

type de finition ::~- cnumeretion_tyne_def init ion I integer _typc_definition
I real_ type_definitIon I array type_d e fini t ion
I record type_definition I access_type_definition

• I derive~_typc_dcfin ition

:~~ _ _
- type_mark ::— ~~2~~name I subtype name

constrai nt ::.
• range_constraint I accuracy constraint

I index_conetreint I discrisi~ ant_constr nint

0 - 
type_declaration ::— 0

fl type identifier [is type_definition);

o subtype_declaration :: - 
0

subtype identifier is type_mark (constraint!;

0 Abstract Syntax: 0

dccl — ,  N A T J E C  - DESIGNATOR S DESCRIPTION 00 constrained — >  N1\;-I E CO ~ ; ST P P I N T

TYP E ::~~ access I I co”i a I constrained I - o
- 0 derived I öesignator m I f i x e d  I f l o a t

integer I private I reatricted private I

0 CONSTRAINT :;~~ f ix e d  I f l oat  I coep ensoc a I c e i r  I 0
tv~ed paIr I ra-rqe a I v o i d

0 D e s c r i p t i o n :

Every type definition introduces a dIstinct type. A type declaration associates a name with a type. A subtype ~ —

declaration introduces a name am an abbreviation for a type name with some posaible constraint. Each
constraint is evaluated when the declaration in which it appears is elaborated .

0 An i ncomple te type dec la ra t ion of the fo rm -

type T;

is used for the declaration of mutually dependent access types (sea 3.8); the complete type declaration Cust
follow in the same declarative part.

~..•I 3.4 Derived Type Definitions

- A derived type definition introduces a new typs deriving itC characteristics from tho.e of an e x i s t i n g  type.

‘derived_type_defini tion ::— new type_mark [constraint !

Formal Defini tion I — 5 Preliminary Draft W - 
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“~ With a type declaration of the form:

type NEW_TYPE is new OLD_TYPE; —

the new type dcriv c~ eli its characteristics from those of the old type :

- - 
— The new type belongs to the same class of types as the old type (for example , the new typs is a record

type if the old type is) end the same ~ttribu $-ea era prede fin -d .

— The set of values of thc now type is a copy of the ee~ of values of t h e  old type . The constr aints C 
I

- associated with the old type apply to objects of th~ e5w type .

- - - — The notation for liter els or aggregates of the new type is the saic as for the old . Such lite r cla ~ndaggregeter are said to be overlo-,dcd. The notatio n used to denote components of objects of the new type
-i 0 is the same as for the old. 

C)
— For each visible subprogram attr ibut e of the old tI-pa , a subprogram attribute of the new type is derive d

in which occurrences of th~ name of the old ty’~e are in effect replaced by tI,e nace of the new type . __
- Such subprograms crc said to be overloaded . assignecnt is cv-i )able for the new type if it Ia for the ~ I

old.

- 0 — Any explicit representation specification (See 13) siven for the old type also apelies to the new type . 0 -

__ The effect of such a type declaration is tht~s to create a new type distinct from the old type, but equiv ale nt
in effect to what would be obtained by duplicating the old type definition end all itS applicable operation s .

• 
Explicit conversions are allowed between the old type and the n’w type (see 4.6.2).

o A type declaration of the fore: 0

type NEW TYPE is new OLD TYPE constraint; -o _ _ ____

is e q u i v a len t  to the succession of declarations:

I 0 type new tyoc is new OLD_TYPE;
- subtype NEW_TYPE is new tyos constraint;

0 where  new type is an identifier distinct fron those of the program. Hence , the values’ and operations of the
- old type are inherited by tha new type, but objects of the new type must satisfy the added constraint.

H
0 3.5 Scaler Types

I Scalar  types comprise discrete types and real types. Discrete types are the enumeration types end in teger
types; they may be umod for indexing and iterat ion over loops. - Numeric types are the integer and reel types.
All scalar types are ordered . A range constraint specifies a subset of valuem of the type or subtype.

- Syntax: - 
-

- r a n ge_cons tr a i n t : : —  range  ran ge

ran ge : ; —  s imple_expression .. simple_e x p r es s i o n

Formal Definition I — 6 Prelimin ar y Draft W
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Abstr act Syntax :

-, SlIP fXP —— (Cx? .. SlID)
- tyocrl pa i r — >  ~I S M E  P A I R  — —  I’~~M E  range !~.L~1

RAN GE :: I typed pair —
-

-

flescription : -

The range L .. P describes the values from L to P inclusive. ‘In empty range i~ a range for whi ch L is greater

O t h a n P. The type of the simple expressions in a range constraint is the type for which the ree-i c conetraf nt is
spccified.

Predafined A ttri bute s

For any scalar type or subtype F, the followIng attributes are predef ined Isee also 4.1 .3 and Append ix A):

T’PIRST the minimum v~ lue of the type or subtype T 0

T’LAST the maximum value of the type or subtype T 0
For every di~ ccete type or subtype T, the subprogram attributes T SUCC , T PPST), and T OPO are predefined as
followS : - . - 0
T’SUCC(X) the value succeeding the value X in  T

- 
0 T’PPED (X) the value preceding the v~ luo X in T 

0

0 T’ORD (X) thc ordinal position of the value IC in  T. For examp le 3”C)POIT FTRST) — 1

The exception RANGE_ERROR is raised by the function call T SUC(’(T’LAST) and similarly by T’PREO (T’EIPST).

3 . 5 .1 Enumeration Types 
-

An enumeration type definition introduces a set of values by listing the values.

Syntax: -

• enumeratIon type definition ::
(enumeration _Titeral ( ,  en um era t ion_literal))

• enumeration _literal :: identifier I character _literal

o Abstract Syntax:

de s igna to r s -> DE SI G N A T O R  . . .  (DE~~~I O N AT O R ,  .

o D E S T C - t AT O R  : : —  string I id 
-

Descri ption :

• Formal Definition 3 — 7 Preliminary Draft
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An enumerated v~ luc is represented by an identi fier or ‘ character lit eral. Hence , a ch~ racter act can h~defined by en enumeration type. Order relations between enu ecrat ion vaucs follow ~~h5 order of list ing , the
- - first being less then the last.

Within a sequence of declarations , en enumeration lit eral can appear in different enumeration typos . Such
enumeration liter als are said to be overloaded. When ambi guities aris e in the usc of such liter ~ ls they can be - —

- resolved by provi ding an explicit qualifi cation (see d .6). -

a’

3.5.2 Character Types

o - C t
A character type is en enumeration type that contains Character liter els ~nd possibly identif ie rs. The
predefined type CHARACTER denotes the full ASCII character set of 128 characters (see ~~pcrdix C).

0 
~~~~~~~~~ Doolce n Ty pe C

0 There is a predefined enumeration type named POOLEAN. It contains the two literals FALSE end TRUE ordered with 0
the relation FALSE < TRUE . The evaluation of conditions delivcr~ results of this predefin ed type.

0 - 0

0 3.5.4 Integer Types 
0

The predefined type named IWTEGER denotes a subset of the integers. Other integer types can be Introduced by
- 0 integer type definitions or can be derived from the typo INTEGSR.

- o Syrttax: 
- o

integer _type definition : : —  range_constraint

- 
0 

~bstrect Syntax: 0

integer — >  R A N G E  - -— 
‘-/ ,

Description: -

The range of inteaer numbers is impli citly limited by the representation adopted by an individual _

implementation. An impl ement ation may have predefined types such as SHORT_INTEGER and LONG_INTEGER , which have
respectively shorter and longer ranges than INTEGER. 

-~

A type dec la ra t ion of the f o r m

type T is range L . .  R ;

where  L and P de note i nteger va lues , introduces an integer type eauiv~ lent to 
-

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

— Forma l Defini tion I - - Prelimin ary Draft —
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where the integer tvoe is im~ 1ic1tly chosen so as to contain the v~ lues L. through P and is one of the
predefined types such as SHORT_ INTEGER , INTEGER , or LOUG_IWTECEP.

- 
,.~ 3.5.5 Real Types ,- 

-

- Reel types provide approximation s to the real numbers , with rcl~ tive bounds on errors for floating point
types, and with absolute bounds on errors for fixed point types.

- ~~~ 
Syntax: C)

real_type_def in it ion : ; —  accu r a c y_constraint

- 0 accurac y conStraint : :—  0
- digTts simple expression Irange_conm traintl

o delta sixple expression (range_constraint ] 0
Abstract Syntax:

o float -> EX? PANGS VOID —— (digits EXP PANGS VOSD1 0
~fli~~ — >  ~~~~ PA~iCE VOID —— (delta ~~~~ ?‘IN~~I~ VOIn)

- 0 PANGS VOID : : - vo l -I I PAP GE 
- 0

0 
Description : 0
For floating point types the error bound is specified ~s a relative prccision by giving the minimum nusber of

- decimal digits for th~ mantissa.

- 
A given implementation can have predefined floating point types, such as SHOR E_FLOAT , FLOAT , and LONG_FLOAT ,
whic h correspond to the hardware supplied floeting point types. Real type definitions of th~ f o r m s

-~ d igi ts P -
- digits P range Z. . .  R 

-

where P is a static integer expression (see 4.8) specifying a number of decimal digits , and where t and P are
f l o a t i n g  p o i n t  v a l u e s , a re  e q u i v a l e n t  to the type d e f i n i t i o n s

new floating point tyne digits P
new f l o a t i ng  p o i n t  typo digits P range L -

. • R
- where floating point type is implicitl y chosen as en appropriate eredefined floating point type. The

- 
im plcscnte~ precision must he at least that of the precision speCified in the corresponding definition . If a 

-range is provided , it must be covered by the chosen predefined type . - 
- -

- For f i x e d po in t types , the error bound is specified as en abeolut~ value , celled the d e l t a  of the fixed point
~ type. The implemented error bound must ba at lcaet as Fine as the s~ ecJfied delta . In a fixed point type

de f i n i tion , the range constraint cannot be omitted , since this dete rm ine s the represent ation to be used for
values of the type; the expressions specifying the range pnd thc delt a must he static expressions.

In a Subtype or object declaration , an accuracy constraint can be applied to a previou sly declared real type.
For a fixed poin t type , the delta of the constraint cannot be smal ler than the delta of the type. For a
floating point type, th~ number of digits specified in tb-’ cnna~ reint cannot he l am er th-n th’t of th~ type.

Formal DefinI tion 3 — 9 Prelimina ry Draft W
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I-.
e In al l  cases, the delta or the digit s must be given by static expressions .

Predefined Attributes

For a floating point type or subtype T, the following attributes are (‘redefined:

I”DIGITS the specified number of digits (it is of type INTeGER)

o T SMALL the smallest positive value expressible with the repro~ entation and precision of type T

F LARGE the largeat positive value expressible with the reprer entatlon and precision of type T

0 For a fixed point type or subtype T, the following attribut e (a prede rined: C

T’DELTA the value of the specified delta o
For any real type I the following attribute is pre~3cfined :

• T’BITS the minimum number of bits needed for the representation of the mantissa of T 0

0 1
3.6 Array Types

0~
An array object is a set of components of the same component type. A component of an a r m y is d e si g n a t e d
us ing one or more ind ex values  be long ing to a~ ecif1ed discrete types.

Syntax:

S a r r a y_type delinition- ::—
- array (Tndex ( ,  index)) of type_mark Iconatrainti

• index ::~ disc-rete_renge I type_mark

d iscre te_ ran ge : : —  itype _war k range ) range 0
in dex_cons tr a i n t ::— (discrete_range ( ,  discre te_range))

• Abstract Syntax: .

~~~~~~~~~ —> 80(18105 S TYPE —— (array BOUNDS S of TYPE)
• bounds g — ,  ROUNDS ... —— (BOUNDS I

BOUN’)S : : —  id I indexed ) ~~ ••~~ I predefiried ) -
• aelected I typed pair

PO U NDS S :: boun ds a

• Description: -

An array object is characterized by the number of indicCl , t he type of es~ h ind ex , the lower end upper bound
~~ for each index , and the type and possible constraints of th~ componen ts. In an array type definition, cech

index can be specified either by a discrete range or by a type mark. These two forms of index specifications
have differen t consequences: 

- -
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(I) Ind ex specified fl~ 
d)s~ rete ~~~~~

~~ For all objects of t h~ array type , the discrete range determines both the permitted type for the index
values and the lower ~nd upper bound for t he  index values.

(2) Index specified ~~ a 
~~~~~ 

~~~~~~~

For all objects of the array type , the type mark only determi nes the permitted type for the index values.
- 

O The ac tua l  val ue s of the lo wer ~nd upper bound of the ind ex considered can be different for diff erent ~ -
objects of the array type.

The bounds must he given for each array separately in its object declaration by an index constraint , or0 can be obtained from the initial value. For an array formal parameter , the bounds are obt~ incd from the
actual parameter .

For a multi—dimensional array, if one index position is specified by a discrete range, ~ll Index positions 0
must be specified by discrete ranges. Sim ilerly, an index constraint must provide rmnqes for all index

O 
positions. For accessing components, an n—dimensional array is eouivaleet to a one—dimension al array of
(n—l)— dis ensional aubarrays.

If the bounds of a discrete range are integer number s , these are assumed to be of the predefined type INTEGER 0if their type is not otherwise known from the context.

Prodefined Attributes 0
For an array object A (or for en array type A with specified bounds) , the following attributes are predefined
Ci is an Integer value): 0

A PIPST the lower bound of the first index
A LAST the upper bound of the first index -

• A LCNGTH the number of components of the first Index
- - (zero when no coeponents)

o A FIRSF (j) 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 muat be known when the declar ation of the array im elaborated (or when
~ allocated in the case of acceas types) . The expressionc defin ing the menci e of an index need net be static ,

but can depend on computed results. Such arrays are celled dynamic arrays. In records , dynemic arrays may only
appe a r when the dynamic bounds are discrimin ant s of the record type.

U 
- 3.6.2 Aggregates -

• An aggregate denotes an array or record value constructed from component values .

Synt a x :

• aggregate :: I_l

(componen t_esaocia tion C ,  componen t_association)) -

U
I
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- .- component_associa tion z :
(choice (I choice) .> expression

choice : : —  simple_ex press io n I d i s c re te_ range I othera

Abstract Syntax:

comp asmoc s —, CDN.P ASS1X ... —— ( ( P O M P  sccoc , . . . ) )
n a e d — >  CI’C~ I C E  S CXP —~~ (P!!OICE S ~> rXP(

- e $ — >  
______ 

. .  . 
— —— (P1101CC I . . . 1  —

POMP ASSOC :: n~~ ed I a l l  I a l l o cat or  I b i n a r y  I c a l l  I
co-s e amsoc s I I m t  n u m b e r  I i n d e x ~ d I
m e m b e r s h i p n u l l I p r e d e f i n e d  - I nu al if ied I
real rumber I selected I selected string C a l i c e  0 

-

- 
0 string C

CHOIC E S :: cho ice s
CWIICE :: SEP I othcrs I

The expressions define the values to be associated with components. They can be given by position (in index
0 order for array components , in textual order for record components) or by naming the chosen components (with 0

index values for array components , with the corresponding identifiers for record components). An aggregate
defining the value of an object must provide values for all components of the object. 

0
For named components , the expressions can be given in any order , but If both notations are used in one

0 
aggregato , the positional component asmociations must be given firat. 

- 0
A choice given as a discrete range stands for all index values in the range. The choice others stands for a l l
componen ts no~ specified by previous choices and can only appear lest. Choices with discrete values pro also

0 use d in v a r i a n t  pa~rts of records and in case statements. Each choice say only appear once in an aggregate 0
(varipnt part or case statement) and , except fo r  the choice others , its value must be determinable statically.

- 0 When an aggregate used as an initial value is expected to provide tho bounds of an array object, thp choice 0
others cannot be used . For an array whose index is only specified by a type mark 1, the lower bound is
assumed to be equal to T’FIRST if the initiali zation is given by a positional aggregate.

An aggregate for en n—dimensional array is written as a o n e — d i m e n s i o n a l  agg rega t e  of components  t h a t  are
(n—i) —dimensional array values.

0 3.6.3 Strings

The predefined type STRING denotes one—disenslonal arrays of the predefin~ -~ type CHA RACTER , indexed by values
of the predefIned subtype NATURAL:

¼.) subtype NATURAL is INTEGER range 1 .. INTEGER’LAST;
type STRING is array (NATURAL) of CHARACTER;

— Character strings (s ee  2.5) are a special form of eqgrc.jate applicable to the type STRING and other -

one—dimensional arrays of charac ters. -
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Catenation is a predefined operator over one—dimens ional arrays , cnd is represented as 5. For stringe, it
c0rm0 cpo~~8 tO the following function!

func tion &~ (5 , Y STRIN G)  return STRING is
S : STRING (l .. X’LENGTU + Y’t.ENGTH);

- 
~~~ begin 

‘— -
5(1 . .  X ’ L E P G T N )  : 5;
5(X LENGTH 4- 1 .. S’LT%Sl) : -

0 end 
5;

:o  -

3.7 - Recor d Types

t o
A record object is a structure with named componente . A record type defin ition can include a variant p art

- 
0 denoting alternative record structures. 

0
Syp~ ax:

0 -recor d_tyoe_de f in t t ion :: 0
recor d

- O component_s -

end recor d

compone n t s  : : —  0- (object_declaration) (variant _part) I null;

O 
variant_pert :~~—

case cj i s c r is in s n t  of
(wh en choice (I choice) — >

- 

O 
component _ a)

end case ;

d i s c ri a i nan t :: cons tan t componen t name

Abstract Syntax:

0 co—p a -> POMP ... -- (record CO!’P . . .  end record)
verient part —> MAlE VARIANT S —— [case N r ~ f VARIANT 5)

O vari ant s —> V~~TANT ... —— (VAP;A ~~~~~~ . .1variant — >  P1101CC 5 POMP S —— Iwhen~~)iO1CE S > POMP Si

CCSP ::— dad I n u l l  I variant part -

VARIAN T S :: variant a -
VARTA8I T :: variant -

—~ Descr i pt ion :

The componcn tm of a record ace defined by objoca d-m cla~ ations. Components can be of different types. The
value of an expression provided as a component initi a lI sation is evaluated when the record type definition is
elaborated. This value is used to initialize the corresponding component for every record declared of this
type .
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Recursion in record type definitions is not allowed unless an intermediate access type is used (ace 3.8).

3.7.1 Constant Record Compon~ nta and Cisc rimi nantm
—I

P. 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 assigned by means of a complete record assignment. o

A record component can be a dynamic array only if the bounds that are not static are deferred Constant
components of the record type . ~ deferred constant component used in this way or in a variant part is celled __
a discria’in~ nt of t ie record type .

- O 
The Only perm iarible dependencies between record components are the dependencies of an array bound and of a
variant on a dis erim inant .

0 0 1

3. 7.2 Variant Parts

0 - 0
A record type with a variant part mp ceif ir- a alt ernative record components. Each varIant defines the

I 0 components for the correspon ding value of the -dis criminant. A variant can have an empty component list , which
must be specified by null.

- 0
3.7.3 Record Aggregates ~nd Discri m ina nt Constraints

0
An aggregate is ussd to provide values for all the component~ of a record. In an aggregate for a record
variant , th~ discrisii ’ant value must he a static expression and must appear before the values for the
corresponding components of the variant part.

o di serimi n snt_constr aint aggregate

A di ocrirnin ent const rai nt is ured to con etrain ,liscrim inant s of a record to ~pnc i f i e  v a l u e s ; it I s  ex pre ssed
as an aggregate rpecif yln .r veluv s for diacrisinant a only. Discrim inant constraints may be used to define

— subtypes of record typar wit h va r ia n ts .

- 
- I

3.8 Access Fyocs

Objects declared in nrO-gra-r ‘re eccc srible by their name. They exist during the lifetime of the declarative
• ~~ part to whi ch t~~— y  Pr’ local. In contr act , objects may also be created dynamically by th, execution of

allocator s (ceo 1 .7). SInce they do nOt occur in an exp licit object declaration , they cannot be designated by
their n- ct . 1rr~~ ’-’, --cease to auch an atj—c~ I r — ehieved by an ac cess v a l u e  re turned  by an allocator .

— Syntax:

access_type_defin It ion :: access type -

— Formal Definition - 3 — 14 
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Abstract Syntax:

access — > —— (access TYPE) —

Description : -

An access type definition characterizes a set of access values which may be us,d to designate objects of the
type mentioned after th~ r eserve d wor d access . This type cCnnOt be another access type. The dynamically

O cr~ atcd objects designated by the v-’luoa of a-fl access type form a collect ion impl i cit ly associaPe~ with the ~~ -- type . An access value obtained from an allocator can he assigned to several access variab les , fleece a given
dynamically created object may be designated by sore than one varisblc or constant of th~ access type. The

o access value null belongs to every access type and desi gnates no object at all. It ma y be used to initia l ise
acc ess v ar i a b les .

An objoct of an access type that is introduced as a constant cannot have its value changed , nor can th~ value oof the designated object be changed. Such an access object can only be used in an expression or as an in
parameter; it cannot be assigned to an access variable (otherwise the d’signated object could be modified

o using the variable) . -

Constraints specified for an access type apply to tha type of the designated objects. Qualification of an

o expression of an access type applies to the designated Object. 0
Although the dynam ically created objects may not be of a-n access type , there is no restriction on their

O components. Thus, cosponents of the object deeignated by the values of an access type may be values of the
same or of another access type . This permits recursive and mutually dependent access types (whose declaration
requires a prior incomplete type d~ cleration for one or more types) .

j o - - 0~

C l ’

C l i
- . 0 1

S I

.~
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4. N ames , V a r i a b le s, end Expressions

4.1 Nases

0 Names denote declared entities such as variables , cons tan t s , types , end program units . 0

Syntax: o
name

id~ n t t f ier I indexed _component o I
I selected_componen t I pre de f ln e d_ottribute

0 
indexed_compone nt : : —  n ame (oxpr c ss io n 1, e x p r e s s i o n) )  0

- 
selected_component ::— name . i d e n t i f i e r

o prede f i n ed _attribute : —  name identifier 0

Abstract Syntax:

o id — , - —— lexical uniti
T~dexed —> NAME EXP S — —  N A M E ( E X P  5) 1

-~~ prcdefined — > —— ( ~T~i~s’T~1 0
ael~ cted —> NAME ID —— N A M E . T 6  I

o MAME : :—  a ll  I Id I indexed I predefleed I selected I s l i ce

Description:

~~ The simplest form for the name of an entity is the i d e n ti f i e r  given in its declarmtion .

Sta t ic Seman tics: -

CRECK_NAME (name : TREE ; type_dens S TYPE DEN; env: S ENV) return TREE is
begin

case KIND (nmme) of
when a - il — ) CHEC K_ALL (name, type don , en’,);
when T~T —> CHE CK _ ID (name , typ Ye n , env ); -

- when T~dexed —> CHECK_FNOEXEb (name, type den , envl ; -
when prednfined .) CHECK_PRRDE8’INED(flase, typ’_den , any);
when ~el,ctod —> CHECK_SELECTED (na-Ce , tye’_-len , ccv);
when slice —> CHECK_SLICE (name, type den , ccv) ; 

-
- - 

-
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end case ;
end CHECK _ NAM E ;

function CHECK_ID(id: TREE; type den: S TYPE DEN; en’,: S ENV) return I’PEE is
begin

if tS_COMPM’lRLt(type_den , TYP E_DE’a_OF (id , ?nv)) then
- - - return id;

else
return ID_INCOMPATIPLE_WITII_TYPE;

- end if; -

end CHECK _ID; -

0

0 4.1.1 Indexed Components 0

0 Descriction: o I

An indcxed component can denote either

0 (a) - A component of an array: 0

- O The name identifies t- ti -, array, (or an acc.~ss object whose value designates the array, see 3.8) and the
expressions give the indices for the component. if the array has more dimcnsion~ than the given number
of expressions , the array component is a aubarray of th~ named array.

0 - (b) A task in a family of tasks: 0

O The name identifie s the task family and the expression (only one can be given) apc-clf iea the index of the o -

individual ta5lc . 
.

0 (c) An entry in a family of entries: C

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

If evalua tion of one of the expressions gives an index value that is outside the range specified for the
index , the exception INDEX ERROR is raised .

Static Semantics:

- function CHECX_ IN DEX E D ( i n dexed: TREE ; type_den: S TYPE DEN; ccv; S ENV) return TREE is
den : constant S DEH :. DEN_OF ( N 1 ~iTñ~ c X c d ) ,  env); -

- n ame_type: constant S TYPE DEN :—  TYPE_DEN(den);
begin

- - if IS_ARR AY( name _ type) and IS_COMPATIRLE(type_den , CIDMPONENT TYPE(name type))
then return MAKC( indcxed , NAME (indexed) , CPECK FflDCX_S (CXP_S (indexe~ ), type_den , env)):

d alE IS_ACCESS (name _ type) then
- declare

nase_ typel: constant S_TYPE_DEN : ORIECT_TYPE(name _ type ) ;
- begin

if IS_ARRAY (name_ type) and IS_COMPAT IRLE( typC _dnn , C()MPONEHT_TYPE(name type)))
- then return MAKE (Indcx ed’, NA ME (indcxe r ’) , (“Ers Tt!nEIc c(r’cp S(indexe~ ) , type_d’n , any )
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else re turn INDEX _TYPE I N C OM P A T I B L E ; ;
- end if;

end ; -

elsif I-S TASE (nasc tyce) then
if iS ALO~4E(EXP S (jndoxed l) then

- _ —~ return CHECK TASK(indnxed , type den , en’,); ~ - -- else return ONLV_CHc_EXD_ALtOaZED; -
end if;

elsif IS_E;JTPY(nsm-s_ tyoe) then ,... -
- 

- - if IS ’l”E(EXP_S (jndaxed)) then - -

return CHECK FHTRY Pri’ITLY (indexed , type den , any) ; -
- — else return OflLV O~iE TNDEX AL. L IYJED ; -

end if; —

else re turn TYPE_INDEX flAME INCOMPATIBLE;
- O end if ; -

- 
end CHECK _ INDEXED;

1

0

4.1.2 Selected Components

:0
Description:

0 A selected component can denote either 0 I

(a) A component of a record: I

The name identifies the record (or an access object whose value designates the record) and the identifi er I
o specifies th~ record component. 0

(b) An entity decIar~d in the visible part of a module:

o The name identifies the modulo and the ident ifier specifies the d~ clored entity. 0

(c) An entity declared in an enclosing unit : 0
The name identifies the enclosing unit and the identifier specifies the declared entity.

0 (d) A user—defined attribute of a type: - C..,

O The name identifies the type end the identifier ape~ ifics a us~r—d,fined subprogrmm attribute of the type - -

- 
(see 3.3).

- For v a r i a n t r ecords , a component identifier can denote a component in a variant part. Tn Such a case , I-he
selec ted component must belong to the variant pre~ crfb°d by the discrim inant of the record, otherwise the

• exception DISCRIMTNANT_ERROR is raised .

Static Semantics :

func tion CHECX_ INDEX _S (exp_ s: TREE ; type_den : S TYPE nE’); cm’: S EHV) return TRL’F is
begin

if IS EMPTY (exp_ s) then re turn  void; - -

el se Tf IS APRAY (type_dcn) then -
return !RF(CHECK _EXP UIEAQ (OXP_5) , IP4DFX_TYPI (typc_den ), Ccv), -
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- CT)rCE INDEX S(l’ATL(exp a), COMPOflE1T_TYPE(typc_den) env fl:
elsif  XS_VO1D (type3en) tEen

return INCPI1PATTSLE_TYPE;
else -

return PRE(C1IECK _ EXP (HEAD (exp_ a), type den , ccv); -

end if ; — 
-‘ 

-

- end C (TECV _ INDEX _ S; -

4.1.3 Predefined Attributes

Description:

0 For user—defined attributes , as explained above , th~ notation of selected components is used; th ~~ named entity
is a type , and the attribute identifi er is a subpr ogra-m provid ed by the ucer. For prcdCfi ncd at cr ib ut e s , tbe
acostrophe notCtion in used ; the named entity need not be a type and th~ attribute ide ntifi er :n predcfi r~d in 

-the langusee. A prade fined attribute identifier is alw~ ye pre fixed by an neonP roph e, hcncc thesa idc n t ifi ~ rc
era not reserved . Specific prede fined attributes are dcscrihed with the corresponding language construct S.

0 Appendix A gives a list of all the l5nguega predefined attributes. Add itional prcd efined -attributes may Cxist
for an implementation.

0 - 01
Static Sceantics: -

-
_ _  ____ - 

o~
4.2 L it e r a l s:0  -

0 A literal denotes an explicit value of a given type .

Syntax:

0 literal :: - 
-

number I enumeration _ l iteral I character _str ing I null

o Ab stract Syntax: C’
-~ m t  number — > —— lexical unit I - - -

• r ca - I number — > —— ( lexical unit 1
— > —— t lexical unit I

stri ng — > —— I lexical unit 
- 

-

nu ll — , —— ( null ) - - 
-

Informal Semantic s:

~ nu.Ibe r or anu ecra Plon l it e r - e l dcnot ’ a v~~lu ~ t F t~~~~ correaponding IccIar type. The access value null
designatca no object at all. Lit~ ra -ls for app ro sina te numbers are rounded to the precision required by the -
con text in which they are used . _ 

- 
-
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Static Scmant i~ s:

procedure CIIECK_t.ITEPAL(literal: l’FEE; type_den; S TYPE PE’4; en’,; ~_~ j’1) return TPFC is
beg in

if IP_VALID LITCRAI, (literal , type_den , Cnv) then
return literal;

- else
return LTTCR,SL INCOMPATIPLE WYTM TYPE;

end if; C—- end CI!CCE_L1TCRAL ; -

procedure IS_VALID LITCPAL(literal : TSEF; type_den : S TYPE PC’1; .-n-,: S E)’V) return DOOLEAN is
- begin

case ‘CtflD (literal ) of
- 

O when (at number => return IS_INTEC.ER(ty’ec_den);
when reel number —> return IS_PEAL (type_denl
when i~ •> re tu r n  I S_VALt~_ENUMEFA TTO ’- )Iiitcr a-l, type_den , en’,);

O when ‘tring —> return IS_ STRTN’ (typc den ) or IC CIIAPACT ER (lil-e ral I and
IS_VALID F~flJMERATION(lTt’-ra1, tyj e den , cnv );

wh en n u l l  •> return IS_ACCESS(type den);
en d case ; 

00 -end IS_VALID_LITERAL,

procedure IS_VAL.ID_ENUMEPSTION(literal : TRFE; type den; S TYPE lIEN; env : S ENV) return PO’DLEA’ is
- 0 beg in

return IS CO!-:PATIPLE(type den , TYPE OP (literal , ccv));

0 end Is_vAL;D:1r4u’IERATI0W; — 

0

0 Dynar’ic Semantics: ‘

procedure EVAL_LITERAL(literal : E; any :  D EN y ; cont: EVAL COHTI return EXEC CONT is
__ begin

return cont(VAL. (literal));
end EVAL LITERAL; 

-

0 procedure VAL(li teral: T R E E )  return VAt is 0
begin—— maps literal to an abstract value ,- -
end VAt)

- 4.3 Variables -

• 0

A v a r i a b l e  is an object of an arbitrary type whose value cmn be changed . A variable can be a scelar , en
- 

- 
array, a record ,  or an access object. Alternatively, it c-n be a component of another cbject or a slice of an
a r r a y .

- 
Syntax;

varia ble :: name ((discrete_range)) I name .all -
- -
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- - Abstract Syntax;

all — , 4 ’I ’-IE  t~~A ’4 5.a l l I  — -

~TTc e — >  ~P~~’:~~ RA N S E  (~~ t!s ( R P I N I I E ) )

N A M E  : : —  a -il I Id I indexed I predefined I celected I sl ic e

When a na-me ic followed by a discrete range, the  name must hi -th e name of an array (or subarray) or of aa
access object whose value designates an array. The rae~ -’ — - J C t  d c no t~ a contiguous se~ ueeec of ind ex viluns ~
for t h e  first dimension of t h e  arr ay (or subarray ) . Such a variable is called an array su re. Its type is
that of the array, with thc constraint given by thp lilacrete range. For names of acceen objects with t he

~~ qualifier all, the va-riabl e denotes the entire object de~~i~ e~ ted by the access value . o

4.4 Expre ssiOns

O j
An expression is a formula that defines the computation of a value.

i 0 Syntax; 
- -  

0

expression :— - . - - 
-

relation (and relation)
I relation (or relation)
I relation (xor relation) 

- 0
relation

simpla _expression irelational _operator simple_express ion)
I sinp ie _exprcseion Inot i in range
I simple_oxpression Inot) in type_mar ic (constraint)

0 simple_expression : :=  lunary _operator ) term (adding _operator term) 0

0 term : ; —  factor (multiplying _operator factor ) 
- 0

factor :: primary I~~ primary)
0 p r im m r y  ::

literal I aggregate I v a r i a b l e  I a l l o c a t o r
o I subprogram_call I qualified_expression I (expression)

Abstract ~~ntax : 
-

- 

-

~~ 

- $12_a -> IMP ... -- (~~~~ , .. .  - - 
-

- 
FlIP ::= binary I un s r y  I m e m b er s h i e

I m t  number I reel number I string I null I 1gregate
I N A 4 E  I al l o c at or I c a l l  I ~~ i f i e~FlIP LIST :: exo C

TYPE !-iANGE : : —  constrained I I typed pair

Descr ip t ion :
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-

P r i m a r i e s  i n c l u d e  c o n s t a n t s  and p r e d e f in e d  at t r i b u t e s , wh i ch  a re  eov ’-r e-J by the syntactic category ~vari•nb )c’.
An expression of a given type is also regarded as a one—component aggregate for a c o r r e r e o n d i n g  a r r a y  or
record type . The type of an expression depends on th~ tyl- cf its conntituc nts , an d~ ecribed h~ low .

5tatj~ Semantics:
~~~ 

procedure Ct!ECX_EXP(.—xp : TREE; tyr e_den : S TYPE DE’-’; ccv: S ENV) r e tu rn  fREe is
-‘ 

~s - p 2 :  constant Tr E E :~ i-’O !l’lAtIZE_ENP(cxp, typ e_den , envI;
begin

O if K T M O (— x p 2 )  — 1’) and not TS _ENIWEIATI Ot4 ( typc_ d e n )  th en
r e t u r n  C”ECE hiAl-i F ( e x p 2 , type den , env l ;

elsif  IS L I T F F A t ( e x p 2 )  then
r e t u r~ CNECIi L I T F P S L ( e x p 2 , type den , c c v ) ;  

~~~ I
el sif  IS _ h A M E ( c~ p 2)  then

re turn C’!CCW_M A N E  ( e x p 2 , typo cien , on v l
else

case ‘(tNO (nxp2) of
when b inc ry •> return CflECX_’IIN~ RY (c-xp2 , type_den , ccv);

O when ~~~r — ) return CMECI(_UNSRY (c-xp2 , type_den , ccv);
- when a~c - n 5 e r s h i p  — ) return CTIECK_!4EF-SEP~SlIIP (exn2 , type_den , a n y ) ;

when comp ane oc  ~ —> return CIIECS A GC ,PF -SATF ( a x p 2 , typ e d~ n , en . ,) ;
- 
O when alloc ator —> return CFIEC!( ALLOCATOR (exp2 , type_den , any);

when call •) return CNECK _CSLL (cxp2 , type_den , ccv),
when ~~~ flfied —) aeturn C}IECI( QUCLJFTETa (cxp2 , typo c’en , Ccv);

end caae;
end if ;

end CNECX_EXP;

- 0
procedure t’OP’-IALIZE_CXP (exp : T R E E ;  type_den; S TYPE ~~~~~~~ env: S IINV) return TREE is
begin —— discov er-n one—component aggregates

if IS_AIIRAY (type_den) and IS_VALID ARRAY_COM°(exp, type_den , en’,)
return PRE (W\KE(com-’ ossoc, cxp~ , E;-1PTY);

elsif IS B E C O R T I l t y P o  r im ) and IS VALID RECORD_CCMP(exp, type den , env )
re tur~ PRF (t-ANC(e~ m p asnoc, ep ) , EMPTY);

: else
- Q return em)); - -end if ;

end NOR’IALIZII_FXP,

0
procedure IS VALID EXP(exp : TREE; type den ; S TYPE DPO; ‘~ny :  S ENV) return flOOLEAP ) ia

exp2 : con tant TREE ; NO~~~tTZI_FX~~(~ xp, typo_den , ccv) ;
begin

if EIWD (expl ) — I-I and not IS_FNOMEPATTO’4(type_clcn) then
return IF VCLTD NA~ Th (nxp2 , type den , ccv);

—
~ elaif IS_L)DTPAL (exp) then

re turn I~ VALID LITPPAI (exp? , type_den , c-n v)
• elsif IS ~‘A”E(~ xr?) then

re tur~ IS_VALID NAME (axp2 , type_den , ccv) ;
elae

case KTNO(exp2 ) of
when bln ’ry —~ re turn ts _V~ tI’c_ ’ t ~~’’-~ (~~ ~~— 2 , Typ— _ -~an , en’,);

For m al Def in i t ion  - 4 — 7 Preliminary Draft W

- *

~~~~
— - ._

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —‘ ‘ -~~ 
- - ‘ ~~~~~~~~~~~~ ~~~

- S



L 
— - -

whe n ~~~~~ —> return ;S_VALID_TJNAEY (emp? , type_den , en’,); C’
when se -)er~ hie —> return I S _D O O L E A N  ltyPe_”Cn)

- 0 when e-~r~~J t  — return 1n_vAL tC_ cicR!CATE(ex~c2 ,type_dcn ,cnv) ;
when ‘1~~e- -~ or —> return IS_VALID_ALLOCATCR (-cXpI , type_den , ccv);
when c’ll — , return Ta- VALID CALL (cap? , t-ype den , ccv) ;

0 whe n ~~T1ified ‘-~~ return IS V;L10 ?UALIFIEDICXp2 , type den , en’,);
end case ;

• end if; -

end IS_VALID_EXD 2:

- procedure IS_VALID_AR RA Y_CCMP (c-xp : T Ft E ;  array_ tyne_cicn: S TYPIC lIEN; ccv : F E?V) return DOOLSAN is
- begin

—— r e t u r n s t r u e , if the expression (a  of a- type cnmpn tlhlc wit)’
__ —— that of the components of the  array type . oend;

procedure IS_VALID_R COPD_COMP (exp: TREE; type_den: S TYPE DEN : en’,: S 5NV) return POOLEAN is 0 
I

begin
- —— returns true , if the expression in of a type cos’eatible with
- —— that of the (unique) component of the record_type_den.
- end;
- 

O procedure X5_LITEPAL (exp: TREE) return I100LF-AN is
begin

• case KT’JDIexp ) of

O when (at number I rca -I number 1 iii I string nu ll ~> return true ;
- when others —> return false;

end came;
end t~_CI rER- ’f. ; 

~~
-

0 Dynamic Semantics: -

procedure EVAL_EXP (exp: TREE; env ; D ENy; cont: SVAL CONT) return EXEC CcN4T is
- ,-.

~ 
begin CIif IS_LITERAL(exp) and K!ND(expl /— Id then -

I return EVAL_LITEPSL (cxp, coOt);

O elsif 5_NAME(exp) then
return EVIt_NAME (cxp, en’,, cont);

else
- 

O case ‘~tND(exp) of —— bin ary cad unary Cxprexsions have been normalized to calls
when m- eL’:rrhip •> return FVAL _MEMnEPSN IP(exp , eny~ cont) ; 

LI -

when Cflre) ta —> return EV5L_AC eRCe~TF (eSE’, en’,, con t);
I ~~ - when all ecator > return FVM._ALLOC’IroR (clIp, any , c o o t ) ;

when c-~J1~~~~~ —> return EVAL_CaLL (eap, any, cont),
- when gu :llfi~ d •, return FV~L_OU5L1~~’!’) (ex p, ~nv , cont);

- - end case;
end if ;

end EVAL_ E M P ;

4.5 Operators ~rd Expression Evaluation

Formal Definition - a Preliminary Draft W - 
- -

‘~~~~~ ~~~~ - 

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ..- I- - .•- - -
~ 

- _ -
~~~ -~~ - - . - - - - —-

~

—- -

~ 

~~~
- - - -~~~~~~ - -~~~~~~~ — - -



V 
-

L .  . 

-

- 

- 
- -

The opeTators in the language are grouped into six classes , g iven in th~ fol lowIng order nf incr easing
precedence:

Syntex :

lo~ ical _opers tor :: and I or I xor

r e l at i o n a l _ope ra to r  :: — I I. I I <— I I 1*

- - adding _opera tor :: + I — I —

un a r y_operator ::* + I — I not

I 
multiplying operator :: * I / I mod

- 0 exponcntiatlng_opcrator :: **

Ab str ct ~yntax : 0 I

binary —> Cap ~~~~NAR Y 01’ EXP —— I FlIP PINARY OP FMD
or, ’ — ) RY J0 ESP —— I U’I’RY OP EY~~) 

0
a - ’  arabic -> ~~~~~ F”l’5p51jp OP TYPE RANOF —- ( F-cp h’E”SF~~~~ i~ Ip  OP TYDE RANOF

-~~~~~~ 
-, - 

. - - -I ~~~~~~~~~~~ )- — , —— I or J
—> —— ( son
—>  — — I ~~~ I ‘

_
~• ‘ i— ,  — — ( / ~~~~~I

1’- — ,  — — 1 < 1
- -- O  -- - I

-> -- I > )
— ,  — — I >• J

I C u C  — >  - — — 1 + 1
- 

~~rus -) - -(
~~~~~~~- c t  — >  —— F ’ ]-> ~~ F * ]

-> - f / ,-, -- ( mod )
__ eanonantiat ion — > —— ** J

not —> —— I not I
in — >  —— ( in )

0 not in —> —— I not in I
IIINARY OP :;— a-nd I I

~ 0 l~~~ I n c  I l t I l e ) j ~~ I j ~I eluS I Tnu~ I cat
I cu l t  I I mod -

I exc-onentT~tion

IJ ’4A R Y OP ,:  
~~~~~ I 1 not

NE’~BER~ ’lIP OP :: in I not In

Informs] Semantics: - 

-
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I For a sequence of operators of the same precedcnce level , evaluation proceeds in textual order from left to
rig ht , or in any order giving the same result. Th~~ p r i m a r i e s  of an expreSsion ar~ also evaluated in textual

I order. All primaries are evaluated ~nd all operations are performed .

The ope ran ds, result types, and the meaning of the (‘redefined oporstors are given below. Note that someI 
~~ operations may result in exception condition s for some values of the operands (see chantar 11). Pepl ~expressions are not necessarIly calculated with exactly the specified aceur:cy (precision or delta ), but t h e

accuracy used will be at least as good as that specified .

Static Sesantics: C’
procedure CHECK BINARY(binary; TREE; type den: S TYPE D E N ;  ccv: S ENV) return TREE ii

.1 pare-c asmoc ~ : constant TREE T~~PRE (EXP1 (bina-ry) , PRE (EXP~TEi~ary) , EMPTY));ext_name — : constan t ~~~~ :—  OP_NAME(BINARY_DP (binary));
begin —

return CHECK_CALL2(ext_name , param_asmoc_s, type_den , ccv) ;
end C8ECK_RINAI1Y;

0 procedure C;ICCK_UNARY(unary: TREE; type_den: S TYPE (1CM; en’,; S C ~V) return TREE ii 
0

pararn_asaoc_s; constant TREE : PRE (EXPlunary ) , EM P T Y ) ;
ext_name : constant TREE : —  OP_NAME (LINAPY_OP(unary));

I beg in
— 

- return CHECK_CALL2(ext_namo , param_assoc_s, type_don , ccv);
end CRECK_UNAPY; 0
procedure CHECK MEMPSRSHIP (membership: TREE; type den: S TYPE DEN; ccv: F CMV) return TREE is

O 
trec_type_de~ : constant TREE S TYPE ~~~~~ :—  C9F~ j( TYPE PAlI0E(TYPE_RAhi i~ cmbcrzhip ) ,~~~V);
exp : constant TREF. : CHEC!( EXP (CXP(mcmbcrship) , TYPE(tree type_den) , env) ;

beg in
if rs_ ROoteAM(typ e sen) then

return (AKE(memEershin , exp,  MEMBERSHIP_OP(memborship) , TREE (tree_type_den));
- - else

O 
return MEMBERSHIP_EXPRESSTONS_HPIVF_TYPE_BOOLEAN;

I end if; -

end CHECK _MEMBERSHIP;

0 procedure CHECK_TYP E_RANGE (type_range: TREE; en’,: S CMV) return TREE S TYPE DEN is 0
I begin
I .~~ Case K tND (type _ rsnge ) of

when constrained —> —— I NA M E COMSTP ’INT -

I return CIIECI< CONSTPAINF~T~~pc_range, en’,);when — —  FED .. clIP I
I ~y~od pair —> —— I ~~T~1F Fa~~~ ~ •. FXP

I declare —

O type den : constant S TYPE DEN :— TYPE_OF (type_range , erfv); -
- - types_pair : constant TREE . :— CI1ECK_RANGE (type_ r ange , type_den , env) ;

begin
-
‘ 

re turn TREE TYPE (M AK E (cons tra ined , NAM !(typed pair), PAIR(typed_pair), type den);
I ~—‘ — —  a range Tm normalized into constrained type den.
- - end ;

— end case ;
end CI!ECK _TYP E R A N G E ;  

-

- The definitions of th e predefined operationss are givan in ~priendix C.
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Dynamic  Seeant ic ~~:

~~ Pinary ~nd ucary expressions ha’,~ been normalized into procedure calls .

I p roced ure ICVAL MEM9ERSMTP (moisbership: TREE; ccv: (1 rMv; eont: EVAL COWT) return CEEC CONT is
I —— tests co~ atraints for type or su~~~~ e membe~~FT~ .

Dynamic  Sem a n t i c s :

C p rocedure EVAL CAt.L (call : TREE; ccv : 0 CMV; COnt: EVP,L COT4D) return EX~C CO~T is 
c

- procedure CTh4TTMUEi (p—ir~~T~al a: P~1I~~~V?IL 5) return r ar r  COnT is
- 

O den : conat~ nt 0 DEN :— DTCN C F ( I D ( c - - , l l ) ,  c-nv);
- procedure  C O N T I N U E 2 ( v e l :  V~~L) return EXCC COET is
- type_den: ConStant 0 TV~ Z OEM :*

• O ex en’, : constant ElI F~lV :—  CX EWV(’nv) ; -

I beg in~ 
—

if IS PANOC ERPOR (val , type den) then

O re tu r n  e~ ‘nv (RAUGC EPQn~ );
elsif IS_OVC~ ELQM(val , type don) then

re turn cx_env(va), type_Zen);
__ else return cent Ival);

end if ;
end CCt1’FXNUE2;

O begin
- return den(param val a, CONTINUE?);

end CONTINUE1; —

begin
I re turn  RV 1~L PAR AM JiSSOC_S(PARAM ASSOC_S (call), en’,, CONTINUEI);

end E’/AL_CALL;

-
. 

. 0!

4.5.1 Logical Operators 0

Logical opera tors are  appl ica b le to boolean values  and to one dimenm ion il arrays of boolean values h a v i n g  the
0 same num ber of components. The operations on arrays are performed on a component by component basis.

0 
Operator Operation Ocerand IX2~ 

R~~ u lt  ~L2~ -

and conjunction 000LFAM BOOLEAN

I 
booleen array type same array type

or inclusive disjunction BOOLEMI 000LEAN
boolean array type Ease array type -

sot exclusive disjunction BOOLEAN SOOLCAN
boolean array type same array type

4.5.2 Relational and Membership Operetor~ . 

. 
-
-

— Formac Definition 4 — 11 Preli m Ina ry Draft W

—

- —. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —
~~
. 

~
- - - - — — -- -- — —-- - —m~~-- ---~--- -

- S



• 

- - 

r
The rah’PIonal operators ~a-,e operan~is of the same type a~ -1 r~~P’j rn bool~ an values. Note t hat  e o u al i t y  end
i n e q ua l it y  a r e  defined for any two objects of the same type (unl~ 5s the type is a restricted type , see 7 .4).

Operator Oe.,rotion Operand 
~~ 

Resul t iz~~ a-
- . /— cgusl ity and any type ROOLEAN - -

inequality

0 < < test for any scalar ROOLEAN -

> > ordering type

Equality for the discrete types is ec’uality of the valuca. For a floating (or fixed) point type T, if two 0 I
values differ by less than T’SMAI.r. (or T’DCL’VA) , then th~ result deliwctcd by a relational operator is
implementation defined. Equality for array and record t-yp°a in equality of the compon~-nte , as given by the
prcdefined operators . 1-lence, this operation is unchanged by any reda finition of eguality on the component
types involved . Two access values (see 3.8) are eau~ l if they designate the same dynem ic ell y allocated

0 
objec t .  0
The i n e q u a lit y  ope ra to r  g ives  the complementa ry  r e s u l t  to the  ec ’u el i t y  o p e r a t o r .

o The-membership operators in and not in tes t  fo r  semb er ah i e  of a value of any type within a corresponding 0 I
range , subtype , or constraint. These operators return a boolean value and have the same precedence as t h e  -

rel ational operators. - 
0

0 - 4.5.3 Adding Operators 0

0 The adding operators + and — r e t u r n  a r e su l t  of the  same type as the  operands .  C

Operator  Opera t ion  Operand !x~ Result  !~~~
+ a d d i t i o n  n u m e r i c  type same numeric type

o — subtraction nuseric type same numeric type 0

0 & catenation one dimensional same array type
array type

For real types, the accuracy of the result is the accuracy of the operand type. -

The adding operator & (catenation) Is applied to two operands of an array type which haS been declared to be
one dimensional and whose index Is specified by a type mark. The result is en array of th~ same type . (Note
that an expression of tho component type is regarded am a one component array of this type). Lot strings , this
operation results in conventional string catenation.

For all numeric types, the exdeption RAN gE_ ERROR is raised if the result value is outside the range of the
resul t type. The exception OVERFLOW is raised if the result value is beyond the imp lemen ted limits.

4.5.4 (m ary Opera tors
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—I

(m ary operators are rüplied to a mingle operand and return e reault of th~ same type.

— 

- 
Operator Oper ation Operand 

~~~~ 
Pecult IX2~

1~ identity numeric type same numeric type

— negation numeric type same num eric type

not logic al negation (IOOLEAN ROOLEAN C-
~ bn~ lean array type ~ smc - array type -

The operator not can also be applied to arrays of boolean values on a component by component basis , jus t as o- for logical operators.

The exceptions RANOC_ ERROR and OVERFLOW can be raised by the negation operation , just as for th-~ subtraction 0 Ioper ation .

4.5.5 Multiplying Operators

0 - 0
The operators * and / for integer and floating point values and the operator sod for integer values return a
result of the sane type as the operands. - 

0
Operator Operation Operand 

~~~ Result 
~~~~o - 

- 
multiplication integer same integer type 0

floating same floating type

0 / integer division integer same integer type 0
floeting division floating same floating type

0 mod modulus integer - same integer type

I ~~ Integer division and modulus are defined by the relation 
-

A — (A/8)*B + ( A  mod B) 
- C

where CA mod B) has the sign of A and an absolute value less than the absolute value of B. Integer division
s a t i s f i e s  the i d e n t i t y  

i_I

- 
(—Al/B - —(A/B) — A/C-B)

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

LI - Operator Operation ~perand 
~~~~ 

Result

* . mul tiplication fixed intager sane as L
- integer fixed same as P

f i x e d f i x e d  un iv er~ s1 f i x e d
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/ division fixed Integer 5ame a~ I.
f i x e d  f i x e d  ~n i v - r r -~~l f i xed

a-
Integer multi plication of fixed point values is eguivn lc-nt to repeated addition and h~ n~e is an accurate
operation. Division of m fixed point velu~ by an inte~ cr doer not Involve a change in type but is anproxima te.

Fixed point multiplication nay yield a value of an arbitrary accuracy (denoted by universal fixed in the -

table) . The result must be qualified (see 4.6) to ensure that the accuracy of th-’ corput tion is expl icitl y
con tr o l l ed. The sane considerations apply to division of -. fixcd point value by another fixed point velue.

All multiplying operations can raise the excepaions RANGE rRROR , OVEPPL ON , or UMDFRELOl.~. The ope rmti on~ / and
mod g ive the excep t ion DIV IDE_ERROR when the right opcranZ is zero . o
4.5.6 Exponentiating Operator 0

: 0 0
Operator Opcr~ tion Operand !~~! Result

- 
L 0

** exponentia tion integer positive integer same as L

I 0 floating integer rai,e as L 0
Exponentiation of an operand by a positive exponent is equivalent to repeated multiplIcation (as indicated by

O the exponent) of the operand by itself. For a. floating ooer.and, the exponent can be negative , in whieh came
the value is th~ reciprocal of the value with the pocitlve exponent. This operation cc-n raise the OVERELON ,
DIVIDE _ERROR , or RANGE_ERROR exception.

4.6 Qualified Expressions

Description: C
A qualified expression is umed to state the type of an expression explicitly, to conatrain an expression to a

o g iven su bt ype, o r ,  if neither case appli em, to convert an expression to another type. 0
Syntax:

qualified _ express ion I , —  L 
-

type_ma rk (expreesion ) I type_mark aggregate

Abstract Syntax;

~~~~

- 
- 

qualified —> ~~ME EXP —— I~~~~~ I!!! ) I or I E~ ME (COIIP ASSOC 5) 
-

Static Semantics; 
-
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procedure CHECE QUALIFTED (cualif~~ d: TEES; type den: 
C TYPE DEN; env: S FNV1 return TRE E is

n.me_ typc_de~ : Constant TRE E S TYP~~~~ N : CiiECK_TYPE_~ARK (MAME(quaTT!T~d). ccv));
-~ begin

if not IS CO’~PATIRLC(type_den , TYPE_OEN (tree_typejlen)) then
return !MCONPATIELE_TYPI~~;

—~ elsif IS VALID EXR(EXP (c.ualified), type den , env) then —~~ explicit type den or subtype_den specification a-
- - - return MAESTq u ali fied , NA NEI nc-m e_ type_den) ~ CHECv EXP (EXPIcu”lTfiad ) , t y pe_den , envY) ;

else
return MANE(eueli fied , NAME(name_type_den),C ECE_CONVERSIOv(CXR(queli f .ied), type_den , env) ; o- - end if; -

end CI?EC I)UALIFIED;

- —— The function IF_VALID_ClIP checks that the expression is of the given type .—— It is defined in Chapter 6.

Dynam ic Sesentics: 0

procedure EVAL_CUALIFTCD(quaiifiocl : TREE; env: 0 CMV; cont: EVAL CONT) return EXEC CONT is 0nam e: Constant C := NAM E (au, 1T?Ted);
cap : constant !P~ E :— EXP (qualified);
den : constant S D E N  : 05N OF(name , any); 0- procedure CO:~TINUE (val : VAt) return EXEC CONT is -
begin

came K TNO(exp) of - 
0• when qu a l i fie d — > —— conversion from the Source type “NAMC (esp ) to the target type ~namc~return C t I - J V E R T ( Va l ,  den , DEM_OF (NAMC(csp) , env) , coot);

when others •> -— explicit type or subtype specification 0
- 

- return tt.ST CONSTRMNT(val , CONSTPATNT(den), coot) ;
end case ; -

end CO’JTIPUIE;

begin -
return EVAL_CXP(exp, cow , CONTINUE); -

0 
end EVAL_QUALIFIED;

o
4.6.1 Explicit Type or Subtype Specification

o -

The same literal may appear in several types; it is then satd to be overloaded. Tn these cases and whenever
the type of a literal or aggregate is not known from the context , a qualified expression must he used to state
the type explicitly.

In par ticu la r , an overloaded li teral must be qualified in a subprogram cell to en overloaded - subprogram that
0 canno t be identified on the basis of remaining parameter or result types, itt a rel ational expression where - -

both operands are overloe~ded lit~ r~ 1s, or in an array or loop parameter range where both bounds are overload-ed
enumeration l iteral~~.

Explici t type specification is also used to specify the result type of fixed point multi plication end
division , to specify which one of a set of overloaded param eterlesm functions is meant , or to cons train a

- value to a given subtype .
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rvn--~ic c’--aentier :

p rocedure TFcT_CO$STRATMT(vel: VAt.; constraint_vel: C(VISTr~A Y 9 T  VAt ; coOt: FVAL CO’~T) return EYFC ~CNT isbeg in -—— test that the value val satisfies the constraint value “constraint_va l ” and raises
— —  appropriate exception , if necessar y.
and ;

~_ .
4.6.2 Type Conversions

I 0 For nu m er ic ex press ions , a qualified expression may specify a numeric type that is different fron the  type of 0 I

the expression . In this case , the value of the expression is converted to the n~ med type. ;-ith conversions
involving real types , the converted value is within the accurecy of the specified type .

• 0 Expl Icit conversion is allowed between objects of deriv’d types. The conversion ray  rc~ ult in  a change of 0
representation , as described in chapter 13. Explicit conversion is almo allowed between array types if t~ e
Index types for each dimension are the same or derived from each other and if the component types are the same
or derived from each other. Conversion involving an eccese type relates to the type of the accessed objects .

Static Oem~ntice : - . .

procedure CNECK_COMVERSTON(exp: TP E E ;  type_ den : S TYPE OEM ; any: S CMV) return TR E E  is

O beg in
if IS_NUMCRTC(typo_den , env ) then

return SCLVE_CON’/SRSION(exp, NUMERIC_TYPE_S(env) , co y ) ;

Q elsif IS ARRAY (type den) then
returfl SOLVE_CON~ EPStON(exp, ARRAY_TYPC S (type den , env) , env) ;

elsif T~ _ AC CFSS (type _den) then

O return SOLVE CONVERSIOM(exp, ACCES S TYPE_S(type_dcn , Cnv ) , env)
else —— conversTon between objects of ~orivable typesreturn SOLVE_CONVERSION (exp, PRC(OLD_TYPE (type den , env ), DERIVED TYPE S(type den , c oy ) ) ,  any);
end if; 

_ —

end CHECTI_CONVERSION ; -

procedure NtJHERT C_TYPE_S(env: S ENT) return S TYPE DEN S ia
beg in

—— the list of all visible numeric types
end;

procedure AR RAY_TYPE_S (type_den: S TYPE DEN; env: S E ~ V) return S TYPE DEN S ia

O begin -—— the list of all visible array types to which the given type_den may be converted
¶ end ; -

procedure ACCESS_TYPE S (type_den: F TYPE DEN; env: S E’~V) return S_TYPE DEN S isbegin
• —— the list of all visible access types to which the aivan type den may be converted

end ; —

procedure SOLVE CONVEPSTON(exp; TR~E; type den a: S TYPE DEN S; env: S 514V) return TREE im - 
-

type_ den_ s2: constant S TYPE ~rTS : V~~LTr:Cn.~~~~~r~~
Te .

_~~ frxp, typ”~~~~_r , ‘nv); 
—
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begin
if IS_EvSTY (type_ ien s2) then

return INCC-!PATI ltC CONVERSION;
elsif tJ~~CTT-! (typc_den ~2) > 1 then

return AMSIG’JOUS_C~ NVEQSIO-N;
else —— the source type den of the conversion is inserted in th~ result a-

return MAEE(gualt!i .’~~, Ifl(HSAD(type den_s2)). CuECX_5C P (exp, IIEItD(tyr’e_den_m 7I , envY); -

end if ;
end SOLVE CO’IVFRETON; ,. - )

procedure VALID C O M V E R S T C N _SIC Xp : TREE; typa_don_S: S TYPE DEN F; env: F SMV) return S TYPE CEN S Ia

O begin
if IS CMPTY(tyoe den a) then

return EMPTY;
els i f IS_VALID_EXP(exp, HEAt)(type_den_s), env) then

return PPE (READ (type den s), VALID COMVERSTON_S(exp, TAIL(type_den_s), eny));
else —

return VALID CONVERSION S(exp, TItIL(tyoe den 5), env) ;
end if;: end VALID _CONVEPSION_5;

0 — —  IS_VA L I D _ ClIP is defined in Chapter 6. 0

0 Dynamic Semantics: - . . 0
procedure CONVERT (val: VAt. ; type denl, type_den2: 0 TYPE DEN; cont: EVAL CONT) return EXEC CONT is
begin —

- - Performs conversion from source type_den “type_dcn2 ’ to target typo_den “ty pe_denl” and
-— tests appropriate constraints

0 end CONVERT; - - o

0 4.7 A l l o c a t o r s  0

An allocator specifies the dynamic creation of an object and the generation of an access value that designates 0
the object.

Syntax:

o sllocstor : : —  new qualified _express i on 
Li

Abstract SYNTAX:

allocator — >  Q U A L I F I E D  — —  I flew QUALIFIED ) 
- 

- - 
-

Q U A L I F I E D  —> o u a l i f i e d 
-

The object created by the allocator is initiali zed with the value of the expression , wh ich is qu a l i f i ed by the
name of the access type .

Sta tic Seman t ics:
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• procedure CHECK_ALLOCATOR(allocctor: TREE; type_den : S TyPE DEN; cnv : S E ~ V) re turn T P E E  is
qualifi ed constant TPtS :— QU5LIFII,D (allocator);
n e a c  : cons tan t  T E f E  : N”MS (c’u~ J i f j e d ) ;  —
oxp : constant TP’fS :—  SlIP (aualifie-) ;
tree_ type_don: constant TOES S TYPE DEN : C”SCE_TYn E_MARE(na m e , env );

begin
if IS_ACCESS(type_clen) and XS_COIPATISLC (typc den , TYPE ~EM (tree tyPe den)) then

declare  -
exp2: constant TREE := CHECK_FX~~(cxp, OYIJECT TYPE f~ yce donl , coy);
quali fied 2: constant S :~ ~~~E (qualiHad ,~~Tc (type den ), cxp2 );begin
return MAEE(— ,llocator , nuali fied 2); ~~~ -

end ;
else

return I N C O M P A T I R L E  ACCESS TYPE_DENS;
end if; — 0

end CH E C E _ALLO CATOR ;

0 Dynamic Eemcntic5 : 0

procedure CVAL_At.LOCATOR (allocator: TREE; coy: 0 SOy; cont: EVAL COOT) return ElI~ C CONT is
begin

—— allocates dynamic object , initi alizes it ~nd returns location of object

0 —— as access value -
end EVAL ALLOCATOR;

~ 0

4.8 Static ExpresSions

A static expression is one whose value does not depend on any dynamically computed values of y~ riahlcs .
Whenever the semantics require static expressions for the definition of some construct , theme expressions are
evaluated at compilation time and they must contain only t h e  following :

(a) literals

(b) aggregates whose Components are ~t~ ti c expres sions 
0

(c) constants initiali zed by static expressions

(d) predafined operators , functions , and attributes

o (e) qualified static expressions -

(El indexed mnd selected components of constants

Static Scm~ntics:

procedure CHECT(_SFATIC_EXP(exp : TREE; type_dan : S TYP5 OEM; cow : S CMV) return ~~~~ is
begin—— Checks whether exp is a static expression ~n’~ ret-urns a literal -

—- corr esponding to its value. If en exccp~ ion (e - ~. , P~~~Nr,! EPSOn
—— or OVERELON) is raised during this evaiu~ tion , t I’ ’ 

- 
- - 

-
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- —— result is en erroneous tree.
end CIIECK_STATTC_EXP, -

D 
. 

- -

H 
-

j O

H
10 - - 0 1

l O  
- - 

. 

0~

- 
. 

o l

H’

U

- Formal Definition - 
4 — 19  Preliminary Draft

~~~~~~~~~~~

- — 
-

- —-- _______ — - p



- 
a

5. StCtementS

I—

- 
- St3tements cause Cctions to be performed whOm executed. A statempnt may be simple or compound . A simple --

stCtemcnt C O f l t C i n s  no other st5tc-sent. A compound ataterl (-nt may cont ain n i e c l e  s t a t e - r e n t s  ~nd o th e r compoun d
- 

,..~ Stst emcnta .

- SyOtax:

- 0 sequence_of_mt ateeents : : —  (statement) 0

O statement :~~simpl e_statement I compound_statement
- I <<identifier )) stateCent

0 simple_statement ::~ 

- 0
- assignment_Statement I eubprogram call _statenent
- ,-~ I exit _statement - I return _statement

I goto statement I assert_statement
I i n i t T a t e _ et atem ent  I d e l ay _ st a t emc~ t

- o raise stetement I abort statemmn’- 0
I I COde _ 5 t at ~~I f l On t  - 

I null;

o compound_statement ::
i f _ s t a t e m e n t  I case sta tement

I loop_statement I accept_atetemertt

o salect_statesent I block - 

0

0 Abatract Syntax: 
- - 0

SIM S :; m t a t ” m e n t  5

. SI:-; : : —  a s s t ~~e I ca l l  I e x i t  I r e t u r n  I I as ser t
I Init i’ t e I FET e I a bo r t  ) ce~ e I n u l l
I i f  I cese I I accept I i~T~ct I ET~~ k
I T~bcled 

—  ______

Sta s — >  Eli ... —— ISTM .. .1

• 
le bel~ d — >  ID 5PM — —  (

~~~~~~~
p> ~ir~i

o Descr iption: Li

. A stet~ ment may be labeled , with en identifier cnclos~d hy d o u b l e  e n q l c -  brackets , e.g. < < l !E I a E ) > . Labels are
used in exit and goto ststesents. Within the sequence of s t ’t e m ~ nt s  of a subproyrem or rodul ’ hody, different Li
labels must have different identifiers. -

•
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4-
Execution of a null stotement has no other effect. Ulocka Cr-’ described in the next chanter . Initiate , d~ lay .
abort, accept , and select statementS are descrihed in chapter 9 (Tests). Pals” statement s are descr ibed in

-~ chapter 11 (Exceptions). Code statements are described in a~-ct ien 13.1 ()~aehinc Code Tne~-r ’ion~ ). The
remaining Statements are described here .

The statements in a seauence of statements are executed in succession unless en exception is raised or unless a-an exi t , re tu r n , or goto statesent is executed .

- 
I’) S t a t i c  Semantics: - 

C’
proc edure CHCCK _ST M ( m t s : TRE E ; coy : S EMV) return TIES Is

o begin
case <lND (stm ) of

- when assign —> return CHECK_ASSIGN (stir , any)

o when e-’lI => return Ci ;ECK _CAt .L ( m~ m , VO lT) , n o w ) ;
when ~~~ =) r e t u r n  COECK EXIT lets , cry ) ;

- when r’-~ u r n  => return CHECE_RE TUPN (eta , en;);

0 when ~~~~ — >  return C:!ECK r-CTO (eta , coy)
when -- ‘- rt — >  return CT;lCK~~-SE ERT (eta , en vl;

I when infET~ te • return CI -!CCK~~TNtTIADE(et m , cnv);

0 wh en ~ :-l- •) return CIICCMThELAY (sta , en,);
when ra:s- —> return C’41CX RA ISE (atm , en-i);

I when ~~T~t —> return CHECK_ADOPT (ate , en,) ;
when ~~~~ •> return CT;ECK_CODC (stm , eny) ;
when Ti 11 •> r e t u r n  ets;
when TT —> return flECK_IF (stm , cow);

I when — ) return Ch ECK CASE (atm , en -fl
- when ~~~~ — )  return CIIECK LOOP (sts , aewl ; 0

wh en i- -e -~--rtt  > r e t u r n  C hEC K ACCEPT (st-a , anal ;
when s--I- -nt •> r e t u r n  CHECK SSLECT (st-i , env) ;

- 
. - when t-~ nc- i —> return CHECK LOCK (5th, c ry , EMPTY);

- when 17i-Th-- d ~
O if Ic-_LAPELSD_LOOPIStJTI then

declare
-‘n-j2: constant S 5NV DECL_MARKFR (ID(stm), env);

begin
I r e t u r n  H A K E ( i a t - ’ - l c d , I t ’ ( s t m )  , Cl)ECK_STM (ST!4(stm) , eny2) ;

end;
else —

r e t u r n  M A K E ( l a b e l e d , I O ( s t m ) , CHECK STM(STMIstm ) , envY);
end i f ;

end case;
I end CI ;E CK _STI-~

I procedure CH EC E _ST;4_S is new CUE CK _S(CHE CK _ST;-I) ;

procedure TS_ L \ P E L E D_[,00P ( s t m ;  TR E E)  r e t u r n  DOOLEAN is
I ~~ begin

case K I N D ( s t m) of
when ]qg~ — ) r e t u r n  t r u e ;

- when T~E~led •) r e t u r n  IS LA~ P LED L O O P I S T M ( s t m ) ) ;
- when o thers  ~) r e t u r n  faTse ;

end case;
end TS_Ll~ CLED_LOOPp

~~~~~~~~~~~~ : 
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Dynamic Semanti cs :

—
~ 

procedure EX EC _STM ( st s: TRE E;  cow : D F i ~V;  cont: EXEC COIl) return CXCC CO’IT is --
begin

case ‘( t )-1D (~~t m )  of
when amsien •) return EXEC_ASSIGH(stm , era,  c O ot ) ;
when c- - I l  =) return C ISC_CALL (sts , any , cont);
wh en ~~~Tt •> return ~XIC EXIT (mtn , ccv , coot);
whe n r e t u r n  — >  return EXS ( ’~ P E T h J R M ( s t m , en-, , conY):
when ~~~~ •) r e t u r n  ~x~ c~ c-o~’o (st-rn, ‘nv. coat); .

when -~~r ’r t  ~) r e t u r n  CXEC JtSSSRT (etm , i- nv , coot);
when n u J i  —> return cont7
when TT •> return EXEC_IF (atm , en!, coat) ;
when c-eec ~> r e t u r n  EXEC CA SE ( a t m , ccv , conY) ;

O 
when  ~> r e t u rn EX EC LOOP ( s t s , era , c e n t ) ;
when b l o c k - — ) return EXEC BLOCK (stm , en-,, coot);

= when Fbc- l lncI  .>
dec la re  __ I

procedure COMTINIJE (env: 0 CMV) return EXEC CWT is ‘‘ -

begin -

O return EXEC STM (STM(stm) , coy , cont)
- end;

begin

O return DECL_MARKSR(ID (Stm), en,, CO~1TIM?JE)end;
end case ;

0 - 

end EXEC _STM; o
procedure EX € C_STM_S is new EXEC_SIEXEC_STM) ;

I Q  0

o 5.1 AsSignment Sta tements  (,~ 
I

An assignment Statement replaces the currant value of a variable with a new value specified by an expression .

Syntax:

0 assi gnment_sta temen t : : —  v a r i a b l e  :— ex press ion ;

Abstract Syntax:

as m i~ n — >  N A M E  SKI — —  ( MA VE :—  EXP;

D e s c r i p t i o n :

The va riable and the expression must be of the same type ~nd the velue of the expression must be compi tible
‘
~~ with any rere e , i ndex , or discrimin ent con strCint ~

p
~ l i c~ ble to the vsrtable . If the constraints .rc not

checked during compilation , an execution time check is performed and raises en exception if it fails (the
check may be omitted if the corresponding exception is rnu rrr~ sscd , see 11.6).

Stetic Sementica :
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procedure CHECK )ISSIGM (assign: TIlES ; env: S ENV) return TPPE is
den : co~Stant S OEM 0! 

“~‘T OEM 0ET~!N’lC(Cr-Si~ n ) ,  e n v I ;
typo den:  constant  S TYPE OEM :~ TYPE ‘) !v (den) ;
nese : cons tan t  T5t11 :~~ Cb MCT_V A I l t A T ) T . I ( M )~ F ( ’a e i g n ) ,  t y p e_den , env ) ;

- eXp : cons tant  T)~E! ;. Ch lECS _ E X P ( P X P ( e s s i g n ) , typo_den , env) ;
begin ‘-S

return MI%K!-iaamiqn, neme, exp);
end C)IECK_ASSIGN; -

- 
C~~~

I

0Dynamic SemC flticC :

procedure EX CC_ASSI~ M (essign: T R E E ;  cow : D ENV I vof l t :  5) 1CC CONT) r e t u rn  EXE C CON r is oprocedure  CO ) TI ~~lj ! l ( J  v a l :  V i L I  r e t u r n  5) 1CC CO’?T is
p rocedure CO N rT M U E ~~( r vaTT~ VAL) return EXEC CO lT is

O ~en :  constant  I) DElI := 0~SrOF(tAIl(assiq n ), en v ) ;  0e on st r d cn :  co~~ E~~~t C CON ~~~T5 D I N  : CO’I~TR _t’rM(den);
begin

r e t u r n  TES’r_M5IC, N ( r _val , c on m t r  den , IJP OATE I1_val , r _v~ l , c e n t )) ;
end CO’Ilr l-’UCl;

begin
O return EV I L. EXPfEXP(assign), eny ,.CI)NTINIIE2);

end C0NTIhIiJE1~~
begin

0 re tu r n  LOCATE (NAM !(mssign) , env , CONTINUCI);
end EXEC_ASSIGN;

- o
5.1.1 Array and Slice Assignments

For an assignment to an array or to an array slice variable , the expression must denote a value with the mere
num ber of components. For slice assignments where the slice vslu~ r e f e r s  to the same ar ray am the sl ice
v a r i a b l e ,  o v e r l a p p i n g  of index ranges  is f o r b i d d e n  and raises the exception OVSPLAP_ERRCP .

- •  o i

5.1.2 RecOrd Assignments 
I~•j

For an assignment to a record variable declared with a specified discrimin ant value, the assigned record value
must have the  p rosc r ibed  d i s c r i m m n a n t  v a l u e .  The d i s c r i m m n a n t  of a record denoted by an access variable cannot
be a l t e r e d , not even by a complete record a s s i g nm en t .

5.2 Subprogram Calls

~ 
Formal D e f i n i t i on  - 5 — 4 Prelimin ary Draft W

~~~ 
-~~~~~~~j - - __________ - r— 

~~~~~~~~~~~~~~~~~~~~~ 
- - -- 



A subprogram call invokes exect’tiOn of a subprogram bod y. TIC cell specifies ti- c essoci”t)on of coy ect- ja l
parameter , with formal parameters of th~ mu Ipeogram . An ac Pual parameter is either a vari’hle or the v5%ue of

__ an expression .

Syntax:

aubprogram_cell_statesent :; subprogram _call;

subprogram _call :~~~ 
-

- cuberonrem name Uparameter_associetion {, parame ter_aSsociation)) )

parameter association :
- - (for’nel _pere -’- -’ter ~~~~J aetuel _paraseter

(forma1 _per~ a-’tnr —:1 ectuel _pareiseter
I ( f o r m a l_ p ar a m e t e r  : — : (  actual _par ameter 0

formal _pa ranct er I:. i d c n t - 4~~i” r
I 0 octual _perameter ::. exprcasion 0

- 
0 Descriotion:

- o  - . - 0
Actual parameters may be pissed in poSition al order (positional parameters) or by explicitly naming the

O corresponding formal par-.a-eters (named parameters). For position al parameter s , the actual parameter
corr” SpoM s to t h~~ formal porameter with t h e  same position i n  th ~~ forms) parametr- r 1i~~t. For named par amet ers ,
the corresponding formal parameter (a explicitl y given in the call, l amed parameters may be given in soy

- o order. c
Positional parameters sod named parAmeters may be yeed in ti e- acme cml) provido~ that positional parameters

0 occur first at the ir normal position , i.e . once a named parameter is us-sd , the rest of the call must use only
cased parameters.

Abstract Syntax: 
-

ce l l  -> ‘5 ’ i E  P A R ? I S! A~~5O(’ 5 —- ( ( . M ASSIIC 9 ) )

U e ’r ’m e r - ro e  a — >  l”-R -V’ SCS )C - - . — —  !PAS’M ASSOC , . . .J
i’ -‘erno-: —~~ “) 5)10 — —  ( a r0 ou’r eseec —> 1T -- rTh ..-~~ V5i 

Li-
la cut — esec — >  T~~ -— : ~‘7~e I

I 0 P~EA)1 ~SS’~C S ;: ar~~~~’- co c S
papa’ s m~~~(’ ::~~ T ii- - --‘- c -- I Cup £~S i--O C I ir. out amsoc -

Norm-H a Inn :

E ac h ec~en- i~~r -i -~ o~ ‘~~-~n I - ’  nor~~~I ia - - f e t e  - r ’~ - - - “ceoc i— Pi on .

Static Semantics :
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-I

procedur e C;IECS_CALL (cnll: TREE; type_den: S TYPE DIM ; c oy ;  S Cl-!V) return S is
begin

return CTIECX_CALL2(NAM! (call) , P A R ’M _ASSOC_S ( e ? l l )  , type_den , env) ; —
end CIIECK_CML;

— procedure CP’CCK_CALL2(ext_name : TREE; pmres_assoc_s: TREE; type_den: S TYPE DEN; en’,: S SHy) return TREE is c- 
-

den_sI: constant S OEM S :— DCI OF(ext name, env); -— all denotations of the ext name
den_s2: constant S DEM -5 : V’IL.TD OVERt0AOINC_S (den n l~~ parem_naso c s , type den, eny);

begin —

if  TS _ C’ IPTY (Jnn_ 57) th en
re tu r n  !‘i C’O ’iPATIPt C CALL ;

O elaif LCICTP (d nn  s 2 )  ~~~ then
return •A’IlWUOUS CALL;

else —— solution o’~ overloading yields a unique denotation
declare 0den: constant 9 05)1 :. M E P t D ( d e n_ 9 2 ) ;

id : constant T R E E  :~ TD(den) ; —— unique identifier associated with the subprogram declatation

o —— which is identified by the call 0par- is_s : constant S OEM S : PAI1I ’M _ S( d o n l ;
pa r a m _assoc_s2: constant TREE :— NOIl’-lPi,IZE PARAM _ASSOC_S (param _s, param_sssoc_m , en’,);

O param_assoc_s3: constant TREE ;—  CHECK P\RAM ASSOC S(pirem s, pares asmoc s2, end ,
begin

- re turn M A K E ( c a ) l , id , pares_assoc s3);
end; - . -

end if ;
end CRE CK _CAL T. _ 2 ;

0 procedure C; ECK_PARSM _ASSOC_S (param_s: DEN S; param assoc_a: TREE; coy : S ENV) return TREE is 0 -

begin
if IS_ E 11PTY(p arali _s) then

return EMPTY(par~ m pasoc a);
else -

O P R E ( C I I E C K _PARAM _ASSOC (HEAD (peram _m), READ(param amsoc m l. Cnv ),
CHECK_PARAM _ASSOC_S(TML(pz.ram_s), TAtL.(param~ mssoc a), env)l;

end if;

o end C N E C K _ PARAM _ASSOC_S; 
-

procedure CUECK_PARAM _ASSOC(parmm: DEN; param as500: T R E E ; coy: S CMV) return TREE is

O beg in —— pa r a m _assoc has been norm~Ttzed to : ‘ E~~T’ I TO  —: ‘~~~T, or (ID ~~~ I—
return MAKE(l(tND (param assoc), TD(param easoc), CT)~~ K EXP(EXP(param smm ocl,TYPE DEN(param), c o y )) ) ;  

~
— I

end CHECK_PARAM _ASSOC;

0 -

Dynamic Semantics:

procedure EX EC CALL (eall: TREE; env: 0 CMV; Coot: EXEC CON?) return EXEC CON? is
procedure CTh TIMUE (para~~~~ l_s: PA~X~:VAt_S;) return CXCI’ CON? is

den: constant D DEN :— DEN_OP (TO (call ), eflv) ;
begin —

return don (param val a, cont)
end COl-ITINUE; —

- - begin - 
- I

return EVAL _PA RA M _ASSOC_S ( P A RA M _ASSOC_S (c a l l ),  any , CONTINUE) ;
end EX EC_CAL L.;

Formal Definition - 5 — 6 preliminary Draft W -

—.--4 — —

- —, 
~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

—-—- --- —--------.-- - p



-S

- ‘ a ,

F%PSL_rA,lSsi_A qsiC r (~ a r a r _a..,oc_s, -i-prs, any :  r i E : v ;  cost: aV~ L. CO’Tr) return EXEC CC’;? is
begin

if 15 EMPTY (rlarcm assoc 5) then
return coot (EMPTY)

else -

declare
procedure CONTINUE) (psr.-.m_val: PARAM VAt ) return EXEC’ CONT is

procedure CONTINUE2 (paras_val _s: PSPA-i Vat . Si -return EVEC CON? is
begin 0~return cont(PRC (param_val, param ,yal_s)); 

- I
end COWTTMUSI;

begin a Ireturn EVTtL_PARAM ,,ASSOC_S (?AIt(param_assoc 5) ,  env , CONTINUE2);
end C O N T L N I J E 1 ;

begin
‘‘ return F-VAL_PARAM _ASSOC(HEAD (param_emsoc_s), any , CON?TNUC1);

end ;
end if; oend EVA L _PAP AM _ASSOC_S;

procedure EVSL_PARAM _ASSOC (param_assoc: TREE; sow : 0 CMV; cont: SWilL CON?) r - jrn EXCC CON? is 0 10 procedure CONI’INUE (val: WilL) return EXEC CON? is
begin

re turn con t (PARAM _VAL(IO (param_a~ soc), NATURE (param_assoc), vail); oend CONTINUE;
begin

O case )1TND (parsm assoc) of
whe n i n  aecoc —>

return EVAI._!XP (CXD(peram _assoc) , env , CO N I ’ T M U E ) ;

O when nut assoc I in out aseoc •>
re turn LOCAI’E(EXP(param_sasoc), env , COI4TI NUR);

end case ;

0 end EVAL_PARAM _ASSOC; -

~~~ 5.2.1 Ac tual Parameter Associations - 0

0 There are three forms for specifying actual parameters

0 (a) Input parameter association

(formal _parame ter :=) actual_parame ter

The corresponding formal parameter must have the mode in. Its value is provided by the actual parameter.

- - (b) Output  p a r am e t e r  associa t ion -

i ~
—, -

(formal _parameter —:1 actual_parame ter

The correspon ding formal parameter muSt have the moda out. Its value is assigned to the actual parameter —

as a result of the execution of the subprogram .

Formal Defini tion S — 1 Preliminary Draft W
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- ~~~ (C) Input—output parameter association 
-

( f o r mal par a s~ ter : : J  a c t u a l  p ar a m et e r  —

The corr eapond~ ng f o r m a l  p~~r - . -net e r  m u s t  h a v e  the  mode in out, Within the subprogram , the formal parameter
permits access and sssignmcnt to t he  corresoonding actual parameter.

An expression used as en in parameter is evaluated before the call. An expression used i’s an out or in out
I actual paramet er mu st be v-nriahle or a - qualified ysriable . The identity of a veri sb le Out or in Out actual c -
- 

parameter which is a selected component or an indexed component is established before the cell.

- 5 .2.2 Omiss ion of Actu~ 2 Parameters

- An in parameter may be omitted from the actual parameters if the subprogram declaration specifies a default

0 v a l u e  for the  corresponding formal parameter. In such cases, any remaining actual parameters must be named . o

j o  - 0
5,2 .3  R e s t r i c t i o n s  on . Subprogram Ca l l s

- 
- 0

The type and conetraint of each actual parameter must be consistent with those of the  corresponding f o r m a l
- O parameter , as for ass ignment. To prevent d imming Ii .e. multiple access to the same variable) , a yari able f

- which is used as an actual out or in out parameter may not be used as anOther parameter of the mama cell. For
- this rule , any variabl e that is not local to the subprogram body is conriderc-d as an implicit in parameter if

its value is read , ~nd is considered as an in out parameter if it is directly or indirect ly updated as a I -

result of the cell.

- 

0~
5.3 Return Statecents

0 0
A r e t u r n  St at emen t  t e r m i n a t ~ s execut ion of a subprogram .

0 Syntax:

o return_statement ::. return (expressioni ; 
k,,,

Abstract Syntax: - - :
r e t u r n —> !XP VOID —— t return EXP VOID; I

- 
Description:

- 

A return statement ca.n only a~ riear I n P~~’ a.’eu. nco of s t at e m en t s  of a subprogram.  A re tu r n  sta temen t mus t no t
e-ppaar in en eCc~ et 5teP~~a~~r.t - ~or r U— ~ - .- h,n5 er v- - lIl a rc’ttIr nin3 ~rocedu r e s , a re tu r n  stat emen t must  i nc lu de
an expression whose val ue is the r’-su~ t of th ~~ r-jbero~ ram .

Static Sr ’- I l a n t i r ’ 5 :  -‘
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procedure CHECIC TiII1’URN(return: TREE; eny :  S CMV) r e t u r n  ~~~~ is
type den: coi~stant S TYPE DE~!’”~~~ RESUL.T”T~~U1~RE-NT SUPPNOGRA” (env)):

begin
- 

- if not IS IN SU’IPRIX’.RItM(env) then
re tu rn~R r TUPN (lIlLY TSLLO’ EO TN SU!IPROGRAM flODY;

elsif IS tM_~Ccr~1’ (e~v) then
- - return RETUR~ lOT At.t .OMED IN ACCEPT 5TA’fC!i!NT; 

-

elsif IS TNVIL!D R5T1’2?~(EXP VOt~~(retur~ ) ,  type den) then

O re tu r n  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
else

case KTflD (EXP_VOTD(refurfl)) of
when void •, return return;
when ~tE rs •> return MAKE (return , CHECI(_EXP (EXP_VOTD(return) , type_den , eny));

end Case ;
end if; 0end CHEC K_RETURN;

I
0 0’

procedure IS_IMVALID_RETURN(exp void: TREE; type_den : S_TYPE_DEN;) return POOLEAN is
begin

case K IHD(exp_voi d) of
when voi d —) return type den /— VOID;
when othere •> return type_den — VO ID; 0end case ;

end IS_VALID_ RETURN;
1 0  

- 
0

0 Dynamic Semantics: 0

procedure EXEC_RE1’URN (return: TREE; any: D CMV ; cont: EX IC CON?) return EXEC CON? is - o
- 0 begin -

case KtND (E’CP_VO!D(stm)) of
when voi d —, RETURN EXEC’ CONT(eny)); 0o —— ‘‘ii~~’URN CXCI’ CC’M~ (envT Is the continuation of the current procedure cell
when others > CV~ L_ EXP ( EXP _VO!O( stm) , any , REI’UPM_EVAL_CON’r(envll;

O —— RET U RN _EVAL_COtTl’ (e ny)  i~ th, continuation of the  c u r r e n t
—— f u n c t i o n  or va lue  r e t u r n i n g  procedure  ca l l

end case ;
I o end CXEC_RE’FURN_STM ;

5.4 If Sta temen ts 
-

‘~‘ An if statement effects the choice of a sequence of statements based on the truth value of one or more
condi t ions .  The express ions  appear ing in cond i t i ons  mu m t  be of the  pr ec’ef ined  type ~OOtEAN ,

- Syntax:  
- -

if_statement :: - .

if condition then

Formal D e f i n i t i o n  - 5 — 9 - Preliminary Draft W
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•1 
-

- sequence  of Statneents
(elstf condTtton then

,Th sequence_of statements)
(else

seeuenc’-_of statesents)
end if ;

c o n d i t i o n  ::

a ex pression (and then expression)
I e x p r ce s io n  (or elae e x p r e s s i o n )

- 
AbStr~ Ct Syntax: - 

0

if -> CONETT!ONIII. S STt~ LTS —— (if CO’~O T T T C M - lT S else ST!-l S end if ;)0 conditi onal a — , CONoI T TO ’~at . .  . . —— [CCMO T -r T r’-I ~ A T. els i f  , . .  r~ ”— 0
co n-l it Ion-a l — > Cr110 CTII S —— ICr1 ’-I~ then s r~i SI

- 
O c o n d i t i o n —> ~~~~

“ 
C~~~~~~T?TON OP CONO -— IE~1P CE1’)TT aON OE COND)

and  t h a n  — >  ~~~~~ Cfl’ JlTt”M Op ~~~ ——  (~ th en)  —

or elsa —> ~~~~ P C O ” D T r T C ~-~ OP COND —_ (or elsel

I 0 CC,; t ’ITYO ’-TAt S : :=  c o n d i t i o n - ’l s 0 I

C~’-:~D T T TO1 ” . L :: c o n d i t i o n a l
Cr110 ::~ EX P I c o n d i t i o n
COM DTI ’IOM OP : : —  ~~~ t h en  I or else

0 DeScription: 0

Execution of an if statement results in evaluation of the conditions , one after the other (treating a final
,~ else as elsif TRUE then) , un t i l  one - evaluates to TRUE; then the corresponding sequence of statements is

execute d. If none of the conditions evaluates to TRUE , none of the sequences of statements is executed.

Norma lization: 0
[if CONDITIONAL S else 9TH S end if ;)  — ,

o (if C O I I O I TI O t I ’lt S elsif true then STM S end if;) 
-

0
Static Semantics:

procedure C IECX_XF(if : TREE; end: S ENV) return TPE~ is 
-

er ivl ;  !ENV :~ LAaEt S_ I M ( CO;aDITT~~~ L_S( i f ) ,  c o i l ;
i ~~~ begin

re turn ‘ A X E ( i f , CHECK _CONDTT ION AL _S(CONDTTIO St-_ S ( i f ) ,  ~n y 2 ) ,  EMPTY) ;
end CI’ECK_TF;

procedure CIIECK_CONDIPI O NAL_S is new CH E CK _S(C !!SCK _Cl’INDITIONAL) ;
- 

procedure (‘HECK _I’ONDTTIONAL (condi tiona l ; TREE ; any: S EW) return TREE is
begin

Formal Def inition S - lu Preliminary Drift W
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• return MAKE (ron d i t io n a l , CHECK COND(COND(COnditioflal), end), CHECK SrM_S(STM_R (cenditional ), env)(;
end CHECK_CONO!l ’IONAL ;

H’ 
_ _ _  _ _ _
Dy n a m i c  SemantiCS :

procedure EXEC CONDITIO1ThL(conditional: TREE; end : D CMV; coot: FXPC CON?) return FXEC CONT is
I 0 procedure C~NT(NUE(v~ l: VdIL) re turn E~~r’CONT ia

begin
1 if flCOLEAd fvaI) then -
I — return EXEC_STM_S(STM_S(conditional), env , sent);

else
a return coot;

- end if ;
I end CONTINUE;

beg in
return EVAL (‘ONO (COND(conditional), eny , CONTINUE);

end CXEC _CONOVfX ONAL ; -

0 -

5.4,1 Short Circuit Conditions . - 0

I A condition may appear as a sequence of boolnan expressions separated by and then. In such a case, evaluation
- of the constituent expressions proceeds in textual order until one evaluates to FALSE , in which case the value

of the condition is F’~LSE ; the condition is true only if all expressionS evaluate to TRUE. Similarl y, for
e xp r e s m i o n s  separated by or else , e v a l u a t i o n  stops as soon as an e x p r e s sio n  eve lua t es  to TRUE , in w h i c h  case
th~ value of th~ condition is TRUE; the condition is false Only if a l l  e x p r e s s i o n s  ey a lu at e  to FaL SE .

0 Static Semantics: 0

procedure CI ECK_CONO (cond : TREE ; any ;  S CMV) return TREE is
begin - — — - 

-
if IS_ EX PfCon d) then —— EXP

- O return CHECX EX P( con d , RIDOLEAN TYPE , env) ; 
—

else —— (CXP C~~NCTTTON OP COP-TO 1

declare
- exp : TREE ;. CHECK_EXP(EXP(cond) , SOOtEAN_TYPE , any);

cond2: TIES :—  CHECK COMO (COPID(cond), end); -

begin
I return MAKE (condition , exp, CONDITTON_OP (cOnd), cond2),
I end ;

end if ; -

- end CHEC K_COND;

Dynamic Seman tics
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procedure FVAL_CONO (cond ; TREE; end; 0 ENV : coot: EVAL CONT) return CXII’ CON? is
begin —

if IS EXP(cond) then —— I E X D I  - -

re~ urn EVAL EXP(cond , coy , coot);else -- TF X ~~ CONO TT I ON OP COND I
return EVAL_CONT)ITIOtl(c~~~ , any , coot); —  -

end if ; -

end EVAL_COND; -

I ’ D  C’ -

procedure EVAL CONDTTTOP4 (condition: TREE; end : fl SHy; coot; CV5L CON?) return EXEC CON? is I

procedure C5!4TINUE1 (val: VAt,) ret~?W EXEC’_COi~~T~begin — _________

if ROOLEAN(val) then
return EVAL COND(COND(condition) . end , cont);

else
return cont(va l) ; I

end if ; I
I 0 end CONTrNt1Cl~ 

0 -

procedure CONTINUC2 (val: VA t .) return EXEC CONT is
begin — _________

if EOOLEAN(val) then I
return cont(val);

else
re turn EVAL_CONO(COND(condition) , end , coot);

end if;
end C O N T I N J E 2 ;

begin ‘ -

- case I OIIOTTIOM OP (cond ition) of

O when ~n4 th~ n —> return EVAL EXP (CXP (exp) , end , CONTTNI7!l);
when or else —> return CVAL EXP(EXP (exp) , coy , COIdTIPTUE2);

end case;
end EVAL_ COMID ITIOM ; 0

0 5.5 Case Stat ements -

o A case statement selects and executes one of several altern’tiye sepuences of statements. The selection is -
based on the value of an expression , of a discrete type , given at  the heed of the Case stCtement .

Syntax: - - -

caSo_ st ot emen t  : : —
case expression of - 

-(when choice ( I  choice) — ,  sequence_of _sta tesen ta)
end case ; 

-

Ab stract ~yo~ ax: - 
-
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ce’i’ —> “NP ALTERNaTIVE s —— I case (‘VP of ALTCP’;ATTVE -S end case ;
a~~ erna tive S — >  A L T E P M ’T T V I  .. .  —— ( A L T F P T h T T V E  . - - 1
r ltarr:t ive — >  C M O ; CE  S 9T” S —— 1 when C ’ IOICF ~ — >  ‘ITM E I
ALTCEI1ATTVE S :: altern ative a
A LT I~ T 1 AT T V E  :~~ al tern a tiv e

Description:
- C )

Each alternative is preceded by a list of choices specifying the y~ lu~ s for which the alternative is ~ax~’cuted . I
Choices given in case statements follow the sam-a rules e~ choices given in component associrtion e for array
aggregates (see 3.6.2). Thus , each possible value of the type or subtype of the expression must be given for I

- one and only one sltcrnatiye; the choice others can be given as th~ chOice for t h e  lest ~lter na ti ve to cover I
all values not given in previous choices. Not~ that it is alwcys poesible to use a qualifi ed ev~ rcssion to 0 

I
limit the nuclear of choices that need be g iven explicitly. I

0 
Stetic SemantIcs: 

0
procedure CUEI’E_CASF(case: TREE; coy : S CMV) return TRE E is

e n v 2  : constant S CMV : LA~SLS TN(At.TERNATTVS_S(case), end);
- tyce_den : constant ~~‘iV~E DEN :—  TYPE Oi~(tXP (ease), env2);I omp : Constant TIE S :—  CREC~ EXP (IXP (case), type_den , eny2);

- 

O altern ativ e s: Constant ~E~F~PNATTVE~~ :—  CMFCI(~ sLTSRNATTV5 S(ALTERMATTVE_S(csse), type_den , eov 2); 
-

- - begin -
if not IS OIE-CRSTE(tync den) then

I return TYPE_MUST IE_~TrCSETS;- 0 elsif not T5_ IXIIAU SrTVE (alternative s, type den) then 0
return C H O I C E  S MUST RE EXHAUSTIVE ; —

else -

- 0 re turn M I K E ( c a s e , exp, al ter na t ive_a); C I
endif; -

end CMEC’~_CASE; 0 -

0 procedure CHECK _ALTERNAT I V E_S is new C)1ECX_ S2 (S TYPE DEN , CHECK_ALTERNATIVE); 0
procedure CNECK ALTERNArrVE (alternative: TREE; type den : S TYPE OEM; coy; S CMV) return TREE is

- 0 cho ice ml: constant TREE :~ CHECK ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ type ~~~7 eny); —  -
cho ice s2: Constant TREE : NOPMAtIZE_CH~ TCE_S(choice_sl , type_don) ;

I ~~ —— normalizes each choice such that a range is -
—— r eplaced by a list of choice values - 

-I Stm_S: constant TREE :— CMECK_STM_S(STM S (alternetive), end) ;
- begin

re turn IAKE ( ;lter na tiv e , choice a 2 , atm m );
- - end CHE CK _A[.TERMATIVC,
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- - 
Dynamic S~-eantics:

procedure  I’XF.C CASE (cas,: TREE; end : 0 ENV: coot: IXEC COlT) return EXEC COlT is
cri v 2: const~ nt 0 F~~IJ : “T~~sLs IN(ALl’EPHATTVE S(e-’~ -- ), C D V ) ;

- 
~~~ 

proced ure  CONTti~fffl,al: I/ALl r turn EX”C_CONT iS ~— I
-- begin

return EXFC_AL?SRMATTVE_T (AL?SRMATTVC E(c-ase), vel , env2 , coot); -

end CID’;TTNUS; C,-. beg in 
- 

I
return FVAL_FXP(EXI’(case), env7 , C O N T T H t J E ) ;

o end CXJtCJ’ASE; 0
procedure EXTIC_ALTCRNATTVE_S is new EMEC_S2(~~j~, CXCI’ ALTSPN~T!VE S); -

procedure EXEC ALTERNATI V S(aI terne tive : TREE ; val : 15t.; any : 0_CMV : coot : CXCI’ CON?) return EX~C COlE Is I0 choic— _m : c~nstant TII T. E : —  CHO I CE S(aTF~~oativc)T”
’ 0

sta_s : COnm tant TREE STM_S(alterna’-ive) ;

O begin
- if IS CIDTY (chOice 5) then

reEurn coot; —

else - -- ‘-‘i declare  -
alter nat ive2: constant TREE :~ MAK E (~ 1tcrn~ tfve , ThIL(choice_s), atm_sI;

I Q procedure CONTI NUE (val~7’~~SL) return 1 X E C ~~~ö~’T is I
- begin

if val = val2 or val2 others val then
return EXEC_STM_S(STM_S (alternativl’) , coy , coot); I

elsc -

return ENEC_ALTERNATIVE (elternative2 , env ,- cont); I
end if;

end ;
begin I

return EVAL_EXP (HCAD (choice_s), end , CONTINUE); I
end ;

end if;

o end EX~C_ALTCRNA TIVC; 0

5.6 Loop Statements

- L) A loop statement specifies that a sequence of statements in a basic loop is to be executed repeatedly zero or — -

sore timea. Execution is terminated either when the iteration specification of the loop is exhausted or when
an exi t atatement within the basic loop is executed .

Syntax: -

loop_statement ::• Ilteration _specif icationl tasic_ Ioo’e

I 
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basic loop ::
loop

seouence_of _mtaternc’nts
end loop (identifi er );

iteration specification
for Toop_paraceter in (reverse) discrete_rangeI while cordition

r)- loop_parameter : : =  i d en t i f i e r  -

Abs tract Syntax , o
looc -> ITCR’TI’~ U STM S -- I TTCPA-rroN loop STM S end loop; I

-> I D  P’I’~’IS 
— —- ( for ID in P ’ s T

r~~,errc — > I D  R R I G S  — —  I for ID in reverse R A N G E l
I — >  IMP — - w h i l e  IX” I

o ITFEATTON : : —  for I rn-farce I w h i l e  ) 0

o Deserietion : 0

to a loop statement with a while clause , the condition is evaluated and tested before each execution of the ~~ -

0 basic loop. If the while condition is TRUE t h e  loop is ex’cut~ d , I! FALSE the loop statement is term in ated ,

Tn a loop stateseot with a for cl—u :-’ , the discrete range is evaluated oniy once , before execution of P - be loop
- statcmcnt. The loop paramet er is impl ic itl y decl ared as a local v a ri abl e whose type is t h ~~ t of t he  elements in

the discrete range. On succ-asriye loop iterat ion s , the loop par-’I-eter ic succ erci v— el y assigne veluac f r o m  the
specified renge . The values are assigned in increa sing order unless t h e  r e s e r v e d  word reverse is present , in
which case the yalucs are assigned in decreasing order.

If the range of a for loop is empty, the basic loop is not esccut:d . M ithin the basic loop, the loop parasetar
I 0 acts as a constant. He n ce the loop paramet er may rot be ch e n - j e d  by an easignm ent stateme nt , nor may it be

given as an out or in out parameter of a subprogram call.

0 If a loop is a labeled stateSent , the label id entifier must be repeated at the end of the loop after tb-a C)
rese rved  words  end loop.

0 Static I~:iCrtica ~ -

procedure CPECK _LOOP( loOp : T RE E;  end: S ENV) return TRE E is
1 0 env2: constant S CMV := IN LOOP (env);

envl; constant ~V = LARELS_IN_STM_S(S?M_S(loop) , env2);

- - iteration cnv : constant TREE ENV := CHECK lTCF-ITTO’ !(TTERIP-TIOH(looo ), end) ; - -

stm _s 
— : cons tan t I E E E  : C MECN STM_S(ST M _S(loop), EMV (iteratlon_eny));

begin
- 

U re turn M A K C ( , TIII?S (iterst ion c-nv) , stE 5)
end C!’ECK_LOOP; 

—

• 
procedure CNECK_ITE RI1’11) (it — r a t to n ; TREE; an’,: ~~~ I””1) return TREE E~’V is

begin
case KI ND (ito r a tion) of

when for —— I for TP in R A N G E
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I r - ’v~- r s ’ = —— I for TO in reverse F ’~~’~~~F

decl are
ty : ~ _~~:e : Constant TYPE CEN -ryar er(rn —retfoo) , en-i);

constant Tare :. C a r - eA”er (Is”-~I (iteration ) , type_den , end);
constant S DSSOP.M rereCETPrIfl’!(type c’cn , El-P-PT?);

i- ’ Cnf : Constant TFi~ T~ El- V : !‘P-’CL(ID (iteretiOn), eonCt ’nt , d”Sden , FlIP??);
cn~ ? : constant F r ’~V := ‘ !eTEr? _ E’l J (env , E~’V(i~ _ee-,));
it’ r - ’ tior2 : constant ‘r’~~r~ : ‘ -‘KE (KTNO (itcrat ior ’), lOUd_c-nv ), rang-a );

begin (S
rc t u rn -iFE” .T’ -!V (iter :t-i onl , cnv?); - - 

-
end;

when wi,i1~ —> -- wh ile ~~~ I C’
de~T~i~

cap : constant 1-PC? CMICM EXP(EXP(i toration) , POOLEA I_TYPE , env); oitcr :tion2 : constant :~ l’a K C ( w h i l e , exp) ;
begin

f_
I 

return TFFr_I-’V li t e r a t i on2 , end ) ; oend;
when -,oi-’ - )

return TR EE EI-;V (vojd , rn-i );
end Came; —

end CHFCII_ITERkTT ’l;
- 0

0yr~--r - i c ‘Iee;,tiea: 0 
-

procedure EXEC_LOOP(1000: T~~ E~~~; en-,: fl E’-’V; coat: F~EC COlT) return EXEC CO:- T is
~~ cnv2: constant O Ily ; 5ET_LOOP(en-,, coOt);

anv3 : constant D C!IV := L\nELS !’~~er1E(STl 4 S(loop) , env 2, coot);
beg in -

came KIMD (ITEPFTT””(loe:)) of
when for = — -  ) for :0 in F- ”~E loop SF’-’ ~ end loop; I

return EXCI’ POe LO1r (loe~e , -i-i~~~, coet);
when rev: r~ e ~T - ‘ I for TO in reverse r ”GE loop 5TH ! end loop;

return ExcC_R’IVlF5E_Le’~c (leel-., ~~CI ~~’ , cent);
when wh ip- = -- I while FXR loop ‘I’rI end loop;

re turn rYrl I’ - - i r ~~e t- r~” e ( l o’S , n . ’~~~~-e n - )
when v~~i - ’ =~~ -- T loop Fr I end loop; I

r e t u r n ‘IXfC _ ST’-’_ a ( ’ I r l_ C ) T ~~ F ) ,  cr - i , EXEC_LODelloop, coy , coot));
end case ;

end ai r r LC’I~’;

procedure  E X E C _ T’OR t~~~~~~~ ( l r ~ o~~~ : T ’ - ’ ; -cv: ‘ E’lV; coot: EXEC CORT) -return EXEC CCNT is
i t e r e tia r : constant 1-re” ._

t v -  - -‘-‘c- : constan t F ”- ?— - - a - -  - — Tv~~ ’ ‘-i t-- ( ‘ - a ’r (r-a1 ’I (i t - - ’ r — t  ion)) , envl
— proc~ d ure  C r : r T ’ l J F l ( - ; ~ 1 ~~ i :  ‘ ? ‘ !  I r e t urn  r V f C  CCI? is

procedure  C-’ - - r r : I ” 2 ( i - i  - I7~~~[, I r e t u r n  r -~rr (~~- - r  ia
procedure  ~~~~ - ~~ “ r i r . rTT~ - -~~~~~ I r e t u r n  “‘cc c” ”r is
begin

return F(FC_’T- - ’_5 (‘IT’’_S ( l o o p )  , rn’,2 , CCVTI?fllf’,l (SUCC(val , type_den)));
end CI-’Tt IU”l ;

— Force) Dc finit joe S — l~~ 
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— 

begin
if IY(-,al, val~~, typa_den) then

— return DIICL(T D (Iter ’tion), conmta nt , V CI . ‘-nv , CIP--1TTIIUCI);
else

return coot;
end if;

end CC TX;1UP2 ;

begin r—’
return COMTTNUE (vell );

end C O I T T I t I S I ;

begin -

re turn EV IL PAdOE (RAXI ’ ,E (iter ?tion), any , COl’rINu?l);
end EXEC_FOR_L~OP;

-~~

procedure IXE C_ r?VESSE_LOOP (loop : T’1PE; c-nv : P F’IV~ cont: T’X F’C rC’ITl return EXEC CCI? is
iteration: Constant TREE : ITFPATTO~7T~~ o);- J  type d~ n constant F~II Y?E DPI TYPF_0FIC t”~~(T\”EE)i~~-errtioo )), coy);
procidure CO:~T ;f lUI l  ( v a i l , vcll : VAt,) return FIEC C0’f’l’ ~~proced ure  CO’lTTItJtl2 (val: I/AL) return EXEC CCI?0 procedure CONT1MUE3(en~~ T 0 CMVI return E’~ C (‘OUT Is

begin
return EXIC STMS (ST?l S(loo~ ),, en-,2, COMTTHt’E)(PRID (val , type_den))); . oend COt~TIMt’I3;begin - - 

-

I f Lr(vsll , val , type_ dc-n) then - 
-

— return OE CL(ID (i tere tio n ), cons tant , y~ l, c-nv , C O N T D ’ U F3 ) ,

else
re turn coflt ; - —

end if;
end CO’ITTMUE2 ;

begin -

‘
~~ 

return COITINUE2(val2) ;
end COHT ITI UC1;

- - begin ~~ - -
return EV\L_RANGE(RANGC (iteration), end , COM’rTNUCl);

end EXEC_PEVERSE _LOOP;

procedure F-XEC_WHII.E_LOOP (loop : TREE ; end : D ENV; coot: EXEC Cl:lN?) return EXEC CON? is

procedure CORT!IUC(val : I/AL) return CXCI’ CO”I’ is
begin

if ROOLCAN (vel) then
return EXEC_STM_S(STM_S(loop) , end , EXEC_NHTLE_LOOP (loop, end , cont );

else -

return cOnt ;
-
~~ end if ;

end CONTINUE;

begin
return EVIIL EXP(EXP(loop) , env , CONTINUE );

end EXEC _WHI LE _LOOP;
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5.7 ExIt Statc s~ots

An exit statErl c-nt causes expl ic it tcrm1 na~~(on of an ‘nc1o ~~l re loon .

~~ !yat . lx:

exit statement :: exit (i de n ti f i ’-r I (when con d i tio n ) ;
f_S

ibstr’ct 5yntaI:

e x i t  -> If) V O TO  COlD VOID -- I exit TO VI ’lTP when CC-- b :  I—— I exit IC VOT’l5~ I 
—

COlD VOID : : —  COlD I void

C,-

Ocecrietion :

0The loop cmitcd U thc- innermost loop, unleas ‘-ha —sit state~ ant iden t i fi c- a tt a Yah~ l of an enclosing loop, in
which case t h e  named loop U exited. The exit StPtCCc-ot may cont’in a condition , in which crac ter irinati on

o occurs on ly  if its value is TRUE . An exit statement ‘nay only appear withi n a loop. An emit St?tc-m ,nt cannot
transfer control Out of a subprogram , module , accept rtc-tCsC nt , or cxceotio hsndler .

0 rorcalis-tion : o
(exit TO VOID when CO ID;) —>I if Co:;~ then exit ID VOID end if; 1

Static Semzntic~~:

procedure CME(’X_EXIT (cxit : TREE ; coy: S ENV) return TREE is
begin

if IS_Il_tODD (c-n-,) then
case KIlO (Ifl_VOTO (C-xit)) of

when vcaI’l — >  -- I exit; I
return exit ;

when Ic’ ~> — - ( exit TD; I I...
if l S_’-’IIbKER (TO_VOTD(exit), end)  then

re turn exit;
else - —

return EXIT IDENTIFIER MUST 8E VtST~ t,F LOOP t-A ”Ct;
end if ;

I.) end case ;
else

return EXIT ONLY FROM WITHIN LOOPS ; -
end if ; — — 

-
.

end C;’F.CK_ExrD;

Dynam ic Semantics:

procedure EXEC_CXIT(exit: TREE; end; D CIV; coot; EXE C C”-’?) return IIXEC CflP--’T j~
beg in

ease XIt-TD (IO_VOID (exit)) of -

when void —> —— I exit; ) -

return LOOP_CONT(env); —— the continuation of t h e  curr-’nt loop
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when )~~b —— I exi t TO: I -

return MC PXER _ V At(XD V~~T O ( c x i t )  , c-nv);
— end case:

end EXFC_ llx rT~

5. 8 Goto Sta tements -

The execution of a goto statement results in an explIcit trans fer of control to m other atstament.
—

!ynt x:

goto_statemert ::. goto identifi e r ;

Abstract cyntex:

C) 
-> j ,~~ -- I goto j~; I

C) Dascri etion: o
Th~ SPCT-’cent to which control is transferred must be labele d with th~ Came identifi er. Thc d~~ )enated
stctcmcnt and the goto st~ te-rent must both ~c within the same subprogram, module , or accept atatr’ncnt.

7~ goto statement cannot transfet control from outside into ~i compound statement , block , subprogram , module , : -
- accept etateaent , or exception handler . It may transf-’r control from one of thc- sepuences of Tt -~t-Oients of an~~~ if stetrm~nt or a came statement to another. -

A goto statement canndt transfer control out of a subprogr am , module, accept statament , or exception handlar .

Static Semantics:

‘.-) procedure CNCCK_COTO (goto: TREE; end: 0 ENV) return TR EE is
begin —

if IS t.kP-IF,LUO(goto), ony) then
return go to; - I..’

else
return IDENTIFIER IN DOTO MUST B~ VISIBLE LAgEL .; —end if;

end CITECK_COTO;

~) Dynam ic Pemootic s :

- procedure CXCI ’ GOTO(goto: TREE ; env: II ENV , cont: PITT CO’-’T) return EXEC COIl’ Is
begin — _________ _________

return L~REL CON1’(ID(gote), end) ;end EXCC_GOTO ;

5.9 Assert Statement
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An assert st’tcment states that a condition muSt hole wbene.,~.r cenpro) r—rnhe ~~ ,P”- t point In th pro lram .

Syntax:

asser t_statement : : —  assert condition;

Ab stract Syntax:

assert — , CONO —— ( ess~ mt COlD; ~‘-

Description :
-~~ The execution of an assert statement causes the evaluation of the condition , Cr ~~‘-  ‘~~ rt ion ~E~r!T EPROP is

reim ed if the condition is false. . 
—

Ex cution of assert statements may be omitted wh~ o the exceotion “SS~ PT_ERPOR i - s~ ’~~t ~y a pre~~na (sac
11.6).

Static 4~mantics; 
C

O procedure CHECK_AS SCRT(as sert : TREE; env: S CMV) return TREE is
begin -

return i’AXE (essc rt, CHECK COND( COPIO (e5sert) , POOLE”_TYPE , c-nv) ;
end (‘FlECK _ASSERT; o -

Dynamic Cc - m cnt ic s :
-
~~~ p roced ure EXEC ASSfRF(ss~ ert: TREE; env:O CIV; coot: CXFC CD’;T) return EX!C COlT is

proce dure CTh~Tp~UE (val: VAij”~~turn E ’ COt’T is
begin

if TIOCLE’A’l (yel) then
- return coot;

else
return PXEC_PAISC (assc-rt _error , c-nv)

end if ;
end CONTXI ~~fJ E ;U beg in
re turn EV ’tL_COND ICONf)(?sse rt) , end , CONTINUE);

end EXP. C A SSER T;U _ 
-

5 .10 AuxilI ary Definitions for Labels

‘-5.

T for m s l i z rt i o n :

The following functions are used to ensure that labels arc- not multiply defined within subprograms or modul s.

procedure LAI’-ELS_TN STM(stm: TREE; 1ab~ l_ 5: TREE) re turn TCF ,C
begin

case ~PD(stm) of 
-

when l~ bc-lcd —> —— I <(  ID >> STiII
if IS_I’4(ID(stm), lab~T_s) tI~~n
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~1

- return ERROR_LARELR_t-lF,IST_PE_UMTOUE;
else

— return LARELS_IK_-5T1(STM(Stm), PRE(!O (Stm), labe l s));
end if ; 

—

when if •) — —  I if COtltl Il’OI;AL S end if;
— rei~ rn tARtt.S TM(CO:;DIrTOt’~ t. Ilatel , lah c-l s);

when ce ec > —— (case ~~~ ol At,rme ’aATTvF ~ end case ; I
return LAifCLS IN(PLTCRtI~TtVVS(e aa l , 7-abel a);

when l~~p~ -— ( TT”ITATTON loop ST’-b S end l~op; I
acec-et .> —— I accept M”I”E IOr,CL 5) do ~T” end ; I
return LAPELS TN SF1 S(~TM S (stn), laheT ?fl

when c—I c - c t —> ~~
— T select ‘LIEPIATTVC .5 else c-~?e end if; I

return LA8t’LS_TN_ST-I_P(ST!’_S(ShP) , t.~IIE t S_ T s I ( s t i E E l I c ’I T V E _ S( 5t m )  , label _c));
when block — — —  (declare OCCI, PAR T begin PT” ~ exception ALTERNATIVE S end ; I

re~~~~~LARtLS_TN (I~LTCRNA’rIVE_S(stm), LAC c-t,e TU CT” I(b~~ (atm) , l -thc-l s) ) ;
- when others )

return Iabel _ s;

C) end case ;
end L~’nELS_ TN _STM;

0 procedure LACEL-S_TN_STM_S (mtm_s: TREE; label a; TREE) return TREE is 0
begin —

O ~~ TS_C’-IPTY(mtm_s) then 
-

return label_c;
else

Q re turn Li”EL,S,_ IN_STM_S (TATL (stm _ s), LAPELS _ I’; ST’t(TTEAD(mtm _S), labc-l s));
- end if; 

—

end L!V’ELS_ IN_ST”_ S;

U procedure r,A~ mLS_ 7Y i Jis t: TR~F; )abcl_ .’n: TREE) return TPF5 is
begin —— list is conditional or alternative a

if TE_E~’~TY(list) thenreturn lebel _s;
else

U 
return LAPCLS_IN(TAIL(]iat), LA3ELS_IN SCM S(’TT’l P (I I EY -D ( l i5 t) ) ,  label m));

end if ; — —
end LAPCL5~ TN;

U
Static Semantics:

The fol lowIng  func tions are used to declare labris b c-i to a co’sCound statement , block , subprociram . modu l e ,
acCep t m t ? t e m e n t  ~r exccption handler to ensure th’ pro~ er v sihL’ity of lah”lm (see 5.€ , 5.7).

procedure LARELS_ IN_STM (stm _s: TREE; c-nv : S CMV) return ~ _~~~ ‘/ is
begin

O case XI’bO(stm) of
when l- b’ic,-i .) — —  (((ID)> ETM

return LAPFLS _ IN_STMT~~TM(T~~~ ) ,  DC CL_ tA CL ( T f l ( r~~-”) , c-nv));

3 when others •)
return any;

end case
o end LAP E L S_ IN STM J

- —  
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procedure L.Afl ELS_IN_STM_S (stm: TREE; end : S CMV) return 5’ TTIV is
begin

if I~ E”TY(stm a) then
relurn env ; —

else
return LAPEL S IN STM ,S (TATL(s tm s), LJi!ElS ,Il ST~-! fl ’7’D(st-s_s), c-nv));

end if;
end tJI~~ELS_ TN _ST’1_S;

procedure WI CtS_IE (list : TREE; end : S CMV) return S E”V is
begin —— list is cond itio~~l~s or alternative s

if IS_rIPTY (list) then
re turn end ; -

else
5) return LMIELS_I!4(ThIL (list) , LABELS IN STMS (C TM E(’I CAO (iist) ) , -l a b ei _ s)) ; C,

end if;
end L APE LS _ I N ;

~~~~~mic S em a n t i c s :

The following functions are used to associate a continuation with each label in the dynamic environment.

(to be insarted>

C’

U

- Li

U

•5.)

0
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3 6. Declarative Parts , Subprograms , and Blocks r’-

0 A d e c l a r a t i v e  p a r t  c o n t a i n s  d e c l a r a t i o n s  and r e l at e d  i n f o r m at i o n  t h a t  apply over a region of program text. 0

Q A subprogram is an executable program unit that is invoked by a subprogram cell, Its dc -fin ition can be given 
~~ 

I

in two parts; a subprogram declaration definin g its calling convention , ~nd a subprogram body defining its
execution .

o A block allows One to sake declarations local to the sequence of statements where they are used , without 0
introducing a procedure. A block may be viewed as an anonymous procedure implicitly called at the pisce of its

o definition , 0

o 6.1 Declarative Parts 0

o Bloc ks , subprograms , and Codutcs may eontain declarative parts. 0

o Syntax: C
declarative_per t ;: -

o (u se_ c l a u s e)  ( d e c l a r a t i o n )  ( r e p r c m e n t a t i o n _ ap e c i f i c a t i o n }  (body)

body ::— (visibility _restriction ) unit_body I body_stub

o uni t_ body : : —  su bprog ram_body I module_specification I module_body 0

o - AbStract Syntax: 
- o

use — >  N A M E  S ITEM S -— (use N AM E S; ITEM S)

O item s — >  ITS” ... —— (!FS’l ; . . .1
— 7 SPECIFIER ‘ODY —— ISPECTFTER is ~9~~~1

DCCL PART :: ,~5c- I item s - -

ITEM S :: it-em a 
Li

ITEM :: ad~’r c m s  I deci I compon ent rep I p ack in i  ) record rep I res tr icted I -

subuni t I T S P  - 
-

BODY :: block I ~~Th, I void I EXT N A M E
_________ 

:: ~ ograrn~1~~ oduT~
”T vOid I generic I fam~~y -

~~ D e s cr i o t i on :  - -

The mucc epelve c n m r -~~i a i u c - n P m  of a decla r,t-1v5 - ~- - r ~ 
.rc el aborated in the order in which they appear in the - -

- prOgras t’st . Cxcrc~ siOns appearing in decl rat ions or representation specifications (see 13) are evaluated “
during this elabor-Ition . A subprogram suet not be called within much an expression if the subprogram body - 

-
-

appears later in the declarative part. In pa ’t i~ uler, these rules apply to formal parts of subprogram
sp e cifi c -eP ic -n a ac --i tc c-op r ’-inPa o~’ obi’c~~’- , ~y~- -- ’, - n-i cuhtyr’e-n. - 

- 
- -
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Th~ body of a subprogram or module declared in the d~ cI~~rativ ~ part of a block or subprogram must be provided 
-

in the same declarative part. The body of a subprogram or module declared in a modu le specification muSt be
~~ —, provided in the corresponding module body. If the body of such a unit is a cenarate ly ~o~ pi1c -d mubun it (see - - -

- 10.2) it must be represented by a body stub at th~ place where it would othc -rwi5c - appear.

o A declarative part can also contein a use clause (see 8.4) . i-S 
-

o Static Sem~nticC: 
-

O procedure CHECK DCCL PART(decl_part; TREE; coy : S CMV; local: S CMV) return TREE CMV is obeg in —

case CXND (decl_par t) of - 
. -

O when use —> return CHECK_USC (decl_par t , coy); 0when Tt~m s —> return CHECK_ ITEM _S(decl_par t, end , local) ; -

end case ;
end CHECK_Dr-CL_PART ; 0

0 procedure CHECI<_ITEM_S (item_m : TREE; end: S CMV; local: S CMV) return TREE CMV is 0
begin

O ~~ CS EMPTY(item_e) thenreturn TPEE_ENV (itc-s s, local );
else

declar eo tree env ; constant TREE CMV — CHECK_ITEM (READ(item _s). end , local) ;
locaT2 : constant S CMV CMV (tree end);
env2 : constant r~ IV :— NESTED CMV (env , locaI2);o trce _~nv2 : constant I’I~!~

’ENV :— CHECK_ITEM S(TAIL(Item _S), env2, bocell); -

- begin

O 
re turn TREE_CHV(PR E (TRCC (tree_env) • TPCE (trec_env2));, ENV(tree_env2)); -

end ; - 
-

end if ;
end CHECK_ITEM_C; I

proCedure C’HECK_ITEM(item: ‘fREE; end : S CMV; local: S CMV) return TREE CMV is -
-0 begin - -

ease !CIND(item) of -

when dc cl — ) —— (NATURE DESIC.MATOR S DFSCRTPTION; 1 -o retuTh’~~TlECk DECL(item , end , local);
when restricted — > —— (restrictid NAME $ DCCL $1

O 
return CHECW_RCS?RI~~’ED(item , env , local ); - 

-

when subunit —> ——  tseparate DCCL ;) - 
-
.

return C9EC’K SUPtINTT(ite’a , end , local ); - -
— when others —> —— ignore d i~ this version of static semantics.

return TRE E_CNV(item , local);-
end case;

end CHECK_ITEM: -.

procedure DECL_IIMIT(decl: TREE: end: S CMV; local : S “NV) return TREE CMV is 
- 

- - 

-

-designator_8: Constant ii~!I ;~~ OTIS! OR_S (declyr -- .- - 
-
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nature : constant TREE ;—  NATURE (dccl)
unit : constant I~!~ : —  DESCRIPTION (dccl)

be-gin ‘
--5 -

case KINO(nature) of
function I —— [procedure OE~ COMATOR S DE$CSTPTICIP41prececiure I —— (procedure OESTCN?UOR S nESCS!PTr?~N)
eats I —— (entry D ES TE M AT OP .  S IN~ ICR1PTTn ~I1

— I pee age —— (package DEcrcMaT~R S D E S C P T P D T O M )

0 
~~c1are - c i

tree des_den : constant TPEC DES DEN : —  CP’!CK_UNIT (neture , unit , env) ;
unity : constant T R E E  :— TRCE (tree_des_den);
den : constant S DEN := DS-S (fleture , letS DSN(tree des dc-n));
tr ee_coy : constant 99~~rENV : CTIECK_DTeSIPNATD~_S (desig~ atO~_s, local , dpn ) ;
desi gna tor _s2: constant TREE :~ TI1FE(tree_env); -

beg in
re turn TRE!_EMV (MA!C E (dec l , nature , dosl gna tor _ s2) , Et!V (tree_ env));

end ; -

4 ~ end case ;
end DECL_UNIT;

o -procedure CHECK UNIT(nature: TREE; unit: TREE; end: S EMV) re turn TREE DCS DEN is 0 -

t ree specif _~en : cons tan t TREE SPE~T~~ DEN :—  C!!ECK_SPECIFIEP (SPCCIFIT.P(unit) , env , EMPTY) ;
- 
O moecttier : constant TR E E  - :~ TPEE (treo sped ! den);

local : cons tan t ! E~lv := LC1CAL_EMVTSPECIF_DEN(tree_specif_den));
begin

if rs FUMCTIOt4(nature) and SIDE EFFECTS(BOOY(unlt), env, local) then
return NO_SIDE EPPECTS_IM_FU~kI’ION BODY;

else
declare

env2 constant S CMV ;= NESTED EWt P(c -n~P , )acal)t
tree _body_den: cons tan t ~~~~ BODY DEN : CbECK _~OOY (RODY (unit) , env 2, local) ;

- body : constant T R E E  - : TRCE (troe body den) ;
des_den : constant ~~~~~~~ :— DCS_pPM(s~rCIF:DEMctree_

specif dpn) ,
EODY_IIEM(tree_body_denT);

a.” begin
return TREE_DCS_DEN (MAKE (uni t , specifier , bod y), des den);

end ;
end if;

end (‘HECK _UNIT;

procedure CHECK_SPCCI*’ICR (specifier: TREE; end; S CNV; local: S CMV) return TREE SPE’CIP DEN is - -
begin

case KI ND (-specifi er) of
‘~ when su bp ro g ram — >  -— ((DCCL 5) RESULT)

CHCCK_SUBPROGRAM (specifier , env , local );
when module  —> —— IDE CL_PARI’ pri va te DP-C’L_PARTI

CHECK ‘ODULE(specifier , end , lo cal );
when voi~ ~)

-~ - reiUFii TREE SPECIE DEN(void, EMPTY)
when ge n e ric > —— T(’~~CL 5) SP E C I F I E R )

— CHECK OCM ERTC (sp ec i f i e r , env , local );
when femi l y > —— ((RANGE) SPECIFIER)

CHCCK_FAMILY (specifier, end , loca l) ;
end case ;
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end CHECK _SPECI FI E R; 
- -

6.2 Subprogram De clar a tton~

A subprogram declaration specifies the designator of a subprogram , its nature (function or subprogram) , its
formal parameters (If any) , and the type of any returned value. 

-

Syntax:

0 su bprog rem _doclare~ ion : :—  0
subprogram specification; -

0 I subprogram _nature designa tor is gene r i c_ instantiation; 0
subprogram _specification :— (generic _clause)

0 subprog r am_nature designator (formal_part) (return type_mark (constraint ) o -

subpro g ram _nature : : —  procedure I procedure

0 -designator : :=  identifier I character _string 0 
-

0 fo rma l _ p a r t  ::~ ( p a r a m e t e r _dec l a r a t i o n  ( ;  p ar a m e t e r _d e c l a r a t i o n } )  o
para me ter decla ra t ion ::

0 ident ~~~ier _ l ist  : mode type_mark (constraintl ( : —  expression) 
- 0- 

mode :: (in) I out I in Out
0 Abstr act Syntax: 

-

d-’ci — >  M A T U R E  DCSIOHATOR S DESCRIPTIONo uni t — , I?ECIFICR BCD Y
~~~~ rogr~-m —> DECL S RESULT —- ((DCCL _5) RESULT)

o RES ULT : : —  conatrainted I void
DE”-c’PIPTIO’4 :: instantiation I object I renasing I type description I unit I void

O SPECIFIER : : —  5uhoro~ ram I mo dule I void I gc-n~ rie I T~~Tly -
block I a~ uIe I EXT ‘ l -V’E -

- N A T U R E  :: donstant I I exception I function I i n  I in out I

o - I p ackage  I p roc e dure  I subtype I !~~k I I C—veriable .

Description: - 

-

- - A designa tor that is a character string is used in function declarations for overloading operators of the
‘—~ langua go. Such a string must denote one of the existing operator Symbols (see 4.5).

- A su bprogram specification inc luding a generic clau se ap e ci f ien a generic subprogram; en instance of such a
generic subprogram is declared with a subprogram declaration inc lu din g a gener ic instanti ation (see 32).

A parame ter declaration or constraint on the result cannot contain an identifie r declared in another parameter 
- - i.-

- - declara tion of the ma-i.e formal part. -
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Norm alis -etion ,

- - 
- -‘ procedure MOPMAL.IZE_SPCCIPTCR(apeeifier: TREE) return TREE is —

begin
—— thi s function checks that ~a parameter declaration or constraInt on the result—— cannot contain an identifier declared in another pare~retcr declaration of—— the same formal—part” .
end NORMALIZE SPECIFIER; 

-

Static Semantics: -

procedure CHECK SUBPRCeGPAM (subprogres : TREE; end: S CMV ; local: S CMV ) return TPF.E SPECIE DEN is o I
env2 conatant S E~V : IN SU’~~~~~ AM (onv);
tree_ c-nv : Constant T~i~W E4V — CH~ CK_DECL_S (T)ECL_S (subprogrom) , en-a2 , loc el):
dccl S : constant TREE := TREE (tr~ c ccv);
trc-o~ type_den: constant ~~~~ TYPE DEN : —  CHECK_RESULT (RERUtT (subproqram) , cnvl);
result : constant TREE :—  TR E E (tree _c-nv );
speciE den : constant ~~~~ECIF_DEN :—  SPECIE_DEN (dad _c , FNV(tree_env), TYPE_DF-N (tree_type_den)):

begin —

return TREE SPECIE DEN (MAKE(subprogram , decl _m , tesult ) , spec-if_den) ;

o end CHECK S’JEP~~OGPlM ;  
- -  0

procedure CHECK_RESIJLT (result: TREE; end : S EW) return TREK_TYPE_DEN is
begin -

case KTND(result ) of
when void — ,  return ‘EREF-_TYPE_DEH (reeult , TYPC_DCN (CNPTY));
when eonrtrained —> return CHECK_TYPE (recult , TYPE_DENIenv));

end case;
end CHECK_PESUIIJ’; 

-

0 0

o 6.3 Formal Parameters

The formal parameters of a subprogram are considered local to the subprogram. A parsseter has one of three
modes:

in The parameter acts as a local conStant who~~ y~ lu~ is provided by th~corresponding actual parameter.

O out The parameter acts as a local variable whose value is assigned to the corres—
ponding actual parameter as a result of the execution of the subprogram .

in Out ‘l’he parameter acts as a local variable end permits access and assignment to -

the corresponding actual parameter.

I ~~ If no mode is explici tly given , the mode in is assumed . The components of in parameters that are arrays,
records , or objects denoted by access values must not hc changed by th ”  subprogram.

For in pers~se ter s , the parameter declaration may also includ e a specification of a default expression , whose
value is isplicitly assigned to the parameter if no explicit va lu e is given in tb-a call. This expression is
evaluated when the subprogram specification is eleborated .
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- For all modes , access to the actual parameters can be provided either throughout the execution of the
subprogram body or by copying the corresponding actual parameter before the call (in parameters), ‘“‘-r thc-

:— call (out parameters) or both (in Out parameters) . The c-ffec t of a subprogram th~~t in abnorm ally terCinCted —

by the occurrence of an i’xception is undefined ; its actu a l in out and out parameters may or may not have been
updated .

- PA - PA
- In the absence of aliasing (see 5.2.3) the effect of a subprogram call is the same whether or not copy ing i i .

used for parameter passing , unless the subprogram execution is abnormally term inated . A pro grrm that relies
on some assumption regarding the actual nechenism used for param eter passing is therefore erron ous. c -

0 6.4 subprogram Rodies

0 Syntax : 0
A subprogram body specifies the execution of a subprogram . 0

subprogra’s_body
subprogram specification is

begin

Q reauencc_of _statements .- .

(exception
I c-xcepti on_handler )I

0 end (designatorj, 0
Abstract Syntax:

- 0 dccl ->  MATURE DESIPHATOR S DESCRIPTION 0
T~Tt — >  SPEC I F I E R  BODY — —  (SPECIFIER is BODY)

o DESCRIPTIO9 : : —  instantiation I object I renaming I type description I unit I void 0
nO~Y : ;  block I ~~~~~~~ I v o i d  EX T l~~NE 

—

o DescriptiOn: - 0

o The subprogram specification provided in a subprogram body must be identic al to the speci fIcat ion~ given in the
corresponding subprogram declaration , if both are given . A subprogram declaration sust be given if the
subprogram Is defined in the visible part of a module , or if it is called by other subprogram or module bodies
that appear before its own body. Otherwise , it can be omitted c-nd the Specification appearing in the body acts L~
as a Subprogram declaration. The elaboration of a subprogram bod y consists of the elaboration of its
specification unless the latter elaboration has airasaly bc-c-n done.

Upon each ca l l  to a subprog r am , the association between actual end formal parameterS is established (See 5,2),
the declarative part of the body is elaboretad , ~nd the St tesentm of the body are executed. Upon comp letion
of the body, assignment to out and in out actual paramet ers is completed , if necessary (see 6.3), end then
return is made to the caller. A subprogram body may contain exception handlers to service ‘xceptions
occurring during its execution (see 11).

The Optional designator at the end of the subprogram body must repeat the designator of the subprogram
specifica tion.
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6.5 Function Subprograms

- 
- A function is a subprogram t h a t  cosputes a value. A function can only have in parameters ~nd must contain a

return clause specify ing the type of its returned value. The statceent list in the function body must include
- ,

~~ 
one or more return Statesents specifying the returned v~ luc. An attempt to leave a function otherwiSe thc-n by
a return statement (i.e. by reaching the finsi end) causes a ~‘a_VALUE_EP5PR axceptiec to hc- rai~ -cL

o Side effects , e.g. assignments to non—loèal var lab lar-, are not ellowed within fur.ctionn , wb ’-~’ r  dir ectly, or
indirectly through other subp roUrc -m call s . nan-a -a , i f  function calls occur In .-a~~~r : e s f r -n q . they can be
rearranged in any order consist -ant with the prop erties of the operators.

0 If  a parameter belongs to an access type , the parameter must be viewed Cr providing access to t h e  c omp l e te  0
collection of dynamic -ally allocat ed objects. For functions , this collection is conni&-rcd cc- c-n im p licit in

I 
parameter. fts a consenuenco , within the (unction body there can he no alteration to any objeci- desi gnated by
such a parameter or designated by a local variable of the access type. Sim il ar l y, alloc ators c~ nnot appear in
a function body.

0 Value returning procedures obey rules similar to those of functions: a value returning prOceciur~ cc-n only have 0 I
in parameters , its declaration must contsin a return clause , ann its body may only he left by a return
statement. However , assignments to global variables are pe rmi tt ed within value returning procedures. Cal ls of

- such procedures a -- only valid at points of the progr am where the corresponding verlahi er are not within the
scope of their decl aration. The order of evaluation of these calls is strictly that given in the text of t he

0 program. Calls to val uc returning procedures are Onl y allowed in expressions appearing In’ assignment
sta tements , initia)l zations , and procedure calls.

Norm aliz ati on : 0 i

procedure NORMTtLIZE_ FLJ’-ICTION_SPECIFTER(specifiet : TREEI return TREE is
begin

I —— this function checks “A function can only have in parameters 
,
‘“‘ -

- — — and must contain a return clause .”

o —— “A vSlue return _ ing procedure can only have in
—— parameters , its decl aration must contain a return clause ” .

- end MORN7iLI2C FUNCTIO~’ RpECIF;ER;

procedure STDE_EFFFCTS(body: TREE; end: S CMV; local: S CMV) return BOOLEAN is
begin  — — —

- —- (to be defined>
end SIDE EFFECTS;

(., 1

6.6 Overloading of Subprograms -

- - 
The same subprogram designator can be given in several otherwise different subprogram ep ci ficati on s; It is

- 
thcn caid to be overloaded. The declaration of an overloaded suhprogrSm does not hi de a prev ious subprogram

I declaration unless t h e  order , names , modes , and types of thc- parameters , and the result type , if any, a re
identical in both declaration s (a def ault esp reaclon for an in parameter is ignored here) . Such redefinition
is, of cour se , ill egal within the same decl arativ e part . Overloa ded definitions say, but need not , occur in
the same declarative part.
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A call to an overloaded subprogram is ambiguous (end therefore illegal) if t h e  typo , mode , and nam
information derived from the actual parameter associationt and the type information rec’uired for the recult

PA are not sufficient to identify exactly on— overloaded specific ation. Ambigu ities may be recolved by the use of
a q u a l i f ied ex press ion , or by the naming of parameters.

6.6.1 overloading of Operators 
- 

-

A function named by a character string is used to define an addl t lon - ,l meaning for an operator . Th~
overloading of operators is identical to overloading of 0th-ar suburogrsms . except th.~ the character string
must denote one of the operator s in the language.

fA Overloading is permitted for both unary and binary operators . A unery operator can only be overloaded as a ounary and a binary as a binary. Overloading does not change the precedence of an operator. An ovarlo din g of
a relational operator must have the result type !100LEAM . The operator /— must net cc overloaded explicitly,

0 since every overloading of the operator — results In an implicit overloading of I— . 0

0 6.7 Blocks 0

0 A block introduces a sequence of statements , optionally preceded by a governing declarative part. 0

Syntax: o
block ;:

(declare 0— declarative part)
begin

senuence of statements
0 (except ion C

( e x cep t i o n  h a n d l e r ) )
0 end Ii clcntifTer); 

- 0
Abstract Syntax:

0 b lock  — >  DECL. PART STM S ALTERNATIVE S —— Ideelare DECL_PART begin STM_S exception ALTERNATIVE_S end)

Description: -

Execution of a block results in the elaboration of its declarative part followed by the execution of the
sequence of statements. A block may also contain exception handl ers to service exceptions occurring in the

‘ block (see 11). If a block is labeled , the optional identifier appeering at the end of the block must repeat ‘

rh’- label. -

Static eeeCntics :

procedure CHECK BLOCK (block : TREE; env : S CMV; local : S EMV) return TREE is -
t rf-e env: co~5tant TREE_ENV T CHECK_~~~t PARD (DECL~~~~~ (hlock), cow , loca l ); -

b.qin
if  FOD TES _PROV !DED(ENV(tree _env)) then . 

-

declare

- - - .. ! I . I . ) I ~~~ - 6 — B Prel iminary Draft
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~7. Modules

A program can be composed of program units of three kinds. These arc- subprograms ~n’d two forms of modu les , C’
package modules and task modules. This chapter descrIb es the common properties of paeka-jn- en d task module s

0 and the few specific properties of package modules. The Specific properties of task modules Cr’- described in c -

Chapter 9.

Modules allow the specification of groups of log ically related ontiti en ’. In tb - a ir sieplect form module s can
represent pools of common date and type declarat ions. In edd iti on , modules can be us°d to ‘i n-scribe groUps of
related subprograms and encapsulated data types, whose inner workings are conccalcd and protected from the ir

o users. 0

0 7.1 Module Structure 0

o A module is generall y provided in two parts: a module specification and a module body with the same 0
identifier. The simplest forms of modules, those repre~ en ti n q pools of data end typ s, do not requir e- s
module body. o
Syntax:

0 module declarr1tlon : : —  0
- (isibiJity _restt-iction) eodule_speclficetlarn

0 I module_nature identifier ((discrete_range)) is gener Ic_ instant Iation;

module _specification : : —

O (generic _cl ausej
module_nature identifier ((discrete_range) ) (is

declarative _per t
—~ [pr iva te

declarative_part ) - -

end ( i d e n t i f i e r) ;  -

0 L~j
module _na ture : : —  package I tesk

module body ::
eo~uIe nsture body identifier ii__ declarative part - - , -

(begin -

- - 
- aeaucnce_of statements)

(except ion
(exception handler )) -

end (identifier ); -
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C’ ;

• cnv2 : constant S P’~V :—  LA”rLc_IM_STM_5(5TH Sfhiock ), ENV(tree end));
en’,3 : constant S CNV : ~IFSTSO_S’V Ic-nv . env2);

. ste a : constant TPPP : —  CN E C Y  STM S (S TM S(hlock), env3);
rl t~ rn ativc a: constant ~9Ti:r ctsC~:nAw~

LSp_s(!ANOLrR_schlock) , cnvl );
begin

• 
return I- I(C(blr,c-k , TRE?(trec’_env) , stm _5, altern ative_e);

end; - 
-

else titSSTN’~_Boos ts; 
-

• 
end if: 

~~
..

end C!IECK _ ”LOCit ;

procedure CODICS_PROVIDED(env: S ENV) return BOOLEAN is C
begin

- 0 —— ‘-his function verifi es that thc body of a subprogram or module
—— declared in the declarative part of a block or subprogram must
—— is provid d in the same declarative _part.
end SOOIES_PROVIOCO; 0

- .-

• 

-

~ c) 01
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Abstract Syntax:

dccl — >  NA T UR E  DI’.51 ON~ TOR S DESCRIPTIOcI
—, P p : c l F l E R  ‘ace?

~~~ulc — >  OPCI. PART ?~~~T PaRT —— (is DECL P’4RT private DRCL PART)
f sUy —, p V~ -’P PP I~C T F T E P  — —  [(RANGE) Sr C C I ? C E R )

~PECTF1ER : : —  suborogrrm I module I void I g e n e r i c  I f~~~~~~l
- _ ~-)Tc-Y :~~— b l o c k  I ttub I I t X T  ‘- --rut

~iT~~pIpTrO,4 :~~— i~~~t~~n tiat thn I et I ~~~~m ing I tvrc ii’-acriptlon I unit I void — - 
I

Description:

A modulo specification contCins a decl arativ e part called-the visible part and an optional declarative part

O called the private part. Clehor~ tfon of a module declaration results in the elaboration of th ee --n’ deel~~rative ,~ I
parts end therefore in the alloestion of the var iable t of the module epecification and the assignment of any
initial values.

0 A module specification with a generic clause defines a generic module. InstanceS of generic modules can he 0
obtained by module declarations Including a generic instantiation (see 12 > .

A module dec laration may include a discrete range after th~ identifier. This only applies to task modules and 0
the icic nti fl~ r then denotes a f mil y of tasks.

0 The elaboration of a task body has no other effect . Th~ elabor ation of Its declarative part -and t h e  rxecution 0
of its sequence of statements is caused by the execution of an i n i t i~~ae statement (see 9.3). The elaborati on
of a package body causes the elaborati on of its decl a rat ive pert pnd th  execution of he’- requenec of ostatesCnts , if any. Thc-se atetement s can be used to achieve further init iallsa tions.

O Module bodies and th~~ vis ible parts of packages may eont~ fn further module declarations . Th body of any unit
declared in a sothi~le specification must appear in the corresponding module body.

Static Semantics:

procedure CHECT< MOCULE(monlule: TREE; end: S CMV ; local: S ENV) return TiltS SPECIF OEM is
t re c_env : ~onmtant TPES CMV — CI1FCY1_flCCt_PART (~FFE_PAST3 (modulc-), env , local); oenv2 : constant CMV :— NES TP ID CMV ( ‘r n -i , PMV(tree end));
trOc n-nv2 : Constant 1’~ EF CMV : CHECS ~SCL_PART(PSCL DAR’f2(mo~ u]e), env2 , SMV (tree_env));loeaT2 : constant S CMV :— RF~IOVi! (Cl;V(Erec env), local);
specif _den: constant s:sPECIP_DCN : SPECIE_DEN (VICTIaLE (Tocall), RMA ’(kree-_env2));

begin -return TREE SPECIE DEN (MARC (mo-iulc , II1EF(tree_envl), TRTS TI (trec- env2))- , specif den) ; -

- 
0 end CHECE_MODUtS; 

—

—— the constraint “the batches of the specificd units must appear within -
— —  the declarative part of the module body ” is checked by Curl’s_BLOCK (see Section 6.7). -

.

- - procedure RENOVE (envl , env2: S_ENV) return S_CMV is
begin
—— This procedure builds a new environment of type S_CNV that
—— includes designators deelarod in envi and not in env2.
— —  It Is used to build the environment defined by the visib le part -

— —  of the module . - -

end r~~:~~~ vr- ;
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7.2 Module Specifications

The first declarative part of a module specification is called its vis ihi e part. The entities declered In the 
—

visible pert can be made visib le to other program units by rreans of a use clauS— (see 8.4) or select’-d

O components (See 4.1 .2), A module consisting of only a modul e rrecificat ion (i.e ., without a module body) can n-~
be used to represent a group of common constants or va r i-eb le-e , or a common pool of dat ’  and types.

The visible part cont~~ii~~ all the informi tion that anothcr program unit is abl e to know about thc module.

-~~~~~
7 .3 Module Podies

0 0
The visible part of ~ module may contain the specifIc ation of subprograms or the specification of other

o modules. Sn such cases, t he  bodies of the specified units must aepeer with in the decl arati v e p- art of the
- modul e body. This decl arative part can also include local declar atIon s ~nd local program unit s nec-clod to
I imp lement the visib le Items .

0 In contrast to the en tit ie l declared in the visibl, pert , the entit ies declared in the module body ore ’ not 0
accessible outsje’e the module. As conscseuence , a module with modul e body can be used for the cone-tructio n

- 0 of a group of related subprogr ams (a p~ç~ege in the usual eCnSe), where the logical operations accessible to 0I the user are clearly isolated from the in~ crn,,l cn t lt Ie~ .

:0 0
7 .4 Private Type Declaration s

The structural details of some declared types may be irr~ levmnt to their log ical use outside a module. This

o may b~ accompl ished by providing a private type declarat Ion.

Syntax:

0 - private_type_dec l a ra ti on : 1 —  0
- (restricted ) type identifier is pr ivate;
0 Abstract Syntax: - 

—

restricted private — ,
Description:

A private type declaration can onl y 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 a prlvm te type (not designated as restricted) , thc Only infor-sati on sv~ i I~ hle to other program units is

that given In the visible part of the defining module. Pence , the name of the type and the operations

• 
specif ied in this visibl e part are available. In ?ddit ion , assignment and t he  predefined comparleon for
equality or inacu-lity are available (unless a redefinition of eniu sl ity hides the predn -fined ec~uality end , as
a consecuence , also redefines inequality) . -

-~~ - 
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- 
These are the only externally available operations on objects of a pr ivate type . External units can declare
objects of the private type end apply ~va il~ hle operations to the objects. In contrast, external units carnot

- ~~~ access the  structural details of objects of private types directly.

A constant value of a private type can be declared in th’ visible pert as m deferred constant. Its actual
value must be specified In the private part by recieclsring the constant in full.

— I Assignment and the predefined comparison for equality or Inequality are not available for private type I
declarations containing the reserved - word restricted . Thus if a type is restricted , the only operations ~~

- 
-- avail~ blo on objects of the type are those defined by the subprograms declared in the visible part . A user can

of course define subprograms calling the visib le opera tions.

H’
o F

- 0 1
- 

0~

H -  - 0 1

01

‘ ° - C I
~0
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- 

-
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8. Visi bility Rules

0 This chaz’ter describes the rules defining the scope of decla rat lonn and the rul~~ defining - which Ident Ifiers 0
are vir.ih ln ’ at various points in the text of the progr am. These rules Cr-’ ~tatcd he - r n ’ as apelying to
ident ifier s . They appiy equally to character strings used as function designators or enumeration ll t er alc . o
I, declaration associates an identifier with a progr am entity, such a~ a variable , a typn’, a subprogram , a
formal parameter , a record component , etc. The region of text over which a d~ claret1on has an effect is called
the scooe of a declaration.

The same identifier can he introduced by differen t declarations in the text of a orogram and thus be
associated with alternative entities. Hence the scopn’s of several declarations with the same idcn t ifi ’- r can
overlap.

0 Ovealapping scopes for declarations with the same identifier can occur because of overloa ding of subprograms 0
or of enumeration literals (see 6.6 end 3.5.1). Overlapping scopes can also occur because of nesting, In
particular , su bp rograms , modules , and blocks can be nested within each other; simil arly these units ca- n
contain nested record type definition s or nested loop statements .

At a given point of text , the declaration of an entity with a certain Idc- n lif ie r is said to be visible if this
entity is an acceptable meaning for an occurrence of ~~ r identifier.

For overloaded identifiers , there can be several me anin gs acc-’otablo at a given point, and the aehicuity must0 be resolved by the rules of overloading (see 4.6 and ~.6). For other identiCier~ (the usual ease snd thm case
considered in this chapter) there can be at most one aceepta~ le me aning, fly conventIon , an identifi er is said
to be visible if its declaration is visibT . ’FE~ VT~Ibil~~ y a are the rules defining which ident ifiers arc
visible at various points of the text.

Q &
8.1 scope of Declarations

0 0
Entities can be introduced by declarations in various ways. An entity can be declared in a declarative part of

O s block , subprogram , or module. An enumeration literal is declared by its occurrence in en enumeration type
definition , a loop parameter by its occurrence in an iteration specification . Finally, entities can be
declared as record components or as formal perameters of subprograms , en t r ies , and ge n e r i c  c 3~ u~”s.

O The scopes of these various forms of declarations and the scope of labels are defined as follows:

• — The scope of a declaration given in the declarative part of a block , subprogr am body, or module body
ex tends from (and includes) the declaration up to the end of the corresponding block , subpro gr am , or
module.

— The scope of a declaration given in the visible or priv ate pert 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 scope of a declaration given in the v i sible p art of a module also cxtcnd s to ~he end of the scope of

the module declaration it9~ lf .
-I -5

— The scope of an enumeration liter al is the scope of the enumer ation type declaration (or definition)
Itself .

— The scope of a record component extends from the componen~ declaration to th’ end of the scone of t h ~
— record type declaration (Or defini t ion) itself.

0 
— The scope of en (unnamed) enumeration or record type definI t ion , itSe lf gives within a record type

definit ion , extends to th~ ~nd of the scope of the enclosing de finition (or dc c la r-’tion l.

0 — The scope of a formal parame ter of a subprogram , entry, or generic clause extends from th~ param eter
declaration to tb~ end of the scope of the dec laration of the subprogram , entry, or gen’ric unit itself.

0 — The scope of a loop parameter extends to the end of the corresponding loop. 0

O — The scope of a le-bel extends from the first occurrence of a labe l to thc c-nd of the innermost enclosing ocompound Statement , subpr-agram , or module. The first occurrence of a l abel can  he either the label it self
or its use in a goto statement.

- O
i

o 8.2 Visibility of Identifiers - o
As defined in th~ previous section , the scope of a declaration always extends at least until the end of the

- language construct enclosing the declaration (either a block , a subprogram , an accept 5t atn ’~ ent , a module , a
record type definition , or a loop statement). In eddit lon , the scope extends outside the enclosing construct
for record components , formal parameters , and items declared in a mo duln ’ visible part. o I

The declaration of an identifier Is visible at a given pOint -sf text if thi s point Is within the construct
enclosing jts declaration , hut not within an inner Construct containing another decl aration with the s’mc

I 0 ident ifie-r. Sn entity that is visible in this manner Is directly v je lh ,~~~ that is , it can be namc -d simpl y by
Its identifier.

O An entity declared in an enclosing construct is said to he hidden within an inner construct c-ont oin1n~ ,noth~ r 0
declaration with the same identifier. A subprogram declaration hides another subprogram only If the ir

O specifications are equiva lsnt with respoct to the rules of subprogram overloading (sac 6.5). An enumeration r-
literal overloac!s but does not hide another enumeration l i tera l . Pedeclaretion (as opposed to overlo ading) ~~not allowed within the same declaration list or component list.

O The name of an entity declared immediately within a mubprogram or module c-an alwayS be written as a selected ~ 
-

component within - this unit , whether it is visible or hidden. Th~ name of the unit (which muSt be visible) is
then used as a prefix . Thus , component selection has the effect of opening the visibility for- the occurrence
of the identifier after the dot. —

Outsld— Its construct enclosing its decløratlon , but withi n Its scope a record component , a formal parameter ,
or an Item of a module visible part can be made visible cc follOws :

— A record component is made visibl e by a selected comPonent whose praf ia name! a record of the
- corresponding type . It is also ule ib le as a choice in an aggregate - of the type .

— A formal param eter of a su bprog ram , entry. or gen eric clause i, visible within named parameter -
- associations of corresponding euhprogram calls , entry ca l ls , or generic in stant lati on s .
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— An entity declared within a module vieib le pars Is made vi~~ihle by a selected component whose pr e fix
names the module. It may also be made directly vl~~ihl e vi a a ume clause (see 8.4).

- 
pei tr ict ionu on red ecla rat ionm :

~n identifier used lam oppose4 to being declared ) in one declaration in a declaration (or component) list may ~~
- not be redeclarad In subseouent declara slons of the same lis t .

A variable or constant of an enumeration type cannot hid e an enum eration value of the type. The same
restriction applies to a parameterlesa function returning a result of an enumeration type .

0 0~
8.3 Restricted Program Units

0
8y means of a visibility restriction , a program unit may restrict the visibility it otherwise has of outer

o units. o
Syntas -

o visibility _ res tr i c t Ion : : —  restricted (slmi bi lit y _ l i~~tp 0

o visibility _ l ist :: ( u n i t  name (, u n i t  name~~) o -

o Abstract Syntax : 0
restricted -) VSME S DECI S -— I rest r i c ted P4~ ME~~ DCCL. 5 1

o name s — , NAME ... —— NA t-IF o
______ 

name 5

o Description : - 0

¶ In a l l cases , the predefined Identifiers are visible wit h in the restricted program unit . If no vis Ibility ,—o l i s t  is g iven , no other identifiere are visible . If there is a visibility list , the first name can (hut need
not) be the name of a unit enclosing the restricted un it . Fnt ities declared within the enclosing uni t (If

O 
given) are visible as usual. Other names, if given , mu st be the names of modules that are outside the given 

~enclosing unit or the restricted unit itself. These module nem es are also visible , and thus can be used in
selected components and use clauses.

o The outer module! could be library modules. A modu le body, whether restricted or not , a lways  sees the v i si bl e ‘
~~

past and the private part , If any, of its own module specific ation. Within a restricted program unit , a
visibility restriction may be locally superseded by another visibility restriction given for an inner unit.

- 
Static Semantics:

function CIIF~CK RESTRICTED(restricted : l’RP-!~; (-n-i , C I~~JV ; local : ~ PtIV) return TPE~ ENV is
tree any 7 constant TREE ENV : ~11~~~~ RE STR I~~~~ N)4E(PIAM~ cTF~~~ ricted), env) ;
name_ s constant TREE : —  TRE!(~ ree env )i - -envl : constant ~~1~T~v : EHV (~ ree en-:); - 

-
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-

troe_env2 : constant TRRS ENV :. CHECE_DECLlorCr~_S(restricted) , ~nv2 , local),dccl 5 constant TRtE : TREE (tree env2);
lo~aT2 

- cons tan t S tt V :— ENV (tree env2); —-
begin

re turn TREE ENV(~Itt l (E(remtrictcd , name_m , dec-I_a), lOcal2),
end; (S’

procedure CFIECIC_RCSTRICT_NSME (neci’o_a: ~~~~ 
any : S EMV) return TREE EtIV is

begin oif IS_FMPTY(n ase _ s) then
re turn  TFF t ENV (na ae 5, EMPTY);

elsiE TS_ENCtO~ Ii4a (flEAD~ name_m), cay) then 0 
-

declare
env2: constant S ENV RESTR ICT EWV(HEAD (name_s), env)~beg in
return (‘nECK _RESTRICT NAMi~2(T ¼IL(nbme ml, env2);
end;

else return CNECK _ RESTR ICI’_IWIE2 (nCme a , c-nv) ;
end If;

end CI,ECK _ RESTPTCT_flSM E:

0 procedure flESTRlCT_E~V (name : TREI’~ env: S ENV) return S EMV is 0
begin
—— lhis function hides everything but the entItie s declared
—— within the enclosing unit specified by “naee~~.end RESTRTCT_ ENV ;

0 p rocedure CN ECK_RESTRZCT_NAME 2 (neme_ s: TREE ; env: ~ _~~LV) re turn  S FNV is 0
begin

if IS_F’ipTy(n~~Ie_s) thenre t u r n  Tt(L’E E~l V ( nem e a ,  env ) ;
- elsiE IS_MODULt~(DEN _OF (lT EAD(neso a), env )) then

declare
er-v2 :- constant ~ EnV :—  RESTRTCTED OI’(!’FAI)(neme a) , env) ;
tree_c-nv: constant fl~~~~g;iy : CRCCK_RESDi~tCT_n’lMr2 (TATh(neme_s), env2),
begin
return TREE_ENV(PRF.ITIEAO (nase a), M1CE(trce_env)),

E~lV (tree _env )T,

O 
end :

else re tu r n  TRCE_C’~V (MODUL.E_N~ME_EXPE(TED , env); -

end C,IECIC_ RESTRTCT_ NAME 2 ,

function R~STRTCrED OP(neme: TREE; any: S EMIl) return S !~MV is
begin — — —
—— This function mskes the name “name ” visi ble In the envIronment “any ” . -
end RESTRICTED_OP,

t o
- 8.4 Use Clauses

If the name of a module is visible at a given point of text , the identifiers declared withifl the visible part
of the module can be denoted by selec ted components. In ~dd I t ion , theac ident ifiers c.n be made directly
visible by scans of a use clause 05 the start of a d~ c-J sre tiye p~art. I. - - 
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Syntax:

uac_c!ause :: use module name l ,  module name);

Abstrect Syntax:

use — >  N 5 ’ S ITEM S —— I use ~IM’~ 5: ITEI-I S 1
nan, 5 — >  145’ - ... —— ( ‘I ’,’. 

0 Description:

The names appe aring in th~ use clause must he v i s i b l e  module  names.  0
In order to d~ fine the set of identi fier s t h a t  a re  m a de  v i s i b l e  by use c l a u se s  at  a g i v e n  p o i n t  of the  tRx t ,
c o n s i d e r  the  Cot of m o d u l e  n-ames a p p e a r i n g  in  th e  use c l - , u s~ m of the  c u r r e n t  and a l l  enclosing units , up to othe in n e r m o s t  enc los ing  r e s t r i c t e d  u n i t .

An identifier is made vi sible by a use clause if it is defined in t h e  visible part of one and only one of ot heSe module s an~ if It is not visible otherwise .

Se’,eral overloaded Identifier s (subprograms or enuseretion li ti- ral s ) can be made visible by use clauses as
long as none of them c o n s t i t u t e s  a r e d e f i n i t i o n  of an o t h e r w i s e  v i s i b l e  ide nt i f i er or of an ident i fier of
another module in th e  s et .

0 Thus an Id ”nt ifie r ma4~ visible by a use clauSe can never hide another identi fier although it may overload It. 0
I f  a n i d e n t i f i e r  an p eor s  in s ev e r a l  used m o d u l e s  or is o t h e r w i s e  v i s i b l e , the  e n t i t y c o r r . - a n o n d l n g  to I t s
d e f i n i t i o n  in  one of the  m o d u l e s  m u s t  s t i l l  be ‘l ’-not~ d as a se l ac t d component . Renam ing and subtype
dCclaretionc may help avoidin g excessive use of celected components.

StatIc Semantics: o
procedure CIIECIC USE (uSc-: rN”, any: sr ’.MV) re tu r n  TPPF CNV is :

t r - - ’- _~ nvi~ cons tant TPI r f ” V  :• IlIF_ r-~4 V (N A !i E _ S ( us o ) ,  e nv) ,
name_s Constant TP~~ : N SME _S (tree anvi l ; -
envl constant V C’V Itr ’c envi ):
tre’-_env2: constant T r I ’  514V :• (‘JUiCE ITEM_S(TTEM S(use), env 2, EMPTY); oitom _~ : Constant FI : - ; r -  — :— TPEE — (trne envl);
env2 constant c- tuv ~ — FM~ (trae env?);

begin a- -
return TREE t’”IV (MAKP(usc-, name a , item ml, env2); -

end CJ!ECK _USE~ 
—

procedure USE_EN’l (neme_ a: TREE; en’,: S_CNV) return TREE_Et~V is
begin

O if IS_EMPTY(neme a) then -
re turn TREE _ E~iV(n- ,ir~_ s, env );elai f

I ~~~ IS MODULE (DEN DR’(H!’luD(name s))) then
decTare

spe c - i f_den ; constant  a SPECIE DEN : SPECiE DEM(OE14_~!(flE/’D(name a), env)):env2 : constant ~ Ely :. )J ’ P._D P ( an v , V I S T R r E ( n o e c i f  z e n ) ) ;
tree _en’, : Constant ~T~!~ Env . USE F- 4V (TSTt (name c) , env2T;

begin -

return TREE Et~V (PRr(TUiSD (nase ,) ,  TPPE (trec- ~nv)),NV (Pree_env)T, 
. 

-
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- end ;
else

- 
- 
O return TREE ENV(MOOtfl,’i_ ?ThMI_ EXPV CTED , en’,) ; - -

end if;
end U S E _ CIIV :

— 
I’D procedure USE_OP (c-nil , en’,2~ 5 E”V) return s Pay is

enil part ) : constant II1LF ~ NI/ SURRDUl-’el’~l (en~ilI cn-/ 2_car t l : constant - -~- 1r ‘- r-~V SUflROU~~~T~;f~ (e r v 2 )  o -
- cnvl _pR rt 2 : constant ‘ I r -  - ;

any_part ? : constant I’ l l . ” MEfl (~V (enjl pert? , env2_par tl );
begin  —

- - re tu r n  S_E’IV(cn,l _pa rt t , cnv_p,rt2);
end U~ E_ flP ; -

- 0 proced ure  “ER GE( h alf _ envl , h a lf ,-nv?: nM~F_5_Env) return I’ALP S EMV is 0
begin

- —- (to ba defined)
0 end ‘SPC~S;

t o
8.5 Renaming

t o  o l
A renaming declarati on associates a local name w i t h  an entity.

0 f~yntex : 
0

renamlnq _decl .aratl on ::~ o
- id entifier : type _ m a rk rena mes name ;

- I i d entifier exception renames n5ne;
- 

I subprogr .an_natur r- riesignetor renames f name .)designator;
I module _nat ure id r -n t lf i c r renames name;

- Abstract ntax: o
r e n e m i n g  — )  P E l ’~~~-W SPEC C~~T MN’S ——  FREt1 5~~F~_ SPEC renames EXT_SThME; I

0 14Sl I~-IF SP EC :: subpro qram I void I TYPE -
________ 

UtIlE j select~~~~ tri~~~~f string

D ” s cr i r ti n a :

The Identity of the item following thc reserved word renames is established when the renaming declaration in
elaborated . ThO newly declared identifier (or des)gn.ltnr ) takes on the same properties (such em constsncy,
parameter types , and constraints , etc.) as the renamed entity.

- 0 A label cannot he renamed . An entry can Onl y be renamed a~~ a p r o c e d u r e .  A subtype can effectIvely be used
for r~ narning types as in

- 

--- subtype ST Is S.?; 
-

Renamin g may be used to resolve name conflicts (s.c exampl e In ar -c t- ion 8.4), to ac-hi— va par ti al evaluation and
to act as a shorthand .
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- 8.6 Predefined Environ -sent

A ll predefined identif Iers , for example built—in typee , operators , and so forth , are assumed to he defined in
th~~ predefined modul e ST lt~ DtIPtl given in Appendix C. Other insta l lation defined -,od-jlns ‘ray be included In s - h e
default environm ent by the pragma -

pragma CNVTPO’4MEMI’ (nodule name ( ,  m o d u l e  n a m e ) ) ;

0 All ida nt ifIe r~ declared in the visible pert of the modules of the default environment Cr’ assumed declared ~~ 
0

I th ~~ outermost level of a progr am . Visibility restrictions — do not affect the visi b i l i t y  of these pr odcf inr-d

a identifiers. 0

0

0 !

0!
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o 10. Program Structure and Compilation Issues

1 0 This chapter describes the overall structure of programs and the facilities or separate compil ation of the ir
parts. II program is a collection of one or more compi lation unit e -. These can he subprograrr bodies, module
specifications, or module bodies. The body of a uni t declared within another unit can he separately c-omp ilcd Q I

- as a subunit.

O j
10 .1 Compilation Units

- 

0
A program can be compiled as a single compilation unit or It can be submitted to the compiler am a succession

o of cornpila tIon units. One compilation can consist of several such unit s. The compilation unit s of a pro gram oare said to belong to a progress library

o ~3y nt 1X 
-

c o m p i l a t i o n  :: ( c o m p i l a t i o n _ u n i t )  -

o com p i l a t i on u n i t  :: 0
(vislbi lTty _restrictionUseparate ) unit _body

O Abstract lyntax:

restr ictrd — >  M T I M E  S DECt~ S —— I restri cted NAME_ S DECI ~_ S )0 separate —> —— I i~~~ it~~T
- 

0 
Description: 

- 0
Each compilation unit is in effect a restricted program unit. In the absence of an expli c it visibility

- 

O restriction , an empty visibility list is assumed . Tho visibility rules that apply to compilation units follow
[ross thoso that apply to all restricted program units (sr-r- 5 . 3 ) .  Tn p ar ticu la r , a separate ly co .piled unit
t h a t  makes use of a separately compilod mo dule must name that n~-iule in its visibility list. Thcs~dependencies between units have an Influenc e on the order of com p ilation as-id recompil ation of comp ilation
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 usual sense. The means by which
main program s are ~x~ cuted are not withI n the language definition.

The following three compilation units define a progr am with en equival ent effect (the broken lines bctwe’rn
compilation uni t-s are here to remind the rca-Icr that the a— units need not be contiguou s texts).

Mote that in tho latter version , the package D is (implicitly) a fully restricte d program unit. Hence , it has
no visibility of outer identifiers other than the prede finer3 identifiers . In particular , D does not depend on
any identifier declarerl In PROCESSOR and hcnc can he e x t r a i - t r - r i  from PROCESSOR .

Formal Definition 10 — I Preliminary Draft W

£ - .. ~,. - _, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - F-
~~~~~~~~~

-_.—_
~~~

- - r
~ 

- - -



1/ A D—AO 73 ?IN H0&YW ELL SYSTEMS AND RESEARCH CENTER MINItAPOLTS Sit F,S V2 N
THE GREEN LANSUAGE . A FORMAL OE F I N I TI Ot4 . CU )  I
An fl CA73—7P-C—0331

uwcI.ASSIFICD it.

2 2

U

I

• H



1.0 ~~~
____ 

L ~2.2
I— 136 I~I~~~

IIIll~•’ ~ 
~1.25 1.4 1111 1 .6

Hll~~~

MICROCOPY RESOLUTION TEST CHART
NAT I ONAL HORINU (II IN000IYO : * 1



The procedure PRt~C’ESSOP is also a restricted unit , but must name 0 in its visibility list in order to contain

• a legal use clause for 0.

The.e 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 comp ilation .

10.2 Subunits of Comp ilation Units

The body of a subprogram or module declared in the outermost declarative part of another compilation unit (or
• subunit) can be sc~ ere’ely com piled and is then said to be a subunit. Within t’le subprogram or module where a

subun it is dec lar e d , its body represented by a body stub at the p1cc” where the body would otherwise

o appear. This method of sp litting a progrem permits hierarchic al program development. o
~y~fltax :

0 body_stub 0
subprogrem_speclf icm tion I. separate:

o I module_nature body ideePi ffer ii separate: o
~~~tr”et syntax :o et~~b — >  — —  I is separate I

o 0encrIption~ o
\ subunit is raid to be “nclos~d by the compilation unit where its stub is given . Transitively, a subunit of a

o subunit of a unit is also said to be enclosed by the unit.

Th~ body of a subunit must have a visibility restriction , itself followed by the reserved word separate (see

O 10.1). The first name sppearin~a in the visibil i ty list must be the name of an enclosing comp ilation unit. The oname of a subunit is local to its immediately enclosing unit. In consequence , sev~ ra1 subunits of the came
name ca n exist within a program library.

o Tn the above e x amp l e , (~ end U are subuni ts of TOP (TOP encloses Q an d D)~ C is a subunit of 0 (0 encloses C
and similarly TOP encloses C). ‘the visi bility list of C must mention TOP since C accesses the type P!AL
(mentioning U instead of TOP would not be enough) .

No te tha t the v i s i b i l i ty l ists in the Oplit version are est~b1Ishad in euch a manner that the same identifi ers

O are visible at all program points am in the in iti a l version . For example, the variables P end S declared in
TOP, the constant PT declared in the visible part of 0 ~nd the other entities declared in the package body D
are all visibi, within th” s’euenen of StatemCnt5 of th, subunit C.

0 -
.

lO .~ ~i~~~r of Co~ cil p tio n

Th~ w i e i ” i l i t y  rul~~’. t h t  ~~~~~ t~ e l i - l i o n  ur~ tC (whe ther subunits or not) are th~ usual rules that apply
to all rest rictcd progrem uni~ s.

The rules defini ng the order in which unitS can be compiled are direct consequence. of the visibility rules. ~
unit euct ‘~c cnm pIi’~-~ •if t”r “fl e~~~- )1 Pin n un iP r vhea~ 0.-a’s appetr in its vi~ Ihility list or In the
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a-,
visibility list of any textually nested subprogram or module, S module body must be compiled after the

• corresponding module specification. The subunits of a unit must be compiled after the unit.

Consistent with th, partial ordering defined abOve , the compilation unite of a program can be compiled in any
order .

0 In the previous examples:

o (a) Th~ package body 0 must be compiled after the corresponding package specificat ion (esample Ib) . c
(b) The specification of the package 0 must be compiled before th~ procedure PPOC’ES~OR. On the other hand ,

o the procedure PROCESSOR can be compiled either before or after the p.ackcge body 0. o
(c) The procedure QUADRATIC_EQUATION (example 2) must be. compiled after the library module s M5TU tl~ ~n1

O INPUT OUTPUT that appear in its visibility list. Similarly (example Ic) the procedure TOP must be ocompiled after the library module IPIPUF_Otfl’PCPF that appears I n  the visibility list of the nested
procedure C. On the other hand , in example lb INPUT_OUTPUT could be compiled after TOP.

o Id) The subunits Q and D (example 3b) must be compiled after the compilation unit TOP. Sim ila rly the subunit 0
C must be compiled after the enclosing unit 0. NOte also that the library module TI!PUT_OUTPUT must he

o compiled before C.

Similar rules apply for recompilationm . Any change in a given compilation unit can only affect its subunits
and Other compilation units mentioning the unit in their visibility lists. Hence the potenti ally effected
uni ts need to be recompiled. An implementation may be able to reduce the recompilation costS if it can deduce
that some of the potentially affected units are not actually affected by the change. o
Note that the subunits of a unit can always be recompiled without effecting the unit itself. Simil arly,

O changes in a module body do not effect other (non—nested) units , since these units only have access to the
vis ible part of the module. Hence to minimize recompilations , it is advantageous to compile the module body
and the module specification (the visible part) in different compilations.

o -

10.4 Program Library

O Compilers must preserve the same degree of type safety for a program consisting of several compilation units
and subunits, as for a program submitted as a single compilation unit. Consequently a library file containing
informa tion on the compilation units of the program library must be maintained by tho compiler. This
informa tion may include symbol tables and other information pertaining to the order of previous comp ila tionS.

A normal submission to the compiler con8ists of the compilation unit(s) and the library file. The letter is
used for checks and is updated as s consequence of the current compilation.

There should be compiler commands for creating the program library of a given program or of a given fsmily of

O programs. These commands may permit the reuse of units of other program librartea. Finally, there should be
commands for interrogating the status of the units of a program l ibrary. Th, form of these commands is not
specified by the language defini tion .

10.5 Elaboration of Compilation Units

— Formal Definition 10 — 1 Pre lImin ary Draft W _____

— -
~~

•
“. - 

“ ~~~~~~~~~~~~~~~~~~~~~~ T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_-_. _—— —— ~~~~~~~~~~~~ 

.
~~~~

.
5 ~~~~~ ~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

- a - —



eefore the execution of a main program , all library modules that are not subunits and that are used by the
main program are elaborated . Theae modules are units mentioned in the visibility lists of the main program

- p, and of its subunits , ~nd transitively in the visibility lists of these library modules themselves.

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

10.6 Program Optimization
0

A static expression can be evaluated by the compiler . In consequence , i f a static CxpressfOn is required and
the actual expression involves a varieble , or if an exception arises in the evaluation of the expression , then
the program is in error. On the other hand , a compiler may be able to optimize a program by evaluating
expressions which are not required to be static. If the evaluation raises an exception , then the code in th:t

O path in the program can be replaced by code to raise the exception. Under such circumstencea. the compiler om ay warn the programmer of a potential error.

Optimiz ation of the elaboration of declarations and the execution of statements may be performed by compilers.
• It a subprogram is compiled by an in—line substitution of the body, then expressions within the body may be

capable of further optimization am above.

o A compiler may find that some statements or subprograms cannot be executed, in which case the corresponding 0
code can be omitted . It non—static expressions within such code would generate an exception , then the program

I o is not in error. These rules permit the effect of conditional compilation within the language. o

( 0  0

o 0

- 
- 

0’

cd~
f o
0
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o 11. Exceptions

0 This chapter defines the facilities for dealing with errors or other exceptional mitu~ t ions that ar ise dur ing C’

program execution. An exceotion is an event that causes suspension of normal progr am execution. Bringing an
exception to attention Ia c~ lJed raising the exception. To execute some actions , in reseonse to the occurrence cof an exception , is called handling the exception.

~ The un its whose execution can be prematurely terminated by an exception are blocks, subprog ra m s , and modules .
~~ Exceptions are introduced by exception declarations. Exceptions can be raised explicitly by raise 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 a uscr-provld~d exception handler. o

0 11.1 Exception Declaretiona 0

0 An excep tion declaration defines one or sev,ral exceptions whose names can appear in raise statements and in 0

exception handlers within the scope of the declaration.

0 Syn tax: 0

o exception_decl•aration ::— identifier _list exceptions 
0

Abstract Syntax:

o decl — >  PJP~TVRE-DESIGMA TOR S DESCRIPTION 
0

NATURE :: constant I 
~~~~~~~~~ 

I exception I function I in I in out I out I
?eckege I procedure I subtype I I t oe I variable

CESCRIPTION m:~ instantiation I object I renamin g I type description I u n t  I void

0 The iden tity of the exception introduced by an exception declaration is established at compilation time ~
(exceptions can be viewed as conmtents of some predefined enumeration type initialized with static

0 
- express ions). Hence an exception declaration introduces only one exception oven if it is declared in a
recursive procedure.

o The following exceptions are predefined in the language: - 
‘.

ACCESS_EPROR When an access variable hae the value null ~nd an attempt is made to read or to

o update the designated dynemic oh~ect (see 3.8).

• ASSERT_ERROR When violating an assertion (mee 5.9).

OISCRIMUJANT_ERPOP When attemp ting to access a component of a variant part not prescribed by the
record’s discriminant (see 4.1.2). •
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• .DIVIDE_ERROR When dividing a number by zero (See 4.5.5, 4.5.6).

~-, FAIL.URE For general use within procedures and tasks. This is the only exception that can be -
- raised by a task for another task (see 11.3, 11.5).

,
~~ 

INDEX_ERROR When an index value is outside the range specified for the array (see 4.1.1).

IN ITIATE_ERROR When attempting to initiate a task that is alread y active (see 9.3).

NO_VALUE_ERROR - When accessing the value of en uninitialized variable or returning from a function C’
without a v~ luo (see 6.5).

o OvERFLOW When an arithmetic operation fails by attempting to produce a value which is too 0
large to be handled by the imp lementation (see 4.5).

0 OVERLAP_ERROR When attempting to assign overlapping slices (see 5.1.1). 0

~~ 
RANGE_ERROR When exceeding the declared range of a variable or type (see 4.5). 0
SELECT ERROR When all alternatives of a select statement without else pert are closed (see 9.7).

STOR AGE_OVERFLOW When the dynamic storage allocated to a task is exceeded , or during the execution of 0
on allocator , if the available space for the collection Of dynamic objects is

o exhamisted (see 13.2). 0
TASKING_ERROR When exceptions arise during intertask communication (see 9.2, 11.4).

o LINDEPPLOW When a floating point operation fails by attempting to produce a value which is too 0
small to be handled by the implementation (see 4.5.5).

0

o 11.2 Exception HandlerS 0

o The processing of one or more exceptions is specified by an exception handler. A handler may appear at the end 0
of a uni t which must be a block, subprogram body, or module body. The word unit will have this meaning in
this section. —

SyfltSx:

o exception_handler mi —
wh•n exception_choice (I exception_choice} —>

o sequence_of _sta temen ts

exception_choice ::— exception name I oth.rs -

Abstract Syntax:

al tcrnatlve —, CHOICE S SrM S —— when CHOICE S —> SDM S J 
-

Choice 5 —> CHOICE . .“ —— ( CHOICE I . ..  I — .

-,
~~~~~ ‘ ,.. - - I ~~~~~ ... ) 

~ • -
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-

CHOICE S ::— ehoice s
C!4OICt~ :. EXP I others I

:: ctm s

Descr iption:

0 Each handler handles the named exceptions when they are raised In th~ given unit. FIn alternative containing
the choice other, applies to all except ions not listed in other alternatives , including oxception~ whose names

o arc not visible within the current unit. C’
When an exception is raised within a unit , either during elaboration of its local declarrtlons, or during the

O - execu tion of its sequence of statements , the ~xacu tion of the corresponding handler replaees the execution of
the remainder of th~ unit: the actions following th” point where the exception is raised are skipped , and the
execu t ion of th~ handler te~m1na tes th~- execution of  tha unit . If no handler is provided for the exception ,

o the unit is terminated and th’ exce’tion is pro~ e~ys ted according to th~ rules stated in section 11.3 .1. 0
Since a handler acts as a substitute for the correspond ing unit , the handler ham , in g~’ncral, the same

~~ capabilities as the Unit It replaces. For example , a handler within a function ham access to its parameters
and may issue a retutn st,tament on behal f of th- functio n . Howevor , mince an exception may be rais~c’ during
the elaboration of the declaratio ns local to the unit considered , it cannot b~ assumed within a handler that

0 all declarations have been elaborated. 0
Static S~-ma ntics:

o p rocedure CITCCK_;AWDLHR(slternative : TP~E: env : S EWV) return FREE j ~ 
0 -

cnv2 : S_CNV : IN !lANOtER(rnv)~
. O  begin -

- return MA K E ( a l t e r n e t i v a , CIPFCK_!X C H O TC E _S (P l t e r n a t i v e ) ,  ~nv2),CHECK ST~ SISTII S (oltarnetive ) , env2)),

0 end : 0
procedure CH EC K _ EX _C?IO T CE _S(choicc _ s, TR e’; env : S ‘~TiV) re turn TR FE 1.

O begin
if tS_E~IPTY (choice _ s) then return vo Id ;
else

re turn P RE (C HECK _EX _CHOTC E (‘CAD(choice 5), eny),
CHECE_EX CH O ICE S( T A T L ( c h o i c ”  r ) ,  m v ) ) ;

end if7
end CH!CH_ EX_CUOICE ,S;

procedure CHECK_ tX _CHOICE (choi c~ : TP~K ; en-n ~ F”V) return TREE La
Q begin -

if IC IFIMC (KI’tO(choice)) then
return CIIICK_EX _WA ”E (choice , env ); -

Q elsif cT~oic -~ — otheEs then .

re turn choice i
else re turn HXCFPTIOU _Cm1OICE ~~Sr ‘r T~

~~ end if ; — —
end C1 CK _ EX_CHOTC E;

procedure CHECK 511 IIAME (narne: TR!~E7 env : S E”V) return TP’~F is
- - begin — —
- if KINO (name) — Selected and I8_TASK (05t4 OF (NAME (name), e n v ) )  then

re turn CHECK LX TASK(name , env ); - - -

else —
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return ID PM1T (DEN_OF(nam c,  env));
end if;

end CHECX_E11_NAHE; -

~-‘ 11.3 Raise Statement’

An exception can be explicitly raised by a raise statement. C’

o Syntax: 0
ra ise_statement : , —  raise (exception name);

o Abstract ~yn tax: 
0

o raise —> NAaIE VOID (raise NAME_VOID 1 o
NAME VOID :: NAME I void

o Description: 0

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

- raise ; 0
can only appear in a handler. It reraises the tame exception which caused trenefer to the handler.

o St,tic Semantics: - - 0

procedure CHECK_PAISE (raise: TREE; env: S ENV) return TREE is
begin

case KIHO(NFIME_VOTD(raime)) of
when void —) -— I raise ; j

if IS IN HANbLER (env) then
return raise;

else return RAISE ALONE CAN ONLY APPEAR TN A HAWOLER;
end if ;

- when others —> -— raise ‘471M5;
I 

O return MAKE(raime . CMECK_EX_NAM!(NANE _VOTD(raise), env));
end case;

end CHECK_RAISE ;

11.3.1 Dynamic Association of Handlers with ExceptionS 
-

When an exception is raised , normal program execution is 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 th~ enclosing aenu~nee of statementS. Similarly, if a subprogram does
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not contain a local handler , ite execution is terminated nn d the exception is rereI e~’ at the- point of
call of the subprogram. In both cases the exception ix am id to be propag’ted. The prcdn tinr- d exc eptions
are exceptions that can be propagated by the language defined constructa .

(b) If a task does not contain a local handler for the exception the task is terminated but the exception is
not propagated.

(c) If e local handler has been provided , execution of the handler replaces execution of t~~~~ r . r - 3 I r ~2 e r  of t h e
current unit. A further exception raised in the anquence of statcments of the handler c u5ea t e r n in e t i cn
of th~ curren t unit , and the exception is prop-~~ated if the current unit is a b l o c k  or  au b p r o~~r’a ~e i n  -

case (a) .
c-

a 11.4 Exceptions Raimed during Tasking c

o An exception can be propagated to a task communicating, or attempting to communicate , with another teak. o
On any attempt to call en entry or a subprogram of an inactive task , the TASKIHO_ERROR ~xc c c io a  i n  r H~~ed i n
the invoking ~~~~ Note that this also applies to entry calls to an active task if the t~~nt  r~r i r n ” t~~~ ~c f o r a  0accepting these cells. -

0 A rendezvous con be terminated abnormally ip .three cases. a
(a) When an exception is raised inside an accept statemCnt and not handled locally. In th in c~~ce , th e

exception is propagated both in the unit containing the accept statement ~nd in t h~~ c a l l in ~ t~~~k Ct the
point of the entry call. (A different treatment is eCployed for the exception LTtILUPE as e x p l ~~ier~ i n
section 11.5 below.)

o (b) When the unit containing tho accept statement is tereinatcd abnormally (e.g. as th.’ result ci an cheat C’
Statement). In this case, the TASKING_ERROR exception is rai~ od in the calling te~ ¼ at t h ~~ 9niCt of th-

o en t ry ca l l . -

(C) When the unit issuing the entry call is terminated abnormally. In this came the rOndezvous ter’ in at es . -o abnormally and the TASKIHG_FRROR exception is raised within the celled task , ih the u n i t  cn n~~~ini n ~ the C
accept statement.

o A task calling a procedure of another t~ mk receive, a TASKING ERROR exception if the eplled tent ter-ci n atea
before the end of the procedure execution.

o
11.5 Raising an Exception in Another Task

• 
A task can raise the predefined exception FAILURE In another task (say T) by a raise Statement of the form:

raiae T.FAILURE;

• The execu tion of thim statement hss no direct effect on the task issuing the statement (unlees , of cou rse, it
raises FAILURE for itself).

U
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I t t h e  t e a k  r e c e i v i n g  the  F A I L U P E  e x c e p t i o n  is c u r r e n t l y  c .x a ’c u t i r a-, , or if it in s ue~n~~n l e d  by en accept or
n e l e c t  s t a t e m e n t , t h e  e f f e ct ia  to r e i n e  t h e  c~x c e2 t t hn  a t - tb- r-,oj n e  of  t h e  cur  rn r ’t n t - - e- r n t .  Cf the taCk i-s

‘_. su~ penrlcd on a dcl~~y st—te m e nt. the correnpr a-lin’ l wai t in e - n c - c H - a  -n ~ the e x c e c t I e n  i s r a ’ i r - l  at th~- po int
of the ~ eloy stC t crnen t . If tha ’ task hue inrt ,a’rl an ent r y  ~ ‘ll . th-~ a’xca’pt4o~ I i  t t h e  point of the
call end two eases are possibl~ tnt tha called trek :

(a) If tha ’ en try call has not yet bar- n accepted , the ca ll in c a n a ’e f l r -” ~~r d  t he  ca ller tc~ k is unaffected. - -

~~ (b) If an accept st a t r -v-nt for this entry is in execution , th- r—rv ’en-;ous is -abnor ma lly term inated and the o- - TA~~~!CI~~Jr. E P SOR c - x c e r t i O n  i s  reie’rL as in nc ct -iOn ll .4(c ).

If a FA ILUrE exception is rcc ive r by a susoonded tue~~, exCcu tiee of the t~~sk is sc hedulmd according to the
priority rui a ’s (see 9.8) in order to allow hand ling of t - e  e x c e c t i r r e . If the exca ’pticn FAILURE is receiv ed

an accept n tat el-c nt and not band ied local ly, t bc rendeavous is term inated and the exception

~~ TccKT:~O_ E R R O P  is r~~i~~~d i n  t h~ calling task at  the point of t h e  entry cel l . o
Tha’ prede fined exception FA ILURE is the only exception th a t can ha’ nx~~l c itl y  raise~ in another task. It

Q ~ue a r n e d e~ all other exceptions not yet handled or r e c e i v e d  b c f n r  F 5 T L U P E  is handled . A unit can contain a
ha nd ler for th~ excep tion FA ILURE as for any other cxcept i~~~.

o o~11 .6 uppressin g Exceptiona

0 . - 0
The d e t e c t i o n  of e x c e p t i o n  c o n d i t i o n s  nay be Suppressed w i t h i n  a u n i t  by a p r a gma  of the  f o r m :

pra gma SUPPI1ESS(exception_name (, ex c e p t i o n  n a m e ) )

This pragma in-d ic r te~ that no run tiara checks need be provided to ensure that the named exceptions do not 0o arise. The occurrence of such a pra gni a w i t h i n  a g i v e n  u R i t  doec not  g u a r a n t e e  tha t  thai named except ions  w i l l
not rr 1n .~ since tha’ pragna is rcrely a recomme nd-tion to the compiler , and since the exceptions may be
prop ag ated  by c a l l e r )  u n i t S .  S h o u l d  an e x c e p t i o n  t ’ i t u - a t i o n  occur when the corresponding run time checks are oo omitted , the program would be erroneous , and the results unpredictable. ¶

0
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A. APPEND IX: AnSTRAC? SYNTAY elF GREEN

0 
- 0

o package GREEN _SYN TAX is 
0type COUSTPUCT is I—— nullary oa n-i • m d then , catenate , constant , d i v

exceetion , exconenl-latl on , function
(ci , in , IC Out • 0in o , ant numher , • iT , m inu r ,

mu t , C o-i , , not  , ~ Tn
~~T1’ , others , , or else , ou t  •0 - 
~~~~age , packing , , priv ate , prc r r ra~u r e  ,
r—-1 number , rcetrlcted private , ranna rate , Stub , str ing

o subtype , t a sk  - , , i -able  ‘ ‘ o—— u n m r y
~ho r t  , access , address , all , a f l e c at oro - ~~,ra r r t , co d e ,~~~ t.e ,~~~~r ived
Initi ate , raise , retu rn , su hun i t , type description ,wh i l e , int eger • 0—— binary
alternative , e r r s  , Pr.eign , call , case ,- 0 cenditionni , cons rained , ex it , f r - a l l y  ,

- ~ lo~~t f o r  - ‘nair1~ , IS C C C O C  ,

O Tir~ Esoc : T~aTa-x cd , Curt amsoc , jne~ r-n tjstion , TTbc’led
12~~ , eo-’ule , r , a e r~ , oh~ — c t  , out SiloC ,

pro-!afined , ~~~TTfIrd , r c n a n T 9  , rcv cr sc
- rec Pricte~ • sc le ct , se lect - a d , sc1eeta’d s t r i n g  , s l i c e0 cu b e r o gr a m  , ty~c4 pa ir  , , u n i t  u c — ’vo~lan t  , va n e-nt p a r t  ,

I 0 — -  ternary Li
accept , binary , block , romp repr , condi t ion

o dr -cl , vr c- iuhormhip , r ecord repr , -

- —— ar b i t r a r y  - 
-

alterna tive a , houndo g choir. m
cosp s , co ne :msoc a , co~ne r ’pr a ,
c o nd i t i o n a l  s , dcci s , dos~ g nat or  5 ,

- ax o n , item S , na-ac s
-, 

~araan assoc a , r an ge  a , -r~~-,~t )

type A RITTES is (nu l is ry ,  unary, binary, ternary, arb i trary) ,
function ARII’? (Construct: £2 I~IZ~Z) return P”CTTr ;~~

_
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type SORT is set of (CONSTRUCT) i—— We assume a genetic package set has been defined
—— which prov ides se ts an d union  of sets - a-

- —— Tabl e of a l l aor ta
C

ALTFRN t TI V E , ALIERNATIVE S , m TNARY OP , SODY - , ROU’JCS
01)o’-mg S — 

, Cr ic lCs , C~ !OWE .c , , Co•’’ s , oCO~~P .kcSoC , C ’ 4 P f FP R  , CI a IC RFPI1 S ~~~~~~~
Cr~ a~O VOtO~ , co-rcr -r r (u ra OP , ___________ 

, ITICIN .’IL 5 ,

O cp-r ’OI-Ra 1-r)’ , cp- ra-ra -~i jrao , PICCI. , E”Ct S , DFf’t .  PA RT , 0C F P C P I ° I I O N  , r~e~~i~~-l\TOR , tPNATU R S , IIXP , ~ ‘(P V O I D
ag-f E.u u C  , ~t a ~~R P T C  ASSOC , ID , Tirvoto , 1T F I  • ITEM 5,
I T eR a T I O N  , F l E a - a n : OP , t’~ a-u t , ~‘a-rv a , 1ev- at  F/OrD ,0 ?~. I T U R E  , pajp , ~T1I~M ItSSOC , R 5”  r~ssoc’ s , 

__________

RA ’I VOID • RE SUL T • ~~~r C T F T L C C ,

ST- S , .I2P1~ O , TYPE , TYPE E A \ IcE , TY~’T SPEC ,0 ~~~~~ OP , VARISiI T , VT~TSNT constant SORTS

o func tion SORT OF SON (construct : COSSTRUCT~ n: ttITIIC.F.R : 0) return SORT; 0
—— the expTes~ ion SORT_OF_SON(construct , n) denotes the sort of 11~~

O —— n—tb argument- of construct” , ~f it is of fixed arity. In the case 0—— of a list construct, it denotes the common Sort of each son .

private 0
—— The sorts are initialized so am to be the setm described by the following table:

0 —— AI.TEPNATIVC ::= alternative - 0
—— ALTERi~~?1V€ S ::~ al ternative a -

o —— BINARY OP : : —  ~nd I catenate I div I ea expOnentiStiOn I 0
— -  I lo T~ I ~Tn us I ~~~~~~~ I I—— ne not oro —— 900y ::. l~Tock I st ub  I vo id  E~ T N~ ”E 

-

-- ~~UlTDS : : —  T~l T~~~ xed I predefl~ ed I aelec ted

O -— tyned pair
—— POIJ~ID S S : bounds a

—- P110108 ::— EXP I others I RANGE0 —— (‘E OT C E  S : :  ~F~ ice a —

— —  CP-IP : : —  I null I var iant part
____ 

:: corap s—— COl-IP ASSOC :: na-med I a l l  I a l loca tor  I b i n a r y  I cell I comp aasoc s
—— ~~~~ num ber I I m t  numbe r  -l  ind ex ed  I mc ’nb ershj o I—— null 1 predefined oiu :JlEied I r e a l  numbe r I selected ~t

- 
‘
~~ —— i~T~ciaed string I slice I string I

- —— 0014P PEPR ::. coep te rn—— CO ’P PEPR S ::~ coa ~ I near  s
—— CCe1D :: concition I EXP-— ~~~ VOTD u— C0UO I void
—— COND ITIO N OP : : —  7~~~~the~T~~ r else
— —  CO~ riITTONAt. ::. conditions!
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- 
— —  CO’~ D TTI ONAL S ::. c o n d i t i o n a l  m—— Coe~sTp A r N -r  , : —  t i x ~ d I f l o a t  I coap assoc s I ~~~~ - 

—
- ‘m —— tyn-~d pair I ranse m I —

- CONS TR AINED ~:. conctrained

ID :: decl
- 

— —  DECL C :: ‘u’cl 5
—— DECL PART : :=  u aa e I It em a -

- O —— ~~r - aC E I P T ION  :~~— T~~tantiat ion I object I renaming I type description I
a u n i t  I void

— —  DE~~~I~~i~~~AT O R  ::. I ~~Ting—— Ora’Tc ,’ l A J O R  S u :  ~csignator S 0
— —  EX P  ::~ cli I allocator I b inary I call I comp assoc s I

O —— float number I iii I m t  number I indcx ~ d I 0- —— mraa bcr ath ip I null I pr-’lef [r’ed I q u alified I—— reel numben I scl~ ctod I—— string I uner 0
- —— EXP VOID :: I voir

— —  E X T  iAar E :: ~~~ a Ta I ~~ Tected string I strin g

0 — —  O EN E R T C  ASSOC :; P7P~M ~SSOC I ~olected string I Is rssoc 0

0 —— III ::. id 
.- 

- 0
- -- T~ VOID : - iT I

O —— a : —  address I ~~~~l I comp repr I packing I record rcpr I
- —— restricted I s u b u n i t  I EXP—— ITS’? S :: item s

— —  TT1C R~~ TTON :: for  I r~ v~~rse I void I w h i l e
- - — -  - E R  OP : : —  T o  I not in—— ~~ V-C~~ : : —  J Id I indexed I p r cdef ln sd  I selected I sl i c e
- — —  i~~~ ’E S :: nenr C a—— I ’A:aE VOID :: ~a’— ta I void
I —— ; f f l ( J f la  

________ 
exception I function I

0 —— in  I in  out I I package I procedure I subtype I
—— teak I I v ar i ab l e

—— PAIR :: a i ro —— ~li~’-i ASSOC : : —  p assoc I in out asmoc I out assoc I EX P—— P’uRPuM ASSOP S :: pares  ammo c a

o —— Ct1AL IFIED :: aiu sllfied Lu

r~ 
— -  PA~ IOIE :: I typed pair
— —  R~~~~ GE VOID :: ~~T~T I RANGE
— —  R E S U L T  :: ~~~~traThiT I void -

—— SPCCtPXER : : —  family I generic I module I s uhpr ogr am I void
— —  

~.1I x : scce,t I abort I as s i g n!  assert I I ~~TT I case I
- —— cO~~’ I I r-x it I nob I I iTTTiat e  I—— T~E~ l~ d I _22~ 

I F~TT I r-aIne I r e t u r n  I se lect—— STM S : eta a —

—— STRING ::~~~T!~g :
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- a m

—~ I 
-

— — T YPE : : —  Ccccss I I eo-m~~ m I ~onstrsined I
- —— d e r i v e d  I d e e u g n a t o r _ s I f i m r ~~ I fl u-t I

integer I pr i-ur te I restrle ted peivate I
- —— TYPE RANGE : : —  conetrained I I ~yr~csT p a i r

—— TYP E SPEC : subrroqre :n I ~~~~ I TYPE

- 
0 -- IJNnIRY OP :: a n i n u s  I not  I 

C

- —-- V FP I A IT  ::~ variant - CI I
- —_ Van IFaI r 5 a : —  v a r i a n t  s

of
- 0

0~~

jo - 
..

- 0

0

J o  0~
- 0

0

0

- 
. 

-

H 
- 
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~~ —— The Constructs of Green have a structure described -

—— by the following tables:

—— binary constructs

I __ —— abort  — >  N A ME  S
-‘ — — a ccess —> T?PE -

— - 
—— ad~~rcS9 — >  EX P—— -31 _ ) E~T-~E
—— ~TTocator — >  O UF I L I F T E D

—— arrert — >  (‘( V~ O—— co~e —, ~~U~~T . I F I E D  -

1 0 —— — >  E X P
— —  -~~ruio d — >  Z1?

~~iST PAINE D

0 :: ~~i ti a t e  :~ ~~~~~l5 S -

—— in t eg er  —> R rJOE

O -- ~~~~~~~ 
->  i lA i f  VOID 0—— return —> E X P  VOID

— —  su~a un i t  —, V’ECL

O —— tyoc description — ) TYP E . 0
— —  w h i l e  — >  E X D

0 —— Bi na r y  construc ts - 0
—— alternative —> 0110108 5 STM S

0 —— ~~~~- — >  P OUN D S  S T Y PE  0—— astion —> ?I~~~1C
—— cel l —> ~iV~E ~ ?I~1 ASSOC S

O —— c ame  — >  51( P A LT I I R ’ I ATI V E  5 o—— ~~~ iitionaf —> ~~~~ iD SE e ?  S
c c re t ra in e - c l — > ~~\ • F V  CCI - e T r n r N T

O -- c e i~ ->  T T V O I D  CO1D VO I C  c -—— T~~Tly - — >  l ie.aiP-E ni-Ecaf ren
—— fi - ~~c1 — >  ~~~~~~ P’ OF ‘/ORD—— ~~~~~~ — >  - F a acr voio • 0o -> TS~ ii’ - eE
—— a’enaric — >  ElEct 5 C PECICI ER -

O —— if - —> CO’IOTTIONAt S f-T 1 -c o—— iT essoc — , i E l  f V D  -

—— Tndcxa~F — >  ‘~ II F5 I”<~ S
— —  in out aesoc — >  II )  F X Po —— i n m t n t i r t i O n  —> ~~T?-?T1 ~~V? A’1 ASSOC s ~~
— —  is essoc -- - - --  — )  ~~~TGNAYOR EXT NAa-?F
—— l abe led  —> ID 5T-l -
-- loop  — >  ITE RAT ION  ET P F  5 --

—— aro.~uIe — >  E l E C t  PART ~~~ L P PtRT
• - —— neared — >  ( I1O~~(f S r-~p -
0 —- ~E~~ ct -, TIDE F~ VOID -

- - —— out ramoc — >  T5 - E X P  -

- —) EXP F. XD-— —— p r - a r c f i n ~ d — >  ~T~~~TE~ ‘T15 - -

—— gualiund —> ~~~ EXP - a—— r e n a m i n g  —> ~VP~ SPEC fX T F~ MI - .

- —— r ev er s e  —> ID R?I”OF — 
- -
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—— restricted — , ~IRME S DEC? 5
—— ~ “1 et  — , 0 IC1TIOIIAL 8 u T’? ii
— —  s’-l’cted — >  uiv’s a—
—— :.-!ected string —> P~~~~ E ______—— ~lic ,  — >  ?-! R FE

—— i~T!Frog r em -> ~~CL S RE ~~UL T a-
—— by e- :? pc -ir — , \‘\!E PiER -

-- -> tl i’I; ly Op r~ p

o —— — >  S p I ~C t r T E p  ‘ T) Y .—— — , iI ~~~ ?E 1 T T E F  S
— —  T7iant — >  C”~T Cr S CCE - IP S

o —— v~~t i’n t  part — >  E V ’ E  V~ r T A - ST S 0

o —— Ternary cOnstructs 0
—— accept — > ?1R9r DtCf. S STM S

O — —  !5in e ry  — >  !‘ ~~~~~ 1R1 ’ A R Y  OP EXP -

-- b l o c k  - — , ~~~~L PART Sr’ S ~t~ EllFI’lTIVE S
- — —  co.m~) rear — >  l!.i E  rx P

—- eon ’i t io n  -> ~~VE ~~ThEDrO’I OP ~~~~~~ 
-

0 -_ dec -I -> ~~9ue€ c- rer”-u~~TOR S ~~~?RTPTION 
0

—— ~~~~~cr s h i e  —> ~~~ r~ ”c ~ OP TYPE PANSIE

o —— recor.! repr -> ~1~ ar E X P  CO!IP RE PR S 0
—— List constructs

O — —  s I t a - r n . t t v a  S — >  ~~T . !Ta!’-RT Y R 7 C ... 0

—— coa~ - eareoc a - )  ~~~~~~—— co-n o r~~nr  - >  a-
0 — _ een~~i t i o n a I  -s  —> C O T T I ~~~~’~~ L ..—— - ac-I a — ) ‘ a t—— a - e i 1n a t o r  a — )  

— 

I 
__ —— c x c  s —> I ’ ’

_

- — —  Re a S — >  LL: . .
a —_ p r - -a 5s0c- — >  I - - ‘ .. . -—— r e n a  C — > I - ’ ”-  ... -

0 —— -i: r i— r - t s — >  v :  u- ’ ’- ’i .

end l~PTrM _SYNTAX , 
- - .

j o -
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package GR ?8N TREES is 
-use GREEN ~YNTAX;type TREE is private ;—— Tree COnstructors

~~ procedure M A R E  (construct: C( ”IS TRt . !CT;  s~ SrRIN( ) re turn  ~fff;
- procedure MMIC( con struct : C0r’ETRUCT; ta 3PEE) return Tt’F’E;

procedure MAKE(construct: CO~~TRUCT; ti ,TT~ TREE) return 2~ !-~
; -

procedure MAXEic onatruct: p-v~’i- r crEc1 , ti , t 2 , ~~~~~) re tu r n  CI—— Tre e selec tors

procedure RIND It: TRI E)  return CONSTRUCT ; 0
procedure SON In: It’Trr.Ep, t: TREE) return TREE;

0 procedure TOXEN It : Tr!-E) return STEINC ,;

—— Handling of l i s t  c o n s t r u c t s

0 procedure HEAD ( 1: TIlES ) r e tu rn  TREE ;  0
procedure TA IL. (1: ifiT) return T R E E ;

__ 
procedure PRE (t: TP !r , 1: TREE) return TREE ; - - 

0proce dure EMPTY (con~TF~ct: C~~i5TRUCT) return 1F’E ;
procedure IS_ E•MPT Y(l a TPRIi) return I100LEAN;

o - 0
private—— Description of th~ implementation of type TREE 0end GEFEEN_TREES;

o f
0 

-

jO C

- H
1
0 

-
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- • package GREEN SCLECTORS is -~use GREENJYNTAX, GREEN TREES;—- To increase tesd&bilTty, one wishes to avoI d positional selection of subtrees. --
- - - —— To t h i s  e f f e c t . ~clecbor  functions a-re defined that are named after the sort -—— of the cnrreepon9ng eubtree. -—— Examole: if: Constant TREE -— wh re R!HD (if) — if
- - —— thon SON(l, if) is ec~ui~~T~nt to COUDTTIO’-l S(if) 7nd

C — —  SO!I(2 , if) is ~ciuivalent to STM S (if) -
—— }lcnca th e  f o l l o w i n g  Se l ec to r s  crc declared : Cprocedure CONOITIO~1 ~ (t: TREE) return TREE;  Iprocedure STM _S ( t :  ~~ R E R )  re turn TI l E S ;—— a nd so on for  each c on s t r u ct  of T1i~d arity . In cases like p~j~ - I—— wh i c h  has more  t h m n  one son of the  sam e sort , number ing  is u~~ 5i

procedure EXPI (t.: TREE) return T RE E ;  •

procedure r-XP2 (t: -1 return T R E E ;
end GREEN _SE tEC?ORS ; -
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