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underlying context-free grammar of ALGOL 68+

G.L.T. Meertens & J.C. van Vliet

WSTRACT

ALGOL 68+ is a superlanguage of ALGOL 68 which is powerful enough to
:scribe the standard-prelude. In the defining documents, ALGOL 68 is
fined using a two-level grammar. This type of grammar is not well
Iited for standard parsing techniques. The present report describes the
mstruction of an underlying context-free grammar for ALGOL 68+. The
fferences introduced by this transition are discussed. Finally, the
isulting context-free grammar is given.
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INTRODUCTION

ALGOL 68+ is a superlanguage of ALGOL 68, which is obtained by
mbining three documents:
i) The Revised Report on the Algorithmic Language ALGOL 68 [1],
i) The official IFIP modules and separate compilation facility [2], and
.i) A number of changes and additions to [1] and [2] in order to be able
to process a version of the standard-prelude. These are described in

[31.

ALGOL 68+ is described in these three documents by means of a two-
ivel Van Wijngaarden grammar, in which the rules as they are presented
;he "hyper-rules") may contain "metanotions", which yet have to be
iplaced by one of their terminal metaproductions. In this way, from a
.ngle given rule an infinity of new rules may be derived, corresponding
y the infinite number of terminal metaproductions for some metanotions,
ich as, e.g., "MOID". A typical rule where this mechanism is applied, is
tle 4.6.1.u from [1]:

MOID NEST joined declarer: formal MOID NEST declarer.

Because of this feature, Van Wijngaarden grammars are essentially
)re powerful than context-free grammars. The relationship between the
inderlying" context-free grammar developed here, and ALGOL 68+, is that
1e set of ALGOL-68+-particular-programs is a strict subset of the set of
*ograms generated by this grammar.

In section 2 below, the method is discussed by which the context-
‘ee grammar is obtained from the two-level grammar used in the defining
cuments [1, 2, 3]. The differences introduced through this transition
*e discussed in section 3. Where appropriate, hints are given as to
1ere during the parsing process these differences can be dealt with in a
tasonable way. Finally, section 4 contains the context-free grammar in a
:1f-explanatory format. Though this grammar has been developed with a
;ry specific (top-down) parsing method in mind, it is believed to be
:neral enough in order to be useful as a starting point for a wide
iriety of parsing algorithms.

, CONSTRUCTING AN UNDERLYING CONTEXT-FREE GRAMMAR

Before the "removal" of the metanotions from the syntax of ALGOL 68+
1s undertaken, a slightly amended version of the grammar of ALGOL 68+
1s been constructed. The notions ‘tag token’, “bold tag token’, “sizety
;andard token’, ‘other tao token’, “denoter’ and “format text’, for
1ich a production rule is given were considered primitive symbols, the
tason being that the former five are expected to be treated at the
:xical level rather than the syntax-analysis level, while the latter has
1 (essentially context-free) syntax rather different from the remainder
" ALGOL 68+ and had consequently better be analyzed by a completely
:parate routine.
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nember are: empty, and the enclosed list of notions. It goes without
saying that this does not enlarge the descriptive power of the
syntactical description mechanism, but is merely an expedient way to
shorten the syntax.

A peculiar application of ‘NOTION’ is found in the so-called
'predicates". Predicates are used in the syntax to enforce certain
estrictions, such as that each applied-indicator should identify a
iniquely determined defining-indicator. When applied thus, they serve to
lescribe syntactically what usually is considered "static semantiecs". A
lore modest use is to reduce the number of rules by grouping similar
:ases as alternatives in one rule (as in the example given below). A
)redicate either holds, in which case it produces an empty string, or it

loes not hold, in which case each attempt to produce something runs into
1 blind alley.

All occurrences of predicates in the syntax have been removed, i.e.
‘hey are treated as if they always hold. Thus a rule like

MODE NEST source for MODINE:
where (MODINE) is (MODE), MODE NEST source;
where (MODINE) is (routine), MODE NEST routine text.

s reduced to

MODE NEST source for MODINE:
MODE NEST source;
MODE NEST routine text.

S a result, the second alternative can now be removed, since ‘source’
lready produces ‘routine text’. Because of the above simplification,
<8., "proc p = q" is accepted as a valid identity-definition.

As a last step, many shortcuts have been made where notions were

ntroduced in the ALGOL 68 syntax in behalf of the semantics. Thus, the
hree rules

assignation: destination, becomes token, source.
destination: tertiary.
source: unit.

ere combined into one rule:

assignation: tertiary, becomes token, unit.




'IFFERENCES CAUSED BY THE TRANSITION TO A CONTEXT-FREE GRAMMAR

It is not simple to characterize the programs that are generated by
given context-free grammar, but are not ALGOL-68+-particular-
rams. Informally, they may be termed "programs with mode errors".
- is not surprising: many of the metanotions which have been removed
e to pass mode information from one part of a production to another.
he other hand, this terminology might lead on astray. Typical
ples of programs that are accepted might look as follows:

begin ref int i = true; if (1, 2) then skip:= j fi end;

begin real z:= to 3 do newline od; 1 + par (2, 3) end;

if v of "a" then (1 :=: goto m)[loc union (int)] fi.

It is possible, at the cost of considerable complications, to refine
grammar in such a way that many of the possible "errors" are
ented. From a more semantically oriented point of view, however, it
ot at all clear that this would be advantageous. There seems to be no
on why, at this level, a condition like (1, 2) should be excluded
[]int r = (1, 2); r will still be generated. Moreover, many of
e "errors" can often quite easily be detected in a different way
ng either syntax analysis (by letting the metanotion act as an
ribute", or "affix", to the production rule) or semantic analysis,
e the more difficult cases have to be dealt with anyway. A list of
differences and some suggestions as to the stage of the parsing
2ss where they can be dealt with in a reasonable way is given below.

2 metanotions SORT, MOID and NEST have been removed. Thus, a rule
e

MODE NEST source: strong MODE NEST unit.
implemented as
MOID1 NEST1 source: SORT MOID2 NEST2 unit.

1mples of accepted constructs are:

real (true);
void x = empty;
s of do skip od.

3
H

checks will mainly have to be performed in the coercion and
mmtification phases, which are part of semantic analysis. Part of the
ated-test (cf section 7.1.1 of the Revised Report [2]), as for real

int x, can already be done in the mode-independent pass of the
ipiler.




The predicates are always treated as if they always hold, except for
the general predicates defined in section 1.3.1 of the Revised Report
(ef [2]). For a list of these, see section 12.3 of the Revised Report;
this list must be extended with the predicates ‘revealed by”, “filters
... out of’, “absent from” and “collected properties from’, which are
used in the part on modules and separate compilation (ef [3]), and the
predicate ‘descriptors from’ used in one of the extensions from [4]. If
there is anything to test here, this will mainly fall under the heading
of well-formedness and mode-equivalencing (i.e., these tests have to be
performed during semantic analysis).

It is in general not required any more that parentheses match in style.
Thus,

begin real x; get(x); put(x) ), and
if ain b )

are accepted as valid enclosed-clauses. The correctness of the
parenthesis skeleton can easily be tested during lexical analysis, or
during syntax analysis by using an attribute "style". Note, however,
that the parentheses of the indexer-bracket of a slice are required to
match (except that it saves two production rules, there is no deep
reason for this).

In a series, declarations will be accepted where units are allowed. So
declarations are allowed after a label-definition has been encountered
(though they are not allowed just before a completer, or as the last
unit of the series). The mode-independent (syntax-analysis). pass can
easily test for this by means of a flag "label definition encountered".

An enquiry-clause is treated as a series, so label-definitions are
accepted. Again, a flag "label definitions permitted" (true for a
series, false for an enquiry-clause) solves this case.

In choice-clauses, the CHOICE is ignored, so that for instance the
following is accepted:

if b then 1, 2 fi.

This must be treated in the mode~dependent pass (i.e., during semantic
analysis). Note also that a single unit is allowed as the in-part of a
choice-using-integral-clause (where a proper list of units is actually
required). Since a single unit is (and should be) allowed as the in-
part of a choice-using-boolean-clause also, the production rule for
in-part-of-choice is ambiguous in the present grammar.




¢ In case-clauses, units and united-case-parts are accepted intermixed,
as in

case z in 1, (real x): 2 esac.

This can probably best be catered for in the mode-dependent pass,
though a solution for the mode-independent pass is not difficult.

e In COMMON-declarations, “ldec and bub are always accepted. It is not
necessary to test for 'ldec; only the standard-prelude author can and
may use it, and it is his responsibility to use this facility in a
proper way. The acceptability of bub can easily be tested in the mode-
independent pass. A flag "pub allowed" is true for the series of a
module-text, and false otherwise.

® 0 (zero) is also accepted as priority-unit (unless digit-token does not
produce 0). This should be treated during lexical analysis. Suggestion:
accept all integral-denoters, but issue an error message in case the
number of digits exceeds 1 or the numerical value equals 0 (and take
Some reasonable value instead).

® In identifier- and operation-declarations, no link is made between a
missing procedure-plan and the source being a routine-text. So, the
following is accepted:

proc p = qj;
proc p;
proc p:= q;
_0-2+=q.

This can easily be tested in the mode-independent pass; it is already
necessary to determine the tentative mode in order to fill the indicant
tables.

P Only in ldec-identity- and 1dec-operation~declarations the source is
allowed to be of the form

choice token, ldec source choice list brief pack.

This need not be tested. The much too weak syntax of ldec-sources is
harmless as well.

v An arbitrary number of parameters is accepted in the plan or routine-
text of an operation-declaration. So the following is accepted:

Oop real + = 1;
op ? = (bool b, int x, y) int: (b | x1y).

This can easily be tested in the mode-independent pass.
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rminal symbols #
tokens and symbols.#
»1.c. operator symbols.# .

>ecomes token;

»1.d. declaration symbols.#

‘eference to token;
.ocal token;

ieap token;
tructure token;
lexible token;
rocedure token;
nion of token;
perator token;
riority token;

ode token;

1.f. syntactic symbols.#

2l1d begin token;
’ld end token;
1d also token;
> on token;
mpletion token;
irallel token;
)1d if token;
)1d then token;
)1d else if token;
)1d else token;
1d fi token;

1d case token;
1ld in token;

1d ouse token;
1d out token;
1d esac token;
ief sub token;
ief bus token;

token;

token;

not token;

l token;

token;

to token;

.ref i
.loc #
.-heap #
.Struct #
.flex #
.proc #
.union #
.0p #
.prio #
.mode #

.begin #

.end #

s #

; #

.exit #

.par #

if #

+then #
elif #

.else #

fi #

case #
in #
ouse #
out #
esac #
i

#

.at #
.is #
/=

.nil #

of #

¢

.isnt\#

20 .to .goto #




#9.4.1.g. loop symbols.#

for token; for #
from token; from #
by token; by #
to token; to #
while token; while
do token; do #
od token; od #

fnot defined#

equals mark; #
open mark; #
close mark; i#
stick marks; #
stick colon mark; : #
colon mark; 3
bold skip mark; skip #
tilde mark; #
digit tokeng ike, e
tag token; ike, e
bold tag token; ike, e
sizety standard toke ike, e
other tao token; ike, e
format text; ike, e
denoter; ike, e
fab68+ symbols#
code token; “code
ldec token; “ldec
choice token; “choic
ffsep comp symbols#

module token; module
access token; access
def token; def #
fed token; fed #
public token; pub #
postlude token; postlu
formal nest token; nest #

egg token. egg #




duction rules #
1. representations of symbols.#
s defined as token:

pen token:
lose token:

rief begin token:
rief end token:

rief if token:

rief then token:
rief else if token:
rief else token:
rief fi token:

rief case token:
rief in token:
rief ouse token:
rief out token:
rief esac token:

Eyle i sub token:
tyle i bus token:

abel token:
>lon token:
> to token:
>utine token:

¢ip token:

indicators and field selectors.#

.fier:
1g token.
.ndication:

equals mark.

open mark.
close mark.

open mark.
close mark.

open mark.
stick mark.
stick colon

.stick mark.

close mark.

open mark.

stick mark.
stick colon
stick mark.
close mark.

open mark.
close mark.

colon mark.
colon mark.
colon mark.
colon mark.

bold skip ma

)1d tag token; sizety standard token.

or:

mark.

mark.

rk; tilde mark

1d tag token; equals mark; tilde mark; other tao token.

selector:

g token.

' indication:
11d tag token.
.ndication:
‘noter.
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#9.1.1. choice clause tokens.#

choice start:

bold if token; brief if token; bold case token; brief case token.
choice in:

bold then token; brief then token; bold in token; brief in token.
choice again:

bold else if token; brief else if token;

bold ouse token; brief ouse token.
choice out:

bold else token; brief else token; bold out token; brief out token.
choice finish:

bold fi token; brief fi token; bold esac token; brief esac token.

#10.7.1. compilation inputs.#

compilation input:
{#language# stuffing packet;
definition module packet;
particular programg;
prelude packet.

#10.6.1. packets.#

ffalgol 68# stuffing packet:
egg token, hole indication, is defined as token, actual hole.

definition module packet:
egg token, hole indication, is defined as token,
module declaration.

particular program:
label definition, particular program;
enclosed clause.

prelude packet:

module declaration.
#3. clauses.#
enclosed clause:

closed clause; collateral clausej; parallel clause; choice clause;
loop clause; access clause.




» closed clauses.#

:d clause:

>egin, serial clause, end.

13 .

)old begin token; brief begin token.

)old end token; brief end token.
serial clauses.#

11 clause:

leries.

N

nit, go on token, series;
eclaration, go on token, series;
abel definition, series;

nit, completion token, label definition, series;
nit.

definition:
dentifier, label token.

collateral and parallel clauses.#

teral clause:
egin, (joined portrait), end.
d portrait:

nit, and also token, unit or joined portrait.
or joined portrait:
nit; joined portrait.

lel clause:
arallel token, begin, joined portrait, end.

choice clauses.#

e clause:
hoice start, chooser choice clause, choice finis

er choice clause:

nquiry clause, alternate choice clause.
ry clause:

eries.

nate choice clause:
n choice clause, (out choice clause).




n choice clause:
choice in, in part of choice.
n part of choice:
serial clause; case part list.
ase part list: )
case part, (and also token, case part list).
ase part:
(specification), unit.
pecification:
brief begin token, declarer, (identifier),
brief end token, colon token.

ut choice clause:
choice out, serial clause;
choice again, chooser choice clause.

3.5. loop clauses.#

oop clause:

for part, (from part), (by part), (to part), ing pa
or part:
(for token, identifier).
rom part:
from token, unit.
y part:
by token, unit.
o part:

to token, unit.
epeating part:
(while part), do part.
hile part:
while token, enquiry clause.
o0 part:
do token, serial clause, od token.

3.6. access clauses.#

ccess clause:
revelation, enclosed clause.
evelation:
access token, joined module call.
oined module call:
module call, (and also token, joined module ¢
odule call:
(public token), module indication.




#4. declarations.#

declaration:
(public token), ldecety common declaration,
(and also token, declaration).
ldecety common declaration:
(1dec token), common declaration.
common declaration:
mode declaration; priority declaration; identity «
variable declaration; operation declaration;
module declaration.

#4.2. mode declarations. #

mode declaration:

mode token, mode joined definition.
mode joined definition:

mode definition, (and also token, mode Joined defi
mode definition:

mode indication, is defined as token, declarer or
declarer or code:

declarer;

code.

#4.3. priority declarations.#

priority declaration:

priority token, priority joined definition.
priority joined definition:

priority definition, (and also token, priority joi
driority definition:

operator, is defined as token, digit token.

B4.4, identifier declarations.#

identity declaration:

modine declarer, identity joined definition.
1odine declarer:

declarer; procedure token.
.dentity joined definition:

identity definition,

(and also token, identity Jjoined definition).

.dentity definition:

identifier, is defined as token, ldecety source.

ition;

.

finiti




ldecety source:

unit or code;

choice token,

brief begin token, ldec source choice list, brief er

unit or code: :

unit;

code.
code:

code token, denoter.

ldec source choice list:

ldec source choice,

(and also token, ldec source choice list).

ldec source choice:

relational, length denoter, colon token, unit or code.
relational:

operator.
length denoter:

(other tao token), denoter.

variable declaration:
(leap token), modine declarer, variable joined definitic
variable joined definition:
variable definition,
(and also token, variable joined definition).
variable definition:
identifier, (becomes token, unit).

#i.5. operation declarations.#

operation declaration:
operator token, (formal procedure plan),
operation joined definition.
operation joined definition:
operation definition, :
(and also token, operation joined definition).
operation definition:
operator displayety, is defined as token, ldecety source
operator displayety:
operator;
choice token,
brief begin token, operator 1list, brief end token.
operator list:
operator, (and also token, operator list).

1]
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#4.9. module declarations.#

module declaration:

module token, module joined definition.
module joined definition: :

module definition, (and also token, module joined defin .
module definition:

module indication, is defined as token, module text.
module text:

(revelation), def token, module series, fed token.
module series:

module prelude, (module postlude).
module prelude:

unit, (go on token, module prelude);

declaration, (go on token, module prelude).

module postlude:

postlude token, postlude series.
postlude series:

unit, (go on token, postlude series).

#4.6. declarers.#

declarer:
reference to declarator; structured with declarator;
flexible rows of declarator; rows of declarator;
procedure declarator; union of declarator; mode indicati

reference to declarator:
reference to token, declarer.

structured with declarator:
structure token, portrayer pack.
portrayer pack:
brief begin token, portrayer, brief end token.
portrayer:
declarer, joined definition of fields, (and also token, iyer) .
joined definition of fields:
field selector, (and also token, joined definition of fi

flexible rows of declarator:
flexible token, declarer.




of declarator:
ower bracket, declarer.
bracket:
rief sub token, rower, brief bus token;
style i sub token, rower, style i bus token.

®
®

ow rower, (and also token, rower).
owers

nit, up to token, unit;

nit;

up to token).

dure declarator:

rocedure token, formal procedure plan.

1 procedure plan:

joined declarer pack), declarer.

:«d declarer packs:

rief begin token, joined declarer, brief end tok

:d declarer:
leclarer, (and also token, joined declarer).

1 of declarator:
inion of token, joined declarer pack.

inits.#

1ssignation; identity relation; routine text; jur
‘ormal hole; tertiary.

.arys

*ormula; nil token; secondary.

idary:

.eap generator; selection; primary.

irys

slice; call; cast; denoter; format text; identif:
:nclosed clause.

»1. assignations.#

znation:
sertiary, becomes token, unit.

.2, identity relations.#

tity relation:

tertiary, identity relator, tertiary.
tity relator:

is token; is not token.




}. generators.#

tenerator:

rap token, declarer.
;okens

)cal token; heap token.

. selections.#

ions
.eld selector, of token, secondary.

'. slices.#

‘imary, indexer bracket.

' bracket:

'‘ief sub token, indexer, brief bus token;
yle i sub token, indexer, style i bus token.
[ 4

‘imscript, (and also token, indexer).

ript:

its

nit), up to token, (unit), (revised lower bound);
'‘evised lower bound).

«d lower bound:

. token, unit.

. routine texts.#

e text:

eclarative pack), declarer, routine token, unit.
ative pack:

ief begin token, declarative, brief end token.

ative:

iclarer, parameter joined definition, (and also token,c¢
‘ter joined definition:

entifier, (and also token, parameter joined definitior

'» formulas.#

as
perand), operator, operand.
ds

rmula; secondary.
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U.3f calls.#

Le

primary, actual parameters pack.

1al parameters pack:

brief begin token, actual parameters, brief end token.
lal parameters:

unit, (and also token, actual parameters).

‘.4, jumps.#

oH .
(go to token), identifier.

5.1. casts.#

- e
70

declarer, enclosed clause.
>. holes.#

12l hole:

formal nest token, language indication, hole indication.
12l hole:

enclosed clause.

ruage indication:

(bold tag token).
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