A FORMAL DEFINITION OF ALGOL 60 AS DESCRIBED
IN THE 1975 MODIFIED REPORT

Wolfgang Henhapl & CLiff B.Jones

Abstract:

This paper provides a formal definition of a version
of the ALGOL 60 programming language. In particular
the definition uses the denotational approach and the
meta-language presented in this volume (-- known with=
in the Vienna Laboratory as "META-IV"). As well as ex=
emplifying the meta-language, (yet) another definition
of ALGOL 60 is justified by the recent revision of the
language which resolved most of the open points in the

earlier "Revised Report".
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8. INTRODUCTION

For many years the official description of ALGOL 60 has been the "Re-
vised Report" (Naur 63). Not only the language, but also its extreme-
1y precise description have been seen as a reference point. There were,
however, a number of known unresoclved problems and most of these have
been eliminated by the recent modifications given in De Morgan 75. &
number of formal definitions exist for the language of the revised re~
port: this paper presents a denotational definition of the language

as understood from the modified report (MAR).

Before making some introductory remarks on the definition, three points
will be made about the language itself (as in De Morgan 75). Firstly
the modifications have followed the earlier "ECM4 subset™ by making
the language (almost) statically typed. Although all parameters must
now be specified, there is still no way of fixing the dimensions of ar-
ray parameters nor the required parameter types of procedure or func-
tion parameters (cf. ALGOL 68). In connection with this it could be
observed that the parameter matching rules of section 4.7.5.5 are
somewhat difficult. In particular the definition given below assumes
that, for "by name" passing of arithmetic expressions, the types must
match exactly!

The third observation is simply one of surprise. The decision to re-
strict the control variable of a <for statement> to be a <variable
tdentifier> {i.e. not a subscripted variable) may or may not be wise:
but the argument that <for statement> can now be defined by expansion
within ALGOL is surely dangerous. The definition given here would have
had no difficulty treating the more general case because the concept
of location has anyway to be introduced for other purposes.

Two of the major points resolved by the modifications are the meaning

of "own"

variables and the provision of a basic set of input-output
functions: particular attention has been given to these points in the
formal definition below. In fact, the treatment of own given here is
more detailed than that for PL/I static variables in Walk 69. Rather
than perform name changes and generate dummy declarations in the outer-
most block, an extra énvironment component is used here to retain a
mapping from (additional) unique names to their locations. This "Quwn-
env" is used in generating the denotations for own variables for in-
sertion in the local "Env". The input-output functions are defined to
change the "Channel" components of the state (I).
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Much of the definition which follows should be ecasy to read after a
study of the example given in Jones 78a. The treatment of goto is si=
milar to that given there (for discussion see Jones 75) except that
the use of the "tixe¢" combinator has been held here to a minimum. In-
stead of the use in Z-block, an argument can be made for localizing
the effects of goto at the level of comp-simt, cond-stmt and stmt. In
a version which used "zize" at all three levels it was found advanta-
geous to merge the "cue" and "i" functions (cf. Jones 78b).

As has been discussed elsewhere in this volume, the definition of ar-
bitrary order of evaluation has not been addressed: had it been, one
would, for example, have to show that the elements of an expression
can be evaluated in any order.

With the aid of the list of abbreviations given at the end of this in-
troduction, the abstract syntax and context conditions should be straight
forward. Notice that, although the abstract syntax itself is a "con-
text-free” production system, context dependant typing (e.g. Array-
name) is used and secured by the context conditions. (Notice by-value
variables are, in fact, non-by-name - i.e. by-value includes non-para-
meters).

The semantic objects are the key to the definition. States contain two
components, one of which stores scalar- values for each current scalar
location (the division to the sub-types of Sc-leoe is not necessary, it
is only made to fit the implementation viewpoint), the other of which
contains an abstraction of the objects which can be accessed by the
input-output statements. State transformations are of the type required
by the "exit treatment™ of goto.

The composite objects Stmt-env and Expr-env are introduced solely as
abbreviations; Own-env has been mentioned above; the real interest
lies in the denotations which can be stored in Env. Type-dens are ob-
viously scalar locations. A function procedure which is activated sets
up a value to be returned by assigning to the Atv-proec—-id: again a
scalar location is the appropriate denotation. Array denotations store
the (one-one) mapping from all possible subscript values to scalar lo-
cations; notice that the constraint requires that the domain of an ar-
ray denotation is "dense". Procedure denctations are functions which,
for given arguments and a current set of activations, yield transfor-
mations. Notice that the Act-parm-dens carry type information with them
for checking within the Proec-den. Switch denotations are similar.
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The very general parameter passing "by name" permitted in ALGOL re-~
guires that the By-name-dens are rather like procedure denctations.
Because formal parameter names can occur as Destinations for assign-
ment statements it is also necessary to know whether a by-name para=-
meter can be evaluated tc a location or not {(cf. e~parm-ezpr, e-var—
ref, e-var). Furthermore, the question whether a parameter is to be
passed by-~name or by-value is not decidable at the point of call.
Thus all parameters are passed by-name and the Proc-den has the task
of creating the locations to store by-value parameters (cf. e~proc-

decl, e-val-parm).
The classes Loc and Val are auxiliary and are used only in type clauses.
Given an understanding of the semantic objects the reader should be

able to tackle section 4. Remember that for "splitting" rules only a
type clause is given.
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ABBREVIATIONS.
Abnormal component constant operator
actual declaration parameter
activation Zdentifier denotation procedure
activated designator reference
arithmetic deseriptor scalar
assignment destination specification
by-name element statement
Boolean environment subscripted
by-value expression transformation
character function unlabelled
compound identifier value
eonditional integer variable
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1. ABSTRACT SYNTAX

1.1l Definitions

Program :: Block

Block :: s~dp:Decl-get s=-sl:Sitmt*

Stmt :: s~lp:Id-get sg-sp:Unlab-stmt

Unlab-stmt = Comp-stmt | Block | Assign-stmt | Goto-stmt

Dummy-stmt | Cond~stmt | For~gtmt | Proe~astmt

Comp-stmt
Assign-stmt
Destin
Left~part
Atv-proe-id
Goto-stmt
Dummy-sitmt
Cond-stmt
For-stmt
For-list=elem
Expr~elem
While-elem
Step-until-elem
Proe-stmt

Proe~des
Expr =
Type-const =

Bool=~const

Arithm—const

[H

Real-const
Int-const
Var-ref
Var =
Simple-var =
Simple-var-bn
Simple-var-pv
Subser-var =
Subser-var-bn

.

Subscr-var-pv

Stmt*
s—ZpZ:Destin+ s-rp:Expr
s-tg:Left-part s~tp:Type
Var | Atv-proe—-id
Id
Expr
: DUMMY
s—~dec:Expr s-th:S8tmt s-el:Stmt
s-cv:Var s-cvip:Type s-fZ:For—Zist~eZem+ s-b:Block
Expr-elem | While-elem | Step-until-elem
: Expr
s—in:Expr s-wh:Expr
s—itn:Expr s-st:Expr s-un:Expr
{Proc-des | Funcet-des)
s-pn:Id s—app:Act-parm*

Type~aonsti Var-ref | Label-const | Switch~des | Funct—des
Prefiz-expr | Infix-expr | Cond-expr

Bool-const | Arithm-const

Bool

Real-const | Int~const

! Real

Int

Var

Simple-var | Subser-var
Simple-var-bn | Simple-var-bv
s=nm:Id

g~nm:Id

Subser-var-bn | Subscr-var-bv
g-nm:Id s—sch:Expr+
s-nm:1d s-sscl:Expr
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Label~const 22 Id

Switch-des 22 g-td:Id sg-ssc:Expr
Funct~des :: g=nm:Id g-app:Act-parm¥*
Act-parm :: s-v:iAct-parmv s-itp:Specifier
Aet-parmy = Parm-expr | Array-name | Switch-name | Proc-name | String
Parm-expr :: Expr
Array-name 2 Id
Switch~name 20 Id
Proc-name :: Id
String = Char*
Char = Implementation defined set
Prefiz—-expr i: s—opr:Prefix-opr sg-op:Expr
Prefix~opr = REAL-PLUS | REAL=-MINUS |
INT-PLUS | INT-MINUS | NOT
Infiz—expr :: s~opl:Expr s-opr:infiz-opr s—-op2:Expr
Infiz-opr = REAL-ADD | REAL-SUB | REAL-MULT | REAL-DIV |
INT-ADD | INT~SUB | INT-MULT | INT-DIV |
REAL~EXP | REAL-INT-EXP | INT-EXP |
LT | LE | EQ | NE | GE | 6T | IMPL | EQU | AND | OB
Cond-expr :: s-dec:Expr s~th:Bxpr s-el:Expr
Deel = Type-decl | Array-decl | Switeh-decl | Proc-decl
Type-decl 22 s-id:Id s~oid:[Own-id] s-desc:Type
Array-decl 21 s-1id:Id s-o0id:[Own-id] e-tp:Type s»bdZ:Bound—pair+
Bound-pair :: s-1lbd:Expr s-ubd:Expr
Switch~decl :: s-4d:1d s-eZ:Empr+
Proc-decl i os-id:Id
s-tp: (Type | PROC)
s—-fpl:Id*
s-vids:Id~get
s—spm: (Id=Specifier)
s-body: (Block | Code)
Specifier = Type | Type~array | Type-proc | PROC | LABEL | STRING | swrrce
Type-array 1 Type
Type-proc :: Type
Type = Arithm ]ggg&
Arithm = INT | REAL
Code p: Tr

Tr see "semantic objects"
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Own-id infinite set

7d infinite set

Real = the set of rational numbers with the usual arithmetic
Int = the set of integers (embedded in Real)

Bool = TRUE | FALSE

Standard-proc-names = Real-funct-names | Int-funct-names | Proc-names
Real-funct-names = "abg” | "sqrt" | "sin" | "cos" | Yaretan” | "in" |

"exp" | "maxzreal” | "minreal” | "epsilon”

Int-funct-names = "{abs" | "sign" | "entier" | "length" | "maxzint"” |
Proc-names = "{nehar" | "outchar” | "outstring” | "outterminator”
"stop" | "fault" | "ininteger” | "outinteger" |

"inreal® | "outreal

Comment s The quotes around the standard-procedure names indicate the
translated version of the identifiers.

1.2 Translator Notes.

Although neither the concrete syntax of ALGOL 60, nor its translation
to objects of the abstract form are formally specified, a number of
points should be borne in mind:

- Concrete delimiters, comments etc. are dropped.

- Within expressions, brackets and rules of operator precedence are

used to choose the appropriate tree form of "expr".

-~ If the {(concrete) outer block was labelled, the translator embeds
it in another (unlabelled) block.

- The body of a procedure (which is not code) is always a block in
the abstract form; the translator generates this block if it is not

present in the concrete form.

- The body of a procedure which is code is translated into the appro-

priate state transformation.
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- Constants are, similarly, translated to (abstract) values.

- The outermost block (a created one, if necessary) contains the
standard functions and procedures: where these cannot be expressed in
ALGOL 60, meta-language descriptions of the transformations are given.

- The body of the abstract form of a for statement is always a block;
if not present in the concrete form it is generated by the translator.

- The use of one <bound pair list> to define several <array identi-
fiers> is expanded by the translator. Notice that this can not be jus-
tified from MAR and, with side~effect producing function references in
the bound pair list, is strictly wrong.

2. CONTEXT CONDITIONS.

An environment is used to record statically known type information:
Static-env = Id 7 Specifier

With the exception of <s-wf-program, all context conditions are, for
a phrase class @, of type:

{g-wf-0: O Static-env = Bool

As well as the splitting (" routing ") rules, certain other obvious
steps have been taken to shorten the functions given below, e.g. if

0 :: 61 92 v Gn

then a rule (or part thereof) of the form:

if—wf—@(mk—@(@l,eg,...,@n),env) =
is-wf—@l(el,env) &
is-wf—@z(ez,env) & ...
is»wf—@n(en,env)

will be omitted.
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2.1 is-wf Rules.

tg~wf-program(mk~program(b}) =
/* for all type-decl, array-decl’'s within b, their s-oid is unique */ &
(let oads={d|within(d,b) & is-array-decl(d) & s-oid(d) % NIL}
/* all expressions in e-bdl of elements of cads are integer constants */) &
(let env = [mwmk~type~proc(INT) |n€lnt-funct-names] U
[romik~type-proc(REAL) | n€Real-funct-names] U
[mPROC | n€Proc-names
is~wf-block(b,env))
type: Program-Bool

te-wf-block(mk~block(dcls,stl) ,env) =
let labl = /* list of all labels contained in stl without an intervening
block */
ig~uniquel(labl) &
te~disjoint(<elems labl,{e~id(d)|dEdclsa}>) &
(let remy = em\{s-id(d)|d€dcls}
let lenv = [e~id(d)m(cases d:
mk-type-decl(, ,tp) = tp
mk=array-decl(,,tp,) - mk-type-array(tp)
mk-gwiteh~decl(,) - SWITCH
mk~proe~-decl( ,PROC, , , ) PROC
mk-proc-deel(,tp,,,,) - mk-type-proc(tp))
|dedels] U
[ ZabLABEL | lab€elems labl]
let nenv = renv U lenw
d€dels =
((Lg~array~decl(d) = is-wf-array-decl(d,remw)) &
{is~proc-decl(d) = {g~wf-proc-decl(d,nenv)} &
(Ze~switch~decl(d) = {s~wf-switeh~decl(d,nenv))) &
(1<ilen otl = is-wf-unlab-stmt(s-sp(stl(i)) nenv)))
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is—wf-assign-stmt(mk—assign-stmt(dl,e) ,env) =
Iciglen dl =
(let mk-destin(lp,tp)=dLl(1)
compat—tps(tp,expr-tple,env)) &
(ig-var(lp) = (is-scalar(lp,env) &
tp=var—tp(lp,env))) &
(Zs—atv-proc-id(lp) = tp=s~type(env{ip))))

1s—wf~goto-stmt(mk~goto-gtmtie), env) = expr-tp(e,env) = LABEL

te—wf-cond-stmt(mk~cond—stmt(dec, th,el) ,env) = expr—tp(dec,env) = BOOL

Ls—wf-for-stmt(mk—for-stmt(ov,cvtp, flel,b) env) =
is~simple~var(cv) & is-scalar(cv,env) &
is~arithm{cvip) & cvip=var-tp(cv,env)

1s~wf-expr-elem(mk~capr—elem(e) ,env) = is~arithm(expr-tp(e,env))

te—wf-while~elem(mk-while—elem(in,wh},env) =
te~arithm(expr—tp(in,env)) & 1s-BOOL(expr—tp(wh,env))

is~wf~step—until-elem(mk-step-until-elem(in, st un) ,env) =
is~arithm{expr—tp(in,env)) &
is~arithm(expr—tp(st,env)) &
Lg-arithm{expr—tp(un,env))

ie—wf~proc-des(mk-proc—~des (id,apl) ,env) =
18=PROC(env(id)) &
(1<i<len apl = s-tp(apl(i))=act-parm~tp(s-v(apl(i}),env)

te—wf-var(v,enw) =
if te-simple-var(v) then is-type(env(s-mm(v)}))
else is-type—array(env(s-nm(v))) &
(1<i<len s-sscl{v) = is~arithm(expr—tp(s-ssel(v)(i),env)))
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temwf-simple-var-bn/ bv} former iff refers to by name formal parameter
g~ f-subscr—var-bn/bv

ig-wf-label-const(mk-label~const(id) ,env) = env(id) = LABEL

1

{Le~wf-switch—des (mk-switch~des(id,e) ,env)
env(id) = SWITCH &
is-arithm(expr—tp(e,env))

ZLs-wf-funct-des (mk-funct~des(id,apl) ,env)
i{s-type~proclenv(id}) &
(1<i<len apl = s-tplapl(i))=act-parmv-tp(s-viapl(i}),env))

Le~wf-array-name(mk-array-name(id) ,env) = is-typerarray(env(id))

Le~wf~switch-name (mk-switch-name(id) ,env) = env(id) = SWITCH

Ls-wf-proc-name(mk-proc-name(id) ,env) = is—type-proc(env(id)) v env(id) = PROC

is=wf-prefiv-expr(mk-prefix—expr{opr, expr) ,env) =
let tp = expr—tp(expr,env)
{cases opr:
nor - tp = BOOL
REAL~PLUS, REAL-MINUS - tp = REAL
INT-PLUS, INT-MINUS - tp = _.@72)

H
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Lg~wf~infia—expr(mk~infiz—expr(el ,opr,e2),env) =
let tpl = expr-tp(el,env)
let tp2 = expr-tp(el,env)
(cases opr:
REAL-ADD, REAL-SUB, REAL-MULT - {ipl=REAL v ip2=REAL) &
te~arith(tpl) & is=avith(tp2)

REAL-DIV - {s—arith(tpl) & is—arith(tp2)
REAL-EXP - {g-arith(tpl) & tp2=REAL
REAL~INT-EXP ~ tpl=REAL & tp2=INT

INT-ADD, INT-SUB, INT-MULT

INT-DIV, INT-EXP - tpI=INT & tp2=INT

LT, LE, EQ, NE, GE, GT ~ ig—arith(tpl) & is-arith(tp2)
IMPL, EQU, AND, OR ~ tp1=BOOL, & tp2=B0OL)

Te-wf-cond-expr(mk~cond-exp(b,t el env) =
expr—-tp(b,env) = BOOL &
{Zet tpl = expr—tp(t,env)
let tp2 = expr-tp(e,env)
compat~tps(tpl,tpl))

Zs~wf~array—-decl (mk~array~decl(, ,tp,bdl} ,env) =
I<i<len bdl = is~arith(expr—tp(s-1bd(bdl(i)),emv) &
ig~arith(expr-tp(s—ubd(bdi(i)},env)

Lg~wf~switeh-decl (mk~switch-deel{exl) ,env) =
I<i<ien exl = expr-tp(exl(i),env) = LABEL

ig~wf-proc-decl (mk~proc-decl(id, tp, fpl,vids,spm,b) ,env) =
te~uniquel(fpl) &
id € elems fpol &
vide & elems fpl &
dom spm = elems fpl &
(tdevids = spm(id)€(TypeU{LABEL MType-array)) &
ie=wf-block{b,env+spm)
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2.2 tp Determining Rules.

expr—tp{expr,env) =
cases expr:
mk~bool~const()
mk~int—const()
mk=~real~const()
mk~Llabel~const()
mk~var-ref(mk-var(var))
mk~funct-des (id, )
mk~switceh~des()
mk~prefiz-expr(opr,)
cases opr:
IN?P-pPLUS, INT-MINUS
REAL~PLUS, REAL-MINUS
wor

mk~infiz~expr( ,opr, )

cases opr:
INT-ADD, INT-SUB, INT-MULT,
INT-DIV, INT-EXP
REAL-ADD, REAIL~SUB, REAL-MULT,
REAL~DIV, REAL~EXP, REAL-INT-EXP

~ BOOL

- mr

~ REAL

» LABEL

- env (g-nm(var))
> s—type (env(id))
> LABED

-+ INT
- REAL
- BOOL

- INT

- REAL

AND, OR, IMPL, EQU
mk~cond—expr(,t,e)
let tpl = expr—tp(t,env)
let tp2 = expr—tp(e,env)
tpl = tp2
ig—arith(tpl) & Zs~arith(tp2)

var-tp(v,envs) =
cases v:
mk-simple-var(id,) - envg(id)

- BOOL

~ tpl
- REAL

mk-subser-var(id, ,sscl) - s—type(envs(id)

act-parmy-tp similar to expr—itp
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.3 Auxiliary Functdions.
eompat-tps(tpl,tp2) =
tpl = tp2 v
te—arithm(tpl) & its~arithm(tp2)
type: (Type | LABEL) (Type | LABEL) - BOOL
is-gcalar(v,env) =

te—typel(env(s~mm(v}) v
is—array-type(env(s—nm(v))) & is-subscr—var(v)

3. SEMANTIC OBJECTS.

Tr = 5% Abn

b = (B=8TG > Storage) Y (R-CHANS > Channels)

Storage = Se~loc 4 Se-val

Se~loc = Bool-loc | Real-loc | Int-loc

Bool~loe, Real~loe, Int-loc are disjoint, infinite, sets

Se-val = Int | Real | Bool

Channels = Int 4 Char*

Abn = [Label—~den]

Stmt~env = (Own-env Env Aid-set)

Expr-env = (Env Aid-set)

Own=—env = Own-id 2 (Type-den | Arvay-den)

Env = Id 2 Den

Den = Type-den | Atv-proc-id-den | Array-~den | Proc~den | Label~den
Switch-den | By-name~den | String

Type~den = Se-loc

Atv-proc~id-den = Sc-loe

Array-den = Int ad Se-loc

Congtraint ;o (Ypl€(Int mt)* ) dom a loc=rect(ipl))

Proc~den = Act-parm-den* Aid-set - (I > I Abn [Sc-vall)

Act~parm-den :: s-viDen s~tp:Specifier

Label~den 20 Id Azd

Suitch-den = Int Aid-set -+ (I 5 I Abn Label-den)

Aid infinite set
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i

By~name~den By-name~loe—den | By-name-expr—den.
By~name~loc—-den :: Aid-set = (L = I Loc)

By-name-expr~den :: Aid-set » (L 3 % Se-val)

Loe = Type-den | Array-den
Abn = {[Label~den]
Val = Se—val | Label-den

Implementation—defined-const = MAXINT | MINREAL | MAXREAL | EPSILON

Comment: The constants are Se-vals, but no check is made as to whether

they are machine representable.

4. MEANING FUNCTIONS

4.1 Functions from Object Language

i-program(p)(chans) =
let state, = {R-8TGw»[1,R-CHANSmchans ]
let statef = i-programl{p)(state)
statef(R—CHANS)

type: Program - (Channels - Channels)

i-programl(mk-program{b)) =
let own~decls = {d|within(d,b) & (ie~type-decl(d)vis-array-decl(d)) &
s-oid(d) % VIL}
let ocemw: (l[s-oid(d)re~oun~type~decl(d)|d€own—decls & is-type-decl(d)] U
[s~0id(dme~oum—array~decl(d) |deown-decls & is~array-decl(d)]l);
(tize[RETwI]
in i=bloek(b,<oenv,env,{1>});
eptlogue({s~id(d) |d€own~decls},oenv)

type: Program =
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e~own-type-deel(d) =
let lie-type-decl(d};
if s-dese(d)=BOOL then assign(FALSE,1)
else assign(0,1);

return (1)

type: Type-decl = IType-den

e-own-array-decl(d) =
let l:e-array-decl(d,<[1,{}>);
if s-tp(d)=BOOL then
for all seclerngl do assign(FALSE,scl)
else
for all sel€rngl do assign{(0,scl);

return (1)

type: Array-decl =» Array-den

Standard Functions and Transput

It is assumed that the translation of the standard functions and pro-

cedures are contained in the {("fictitious") outer block. The interpre

tation of their proec-decl follows the normal interpretation rules (e-

proc-decl) except in the cases where the body cannot be expressed in

Algol. In these cases the state transition of the non-Algol part is

explicitly listed below.

Note: Referencing the translated identifiers we use quotes (e.g.

"inreal” for the translation of the identifier inreal).

In procedure stop:

Ygoto Q" - exit(RET)
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In procedure inchar:  <body> -

let channel : contents(env("chénnel”));
let str = env({"str")
let int : e-left-part(mk-simple-var-bn("int"),exenv)
if ehannelédom ¢ R-CHANS
then error
else (let chan: (¢ B~CHANS)(channel);
if ehan = <> then error;
let char: hdchan
let ind = if (3i€{I:lenstr})(str(i)=char)
then (1i€{1:lenstr})(str(il=char &
(Vk€{1:7~1}) (str(k)+char))
else 0;
R-CHANS := ¢ R-CHANS +
[channelbrilchan];

assign(ind,int))

In procedure outchar: <statement> -

let channel : contents(env("channel"));
Let str = env("str")

let int : contents(env("int"));
let char = str({int)

if channelédom ¢ R—CHANS then error;
R-CHANS ;= ¢ R-CHANS +

[channelr(c R-CHANS) (channel) ~<char>]

In procedure outtermingtor: <body> -

let channel : contents(env("channel®));
if channelé&dom ¢ R~CHANS then error;
R-CHANS := (e R~CHANS) +
[channels(e R—CHANS) (channel) “<implementation

defined symbol depending on the current

state of the channel>]

Procedures "maxint", "minrveal", “"maxreal" and "epsilon" have bodies

which return the appropriate Implementation~defined-const.
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let
let

let
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(mk-block(dels,stl), <coenv,env,cass) =

aid€Aid be s.t. aid€cas
nenv : env +
([s~id(dmoenv(s-0id(d) ) |dedels & (is—type-deecl(d) v
ig-array-decl{d)) & s-oid(d) + NIL] U
{s—id(dIe—type-decl(d)|dedcls & is~type-decl(d) &
s-oid(d) = NIL} U
[s~id(dImwe—array-decl(d)j<env,cas>) |dedels & is—array—decl(d) &
s~otd(d} = NIL] U
[s-id(dMre—switeh-decl{d,nenv) |dedels & is—switch—decl(d)] U
{e—id{d pre-proc-decl(d,oenv,nenw) |dedels & ig-proc~decl(d)] U
[ Zahmk-1label-den( lab,aid) |is-contnd(lab,st1) 1) ;

stenv = <oeav,nenv,casl{aidl>

always epilogue({s—id(d)|dedels & {ie~type-decl(d) vis-array~decl(d)) &

s-oid(d) = NIL},nenw)

in (tizelmk-label-den(tlab,aid)~

J

type:

cue-i-stmt-list{tlab,stl,st-env) |
ig=contndl(tlab,etl)]

in for i=1 to lenstl do i-unlab~stmt({s-sp(stl(i}),stenv)

Bloek Stmt-env =

epilogue(ids,env) =

let

scloce = {env(id)|ideids & is-se-loclenv(idl)} U
union{rng(env(id))|ideids & is-array—den(env(id))}

R-8TG := R-STG\scloes

type:

Id-set Env =

cue-i-gtmt-1list(lab,stl,stenv) =

let

i = index{lab,stl)

cue-i=-stmt{lab,stl{1i),s8tenv);

for

type:
pre:

J = i+1 to lenstl do i-unlab-stmt(s~sp(stl(i)),stenv)

Id Stmt* Stmt-env =
is-contndl(lab,stl)
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cue~i-gtmt(lab,mk-stmt(labs,sp),stenv) =
if Tab€labs then i-unlab-stmt(sp,stenv)

else cue-i~unlab-stmt(lab,sp,stenv)

type: Id Stmt Stmi-env =
pre: ie-contnd(lab,mk~stmt(labg,sp))

cue~i-unlab~sgtmt: Id Unlab-stmt Stmt-env =

cue-i-cond-stmt(Llab,mk-cond-stmt(,th,el),stenv) =
if is-contnd(lab,th) then cue-i-stmt(lab,th,stenv)

else cue~t—stmt(lab,el,stenv)

pre: tg-contnd(lab,th) v is-contnd(lab,el)

cue-i-comp-gtmt( lab,mk~comp-stmt(stl),stenv) =
cue-i-stmt-1list(lab,stl,stenv)

i-unlab-stmt: Unlab-gtmt Stmt-env =
i~comp-stmt{mk-comp~stmt{stl),stenv) =
or 171 to lenstl do i-unlab~stmt(s—sp(stl(i)),stenv)

i~qseign-stmt(mk-assign-sitmti{dl,e),<,env,cas>} =
Let dl:<e~left-part(s-tg(dl(i)),<env,cas>)|Ilci<lendl>;
let v: e-expr(e,<env,cas>);
for i=1 to lendl do
(let ve:conv(v,s=tp(dLl(i)));
assign(ve,dil(i)))

e~left-part: Left-part Expr-env = Sc-loc

g=atv-proc-id(mk-atv-proe-id(id),<env,>) = env(id)
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i~goto-stmt(mk-goto-stmt(e),<,env,cas>) =
let ld:e-expr(e,<env,cas>);

exit(1ld)

i~dummy—-stmt(t,stenv) = I

i-cond-stmt(mk-cond~stmt(dec,th,el),stenv) =
let <,env,cas> = st—env
let b:e-expr(dec,<env,cas>);
if b then i-unlab-stmt(s-sp(th),stenv)
else it~unlab-stmt(s-sp(el), stenv)

i-for-stmt(mk-for-stmt(cv,cvtp,flel,b),stenv) =
for i=1 to lenflel do i-for-list-elem(flel(i),cv,cvtp,b,stenv)

i~for-list-elem: For-list-elem Var Type Block Stmt-env =

i-expr-elem(mk-expr-elem(e),cv,cvtp,b,stenv) =
let <,env,cas> = stenv
let v:e-expr(e,<env,cas>);
let ve:conv(v,cvtp);

let l:e-var(ev,<env,cas>);

assign{ve,l);

i-block(b,stenv)

™~

i—while—elem(mk-whiZe~eZem(in’wh),cv,cvtp,b,stenv) =
let <,env,cas> = stenv
while (let v:ie-expr(in,<env,cas>);
let vereone(v,evtp);
let l:e-var(cv,<env,cas>);

|

assign(ve,l);
let b:e-expr(wh,<env,cas>);
b ) do i-block(b,stenv)
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i-gtep-until~elem{mk-step-until-elem(in,st,un),cv,cvtp,b,stenv) =
let <,env,cas> = gtenv
let exenv = <env,eas>

let vin:ewexpr(in,exenv);

(3

et vine:eonv(vin,cvtpl;

et l:e-var(ev,exenv);

assign(vine,1);

b

while (let vst:e~expr(st,exenv);
let bre-expr{untest,exenv);
b ) do (i~block(b,stenv);
let veur:contents(l)+vst;
let veurciconv(veur,evtpl;

agsign(veure,l))

note: "untest" is an Ezpr corresponding to '-('cv-un)xsignvstgo1

i-proce-stmt(mk-proc~stmt{des),<,env,cas>) =
cases des:
mk~proc-des(id,apl) -
(let denl = <e-act-parm{apl(i},env)|Iigiglenapl>
let f = env(id)
fldenl,cas))
7= (let v:e~funct-des(des,<env,cas>);

1)

e~gxpr: Expr Expr-env = Val

1t

e-bool-const(mk-bool-const(b),) return(b)

it

e-real—-const(mk-real-const(r),) repregent(r)

e-int—-const(mk—int-const(<),) = test(i)
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e~var-ref{mk-var-ref(v),<env,cas>) =
if ts~simple~var-bv(v) v is-subscr~var-bv(v) v 1s—-by-name~loc-den(env(s~nm{v})

then (let l:e-var{v,<env,cas>);

contents(l))
¢lse (let bned = env{g-nm{v))
bned(casg))

e~var: Var Expr-env = Sc¢-loc

e-gimple-var-bn{mk-simple-var-bn{id),<env,cas>) =
let bnd = env(id)
if is-by-name-loe-den(bnd) then bnd{cas)

else error

e-gimple-~var-bv(mk-simple-var-pv(id),<env,>) = env(id)

e-subser-var-bn(mk-subser-var-bn(id,sscl),<env,cas>) =
let esscl:e-subserl(gscl,<env,cas>);
let bnd = env(id)
if Zs~by-name-loec-den(bnd) then
(let aloc:bnd(cas);
if esscl€domaloc then return (aloc(esscl))
else error)

elge error

e-subser~var-bv(mk~gubscr-var-bv(id,sscl),<env,cas>) =
let esscl:e-subseril(ssel,<env,cas>);
let aloe = env(id)
if esscl€domaloc then return (aloc(esscll))

else error
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2~gubsceri(ssecl,exenv) =
let esscl:<(let esscre~ewpr(sscl(<),exenv);
let Z:conviesse,INT);
i J1<i<lensscl>;

return (esscl)

type: Expr* Expr-env = Int*

e~Llabel-const(mk-label-const(id),<env,>) = return(env(id,

e~switeh-des(mk-switch-des(id,ssc),<env,cas>) =
let ess:e-expr(ssc,<env,cas>);
let i:eonviess,INT);
let f = env(id)
let ld:f(i,cas);
return (1ld)

e~funct-des (mk-funct-des(id,apl),<env,cas>) =
let denl = <e-act-parm(apl(i),env)|I<i<lenapl>
Let f
let v:f(denl,cas);

return (v)

b

env(id)

e~act-parm{mk—act-parm(e, tp}),env) =
let d = e-act-parmv(e,env)
mk-act-parm-den(d,tp)

type: Act-parm Env - Act-parm-den

e-qct-parmv: Act-parmv Env - Den
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e-parm—-expr(mk-parm—-expr(e),env) =

if is-var-ref(e) then
(let fldeas) = e-var-ref(e,<env,dcas>)
mk-by-name~loc~den(f)
)

else
(let f(deas) = e-expr(e,<env,dcas>)
mk=-by-name-expr-den(f)
)

e~array-name(mk-array-name(id},env) = env(<id)

e-switeh-name(mk-switch-name(id),env) = env(id)

e-proc-name(mk-proc-name(id},env) = env({id)

e~string(s,env) = s

e~prefix—expr(mk-prefix-expr(opr,e),exenv) =
let v:e-expr(e,exenv);

apply-prefix-opr(opr,v)

e~infiz-expr(mk-infiz~expr{el,opr,el),exenv) =
let viie-expr(el,exzenv);
let v2:e-expr(el,exenv);
apply-infiz~opr(opr,vi,v2)

e~cond-expr(mk-cond-expr(b,t,e),exenv) =
zf e-expr(b,exenv)
then e—expr(t,exenv)

else e-expr(e,exenv)
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Comment: The evaluation of infix expressions is from left to right.
Since IntcReal no explicit conversion from integer to real

is necessary in infix and conditional expressions.

represent(r) =
1f -MAXREAL<r<-MINREAL v
MINREAL<r< MAXREAL v

r=0

then return (an implementation defined
approximation of r)

else error

type: Real = Real

test({i) =

if ~MAXINT<r<MAXINT

then return(i)

else error

type: Int = Int

apply-prefiz—opr{opr,v) =
cases opr:
Nor - return(av)
REAL-PLUS, INT-PLUS ~ peturn(v)
REAL-MINUS, INT-MINUS - peturn(-v)

type: Prefiz-opr Sec-val = Se~-val



331

apply~-infig-opr(opr,v,w) =

cases opr:
REAL-ADD
REAL-SUB
REAL-MULT
REAL-DIV

REEAL-EXP

REAL-INT-EXP

INT-ADD
INT~-SUB
INT-MULT
INT-DIV

INT~-EXP

LT
LE
EQ
NE
GE
ar
IMPL

-

4

-

I A

represent{vtu)
represent(v-w)
represent(v¥y)
if w=0
then faultl
else represent{v*represent(1/w))
f v>0
then value of the standard function exp
applied on represent(v¥value of the
standard function
In applied on w)
else fault?2
v=0 & w=0
faults
{let exmpnln) = if n=0
then 1

then

else

else represent(expn(n-1)*n,

if w>0
then expn(w)
else represent(1/expn(-w))
test(v+w)
test(v~w)
test{v¥w)
zf w=0
then faultl
test(v/w)
w<0 & v=0 v w=0
fault4
(let expi(n) = if n=0
then 1

else

then

else

glse test(expil(n-1)*v)

return{expi{w))
return(v<w)
return(v<w)
return(v=w)
return(viw)l
return(v>w)
return(v>w)

return(v=w)
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EQU - return(vew)
AND - return(véw)
OR - return(vvw)

type: Infix—opr Sc-val Sec-val = Sc-val

Comment: faultl represents the state transition, which corresponds
to the call: fault('div by zero!,v)
fault2 ~ fault('expr undefined',v)
Ffaultd ~ fault('expn undefined',v)
faultd ~ fault('expi undefined’,w)

e-type-decl(mk-type-decl(,,tp)) = gen-sc-den(tp)

type: Type-decl = Se~-loc

g-array~decl(mk-array-decl(,,tp,bdl),exenv) =

let ebds:<(let v:e-expr(s-1bd{bdl(i)),exenv);
let lbd:conv(v,INT);
let w:e-expr(s-ubd(bdl(1)),exenv);
let ubd:conv(w,INT);
tf v>w then error;

<lbd,ubd>)|1<i<lenbdl>;
let indes = rect(ebds)
let array-den:gen-array-den(indes,tp);

return(array-den)

type: Array-decl Expr-Env = Array-den

Comment: It is assumed that the generation of an array without ele-

ments is erroueous, rather than the access to such an array.
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e-gswiteh-deel(mk~switch~decl(,exl),env) =
let f(ind,cas) =
{if 1<ind<lenewxl then e-expr(exl(il),<env,cas>)
else error
)
7

type: Switch-decl Env = Switch-den

e-proc~decl{mk—proc~decl(id, tp,frl,vids,spm,b),0env,env) =
let f(denl,cas) =

(Zf lendenl % lenfpl v
(37€{1:Zenfpl}) (ie-parm-ok(denl(i),spm(fpl(<)),fpl(<)€vids))
then error

else (let nenv:env+

([fpl(ilms-videnl(i))|i<i<lenfol & fpl(i)€vids))] U
[Fpl(Z)pe—val-parm(s=v(denl(1)) epm(fol(<)) cas) |
I<izlenfpl & fpl{i)€vids] U
(Zf tp=NIL then []
else [idrgen-sc~den(tp)l));
cages b:
mk-code(tr) ~» tr

T = {=block(b,<oenv,nenv,cas>);

epilogue({fpl(i)|i<i<lenfpl & fpl(i)€vids &
spm( fpl(i))EType\UType—array})
let rv: if tp=NIL then NIL else contents(env(<d));
LIf tpsNIL then epilogue(id,nenv);
return(rv)))

r

type: Proe~deel Own-env Env » Proc-den
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is-parm-ok(<v,spa>,spf,bv) =
if bv then
{ spa=spfv is-arithm(spf) & is-arithm(spa) v
ie~type—array(spf) & ie-type-array(spa) & is—arithm(s-type(spal)
& ts—arithm(s-type(spf)))
else
( spa=spf'v spf=PROC & is-type-proc(spa) v
ie~type~proc(spf} & is—type~proc(spa) & is—arithm{s—type(spal)
& is—arithm(s—type(spfl})

type: Act-parm-den Specifier Bool - Bool

e~val-parm(den,sp,cas) =
cases sp:
mk-type-array (tp) =
{let aloc:gen—arraey~den{domden,tp);
for esscle€domden do
(let v:contents(den(esscl));
assign(v,aloc(essecll}});
return(aloe))
LABEL - den({cas)
T -
(let v:(if is-by-name-expr-den(den) then den(cas)
else (let l:den(cas);
contents(1)));
let ve:conv(v,spl;

let ligen-se-den{spl;

asstgn(ve,l);
return(l))

type: Den Specifier Aid-set = Den

4.2 Auxiliary Functions

is~contnd: Id Stmt = Bool
fa=contndl: Id Stmt* - Bool

Comment: Two obvious functions for checking whether the given identi-
fier is contained in the label part of a (contained) statement

which is not contained in an intervening block.
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Comment:
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Id Stmt* 5 Nat

For identifiers which satisfy "Z{g=-contndl™ this function

finds the index such that the indexed element of the state

ment list also contains the identifier.

within{so,0} =

/* checks if so is a sub-part of o */

type:

Objeect Object - Bool

is-uniquel: Object* - Bool

Comment:

True iff no duplicates

i18-digsjoint: (Object-set)* = Bool

Comment:

True iff sets are pairwise disjoint

rect(ipl) =

{21 |1lenil=lenipl & (I<i<lenipl = ipl(i)(1)<il(1)<ipl()(2))}

type:
pre:

(Int2)+ - (Int+)-set
i<i<lenipl = <pl(<)(1) < <pl(i)(2)

assigniv, 1) =
B-8T7G := ¢ R~5TG +[1-v]

type:

Se~val Se-loc =

contents(l) =
if e R-STG(1) = 7 then error

else ¢ R-8TG(1)

type:

Se-loec = Se-val
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conv(v,tp) =
if tp=INT
then test{rounded value of v)

else return(v)

pre: <s-bool(v) = tp=B0O0L
ts~real(v) = is~arith(ip)

gen—-array~den(indls,tp) =
let den:[indlsgen-sco~den(tp)|indl€indls]

return(den)

type: Int*-set Type = Array-den
rype yp

gen-sc~den(tp) =
let loc€({cases tp:
BOOL - Bool-loc
REAL = Real-loc
INT = Int-loe) be s.t. locédome R-5TG
R-STG := ¢ R-STG Ulloer?];

return(loec)

type: Type = Sc-loe



