St e i
b

S

STICHTING

MATHEMATISCH CENTRUM

2e BOERHAAVESTRAAT 49
AMSTERDAM

PENULTIMATE DRAFT REPORT
ON THE ALGORITHMIC LANGUAGE
ALGOL 68

A. van Wijngaarden (Editor),
B.J. Mailloux, J.E.L. Peck
and C.H.A. Koster.

MR 99
Nctober 1968

MATHEMATISCH  CEMTARU
585 TERDAM

L
Y




1. Language and mebalanguage

1+1. The method of description
1.1.1 The strict, extended and representation languages

a) ALGOL 68 is & language in which "programs" can be formulated for
"computers", i.e. "automata" or "humen beings". It is defined in three

stages, the "strict language", the "extended language" and "representation

language".

b) For the definition partly the "English language", and partly a "formal
language" is. used. In both languages, and also in the strict language
and the extended language, typographical or synbactic marks are used which

bear no relations to those used in the representation language.

1.1.2. The Syntax of the strict language.

a) The strict language is defined by means of a syntax and semantics. This

syntax is a set of "production rules" for "notions" it is defined by means

s e 8 2

. . . T
of "small syntactic marks", in this Report: abcdefghlJklmnopqrstuvwxyz“
"large syntactic marks", in this Report "ABCDEFGHIJKLMNOPQRSTUVWXYZY

OunerAAyntacilc marksy, in this Report, "point™ (":V), "comma (" ")
;colon\\("ﬁﬁ), "semicolon! (":i") and "asterisk! ("i#!). {note that these
marks are in another type font than\the marks of this sentence.}

"/’M{(‘/y WZZ)

b) A "protonotion" is a nonempty|sequence of small syntactic marks; a notion

is a protonotion for which there is a productlon rule and a "symbol" is a

protonotion ending Vlth "symbol?t.

¢) A production rule for a notion consists of that notion, possibly
preceded by an asterisk, followed by a colon, followed by a "direct pro-

duction” of that notion, i.e. a "list of notions", and followed by & point.

d) A list of notions is & nonempty sequence of "members" separated by

commas; a member is either a notion and is then said to be "productive

{, or nonterminal,} or is a symbol {, which is terminal,} or is empty.




1.1.2. continued

e) A "production" of a given notion is either s direct production of that
given notion or a list of notions obtained by replacing a productive member
in some production of the given notion by a direct productlon of that

productlve members

£) A "terminal production" of a notion is a production of that notion none

of whose members is productive.

{In the production rule
(!Vafzggigkbéiﬁgmﬁameral ¢ integral part option, fractional part“7>

(5.1.2.1.b) of the strict language, the list of notions '1ntegral part

'optlon fract ional part‘>1s a direct production of the notlong 'variable

p01nt numeralj containing two members, both of which are productive. A

termlnal productlon of this same notlon 1s

f'dlglt Zero symbol p01nt symbol dlglt one symbol'ﬁ/
The m?mber, dlg't zZero symbol’) is an example of a (termlnal) symbolo
iné¢§££E='twas brillig and the slithy toves' Vs ororonotioret. 15 neither

a symbol nor a notion in the sense of this Report, in that it does not end

with;fsymboi?‘and no production rule for it is given (1.1.5.6@(;);} '

1.1.3+ The syntax of the metalanguage

a} The production rules of the strict language are partly enumerated and
partly generated with the aid of a '"metalanguage" whose syntax is a set of

production rules for "metanotions™

?

b) A metanotion is % nonempty sequence of large syntactic marks.

¢) A production rule for a metanotion consists of that metanotion follow=
ed by a colon, followed by a direct production of that metanotion, i.ea_J a
"list of metanotions", and followed by a point,

. . . P
d) A list of metanotions is a,ggL_wlggﬁg@g;y sequence of "metamembers”

separated by blahks; a metamember is either a metanotion and is then said

to be productive, or is a Sontarey sequence of small syntactic marks.

oferithy sy




1,13, continued

e) A production pf a given metanotion is either a dlrect production of
that given metanotlon or a list of metanotions obtalned by replacing a
productive metameﬁber in some productlon of the glven metanotlon by &

\w

direct production of that productlve metamember.

f) A terminal production of a metanotion is a production of that metanotié@

none of whose metemembers is prqductive.

{In the production rule ('TAG : LETTER. 1) derived from 1.2.1.7%,

QﬁﬁTTEﬁf7is a direct production of the metanotibnif?AGil consisting of one-
metamember which is productive. A particular terminal production of the
metanotlon"TAG' is ('letter x' (see 1.2.1.8, f? In the production rule

k:?%PTY@ '/(1 2.1.i), the metanotlon\'EMPTY' has a direct production
vmmhamgméry,am&%%@w&%m%ﬁV%

1.1.4. The production rules of the metalanguage

The production rules of the metalanguage are the rules obtained from "
the rules in Section 1.2 in the followiné steps:

Step 1: If same rule contains one or more semicolons, then it is replaced
by two new rules, the first one of which consists of the part of that
rule up to and including the first semicolon with that semicolon replaced
by a point, and the second of which consists of a copy of that part of.
the rule up to and including the colon, followed by the part of the
original rule following its first semicolon, whereupon Step 1 is taken
againg V

Step 2: A number ofiproduction rules for the metanotion 'ALPHA' {1.2,1.%},
each of whose direct productions is another small syntactic mark, may be

added.

{For instance, the rule’ 'TAG ; LETTER 3 TAG LETTER 3 TAG DIGIT‘; {rom

1.2.1.% is replaced by the rules 'TAG : LETTER.' and('TAG ! TAG LEFTER {

N

TAG DIGIT«', dnd the second of these is replaced by\'TAG ¢ TAG LETTER. ™y
T ““‘f“ﬁ~---.-._._..,___.;_ e

and: 'TAG : TAG DIGI’]},_,,-——]

thus reéﬁlting in three rules from the original one.

The reader may find it helpful to read ":" as "may be a", "," as "followed

by a", and ";" as "or a". }




1.1.5, The production rules of the strict language

&) The production rules of the strict language are all the rules obtain-

ed in the following steps from the rules given in Chapters 2 up to 8 in-

clusive under Syntax: ‘

Step 1: Identical with Step 1 of 1.1.4 3

Step 2: If the given rule now contains oné or more metanotions, then.for
some terminal production of such a metanotion, a new rule is obtained
by replacing that metanotion, throughout a copy of the given rule, by
that terminal production, whereupon the éiven rule is discarded and
Step 2 is takeny otherwise, all blanks in the-given rule are removed

and the rule so obtained is a production rule of the strict language.

b) A nuber of production rules may be added for the notion
Ilndlcavﬂfy {4.2.1.b,e,f} each of whose direct productions is a symbol

[4

different from any symbol given in this Report { ! see also 3.1.2.cl.
¢) A number of production rules may be added for the ndtlons('other .
" coment 1tem'\{3 0.9.c} and(fother strlng 1£em' {5.3.1.c} each of whose

" direct productions is a symbol different from any @haracter—token with
the restrictions that nOxother—ccmment-ltemﬁls the(comment—symbol and no

\other-strlng—ltem is thefquotensymbol.

{The rule
factusl LOWPER bound : strict LOWPER bound.'
derivéd from 7.1;1.3 by Step 1 is used in Sﬁéb 2 to provide two production -
rules of the strlct language V1z.

{ actual,lowerbound strlctlowerbound.' and

"actualupperbound.Etrlctuppegbound.' H
however, to ease the burden on the reader, who mey more easily ignore
blanks himself, scme blanks will be retained in the symbols, notions and

production rules in the rest of this Report. Thus, the rules will be written

in the more readable fonm

( ‘actual lower bound : strict lower bound.‘ and

\*actual upper bound : strict upper bound.lﬁ




1e7.5. continued

Note that
’actual lower bound'. strlct upper bound.,J
is not a productlon rule of the strict language, since the replacement of

the metanotlon({LOWPEgikby one of its productions must be consistent
throughout, Sincéwébme metanotions have an infinite number of terminal
productions, the nunber of nctions of the strict language is infinite and
the number of production rules for a given notion may be infinite; more-~
over, since some metanotions have terminal productions of infinite length,
sane notions are infinitely long. For examples'see L.1.1# and 8.5.2.2.
Same production rules obtained from a rule containing a metanction may be
blind alleys in the sense that no production rule is given for some member

to the right of the colon even though it is not a symbol. }

1.1.6, The semantics of the strict language

&) A terminal production of a notion is considered as a linearly oraered
sequence of symbols. This order is called the "textual order", and "follow-
ing" ("preceding") stands for "textually immediately following" ("textually
immediately preceding") in theé rest of this Repbrt. Typographical display
features, such as blank space, change to a new line, and change to a new
page do not influence this order, .
(A fmébou) . :

b) A sequence of - symbolsAcon81st1ng of a second sequence of symbols(aﬂumulymﬂmuj&d
preceded and/or followed by (a) nonempty sequence(s) of symbolsv contains"
tmw:wmmdsqmmmeofsmmdm€¥&MiW5&mmy)@&W&Wmﬂhhmkﬂ

‘ hnaﬁu&maﬁkmzﬁzwég o g cr V% | -
c) A "paranotion" When not aﬁggf\"Syntax , not between "apostrophes" (" LI

and not within another paranotion "denotes" some number of vprotonotions,

A paranotion is .
i) a symbol and it then denotes itself {e.g., 'begln symbol" denotes -

"‘egln symbol" }, or
ii) a notion whose production rule(s) do(es) not begin with an asterisk, and

v i o st e

it then denotes itself {,e. g.a&\plusmlnus denotes’"piusmlnus"} or




1¢1.6. continued

iii) a notion whose production rule(s) do(es) begin with an asterisk,

and it then denotes any of its direct productlons {, which, in this Report
elways is a notion or a symbol, €uge, "trlmscrlpt" (8.6.1.1.3) denotes '
Mg rimer option" or‘"subscrlpt"}, or

iv) a paranotion in which one or more "hyphen"s ("-") have been inserted
and it then denotes those protonotlons denoted by that paranotlon before-

the insertion(s) {,.e.g., Qpeglﬁ/ymbol" denotes what (Begln symbol"‘

denotes}, or

v) a paranotion followed by
y" has been replaced by "ies" and it then denotes some number of

"s" or a paranotion ending with "y" in which

that "
those protonotlons denoted by that paranotion before theAmodlflcatlons

~denotes some number of(?trlmmer oPtlon s and/or

{, .8y ktrlmscrlpts
"’denotes some number of the notlons denoted

by \prlmary"} or
vi) a paranotion whose first small syntactic mark has been replaced by

the corresponding large syntactic mark, and it then denotes those proto-
notions denoted by that paranction before the modification {, e.g.,
’"Identlfle;gw/denotes the notions denoted by(ﬁideoﬁifiegg"}, or
vii) a paranotion in which a terminal production of(iﬁQﬁT?'and/or of
Q?QMEf?and/or of(iyglﬁf:hizzéeen omitted, and it then denotes those
protonotions denoted by any,paranotion from which the given paranotion
could be obtained by omitting a terminal production of<‘SORT’“and/or of
’SOME’ ‘and/or of \MOID_L{, e.g.,«"hop" denotes the notions denoted by
\MOID hoP")(8 2.7.1.D), ’"declaratlon denotes the notions denoted by
"SQMQ declaratlon" (6 2, 1 a, 7.0.1, a) and\\clause" denotes the notions

denoted by“’SORTETy SOME MOID clause (6.0.1. a, 6.0.2.b,¢,d,f, 6.3.1.a,
6.4e1.a,c,d,e, 8. 1 1.a), where Q'SORTETY'“ (‘\"SOME" Q'MOID“) stends for any

{As an aid to the reader, paranotions, when not under Syntax or between
apostrophes, are provided with hyphens where, otherwise, they are provided

with blanks, Rules beginning with an asterisk have been included in order

to shorten the semantics, } : .

L, diffid otor paranihing o holion ; i it 5beid s prsid” fyﬂ/@mgz‘w




1.1.6. continued 2

d) Except as otherwise specified {f, gl , a paranotion stands for any

occurrence of any symbol denoted by it and/or of any terminal productlon 2

of any notion den@ted by it.

®

. B8
e) An occurrence of a protonotion whlch is a member of a direct producti@n

of a given occurrence of a notion is a d»rect constltuent of that occurreﬁ)g
of that notion; an occurrence of a protonotion which is a member of a ¥
given production of a given occurrence of a notion is a "constituent’ of that
given occurrence of that notion, provided. that it is not also a member of
a production of enother occurrence of either that notion or that protonotion
which other occurrence is a member of the glven production.

{The termlnal production of '1ntegral»s11ce§ (8. 6 1.1.a) 81., viz. =

e s N 14 b

J‘:LZI:T 110117
two occurrences of ! 'sub—symbol'“(3 1.1e€) 1,?9 and one occurrence of a

, contains three occurrences of/'dlglt—one symbol')(S 1.1.b), l

terminal production, of ’ '1ntegral—sllce'\82 v1z.5i1[1]L which is a con- ;
shltuéht of S1. The first occurrence OfEJJlS a constitu@nt of S1; the :
second and third are constituents of S2 and, since 52 is both/'integral—
féiigéjxand a constituent of S1, not constituents of S1. The first

occurrence of |[|is a direct constituent of S1 and the second is a direct

constituent of 82 but not a constituent of S1. }

f) A paranotion d%@i};@c_‘ZL/./%’:..CJ(Z;{/}'Z@/ZCQSRfz}"/[, Jrrotonolienss of ell of which are
(direct) constituents of occurrences of notions denoted by a second para-
notion is a (direct) constituent of that second paranotion. {e. g > 51nce
paranotions stand for occurrences of terminal productlons (d),\j $= f ‘is

a constituent: a351gnatlon (8.3.1.1.a) of the: a351gnatlon J"_Ww-g but
not of the ser1al~qlause (6e1st1ea) /i := j := 15 k := 2|nor of the(gssign— _

axlons”] = 1land 'k := i := J s 1L The; a331gnatlon 3 1="1/is not a direct

it

constituent of the: a551gnatlonf ) = J g but it is a direct constituent-

source of that\a851gnatlon (8.3.1,1ob)°}




1.1.6., continued 3

g) A paranotion which is a direct constituent of a second paranotion is

a paranotion of that second paranotion gi.eog"direct constituent of", which
would oecur frequently under Sementics,will usually be shortened to "of",
"its" or even "the", e.g., in 1 := 1, i is its destination (8.3.1.1.b,c) or
i is the or a destination of i := 1, whereas, i is a constituent destination

3

but not simply a destination of the serial-clause i := 1 3 j := 2.}

h) In sections 2 up to 8 under "Semantics" a meaning is associated with
occurrencefof certain sequences of symbols by means of sentences in the
English.languagé9 as & series of processes (the "elaboration" of those
occurrences of sequences of symbols as terminal éroductions of given notions),
each causing a specific effect. Any of these processes may be replaced by

any process which causes the same effect.

i) If a sequence of symbols is a terminal production of a given notion

and another notion which is a direct production of the given notion, then
its "preelaboration" ("prevalue", "premode", "prescope") as terminal pro-
duction of the given notion is its elaboration ("value", "mode", "scope)
as terminal production of that other hotion; except as otherwise specified -
{8.2}, elaboration (value, mode, scope) of a sequence of symbols as
terminal productions of a given notion is its preelaboration (prevalue,
premode, prescope) as terminal production of that notion. {e.g., the
eleboration (value, mode, scope) of the reference-to-real-confrontation
(8.3.0.1.8) x := 3.1k is its. preelaboration which is its elaboration

(value, mode, scope) as a reference-to-real-nonlocal-assignation.}

{The syntax off the strict language has been chosen in such a way that
a given sequence of symbols which is a terminal production of ‘program' is
50 by means of a eglgﬁgzget of productions, except, possibly, for product-
ion rules inducing mzEky preelaboration, e.g. derived from rules 6.2.1.e

and 6.4,1.4 (balanpiig of modes; see slso 2.3.a)@ud fiom ll 04‘%?\”’¢°””é€"
yeoloms G 7.2, A (%MW//%&/C/&M dreelipns of IMEOD &
2§ﬁ«kuqf/&zanéa4%2%,gf C&Mﬂﬁf?) Jo .

) If something is left undefined or is said to be undefined this means
that 1t is not aﬁ{f’z&ﬂed by this Report slone, and that for its 614?447—"

Lﬁlon, information from outside this Report has to be taken into accownt.

"“‘/) U lintdpont /P,JMM@W &/d f’w}!w wumaow Lo ”ﬂWef% % A ;M% 2eTion -

1o Coiaondd Dce in Pt teotibey Ll 45T i ooty Lomiicad Proclecelomy
Wl petanolore (Onlimned i Hal h&@w{ "é 5 / Zé/'efﬁma“éw’ '
dmaén &Eﬂwﬂé’ WT e of Ipto0E” /z/aww b teel ey ol Fis)

/




1.1.7. The extended language

The extended language encompasses the strict language; 'i.e.)a program -
in the strict langusge, possibly subjected to a number of notational
changes by virtue of "extensions" given in Chapter 9 is a progrem in the
extended language and has the same meaning. {e.g., real x, ¥y, 2 means the

seme as real X, real y, real z by 9.2.c¢.}

1.1.8. The representation language

a) The répresentation'language represents the extended language; i.e.,

& program in the extended language, in which all symbols aré replaced by
certain typographical marks by virtue of "representations", given in
section 3.1.1, and in which all commas {not comma-symbols} are deleted, is

& program in the representation language and has the same meaning.

b) Each version of the langusge in which representations are used which
are sufficiently close to the given representationSto be recognised with-
out further elucidation is also & representation langusge. A version of
the language in which notations or representations are used which are not
obviously associated with those defined here, is a "publication language"
or "hardware langusge" {i.e. a version of the language suited to the
supposed preference of the human or mechanical interpreter of the
languagel. ' '

{e.g., begin, begin, and 'BEGIN' are all representations of the begin-

symbol in the representation language.}

begin .
" begin o

: begin

i begin

! - begin

begin
] begin




1.2 The metapfoduction rules

1.2.1. Metaproduction rules of modes

a) MODE : MOOD ; UNITED.

b) MOOD : TYPE ; STOWED. '

c) TYPE : PLAIN ; format ; PROCEDURE ; reference to MODE.

d) PLAIN : INTREAL ; boolean ; character.

e) INTREAL : INTEGER ; REAL.

f) INTEGRAL : LONGSETY integral.

g) REAL : LONGSETY real. '

h) LONGSETY : long LONGSETY ; EMPTY.

i) EMPTY :

j) PROCEDURE : procedure PARAMETY MOID.

k) PARAMETY : with PARAMETERS ; EMPTY.

1) PARAMETERS : PARAMETER ; PARAMETERS and PARAMETER.

m) PARAMETER : MODE parameter.

n) MOID : MODE ; void.

0) STOWED : structured with FIELDS ; row of MODE.

p) FIELDS : FIELD ; FIELDS and FIELD.

q) FIELD : MODE field TAGT

r) TAG : LETTER ; TAG LETTER ; TAG DIGIT.

s) LETTER : letter ALPHA.

t) ALPHA : a 3 b;c;dj;e; £;g;h;41i; 33k;1;m;n;o;
P;4d;r;s;;ty;u; v w; x;y; z; aleph.

u) DIGIT : digit FIGURE.

v) FIGURE : zero ; one ; two ; three ; four ; five ; six ; seven ;
‘eight ; nine.

w) UNITED : union of MOOD and MOODS mode ;

X) MOODS ; MOOD ; MOODS and MOOD.

{The reader may find it helpful to note that a metanotion ending in

'ETY' always has 'EMPTY' as a direct production.}

1.2.2, Metaproduction rules associated with modes

-~

a) PRIMITIVE : integral ; real ; boolean ; character ; format.

b) * ROWS : row of ; ROWS row of.

c) ROWSETY : ROWS ; EMPTY.




1.2.2. continued

d)
e)
£)
g)
h)

i)

3
k)
1)
m)
n)
0)
p)
qQ)
r)
8)

t)
u)
v)
w)

Xx)

y)

ROWWSETY : ROWSETY. :

NONROW : NONSTOWED ; structured with FIELDS.

NONSTOWED : TYPE ; UNITED. '

REFETY : reference to ; EMPTY.

NONPROC : PLAIN ; formgt ; procedure with PARAMETERS MOID ;.

reference to NONPROC ; structured with FIELDS ; row of NONPROC ;
UNITED.

PRAM : procedure with LMObE parameter and RMODE parameter MOID ;
procedure with RMODE parameter MOID .

LMODE : MODE.

RMODE : MODE.

MOOT : MOOD.

LMOODSETY : MOODS and ; EMPTY.

RMOODSETY : and MOODS ; EMPTY.

LOSETY : LMOODSETY.

BOX : LMOODSETY box.

LFIELDSETY : FIELDS and ; EMPTY.

RFIELDSETY : and FIELDS ; EMPTY.

COMPLEX : structured with real field letter r letter e and real field
letter i letter m. | ‘

BITS : structured with row of boolean field LENGTHETY letter aleph.

LENGTHETY : LENGTH LENGTHETY ; EMPTY.

LENGTH : letter 1 letter o letter n letter g.

BYTES : structured with row of character field LENGTHETY letter aleph.

STRING : row of character ; character.

MABEL : MODE mode ; label.




1.2.3. Metaproduction rules associated with phrases and coercion

a)
b)
c)
a)
e)
)
g)
h)
i)
3)
k)
1)

m)

PHRASE : declaration j; CLAUSE.

CLAUSE : MOID glause. ;
SCME : serial ;‘unitary s CLOSED 3 choice '3 THEgéE.
CLOSED ] '
THELSE : then § else. : ~ :
SORTETY : SORT ; EMPTY. T
SCRT : strong ; FIRM.

FEAT : firm ; weak j; soft.

STRONGETY : strong ; EMPTY.

e

closeé ; collateral ; conditional.

TR

STIRM : strong j; firm. .
ADAPTED : ADJUSTED ; widened ; zvowed ; hipped ; voided.
ADJUSTED : FITTED ; procedured ; united.
FITTEP : dereferenced ; deprocedured.

1.2.4. Metaproduction rules associated with coercends

a)
b)
c)
a)
e)
)

g)
h)
i)
3)
k)
1)

m)

n)

COERCEND : MOID FORM.

FORM : confrontation ; FORESE.

FPORESE : ADIC formuls ; cohesion ; base.

ADIC : PRIORITY ; monadic.

PRIORITY : priority NUMBER.

NUMBER : one ; TWO ; THREE ; FOUR ; FIVE ; SIX ; SEVEN ;
EIGHT ; NINE.

TWO : one plus one.

THREE : TWO plus one.

FOUR : THREE plus one.

FIVE : FOUR plus one.

SIX ¢ FIVE plus one.

SEVEN : SIX plus one.

'EIGHT : SEVEN plus one.

NINE : EICGHT plus one.




1.2.5. Other metaproduction rules

°

a) VICTAL : VIRACT ; formal.
b) VIRACT : virtual ; actual.

c) LOWPER : lower ;3 upper. d) LOCAL ¢ 4&h4?}%W¢&%23

@) “ANY : KIND ; suppressible KIND ; replicatable KIND ;
replicatable suppressible KIND.
£) KIND : sign ; zero ; digit ; point ; exponent; complex ; -
string ; character. 4 '
) NOTION : ALPHA ; NOTION ALPHA.
) SEPARATOR : LIST separator ; go on symbol ; completer

sequencer ; statement interlude option.

NG

L) LIST : list ; sequence.

{Rule ¢ implies that all protonotions (1.1.2.b) are productions
(1.1.3.e) of the metanotion (1.1.3.b) 'NOTION' ; for the use of this
metanotioﬁ, see 3.0.1.b,c,d,g,h.}

. {"Well 'slithy' means 'lithe' and 'slimy'. o.o
You see it's like a portmanteau - there are

two meanings packed into one word."

Through the Looking Glass, Lewis Carroll. 1}

1.3.Pragmatics {Merely corroborative detail, intended to
give artistic verisimilitude to an other-
wise bald and unconvincing narrative.

Mikado. W.S. Gilbert. }

Scattered throughout this Report are "pragmatic' remarks included
between the braces [ and }. These do not form part of the definition of
the language but are intended to help the reader to understand the im-
plications of the definitions and to find corresponding sections or rules.

{The rules under Syntax are interpreted witﬁ cross-references to be
interpreved as follows. Let a "hypernotion" be elther a protonotion or
a sequence of one or more metanotions, possibly preceded and/or separated
and/or followed by protonotions; then, each rule consists of a hypernotion
folloggd by & colon followed by one or more hypernotions separated by

commag. or semicolons, and is closed by a point. By virtue of 1.1.5:%.

tep 2, each hypernotion yields eventually one or more protonotions.




1.3« continued

In each rule, a hypernotion appearing before (after) the colon is followe@;

-~ by indicators of %he rules in which a hypernotion yielding one or more
&

protonotions als@ﬂyielded by the first hypernotioné@ppears after (beforeaf
' of the ¥

the colon or ind%ﬁaﬁors of the representations in section 3.1.1

symbols yielded by the first hypernotion. Here, an indicator is, in

principle, the section number followed by the letter indicating the line

where the rule or representation appears, with the following conventions:

i) the indicators whose section number is that of the section in which
they appear, are given first and their section number is omitted; e.g.,
"3,0.3.b" appears as "b" in section "3.0.3";

ii) all points are omitted and 10 appears as A; e.g., "3.0.3.a" appears
as "303a" elsevhere; :

iii) a final 1 is omitted; e.g.é“811a" appears as "81a';

iv) a section number which is the same as in the preceding indicator is

omitted; e.g., "821a,821b" appears as "821a,b";

v) numerous indicators of the rules 3.0.1.b up to h are replaced by
more helpful indicators; e.g.,iﬁ 6.1.1.d4, "chain of strong void units
separated by go on symbols {30c}" appears as "chain of strong void
units {e} separated by go on symbols {31£1}"; aiso, indicators in section
3.0.1 are restricted to a bare minimum;

vi) the absence of a production rule for one or more protonotions which
are not symbois'and are yielded by a hypernotion appearin%wﬁgter that
colen, is indicated by "-"; e.g., in 8.6.0.1.a after "MOID,identifier"”
appears {h1b,-%hitie h.1.1.b yields productigﬁwigles for all notions

yielded by 'MODE identifier' but not for 'void,identifier', and no

other rule does,

Some of the pragmatic remarks are examples in the representation
language. In these examples, identifiers occur out of context from their
defining occurrences. Unless otherwise specified, these occurrences

identify those in the standard-prelude (eogiﬁsee 10.3.k for random and

10.3.a for pi), or those in:




1.3. continued 2

int 1, j, k, m, n j real a, b, x, ¥ 3 bool p, q, overflow ;

char ¢ ; format f ; bytes r ; string s ; bits t ; compl w, z 3

ref real xx, yy 3 [1:nlreal x1, y1 ;3 [1:m,T:nlreal x2 ;

——— Yo bomm gt

[1:in,1:nlreal y2 3 [1:nlint i1 3 [1:im,1:nlint i2 3

.

proc xory = ref real : (rendom < .5 | x | y) ;

(int i)real : cos(2 x pi x 1 / n)

It

wr

proc ncos

proc nsin = (int i)real : sin(2 xpi x1i / n) ;

proc g = (real u)real : (arctan(u) - a + u - 1) 5
roc stop = {i(-ﬂ: @))5"
exit : princeton : grenoble : st pierre de chartreuse :

kootwijk : warsaw : zandvoort : amsterdam : tirrenia :

north berwick : x := 1. }




2. The computer and the program

-

{The programmer is concerned with particular-programs (2.1.d). These

are always contained in a program (2.1.a), which alsgicontains a standard—jm

prelude, i.e. a declaration-prelude which is always the same (see Chapter

10), and possibly a. library-prelude, i.e. a declaration-prelude which may
. L i

=

depend upon the implementation.}

2. 1. Syntax

. a) program : open symbol{31e}, standard prelude{b},
library prelude{c} option, particular program{d},
close symbol{31e}.

b) stendard prelude{a}l : declaration prelude{61b}.

c) librafy prelude{a} : declaration prelude{61b}.

d) particular program{al}l : label{61k} sequence option,

open symool{3le}, strong serial void clause{6la}, close symbol{3le}. :

4

2.2, Terminology {"When I use a word," Humpty Dumpty said, in
rather a scornful tone, "it means just what
I choose it to mean - neither more nor less."

Through the Looking Glass,

Lewis Carroll.. }

The meening of a program is explained in terms of a hypothetical

computer which performs a set of "actions" {2.2.5}, the elaboration of

the program {2.3.a}. The compﬁter deals with a.set of "objects" {2.2.1}

between which, at any given time, certain "relationships" {2.2.2} may

"hold".

|

2,2.71 Objects

Each object is either "external" or "internal". External objects are

occurrences of terminal productions {1.1.2.f} of notions. Internal objects

zre "instances" of "values' {2.2.3%.

2.2.2. Relationships

g

z; Relationships either are "permanent", i.e. independent of the program

and its elaboration, or actions may cause them to hold or cease to hold.




2,2,2, continued

Bach relationship is either between external objects or between an extern~ -
al object and an internal object or between internal.objects. ;¥
b) The relationships between external objects are: to contain {1 1.6. b}§

3

to be a “constituent or "direct constituent” of {1.1. 6.e} and "to

identify" {c}. , : - 5

e¢) A given occurrence of a tefminal production of 'MABEL identifier’
{.1.a} ('MODE mode indication’{k.2.1.b} or 'PRIORITY indication'{}.2.1.e},
'"PRAM ADIC operator'{l.3.1.c,d}) where "MABEL" ("MODE", "PRIORITY", "PRAM",
"ADIC") stands for any terminal production of the metanotion 'MABEL' ('MOpE',
'"PRIORITY', 'PRAM', 'ADIC') may identify a "defining occurrence'l) of the ;
same terminal production. ,

. | [ (lrdiceliian —/%mq vetunener] Zm’%‘ﬂ‘z — 6/’”4;9 yzd/mwe 7
d) The relationship between an external object and an internal object lS?

"to possess”

e) An external object con51dergéfzzﬂ:fié;mlnal production of a given

notion may pogggg;fEKQZiuea termed "the" value of the external object

when it is clear which notion is meant; fn;dﬁﬁw*@ " ( ﬂ;/‘”4ﬂ”“%—’/4 )

15600 " 7 Jw,‘ﬁ”wd oo lond i //:z “&%u(’ 4 '/a//’/ 2tbee” iy o tlean b/ﬁﬁ//m?&% zy/cc/;?,;f

l’W(
£) A 1dent1¢1er (operator) may possess a value ({more specifically}

a ’routlne {2.2.3.4}), This relationship is caused to hold by the
elaboration of an identity-declaration {7.L4.1.a} (operatioﬂ—declaraxion
{7.5.1.a}) and ceases to hold upon the end of the elsboration of the smallest
serial-clause {6.1.71.a} containing that declaration.

i
g) An external object other than an identifier or operator {e.g. serial-
clause (6.1.1.2)} considered as a terminal production of a given notion
msy be caused to possess a value by its elaboration as terminal production

of that notion, and continues to possess that value until the next

ATy £ that external object is

¢laboration, if any, of EEE=EEmE=R

"initiated", whereupon it ceases to possess that value.

#




2.2,2, continued 2

h) The relationships between internal objects EEEes=r are: "to be of

the same mode as", "to be equivalent to", "to be smaller than", "to be a
a Zﬁfw}w% y diid B M'/Z‘Ww alf}'l/é’n /Gzéa treel

component of" and "o refer to"
p MEW Vﬂ/ &’c 6&.-41«{

. by EeliTetn, s

(('M /;méﬁ?—udc r"/z\/ \/é’,C&xw/ Y bt 440()&? ”77
(#oet) tiritonee of W decord wd 0t .

1) ) value may be of the same mode as another viZ@z; this relationship is

permanent 522, 4./af,

L An st ot a A
j) A value may be equivalent to another value {2.2.3.1.d,f.} and a value -
may be smaller than enother value {2.2.3.1.c}. If one of these relation=
ships is defined at all for a given pair of Values,'then either it does
not hold, or it does hold and is permanent. '

At tesilence of o

k) A given value is a component of another W& if it is a "field"

{2.2.3.2:F, "element" {2.2.3.3.a} or "subvalue" {2.2.3.3. c} of that other

wizz. or of one of its components.
1) Any "neme" {2.2.3.5;}, except "nil" {2.2.3.5.a}, refers to one in-
stance of another value. This relatlogghlp {may be caused to hold by an

prgtsinee £
"assignment™ (8,3.1.2.c) of that Avalue to that name and} continues to hold

until another instence of & value 4is caused to be referred te by that

neme. The words "refers to an instance of" are often shortened in the sequel

to "refers to"
2.2.3. Values

Values are

2 ] ey 3 . o 3, L
g .= I S i A W 3 . U 2 14 pmmn et

= "plain'values"{wm':“' BT ey e s TETE

BETE Zee: EoEs—
T
#2550 "structured" values {2.2.3.2} or "multiple" values {2.2.3.3,}, which

are composed of other values,EErrwariet=ty=tieronymm
2)C'routines” and "formats" {2.2.3.lLy}, which are certain sequences of

symbols FETinciEprtReronn

@ ‘names et r" T nae,

SRR R e e R e e e HeE proran s

{122&2235}.

-




2.2.3.1. Plain values -

a) A plain value is either an "arithmetic" value, i.e. en integer or a

real number, or is a truth value or character.

b) An arithmetic value has a "length number", i.e. a positive integer
characterising the degree of discrimination with which the value is-kept -
in the computer. The number of integers (real numbers) of given length
number that can be disfinguished increases with the leﬁgth'humber up to

a certain length number, the number’ of different lenghts of integers |

(real numbers) {10.2.a,c}, after which it is constant.

¢) For each psir of integers (real numbers) of the same length number;
the relationship to be smaller than.is defined {10.3%.2.a, 10.3.3.a}.

For each pair of integers of the same length number, a third integer of
that lengﬁh'number may exist, the first integer "minus" the other one
{10.3.2.g}. Finally, for each pair of real numbers of the same length
number, three real numbers of that length number may exist, the first
real number "minus" ("times", "divided by") the other one {10.3.3.g.l,m,};
these real numbers are obtained "in the sense of numerical analyséé", i.e.
by performing the operations known in mathematics by these terms on real
nuttbers which may deviate slightly from the given ones {3 this deviation

is left undefined in this Report}.

d) Each integer 6f given length number is equivalent to a real number

of that length number. Also, each integer (real number) of given length
number is equivalent to an integer (real number) whose length number is
greater by one. These equivalences permit the "widening" {8.2.5%2f an
integer into a realinumber and the increase of the length number of an
integez: or real number. The inverse traniggzgations are only possible on

(@i frmw Lie velicas) ) S 1
those real numbergAwhlch are eguivalent tq\a value of smaller length

number) ,

e) A truth value is either "true" or "false".




2.2.3.1. continugd‘

~f£) Each character has an "integral equivalent" {10:1 h}, i.e. a non-
negative 1nteger qf length number onej this relatlonshlp is defined only .

in so far that dlgferent characters have dlfferentagntegral equivalents.

'1

i

mai gy

2.2.3.2. Structured values-

{Yea, from the table of my memory
I'1l wipe away all trivial fond records.

Hamlet, - William Shakespeare.}

A structured value is composed of a number of other values, its
fields, in a given order, each of which is "selected" {8.5.2.2.5tep 2}

by a specific field-selector {7.71.1.i}.

2.2.3.3. Multiple values

a) A multiple value is composed of a "descriptor" and a number of other
values, its elements, each of which is selected {8.6.1.2. Step T} by a

specific integer, its "index".

b) The descriptor consists of an "offset", ¢, and some number, n 2 0,
of "quintuples" (1, uj , di , si , ;) of integers,‘i =1, vee, 03 1j
is the i-th "lower bound", uj the i-th "upper bound", d; the i-th "étride",
si the i-th "lower state" and t; the i-th "upper state". If for any i,
i=1, sus ,n, uy < 1;, then the number of elements in the multlple value
is zeroy otherwise, it is “
(u1-11+1)x,..x(un-ln+1)
The descriptor "describes" each element for which there exists an n—tuple
(r1, ves o rn) of 1qtegers satlsfylng, for each i=1, ¢es y,n, 13 <5 < us,

and that element is selected by ¢ + (rq - 11) x dq + oo + (ry = 1) X dpe

{To the name referring to a given multiple value & state of which is -
1, no multiple value can be assigned (8.3.1.2.c. Step 4) in which the bound
corresponding to that state differs from that in the given value.}
’ lt/df(:/ﬂ /M
c) A subvalue of a given multiple value is a multiple value referred to

by )the value of a slice {8.6.1} the value of whose primary {8.6.1.1.a} «

(refers to)the given multiple value.




2.2.3.&, Routines and formats

A routine (format) is & sequence of symbols which is the same as some .

closed-clause {6.3.1.a} (formst-denotation {5.531.3})s

2.2.3.5. Names

a) There is one name, nil, whose "scope" {2:2.4.2} is the program and
which does not refer to any value; any other name is created by the

elaboration of an actual-declarer {7.1.2.c. Step B}Vénd refers to
_j4&%&%—axma%u¢{22é2.Jé@z/.-,

precisely one instance of a valuel.
o . va St (4272.4) 4

b) If a given name refers to a structured {2.2.3.2} , then to each of

its filelds there refers a name uniquely determined by the given name

and the field-selector selecting that field, and whose scope is that of
the given name.

»

c) If a giveh name refers to a given multiple value {2.2.3.3}, then to
each element (each multiple value composed of a descriptor and elements
vhich are a‘proper subset of the elements) of the given multiple #alue
there>refers a name uniquely determined by the given name and the index of

that element (and that descriptor and that subset), and whose scope is

that of the given name.

2.2.4. Modes and scopes

2.2.4.1. Modes

i
a) A "mode" is any terminal production of 'MODE' {1.2.1.a}. Each instance
{2.2.1} of a value is of one specific mode which is a terminal production
of '"MOO DY {1.2.1.v}; furthermore, all instances of a given value other
than nil {2.2.3.5.a} are of one same mode, Yoo hoodle @C%;ka&@ M&&&g,ﬁwa/ép

”&’777 " e fi/w"ﬁh/’ iolirice 7/ & Yeloo 1 G 4ee) sivolorree % il thtise A/ﬁc{ Lo / ey Sorra o
ag RS i, malagece
b) The ‘mode of a truth value (character, format) is 'boolean' ('character!,

~

tformat').

&

c) The mode of an integer (a real number) of length number n is (n'- 1)

times 'long' followed by 'integral' (by 'real').




2.2.4.1. continued

a) Thermode of & structured value is"étructored with' followed by. one

or more 'portrayals';separatja by"and'; one correspondlng to each fleld
taken in the same order,'each portrayal bemng a mode followed by '%%eéd‘
followed oy a terminal productlon of 'TAG"{1 2.1.%} whose termlnal pro~
duction {field-selector! selects {2.2.3. 2} that fleldsdtﬁo Jﬁéaﬁ%ulfébhwru'

i fotingods Gk fime

e) The mode of a multiple value is a termlnal productlon of 'NONROW'*

+

A Leeows troch o fla heocle 4y ¢

{1.2.2.e} preceded by as many. tlmes rowkof"»as;there are quintuples 1p<f

the descrlptor of that value

f) The mode of & routlne 1s a~term1nal productlon of 'PROCEDURE" ‘jk{~
{1.2.1.q}. TR LR R

g) 'The mode of a neme is 'reference to' followed by another mode,‘

{See T.1.2. Step 8.},

2.2.h¢2;'Scopes

a) Each value has one specific scope.

b) The scope of a plain value is the program,'

that of a structured (multiple) value is the smallest of the scopes of
its fields (elements), | ‘

that of & routine or format possessed by a given denotation {5.4.1.a,
5.5.1.a} is the smallest range {h.1.1.e} containing a defining
occurrence {k.1.2;a} (indication-defining.occﬁrrence {h.2.2.a},
operator-definingioccurrence {4,3.2.a}) of a terminal production, if
any, an applied occurrence of which but not a defining occurrence .
(indication-defining occurrence, operator-defining occurrence) of
which is contained in that denotatlon, and otherwmse the program, and

that of a name is some {8.5. 1, 2 b} range.

2.2.5, Actions ' ~ {Suit the action to the word,
the word to the action.

Hemlet, William Shekespeare.}

&

An action is "elementary" or "collateral'. A serial action consists

of actions which take place oné;after the other.




2.2.5., continued

A collateral action consists of actions merged in time; i.e.,it consists
of the elementary actions which make uﬁ those actions provided only that
each elementary action of each of those actions which would také'place h
before another elementary action of the same action when not merged with

the other actions, also takes place before it when merged.

The elaboration of the closed-clause {6.3.1.a} following the first
do-symbol {3.1.1.h} contained in the actual-parameter of the operation-
declaration {7.5.1.a} 10.h.a and the elaboration of the actual-parameter
of the operation-declaration 10.k.b are elementary actions. ‘

{What other actions are elementary is left undefined.}

{"I can explain all the poems that ever
were invented, - and a goad many that
. haven't been invented just yet."

2.3. Semantics

Through the Looking Glass,
Lewis Carroll. }

-~

a) The elaboration of a program is the elaboration of the cloéed—clause
{6.3.1.a} consisting of the same sequence of symbols. {In this Report,
the Syntax says which sequences of symbols are programs and the Semantics
which actions are performed by the computer when elaborating a program.
Both Syntax and Semantics are recursive. Though certain sequences of
symbols may be terminal productions of 'program' in more than one way

(1.1.6.1), this syntactic ambiguity does not lead to a semantic ambi-

guity.}

b) In ALGOL 68, a s%ecific notation for external objects is used which,
together with its recursive definition, makes it possible to handle and

to distinguish between arbitrarily long sequences of symbols, to distinguish
between arbitrarily many different values of a given mode (except ‘ .
"boolean') and to distinguish between arbitrarily many modes, which allows
arbitrarily meny objects to occur in the computer and which allows the
elaboration of a program to involve =an arbitrarily large, not necessarily
finite, number of actions. This is nbt meant to imply that the notation-

of the objects in the computer is that used in ALGOL 68 nor that it hes

the same possibilities. It is, on the contrary, not assumed that the com-

puter can handle arbitrary amounts of presented information.




2.3, continued

It 1s not assumed that thesé two notations are the same or even that a
one-to-one correspondence exists between them; in fact, the set of different
notations of objects of a given category may be finite. It is not '
assumed that the speed of the'compufer is sufficient to elaborate a given
progran within a prescribed lapse of time, nor that the number of objécts

and relationships that can be established is sufficient to elaborate it

at all.

¢) A model of the hypothebtical computer, using a physical machine, is

said to be an "implementation'of ALGOL 68, if it does not restrict the

use of‘the language in other respects than those mentioned above. Further-
more, if a language is defined whose particular-programs are particular-
programs of ALGOL 68 and have the same meaning, then that ianguage is said
to be a sﬁblanguage of ALGOL 68. A model is said to be an implementation

of a sublanguage if it does not restrict the use of the sublanguage in

other respects than those mentioned above.

{A sequence of symbols which is not a program but can be turned into
one by deleting or inserting a certain number of symbols and not a smaller
number could be regarded as a program with that number of syntactical
errors. Any program that can be obtained by deleting or inserting that
number of symbols may be termed a "possibly intended" program. Whether a
program or one of the possibly intended programs has the effect its

author in fact intended it to, have, is & matter which falls outside this

Report, }

{In an implementation, the particular-program may be "compiled", i.e.
translated into an "object program” in the code of the physical machine.
Under circumstances, it may be advantageous to compile parts of the ‘
particular-program independently, e.g. parts yééch are comuon to several
particular-programs. If such a part contaiQZiEdentifiers (indications,
operators) whose defining (indication-defining, operator-defining)
occurrences (Chapter 4) are not contained in that part, then compilation

into an efficient object program may be assured by preceding the part by

a chai¥n of formal-parameters (5.4.1.g) (mode-declarations (7.2.1.a) or
priority-declarations (7.3.1.a), captions (7.5.1.b)) containing those

defining (indication-defining, operator-defining) occurrences. }




2.3.c.continued 2

{The definition of Specifié sﬁblanguages and also the sﬁecification of
actions not definable by any progrem (e.g., compilation or initiation of
the elaboration), is not given,in this Report.

However, the definition of the language allows, for instance, to let a
special representation of the comment-symbol different from the ones given
in 3.1.1.1, viz. ¢ or comment, preferably p or pragma, have the effect

that by a comment (3.0.9.b) beginning with and ending on this special
representation, the computer is invited to implement some such sublanguage -
or ALGOL 68 itself or to take some such undefinable action, as may be
specified by the corment (e.g.,'g_algol 68 p, p run p or p dump p). }

{p algol 68 p-

begin proc p nonrec E
Pp=p; p end

prunp p?p
Report on the Algorithmic

Language ALGOL 68. }




3.

Basic tokens and general constructions

3.0. Syntax

3.0.1, Introduction

.a)*

b)
e)

a)

e)
£)
g)

h)

a)
b)
d)
f)

basic token : letter token{302a} ; denotation token{303a} ;
action token{30ka} ; declaration token{305al} ;
'syntactic token{306a} ; sequencing token{SOYa}‘j
hip token{308a} ; extra token{309a} ; special token{30Aa}.
NOTION option : NOTION ; EMPTY. B
Ehain of NOTIONs separated by SEPARATORs {c,d} : NOTION ;
NOTION, SEPARATOR {e,f,31£,614,3,1} ,
chain of NOTIONs separated by SEPARATORs {c}.
NOTION LIST : chain of NOTIONs separated by LIST separatos
| {c,é,f}. '
fist separator : comma symbol{3le}.
Bequence separator : EMPTY.
NOTION LIST proper :LQQTION, LIST separator {e,f}, NOTION -

[ LIsT {4}.

NOTION pack .: open symbol{3le}, NOTION, close symbol{3le}.

{Exemples:
a3 03+ 3 dint 3 if 3 o« 3 nil 3 for 3 "

03 3 ’ c) 0,1, 2;

N
o
»
—
(C]
[3V]
e
[
~
W
@s

1, 2, 3 3 n) (1, 2, 3) }

e
1]
~

3.0.2. Letter token §

b)

a)

a)* letter token : LETTER {b}.

LETTER{309d,ATb,c,d{JSSh,i,o,q,w552b,e,f{J553fiv55ha,555b2“556b,
55Tb, T1j} ¢ LETTER symbol{31a}. ‘
{Examples:

a 3 (see 1.1.4.5tep 2) }

2

{Letter~tokens either are or are constituents of identifiers (L.1.1.a),

field~selectors (T.1.1.1i), format-denotations (5.5.1.a) and row-of-

character-denotations (5.3.%7.a). }

Bisliotmeby, MATHEMATISCH CENTRUM -
R AMSTERDAM

e




3.0.3. Denotation tokens

a)*

b)

c)

d)
e)

denctation token : number token{b} ; true symbol{Bib} 3
false symboi{31b} ; formatter symbol{31b} ; '

' routine symbol{31b} ; flipflop{e} ; space symbol{31b}.

nunber token{309d} : digit token{c} ; point symbol{31b} ;
times ten to the power 'szpw@a@. | iz1b}. '

digit token{b, 511b} : DIGIT{al.

DIGIT{c, 41d, 511a, 552c} : DIGIT symbol{31b}. ‘
flipflop{52b} : flip symbol{31b} ; flop symbol{31b}.

{Examples:

Atn

; true ; false 3 £33 ¢35 135 o3

. . »
s % 3 ]

1
1
10
13
1
L

.
>

3 0} .

{Denotations-tokens are constituents of denotations (5.0.1.a),

Some denotations-tokens may, by themselves, be denotations, e.g. the

digit-token 1, whereas.otherspe.g. the routine-symbol, serve only to .

construct denotations. }

3.0.4, Action tokens

a)¥

b)

action token : operator token{bl} ; equals symbol{31c} ;
d%%éﬂ@mz,symbol{31c} 3 confrontation token{d}.
operator token{h2e} : minus and becomes symbol{3lc} ;
plus and becomes symbol{31c} ; times and becomes symbol{31c} ;
over and becomes symbol{31c} ; modulo and becomes symbol{31c} ;
pus and becomes symbol{31e} ; or symbol{31c} ; and symbol{3lc} ;.
differs from symbol{31e} ; is less than symbol{31c} ; :
is at most symbol{31ec} ; is at least symbol{3tc} ;
is greater than symbol{31e} ; plusminus{c} ; times symbol{31c} ;
quotient.syMbol{31c} ; modulo symbol{31c} ; over symbol{31c} ;
element symbol{31c} ; to the power symbol{31c} ;
“lower bound symbol{31c} ; up?er bound symbol{31c} 3
lover state symbol{31c} y upper state symbol{31lc} ;
plus i times symbol{31e} ; absolute value of symbol{31c};




3.0.4. continued

representation symbol{31e} ; not symbol{31c} ;

lengthen symbol{31c} shorten. symbol{31c} ; ad& symbol{31c}
sign symbol%§1c} 3 round symbol{31c} ; entler%§ymbol{31c}
real part off symbol{31c} j imaginary part of symbol{31c}
conjugate symbol{31c} binal symbol{3lc} ;

booleans to bits symbol{31ec} ; characters to bytes symbol{31c}

down symbol{31lec} 5 up symbol{31c}
¢)  plusminus{512h, 55p} plus symbol{31c} minus symbél{3Tc};

a)* confrontation token : becomes symbol{31c}
conforms to symbol{3lec} ; conforms to and becomes symbol{31c}

is symbol{31c} ; is not symbol{BTC}

{Examples:
a) + 3 =3 val 3 =
b) minus ; plus ; times ; over ; modb ; prus ; V ;3 A 3 # 3

3 lwb 5 upb ;
lvs 3 ups ; L 3 abs 3 repr 3 —.; leng ; short ; odd ; sign ;

3> we

<3Sy 2>k Ry a4t /5 elem

round ; entier ; re 3 im 3 conj 3 bin 3 btb ; ctb ; down ;3 up 3

{Operator-tokens are constituents of formulas -(8.4.1.a). An
operator-token may be cawsed to possess an operation by the elaboration
of an Operation—declaration'(7.5.1.&). Confrontation-tokens are consti-

tuents of confrontations (8.3.6.1.&). }
3.0.5. Declaration*tgkens

a)” declaration token : PRIMITIVE symbol{31d} ; long symbol{31d}
structure symbol{31d} ; reference to symbbi{31d}
flexible symbol{31d} ; either symbol{31d} ; procedure symbol{31d} ;
union of symbol{31d} ; mode symbol{31d} ; complex symbol{31d} ;
bits symbol{31d} ; bytes symbol{31d} ; string symbol{31d} ;
. Tile symbol{31d} ; priority symbol{31d} ; local symbol{31d} ;

operation symbol{31d}.




3.0.5. continued .

{Examples:
a) int 3 long ; struct 3 ref 3 flex ; either ; proc ; union ; mode

compl ; bits ; bytes 3 string ; file ; priority ; loec ; op }

{Declaration-tokens either are or are constituents of declarers
(T.1.1.a), which specify modes (2.2.4), or of declarations (7.2.1.a,
Te3.708, Tobilob, To5.1.0)0 0 ' ‘ - o

3.0.6. Syntactic tokens

a)” syntactic token : open symbol{3le} ; close symbol{31e}
comma symbol{3le} ; parailel symbol{31e} ; sub symbol{3le} ;
bus symbol{3le} ; up to symbol{31e} ; at symbol{3le} ;
if symbol{31e} ; THELSE symb§%£31e} 3 £i symbol{31e} |
of symbol{31e} ; void symbolA; label symbol{3le}.

e

{Examples:, ,
a) (3) 35, 3par 30313 ¢ at;if 5 then 3 fi 3 of
void 3 : } ) |
{Syntactic-tokens separate external objects or group them to-

e

gether ° }
3.0.7. Sequencing tokens

a)* sequencing token : go on symbol{31fi ; completion symbol{31f}
g0 to symbol{31f}.
|
{Examples:
a) 3 3 . 3 g0 to }

{Sequencing-tokens are constituents of clauses, in which they

specify the order of eleboration (6.1.1.¢,d,j,1, 8.2.T.1.d). }

Ny
2



3.0.8. Hip tokens
a)* hip token : skip symbol{31g} 3 nil symbol{31g}.

{Examples:
a) skip 3 nil }

{Hip-tokens function as skips and nihils (8.2.7.1.c,e).}
3.0.9. Extra tokens and comments’

a)* extra token : for symbol{31h} ; from symbol{31h} ; by symbol{31h} :
to symbol{31h} j while symbol{31h} ; do symbol{31h} ; - o
then if symbol{31h} ; else if symbol{31h} ;
case symbol{31h} ; in symbol{31h} ; esac symbol{31h}.

b) comment{9.1} : comment symbol{31i}, ‘
coment item{c}sequence option, comment symbbi{31i}.

¢) comment item{b} : character token{d} ;
other commentq}tem{1.1.5.¢}@; G e

d) character token{53c} : LETTER{302b} ; number token{303b} ;

" plus i times ;&mbol{31c},§ open symbol{3lel ;

close symbol{31le} ; space symbol{31b} 3 comma symbol{31e}.

{Examples :
a) for 3 from 3 by ; to ; while ; do ; thef ; elsf ; case ;

s

e

in

esac

b) ¢ with respect to ¢ ;°

{Extra-tokens and comments may occur in constructions which, by
virtue of the extensions of Chapter 9, stand for constructions in which
no extra-tokens or comments occur. Thus, a program containing an extra-

token or a comment is necessarily a program in the extended language,

but not conversely.}

.




3.0.10. Special tokens

'8.)*

special token :

A AT

{Examples :

8.) n 5

L

5 7}

3.1, Symbols

3.1.1. Representations

a) Letter tokens

gymbol

letter
letter
letter
letter
letter
letter
letter
letter
letter
letter
letter
letter
letter

Lot B S N Y ¢ B = PR o B o I o}

B O » .

symbol{302b}
symbol{302b}
symbol{302b}
symbol{302b}
symbol{302b}
symbol{302b}
symbol{302b}
symbol{302b}
symbol{302b}
symbol{302b}
symbol{302b}
symbol{Boeﬁ}
symbol{302b}

representation

B P Ko M BB 6 mo oo o p

quote symbol{31j}

symbol

letter
letter
letter
ietter
letter
letter
letter

ietter

letter
letter

| letter

letter

letter

comment symbpl{31j} ;

B o kb o B

N 9 M. 8 4 o o ®»

.
o1

e
H

representation

symbol{302b}
symbol{302b}
symbol{302b}
symbol{302b}

symbol{302b}.

symbol{302b}
symbol{302b}
symbol{302b}
symbol{302b}
symbol{302b}
symbol{302b}
symbol{302b}
symbol{302b}

B o K O B

No<qg K 5 <9 g o w




3.1 1s continued_

b) Denotation tgkens,
symbol &t
digit zero symbolf%OSd}»
digit one symb'ol{303d,u"(3b}
digit two symbol{303d, T3c}
digit three symbol{303d,v73d}b.
digit four symbol{303d, T3e} -
digit five symbol{303d, 73f}
digit six symbol{303d, T3g}
digit seven symbol{303d, 73h}
digit eight symbol{303d, 73i}
digit nine symbol{303d, 733}
point symbol{303b, 5124, 553c}

times ten to the power symbol{303b1/512g}
<true symbol{513a}

false symbol{513a}

formatter symbol{55a}

routine symbol{54b}

flip symbol{303e}

flop symbol{303e} l :

space symbol{3094} | L

¢) Action tokens
symbol

minus and becomes symbol{BOhb}f7“
plus and becomes symbol{304b}
times and becomes symbol{30Lb}
over and becomes symbol{30Lb} '
modulo and becomes symbol{304b} -

prus 4nd becomes symbol{30kb} .

representation

W 03 0N o WD = O

-

representation




3.1.1. continued 2
symbol

or symbol{304b} ;

and symbol{304b}

differs from symbol{30L4b}

is less than symbol{304b}

is at most symbol{30L4b}

is at least symbol{304b}

is greater than symbol{304b}
times symbol{304b}

quotient symbol{304b}

modulo symbol{30k4b}

over symbol{304b}

element syﬁbol{SOhb}

to the power symbol{30kb}
lower bound symbol{304b}

upper bound symbol{30L4b}

lower state symbol{304b}

upper state symbol{30Lb}

plus i times symbol{304b}
absolute value of symbol{30Lb}
representation symbol{304b}
not symbol{304b}

lengthen symbol{30L4b} .
shorten symbol{30L4b}

odd symbol{304b}

sign symbol{30kb} }

round symbol{304b}

entier symbol{304b}

real part of symbol{30Lb}
imaginary part of symbol{304b}
conjugate symbol{304b}

winael symbol{304b} v
tooleans to bits symbol{30Lb}
cheracters to bytes symbol{BOhb}

down symbol{304b}
up symbol{30Lb}

i ™" representation

M or,
A and
$  ne
PR
S le
= ge
> gt
X *
< quotient
+: mod
/

elem

4 pover - L
Iwb .

. upb

lws

ups
TR |

abs

repr
n

| not

leng
short
odd

sign
round
entier
re

im
bin
btb,
ctb
down

up

A
i




3.1.1. continued 3

symbol

plus symbol{30Le}

minus symbol{30Lc}

equals symbol{h2e,72&,73é97ha;75a}
dereforence symbol{8Lh}

becomes symbol{831b}

conforms to symbol{832b} .

conforms to and becomes symbol{832u}
is symbol{833b} |

is not symbol{833b}

d) Declaration tokens
symbol .,

integral symbol{7lc}

real symbol{T1c}

boolean symbol{7lecl
character symbol{Tlc}

format symbol{T1lc}

long symbol{kec,e,f,510b,52a,T714}
structure symbol{Tle,k} ‘
reference to symbol{T1l,m,n} |
flexible symbol{71s,u}
either symbol{Tlu}l

procedure symbol{71ﬁ}'

union of symbol{71y}

mode symbol{T72a}
complex.symbol{MEC}

bits symbol{k2c}

bytes symbol{l2c}

string symbol{l42c}

file symbol{hQé}

priority symbol{T3a}

local symbol{851b}
operationysymbol{YSb}

representation’
+

= eq

val

= <

-3

1:= ctdb

= is .

:$: is not isnot

representation

int
real

|

bool

char

- format

on

o i {8 v =
He M 1 b
S FONNE L T o]
[ 24 o
1] 0
B ot

priority

loc

2R




3.1. 1. continued 4

e) S;y*ntactic tokens

symbol representation
6pen symbol{21a, 308 2ogd, ‘34‘5‘ 55465 S ( begin -
close symbol{2ia, 30@,) 2pgd, 546, B54b} ‘ ) end
comma symbol{30@,: 030L)54f}bb45 622)? 745}9,2 14 C} ;
R T e b, e ) ,  comma
parallel symbol{62b,c,'d,f} par
sub symbol{710,861a} L (
bus symbol{71o,861a} ] )
up to symbol{71q,861'9€}
at symbol{861g} at
" if symbol{6ha} ( if
then symbol{6lLe} . ] then
else symbol{6he} | else
fi symbol{6ha} ) fi
of symbol{852a} of
void symbol{823b} void
label symbol{61k} :
f) Sequencing tokens
symbol ‘ representation
s L
g0 on symbol{3Oc,A61c,d,j} :
completion symbol{61l‘i} ‘ . exit
go to symbol{SZfG{l} go_to goto
g) Hip tokens
symbol . representation
skip symbol{827L} skip
nil symbol{827e} nil




3.1.1. continued 5

h) Extra tokens

symbol representation
for symbol ’§7ﬁ5,4,@} B ; f-f . ‘ for
from symbol {g4.3,q,4,c} F . | SR : from
by symbol §¢.3.g,4,c} . [ - by
to symbol §g:3.a,c} el L N o
while symbol ’;9.3- a,é,ct ’ N  while
do symbol  §g.3.q,46ck R -}
then if symbol {g.4.af : . |:  thef
else if symbol {9.4.4,4} | : : |+ elsf
case symbol {9.4,@,6‘, d,ef ‘ , k ( case
in symbol fg4.Ccd el ' ' | in
esac symbol {g.4.6gde} ) esac
i) Special tokens
| symbol representation
quote symbol{51ka,53a,b,d} "
comment symbol{309b} ' ' ‘ e comment

3.1.2. Remarks -

a) Where more than pne representation of a symbol is given, any one of

them may be chosen. {However, discretion should be exercised, since

the text (e >bthend | a fi,
though acceptable to an automaton, would be more intelligible to a human

in either of the two representations
(a>b | b | &)

or -

_iia > b then b else a fi.}




3. tele continued -

b) A representation which is a seqﬁence of underlined or bold-faced
merks or a sequence of marks between apostropheé is different from the

sequence of those marks when not underlined, in bold face or between

apostrophes.

c) Representatigns of other terminal productibns éf 'letter tokenf
{LLM%®2h§xFﬂmﬁwﬁﬂfUJJ&L"%&r@m@VMm'md
’other-stringlitém' {1.1.5.c} may bé added, provided that no>sequenée

of fepresentations of syﬁbols can bé confused with any other such
sequence . {e.g., do if are represéntaﬁions of the do-symbol folloVedj'
by the if-symbol, whereas doif might be an ill-chosen representation of

an other-indication.}

d) The faét that representations of the terminal productions of 'letter
token' given above are usually spoken of as small letters is not meant té
imply that the so-called corresponding capital letters could not serve
equally well as representations. On the other hand, if both a small letter
and the corresponding capital letter occur, then one of them is the

representation of an other terminal production of 'letter-token'

{1.1.4.8tep 2}.

{For certain different symbols, one same representation is given, eegeo
for the routine-symbol, up-to-sywbol and label-symbol, the representation
":" is given. It follows uniquély from the syntax which of these three
symbols is represented by an occurrence of ":" outside comments and row-of-
chafacterndenotamions. Also, some of the given representations appear to
be "composite"; e.g.bthe representation ":=" of the becomes-symbol appears

. to consist of ";", which looks like the representation ":" of the routine-
“?”symbol, etc., and the representation "=" of the equals-symbol. It follows

» from the Syntax that ":=" or even ":=" can occur outside comments and -

row-of-character-denotations as representation of the becomeé—symbol only
(since "=" cannot occur as representation. of a monadic-operator). Similar-

ly, the other given composiﬁe represéntatfons do not  c¢ause ambiguity. }

#




L.

Identification and the eontext conditions

{A proper pfpgram is a program satisfying the dontext conditions,

. £ . . . :
€.g., if (real x X = 1) is contained in a proper-program, then the
second occurrence pf x is a reference-to-real-identifier not solely

. . A 5

because of some préduction'rule (though this might be possible with a

more elaborate syntax) but also because it identifies the first occurrence

according to one of the context conditions. This chapter describes the

methods of identification and contains other comtext conditions which

prevent such undesirable constructions as mode a = &.}

L,1. Identifiers

{Igentifiers are sequences of letter-tokens and/or digit-tokens in

which the first is a letter-token, e.g. xl.FEeoEfersoropbSor—tabol=

= Modr-identifiers, are made to possess values by the elaboration of identity-

. . tede - .
declarations (T.h.ina). SomeAidentifiers possessing values which are not

names might, in other languages, be called constants, e.g. 5

Cn in int m = L096. Identifiers possessing names which refer to such values

might be called variables and those possessing names which refer to names

might be called pointers. Such termin%iogy is not used in this Report.

Here, all 3

are or are not names.

- P00

2 et e 2 8 8 i st e i s e
e e e et ey et
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-identifiers, possess values, which

4.1.1. Syntax

a)”

b)
c)
o d)

e)”

b)

identifier : MABEL identifier{b}. ~

MABEL identifier{5Lg,61k,827d4,860a} : TAG{c,d,302b}. |
TAG LETTER{b,c,d,71j} : TAG{c,d,302b}, LETTER{302b}.
TAG DIGIT{b,c,d,Tij} : TAG{c,d,302b}, DIGIT{303d}.

‘range : SORTETY serial CLAUSE{61a} ; PROCEDURE denotation{54b}..

{Examples :
X 3 Xx 3 x1 3 amsterdam }
{Rule b together with 1.2.2.v and 1.2.T/lgives rise to an infinity of

produchion rules of the strict language, one for each pair of terminal

productions of 'MABEL' and 'TAG'.




For example,
#ede . . e
’rea;Aidentifier ¢ letter a letter b.!

is one such production rule. From rule ¢ and 3.0.2.b, pne obtains -

fletter a 1etter,§ 1 letter a, letter b.',
~'letter a letteﬁka symbol. ' and ‘ - 3
"letter b : lettef b symbol. ', ‘

5

yielding

? +- '} !
letter a symbol, letter b symb%kak

as a terminal production of-a 'real identifier’'. For additional insight

into the function of rules ¢ and d, see T.1.1.h and 8.5.2}

L,1,2, Identification of identifiers

{The method of identification is first to distinguish between
defining end applied occurrences of terminal productions of 'MABEL

identifier' and then to discover which defining occurrence is identified

by a given applied occurrence. }

a) A given occurrence of a terminal production of 'MABEL identifier'’
vhere "MABEL" stands for any terminal production of the métanotion
'MABEL' is a defining occurrence if it follows a formal-declarer {7.1.1.5},

or if it is contained in a label {6.1.1.k} ; otherwise, it is

"applied occurrence".

b) If a given occurrence of a terminal production of 'MABEL identifier’

(see a) is an applied occurrence, then it may identify a defining occurrence

of the same terminal production found by the following steps: ‘

tep 1: The given occurrence is Zekrwed the "home"™ and Step 2 is.taken;

Step 2: If there exists a smallest range containing the.home, then this
range, with the exclusion of all ranges contained within it, is fermed

the home and Step 3 is taken {; otherwise, there is no defining occecurrence

vhich the given occurrence identifies; see L. bbb}

Step 3: If the home contains a defining occurrence of the same terminal

production of 'MABEL identifier', then the given occurrence identifies

it; otherwise, Step 2 is taken.




{In the closed-clause (string s := "abe" ; s[3] # "d"), the first
occurrence of s is a defining occurrence of a terminal production of
'referencthOarowpr—characéé;ridentifier'. The second occurrence of s
identifies the first and, in order to satisfy the identification condition
(4.1.1.a), is also a terminal production of a‘referepce—to-row~of—booleaﬁ—l

identifier!. Identifiers have no inherent meaning. ¥

’

4,2, Indications

{Indications are used for modes, priorities and operators.

The representation of indications chosen in this Report are sequences of

bold~faced or underlined letters, e.g. compl and plus, but no production
rule determines this sequence. The programmer may also create his own

indications, with suitable representations, provided’that they camnot be

confused with an other symbol (1.1.5.b, 3.1.2.c).

4h,2.1. Syntax

e)* indication : MODE mode indication{b} ; ADIC indication{e,f}.

b) MODE mode indication{71b} : mode standard{c} j m&Ss= indicajila{l.l. S.b}

c) mode standard{bl} : string symbol{31d} ; file symbol{BTd}
long symbol{31d} sequence option, complex symbol{314} ;
long symbol{31d} sequence option, bits symbol{31d} ;
long symbol{31d} sequence option, bytes symbol{31d}

a)* g /ﬂuﬁz; indication : PRIORITY indication{el}.

e) PRIORITY indication{43b,73al} :
long symbol{31d} sequence option, operator token{304b}
long symbol{31d} sequence option, equals symbol{3lc} ;
ey indicawt {1.1.5.b}.

we

1
]

monadic indication{k3e}
long symbol{31d} sequence option, operator token{30Lb}
Ezcaresod indicaﬁttﬁi1.1.5ub}.

g)" zdic indication : ADIC indication{e,f}.

N

——

we

\
{Exemples:
b) campl ; primitive ; : v
¢) string ; file ; long compl ; bits ;%long bytes 3.

-3
et

£) + ; long btb ;




4,2.2. Identification of indications

{The identification of indications is similar to that of identifiers.}

a) A given occurrence of a terminal production 'of 'MODE mode indication'
(*PRIORITY indication') where "MODE"("PRIORITY") stands for any terminal
production of the metanotion 'MODE' ('PRIORITY') is an indication—definiﬁg
occurrence if it precedes the equals-symbol of a mode-deciaration {1.2.1.a}

(priority-declaration{ 7.3.1.a}); otherwise, it is an "indication-applied-

occurrence'.

b) If a given occurrence of a terminal production of 'MODE mode indication'
("PRIORITY indication') (see a) is an indication-applied occurrence, then
it may identify an indication-defining occurrence of the same terminal '
production found by using the stéps of 4.1.2.b with Step 3 replaced by:
"Step 3: If:ﬁaiﬁggme contains an indication~defining>occurrence of the same

termina;Aof 'MODE modé indicabion' ('PRIORITY' indication'), then the

given occurrence identifies it;—

Cotherwise, Step 2 is tsaken."

{Indications have no inherent meaning.—,
C A terminal production of 'monadic indication' has no indication-

defining occurrence. }

L.3. Operators .

{Operators are either monadic, i.e. require a right operand only,
or are dyadic, i.e. require both a left and a fight operand, €.g.
abs x and x + y. Operators are made to possess routines by the elaboration
of operatién—declarationsf(7.5.1.a). ‘
Operators are identified by oBserving the modes of‘their operandé, €s o
X+y,x+1, 1+ x,1+ jeach involves a different operator, see
10.2.3.1, 10.2.%.a, 10.2.4.b and 10.2.2.i. Though an operator knows the

mode of the value, if any, delivered by its routine, this mode is not

involved in the identification process. }
;




4.3.1.Syntax

a)* operator : PRAM ADIC operator{b,c}.

b) procedure with %MDDE‘parameter and RMODE parameter MOID PRIORITY -
operator {750, ghb} : PRIORITY indication{h2e}.

¢) procedure with RMODE parameter MOID monadlc 0pera§or{75b 8hgl :

e

. monadic indication{l2rf}. ‘
d)* dyadic operator : procedure with LMODE parameter and RMODE
parameter MOID PRIORITY operator {b}.

e)* monadic operator :
procedure with RMODE parameter MOID monadic operator{c}.

{Examples:
b) +

c) abs }

4,3.2. Identification of operators

{The identification of operators is similar to that of identifiers
and indications, except that different occurrences of one same terminal
production of 'ADIC indication' mey be occurrences of more than one ter-
minal production of 'PRAM ADIC operator' and, therefore, the modes of the

operands must be considered. }

a) A given occurrence df a terminal production of 'PRAM ADIC operator'
where "PRAM" ("ADIC") stands for any terminal production of the metanotion
"PRAM' ('ADIC') is an operator-defining occurrence if it precedes the
equals-symbol of an operation-declarstion {T.5.1.a} ; otherwise, it is an
"operator-applied occurrence”, '

¥
-

b) If a given occurrence of a terminal production of 'PRAM ADIC operator’
(sce a) is an operator-applied occurrence, in a formu.z (8.k.1.a}, than it
may identify an operator-defining occurrence of the s.uie terminal product-
ion found by using the steps of 4.1.2,b, with Step 3 replaced by :
."Step 3: If the home contains an operator-defining occurrence, in an

operation~declaration {7.5.1.a,b} of a terminal production of "PRAM ADIC

operator' which is the same terminal production of 'ADIC indication' as the

given occurrence, and which is such that the terminal production of the




L,3.2. continued

metanotion 'LMODE'V('RMODE') (see 8.4.1.b,g) of the‘left (right) operand -
of that formula caﬁ be firmly coerced to {L.k.3.a} the mode specified by
the first (second):Vlrtual~parameter{7 1o 1%} contalned in uhe virtual-

plan{7.5.1.b} of that operation-declaration,.then the given occurrence

identifies that operator-defining occurrence}; otherwise, Step 2 is taken."
{Operators have no inherent meaning;Aoperator-defining occurrence 5

- is made to possess a roubine (2.2.3.4) by the elaboration of an operation-

declaration (7.5.1.a). - , o -
A glven indication may be both a -indication and a @zﬁﬁﬂiﬁy ol

; neclie,
operator. As a -indication, it 1dent1f1es its 1nd1catlon—de11n1ng

occurrence. As a gggé%g;g-operator, it may identify an operator—defining‘
occurrence, which possesses a routine. Since the indication preceding

the equals-symbol of an operation-declaration is an indication-application
and an operator-definition (but not an operator—appllcatlon) it follows
that the set of those oeccurrences which identify a given gé%%%%?g—operator

is a subset of those occurrences which identify the same -indication.
In the closed-clause

begin real x,y := 1.5 3 priority min = 6 ;

op min = (real a, blreal : (a >b | b | a) ; _ , .

x i=yminpli / 2 end ,

the first occurrence of min is an indication-defining priority-SIX-indication. .

The second occurrence of min is indication-applied and identifies the first
occurrence (4.2.2), whereas, at the same textual position, min is also

operator-defined as a [prrr]—pr10r1ty~SIX*operator i =hreare—teestn e
v, P AL o s 1'11 e o M e e M

Y.

i

BT e g-~-’f553, where"ﬁprr]"stands for prpcedure-wiﬁh—real-
parameter-and-real-parameterﬁ and"[prrr]"for’[prr]-realt The third
occurrence of min is indication-applied and, as such, identifies the first
occurrence, whereas, at the same textual posjition, min is also operator-

applied, and, as such, identifies the second occurrence; this makes it

f‘%v s ; ; e = it C‘—i;v\ S e Pk =SS e —3 because Of

. N "y duid 'y

Yyt

the identification condition (k.k4.1.a), a [prrrl-priority-SIX-operalsirs

This identification of the priority-operator is made because:

#

i) min occurs in an operation-declaration,
ii) the bace y can be firmly coerced to the mode specif%ed by real,

s



k.3,2. continued 2

i) the formula pi / 2 is a priori of the mode specified by real,
) min is 'thu_S g e B e S G e S s /W
5= because of the identification condition S e

[prrr]—prlorlty—SIX—ope*ator.
First three e C e '
conditionswere not satisfied, then the search for

o .

If the
enother defining occurrence would be continued in . the same range, or

failing that, in a surrounding range. }

{Though this be madness, yet
there is method in't.

Hamlet, William Shakespeare.}

L. L, Context conditions

«

A "proper" program is a progrem satisfying the context conditions;
e "meaningful" program is a proper program whose elaboration is defined by
this Report {Whether all programs, only proper érograms, or only meaning-
ful progrems are "ALGOL 68" programs is a matter for individual taste.
If one chooses only proper programs, then one may consider the context
conditions as syntax which is not written as production rules. }

L.L.1. The identification conditions
a) In a proper program, a defining (indication-defining, operator-
defining) occurrence of a terminal production of a notion ending on
'identifier' ('indication', 'ogerator') and each applied (indication-
applied, operator-applied) occurrences identifying it are occurrences

of one same notion ending on 'identifier' ('indication', 'operator').

b) No proper program contains an applied (indication-applied, operator—
applied) occurrence of a terminal production of & notion ending on

‘identifier' ('indication', 'operator') which does not identify a defining

3 - & » - L . - -
(indication-defining, operator-defining) occurrence.




L.k.2. The uniqueness condition

a) A "reach" is g range {4.1.7.e} with the exclusiom of all itS'constituegt 

v
Yy e
2]
7

Tanges.

s
¥,
i
i

i
3
b

b) No proper progrem contains a reach{a} containing two defining (indica

gn-
defining) occurrences of a given terminal production of a notion ending on -
'identifier' ('indication'’). ‘A

{e.g., none of the claused-clauses (6.4.1.a)

(real x, real x sin(3°1h));

(real y ; int v 3 sin(3.14)),
(real p 3 p: go to p 3 sin(3.14)),
(mode a = real ; mode a = bool 3 sin(3.14)),

(priority b = 5 3 priority b = 6 3 sin(3.1L))

is contained in a proper program. }-

¢) ©No proper program contains a reach containing two operation-declarations
whose first constituent operators are the same terminal productions of a
notion ending on 'indication' and all of whose corresponding constituent
Virtual—paraméters {7.5.1.b, S.h.1.c,d,e, T.1.1.%x} are virtual-declarers
specifying modes loosely related to one another {h.lL.3.cl}.

{e.g., neither the closed-clause

(op mex = (int a, int blint : (a> b | 2 | )3

op max = (int a, int bliwd : (a> b | a | b) ; sin(3.14))
nor .
- (op max = (int a, ref int b)imt : (a > b | a | b) ;

op max = (ref int a, int b)int : (a > b | a | b) ; sin(3.14))

is contained in any proper program, bub
(op max = (int a, int Dlieal: (a > Db | a | b) ;

op max = (real a, real b)leal : (a >b | a | b) 3 sin(3.14))

may be. }

He

{In the pragmatic remarks in the sequel, "in the reach of, declaration”

stands for "in a position whére all identifications are as in & reach con-

taining the declaration". } R

£




k.4,3. The mode conditions

a) A given mode is "rirmly coerced from" ("united from") a second mode
1f the notion cénsisting of that second mode followed by 'base' is &
production of the notion consisting of 'firm!' ('sgrongly united to')

followed by the given mode followed by 'base’ {set 8.2}.

{e.g., the mode specified by real is firmly coerced from the mode

3,

specified by ref real because the notion 'reference to real base' is a B

production of 'firm real base' (8.2.0.1.e, 8.2.1.1.a); similarly, that

specified by union(int, real). is unitedifrom those specified by int and

real. }

b) Two modes are "related" to one another if they are both firmly ';

coerced {a} from one same mode. {A mode is related to itself.}

[N

¢) Two modes are "loosely related" if they either are related or are

'row of IMODE' and 'vow of RMODE' where "LMODE" and "RMODE" stand for

N
v

- different loosely related modes. 2
{e.g.,the modes specified by proc resl and ref real are related and,’

hence, loosely related and those specified by [Jreal ‘and by [] ref real

are loosely related but not related.}

d) No proper progrem contains a declarer {7.1.1.a} specifying a mode
united from {a} two modes related {b} to one another.

9

{e.g., the declarer union(real, ref real) is not contained in any :

proper program. }

2) No proper program contains a declarer {7.1.1.a} the constituent field—
selectors {T.1.1.i} of two of whose constituent field-declarators {7.1.1.g}

are the same sequence of symbols.
{e.g., the declarer struct(int i, bool i) is not contained in any

proper program, but struct(int i, struct(int i, bool j) j) may be.} '
L. b4, The declaration condition

&) A node-indication {4.2.1.b} contained in an actusl-declarer {7;1,1.b}

is "Shieldead" ir : ‘ - Lo

i) it 7. or is contained in a virtual-declarer {7.71.1.b} folioﬁi;gfa
reference~to-symbol {3.1.1.d} in a Ffield-declarator {T.T.T.g}, or -

l) i oor b Lol by a aeAZiad —plecliorn), conZiariod b a Sl —
pleclanaley Condeinld 5 a Vs Fegad oleetany ﬁ%z,/z,? a Zg,é,j%d: —




4.k 4, continued: .

"iiD:*ilu is, contalned in & v1rtual—garameter {7. 1 1. X}, or _
iﬁr)‘ it is contalned in a v1ruual—declarer followmng .a v1rtual—parameters~
pack {5.4.1.5}, @r ‘ ' ‘ &‘ .
) it is contalged in a strlct—lower—bound or strict—upper—bound
{7. 1. 1.0}, ‘
{e.g., person is shlelded in struct(lnt age, ref person father) but
not in struct (int age, person uncle) and‘g is shielded in 2___12)2_but

not in union(int, [Jp).}

b) An actual-declarer {7.1.1.b} may "show" a given mode-indicétionffi"
{4.2,1.b} ; this is determined in the following steps?
tep 1: If it is, or contains and does not shield, a mode-indication which

is the same terminal production as the given mode-indication, then it
shows the given mode-indication; otherwise, Step 2 is taken:

Step 2: If it 1s, or contains angf%gt shield an occurrence of a not = . o
"encountered" terminal production of 'mode indication', then that
terminal production is remembered to have ‘been- encountered and the,  §'
occurrence 1s replaced by a copy of the actual declarer of that mode- -
declaration {7.2.71.a} which cqntalns the 1nd1catlon~déf1n1ng,OCcurrence
{L.2.2.b} identified by the occurrence to be replacedllgnd Step 1 is
taken; otherwise, it does not show the given mode—ihdication., -

{e.g., in the declarations mode a = [1 :2Jb, b = union(ref 4),
4= struct (ref e @), e = Ezégjigglg,‘the mode-indications shown by
£1:2]b are b and d.} | '
| - {72.1.0
c) No proper program contains ‘a modeudeclaratlonhwhose mode—lndlcatlon is

i
i

shown by 1ts actual—declarer.. b
‘{e.g., no proper program contains one of the following declarations:

mode a = a ; mode b = e, e = [1: 10]b s mode d = [Jref unlon(proc( a)a, E ro¢ d)

mode parson = struct(int age, Qarson unc¢e) }

_.L ;//w&’/fdzzxy 5 /Aﬁ deacfz';:y :[‘«7@:4:.{1@,, o/&m{/é 'W(’MW

GtTiond — declanon Ji? Zf7 m? A 2ok - loner - W /d/é
ﬂm}.mmw) ﬁmﬂym%%f&@;%,w%%’zy 2o
/A%M—~ veigets ~ Bowndll) (7 1it, sj)
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5. Denotations ~

{Denotations, .e.g. 3.14 or "abe" are terminal pro@@ctions of notions
whose value is independent of the elaboration of the program. In other

klanguages.they are sometimes called "literals" or "constants".}

5.0.1. Syntax

a)” denotation : PLAIN denotation{510b,51a,511a,512a,513a,51ka} ;
structured with row of boolean field LENGTHETY letter aleph denot-
ation{SEé} . row of character denotation{53al} ;

9

PROCEDURE denotation{54b} ; format denotation{55al.

{Examples:
a) 3.1b 3 101 ; "algol.report" ; ((bool a)int : (a | 1 | 0)) ;
£5df }

5.0.2. Semantics

a) FEach occurrence of a terminal production of a given notion generating
a denotation possesses an instance of one same value whose mode is that
ezveloped by that notion; its elaboration involves no action.

{E.g., The value of "algol.report" which is a production of'row of

cheracter denotation', is of the mode 'row of character'.}
5.1. Plain denotations

{Plain-denotations are those of arithmetic, boolean and character

velues, €.8e. i, 3.1k, true and "a".}

a)” plain derotation : PLAIN denotation{510b,511a,512a,513a,51kal.

) long,Il. . denotation{860a} :
long o +.2{314}, INTREAL denotation{511a,512a}.




5.1.0.2. Semantics

a) A plain-denotation possesses a plain value {2.2.3.1} , but plain values
possessed by different plain-denotations are not necessarily different {e.g., :

123.4 and 1.23ke+2}. :

b) The value of a denotation consisting of a number {, possibly zero,}
of long-symbols followed by an integral-denctation (real-denotation) W, 
is the "a priori" value of that integral-denotation (real-denotation) .
provided that it does not exceed the largest integer {10.1.b} (largestA
real number{10.1.4}) of length number one more than that number of long-

symbols {; otherwise, the value is undefined}.

5.1.1. Integral denotations
5.1.1.1. Syntax

a) integral denotation{860a,510b,512¢c,d,h,55g} : digit token{303c}

~ seguence.

{Examples:
&) O ; L096 ; 00123 (Note that ~1 is not an integral-denotation.)}

5.7 .1.2. Semantics

The a priori value of an integral-denotation is the integer which in
decimal notation is that integral-denctation in the representation

lenguage {1.1.8}. {See also 5.1.0.2.b.}
5. .2. Real denctations
5.1.2.76 Syos.x
a) real derosation{860a,510b} :
variable point numeral{b} ; floating point numeral{e}.

b} v.rcigble point numeral{al} :

inte_;al part{c} option, fractional part{d}.

c¢) i egral part{b} : integral denotation{511a}.




5.1.2.,1. continued

d) fractional part{b} : point symbol{31bl}, integral denotation{511a}.

e) floating point numeral{al} : stagnent part{f}, expoment part{g}.

f) stagnant part{e} : integral denotation{511a} ; variable point
numeral{bl.

g) exponent part{e} : times ten to the power symbol{31b}, power of
ten{h}.

h) power of ten{g} : plusminus{30Lec} option, integral denotation{511al.

{Examples:
&) 0.000123 ; 1.23e-k b) 123 ; 0.123 ;
e) 123 d) .123
e) 1.23e-k £) 13 1.23 3
g) e-h; : h) 33 +45 5 678 }

5.1.2.2, Semantics

a) The a priori value of a fractional-part is the a priori value of its
integral~denotation devided by ten as many times as there are digit-tokens

in the fractional-part.

b) The a priori value of a variable-point-numeral is the sum in the sense
of numerical analysis of zero, the a priori value of its integral-part,

if any, and that of its fractional-part, if any {see also 5.1.0.2.b}.

¢) The a priori value of an exponent-part is ten raised to the a priori
value of the integral-denotation in its power-of-ten if that power-of-ten
does not begin with a minus-symbol; otherwise, it is one-tenth raised to

the a priori value of that integral-denotation.,

d) The a priori value of a floating-point-numersl is the product in the
sense of numerical eanalysis of the a priori values of its stagnant-part
and exponent-part {see also 5.1.0.2.b}l.

5.1.3. Boolean denotabions

5.1.351. Syntax

a) boolean denotation{860a} : true symbol{31b} ; false symbol{31Dvl.




5.1.3.1. continued

{Examples:

a) true ; false }

5.1.3.2., Semantics

The value of a true-symbol (false-symbol) is true (false).
5.1.4, Character denotations
5.1.4.1. Syntax

a) character denotation{860a} :
quote symbol{31i}, string symbol{531b}, quote symbol{31i}.

{Examples:

a) "a" }
5.1.4.2, Sementics *

The value of a character~denotation is a new instance of the character
possessed {5.3.2.a} by its string-item {5.3.1.b} if that string-item is a
character-token or an other-string-item; otherwise, {if that string-item is
a quote-image,} then it is a new instance of the character possessed by

the guote symbol.

5.2, Bits denotations

{There are two kinds of denotations of structured or multiple values
viz., bits, e.g. 1011, and string, e.g. "abe', These denotations differ in
that a string denotation contains zero or two or more string-items but a .
bits denotation may contain one or more flipflops. (See also character-

denotations 5.7.k4.)} , .

5.2.1. Syntax

a) structure with row of boolean field LENGTH LENGTHETY letter aleph

denotation{&i0a} : long symbol{31d}, structured with row of boolean field

LENGTHETY letter aleph denotation {a,bl}.




5.2.1. continued

b) structured with row of boolean field letter aleph denotation{860a} :
flipfiop{303e} sequence.

{Examples:
a) long 1011 3
b) 1011 }

5.2.2, Semantics

a) Let "m" stand for the number of flipflops in the denotation and "n"

for the value of L bits width {10.1.g}, L standing for as many times long
as there are long-symbols in the denotation;‘if m £ n, then the value of
the structured-with-row-of-boolean-field-letter-aleph~denotation is a
structured value with one field selected by letter-aleph, that field being
a multiple value {2.2.3.3} whose descriptor has an offset 1 and one
gquintuple (1,n,1,1,1) and whose element with index "j" is a new instance
of Talse for jJ = 1, ses , h-m, and for j=nm+l, ... , 0 is a new instance
of true (false) if the i-th constituent flipflop (i = j + m = n) of the
denotation is a flip-symbol (flop-symbol).

5.3. Row of character denotations

{The denotations of strings always begin and end with a quote-symbol,
e.g. "abe", If it is necessary to include a quote within a string, then
the quote-symbol is doubled, e.g. "this.is.a.quote.""". Since the syntax
nowhere allows string- or character-denotations to follow one another, am-

biguities do not arise.}
5.3.1. Syntax

a) row of character denotation{860al} : empty string{b} ;

gquote symbol{31i}, string item{c}, sequence proper, quote symbol{31i}.
b) empty stringl{al : quote symbol{31i}, quote symbol{31i}. ‘
¢) string item{al} : character token{309d } ;

guote image{d} ; other string item{1.1.5.c}.
d) quote image{c} : quote symbol{311i}, quote symbol{31i}.




5.3.1. continued

{Examples: ‘
a) 1191 ; "a-bcﬂ ; """a_._'i'_._'b":n__._is,;_a_:_ formu.la ; . 'b) mnn :
c) a fn 502 s ‘ R d) e }

5.3.2. Semantics

a) Each character-token and other-string-item, as well as the quote-symbol -

{not quote-image} possesses a unique character.

) The value of a row-of-character-denotation is a multiple value 2.2.3.3
whose descriptor has an offset 1 and one quintuple (1,n,1,1,1), where n
stands for the number of string—items contained in the denotation. For -
i= 1, ees »n, the element with index i of that multiple value is a new in-.
stance of the character possessed by the i-th string-item, and, otherwise,
{if that string-item is a quote~image} is a new instance of the character
possessed by the gquote-symbol.

{The construction "a" is a character-denotation, not a string denotation.
However, in all strong positions, e.g. string s := "a", it will be rowed
to a multiple value {8.2.6}. Elsewhere, where s multiple value is required,

a generator may be used, e.g. as in union(int, string) ns := string := "a".}

5.4. Routine denotations

{A routine—deﬁotation, e.g. ((real a, blreal : (a > Db | b | a)), always
has a routine~-symbol (:). To the left of this symbol stand the formal-
parameters, e.g. (Egg;_a, b), and a declarer specifying the mode of the
value delivered, if any, €.g. Egg;.'To the right of the routine-symbol is
the body, e.g. (a >b | b :
enclosed between an open-symbol and a close-symbol, but they may often be

a), which is a unitary-clause. The whole is

omitted, see the extension 9.2.d. It is essential that, in general, a
routine~denotation be closed, for otherwise denotations like
(int sintzoff)void : (int branquert)void : lewi (wodon) could also be

calls, er formulas like (int a)int : 1 + 2 + 3 would be ambiguous if + is

also declared as an operator accepting a routine as_left operand. }
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b)
c)

a)
e)

f)
g)

h)
i)

)

b)
c)
)
e)
£)
&)

i)

Sa )4‘@

1. Syntax

routine denotation : PROCEDURE denotation{bl.
procedure PARAMETY MOID denotation{860a} : ,
open symbol{31e}, formal procedure PARAMETY MOID plan{c,d}, -
routine symbol{31b},MOID body{i}, close symbol{31le}. '
VICTAL procedure with PARAMETERS MOID plan{b,75b,71w} 3 |
VICTAL PARAMETERS{e,g,71x,T4b} pack, wvirtual MOID declarer{g,T1b}.
VICTAL procedure MOID plan{b,Tlw} : virtual MOID declarer{h,T1b}.
VICTAL PARAMETERS and PARAMETER{c,b,862a} :
VICTAL PARAMETERS{e,g,71x,Tib}, semicomma{f},
VICTAL PARAMETER{g,71x,Tlib}.
semicomma{e} : comma symbol{3le} ; go on symbol{31f}.
formal MODE parameter{c,e,Tlha} :
formal MODE declarer{71b}, MODE identifier{l1b}.
virtual void declarer{c,d} : EMPTY.
MOID body{b} : strong MOID unit{6le}.
VICTAL parameters pack : VICTAL PARAMETERS{e,f,Tly,Thb} pack.

{Examples: |
((bool a, b) bool : (a | b | ralse)) 3 (: x := 3.14) ;
(bool a, b)bool ;

void 3

bool a, bool b

5 5 3 3
bool a
(a | b | false) ; x := 3.14}

2. Semantics

A routine-denotation possesses that routine which can be obtained from

it in the following steps:

Step 1: A copy is made of the routine-denctation ;

Step 2: If the routine denotation does not contain a formal-parameters-pack,

then Step 3 is taken; otherwise, an equals-symbol followed by a skip-

symbol is inserted in the copy following the last identifier in each

e I



5.4.2, continued

copied constituent formal-parameter of that formal-parameters-pack;
the open-symbol of that formal—paraméters-pack is deleted and its close=-
symbol is replaced by a go-on-symbol ; '

Step 3: If the virtual-declarer of its formal-plsn is empty, then the
routine-symbol which follows it is deleted; otherwise, the routine-
symbol is replaced by a bécomes—symbol, and an open-symbol followed by
a dereference-symbol is placed before and a close-symbol is placed after
the copy ; ' ‘ ) ,

Step L: An open-symbol is placed before and a close-symbol is placed after
the copy, and the copy, thus modified, is the routine possessed by the

routine-denotation.

{The routine possessed by pl after the elaboration of proc pl = :
tirrenia (, in the striect language, proc pl = (: tirrenia)) is (tirrenia);
that possessed by p2 after the elaboration of proc p2 = real : xx is
(val(real := xx)); that possessed by p3 after the elaboration of
proc p3 = (igg_a)gggif (a >0 | zx | yy), is (val(int a = skip ;

real := (a > 0 | xx | yy))), and that possessed by p4 after the elaboration

of proc ph = (real a,b) : (a > b | stop) is (real a = skip, real b = skip ;

(a > b | stop)). A routine is the same sequence of symbols as some closed-
clause (6.3.1). For the use of routines, see 8.4 (formulas), 8.2.2

(deprocedured-coercends) and 8.6.2(calls). }

5.5, Format denotations
5.5.1. Syntax

a) format denotation{860a} : formatter symbol{31b}, -
collection{b} list, formatter symbol{31b}.

b) collection{a,b} : picture{c} ; insertion{d} option, replicator{f} ,
collection{b} list pack, insertion{d} option. ‘

¢) picture{b} : MODE pattern{552a,553a,55ka,555a,556a,55Ta -} option

insertion{d} option.




5.5.1. continued

4

Ce)

f)»

g)

h)

i)

3)

k)

a)

b)
c)

a)

g)
h)

J)
k)

1)
m)
n)
o)

p)
a)

r)

insertion{b,c,m,552b,f,554a,55Ta} ¢ literal{j} opbion, B

insert{e} sequence j; literal{j} . - e ;
insert{d} : replicator{f},alignment{i} , llteral{a} éptzon.* '
replicator{b,e,j,n} ¢ replication{f} option. = ‘ V
replication{f,k,557a} : dynamic replication{h} ;

integral denotation{51a}. |
dynamic replication{gl} : letter n{302b}, strong 1ntegral

unit{612e }pack. : , N
alignment{e} :letter k{302b} letter x{302b} ; letter y{302b} 5

letter 1{302b} ; letter p{302b}. o
literal{d,e,552f,554b} : replicator{f}, STRING denotatlon{51ha,531a}

replicated literal{kl} seguence optlon. ‘
replicated literal{j} : repllcamlon{g} STRING denotaxlon{51ha,531a}

{Examples:

fp'"table.of"x10a,n(lim-1) (16x32d,3x10(2x+. 12de+2d"+3x"81+ 10de+2d))
p"table.of"x10a ; 3x10(2x+.12de+2d"+3X"51+ 10de+2d)

120kc("mon","tues","wednes" "thurs" epit, "saxur' "sun")"day" : p
p"table.of"x ; "day" i i ‘

p"table.of" j

n(lim-1) 3 10 3

n(lim-1) 3

Tgx" g

20"." }

sign mould{552a,553a,d,e} : loose replicatable zero frame{m},
sign frame{p} ; loose sign frame{m}. C
loose ANY frame{l,552d,553b,d,5558a,556a,557a} :
insertion{d} option, ANY frame{n,p,q,SBTb}._
replicatable ANY frame{m} : repllcator{f} ANY frame{o,q}. }
zero frame{n,552e} : letter z{302b}. '
sign frame{l,m} : plusminus{30kc}. ~ )
suppressible ANY frame{n,m,55Ta} : letter s{302b}opt10n, .
ANY frame{552e,553¢c,T, 555b 556b}- ‘ ‘
* frame : ANY frame.




5.5.1. continued 2

{Examples:
1) "="l2z+ 3 2x+ 3 34
m) "="12z ;
n) 12z 3
q) si 3 10a }

{aa) Three ways of "transput" (i.e. "input" and "output") are provided
by the standard-prelude, viz. formatless transput (10.5.2), formatted

transput (10.5.3) and binary transput (10.5.4t). Formats are used by the
formatted transput routines to control input from and output to a "file"
(10.5.1). No section on semantics of format-denotations is given, since

this 1s entirely dealt with by the standard-prelude.

bb) A format may be associated with a file by a call of format (10.5.3.a),
outf (10.5.3.1.a) or inf (10.5.3.2.a), thereby causing the transformat
which is that format to be elaborated (5.5.8.1.b), the collection-list
which is the same sequence of symbols as the resulting "string" (i.e. value’
of mode 'row-of-character') to be unfolded (cc), the resulting picture-
list to be the current format of the file and its first constituent picture
to be the current picture of the file (; e.g., after the call format
(£1,£pt,3(3d.a)1f) the current format of the file f1 is pt, 3d.d, 3d.d,
3d.d1l and the current picture is pt). '

ce) The result of unfolding a collection-list (10.5.3.b) is a picture
list: '
a) 1if the collection~list is a picture, then the result consists of
that picture;

b) if the collection-list is a collection but not a picture, then the

3

result consists of the first insertion-option of the collection,
followed by as many copies of the result of unfolding the collection=-
list of its collection~-list pack as is the value of its replicator,
separated by comma-symbols, followed by its last insertion-option

(; e.g., the result of unfolding 3k"ab"2(10a)l is 3k"ab"10a,10al) ;

&




5.5.1. continued 3

~¢) if the collection-list is a collection-list-proper, then the result
consists of the result of unfolding the collection of that collection-
list-proper, followed by a camma—symboi, followed by the result of
unfolding its collection-list (; e.g., the result of unfolding

10a,pn(i)(d.24)"." is 10a,p"." when the value of i is zero).

dd) When one of the formatted transput routines outf (10.5.3.1.a),

out (10.5.3.1.b), inf (10.5.3.2.a) or in (10.5,3.2.b) is called, then

transput takes place in the following steps:

Step 1: The values to be transput are elaborated collaterally and the
result is straightened (10.5.0) into a series of values, the first of
which, if any, is made to be the current value;

Step 2: If the current picture of the file is an insertion, then that in-
sertion is performed (gg), the next picture, if any, is made to be the
current picture of the file and Step 2 is taken; otherwise, Step 3 is
taken;

Step 3: If the series of values is empty or exhausted, then the transput
is accomplished; otherwise, if the picture;list is exhausted, then
formatend of the file is called, a routine which may be provided by the
programmer (10.5.1.kk); | ‘

Step 4: If the current value is compatible with (nn) the current picture,
then that value is transput under control of that picture; otherwise,
value error of the file is called, a routine which may be provided by
the programmer;

Step 5: The next value, if any, is made to be the current value, the next

picture, if any, is made to be the current picture and Step 2 is taken.

ee) The value of the empty replicator is one; the value of a replication
which 1s an integral-denotation is the value of that denotation; the value
of a dynamic-replication is the value of its strong;integral-unit if that

value 1s positive, and zero otherwise.

ff) Transput occurs at the current "position" (i.e. page number, line
nunber and char number) of the file. At each position of the file within

certain limits (10.5.1.1:3,k,1) some character is "present", depending on

the contents of the file and on its "conversion-key" (10.5.1.11).




5.5.1, continued 4

. 88) An insertion is performed by performing its constituent alignments
end, on output (input), "writing" ("requiring") its constituent literals

one after the other. ‘ . : i

hh) Performing en aslignment affects the position of the file as follows,
where n stands for the value of the precediﬁg replicator:

8) letter-k causes the current chgr number to be set to n
'b) letter-x causes the char number to be incremented by n (10.5.1.2.0)
¢) letter-y causes the char number t6 be decremented by n (10.5.1.2.p) ;
d) letter-l causes the line number to be incremented by n and the char

we
s o s e A <

number to be reset to one (10.5.1.2.9) 3
e) letter-p causes the page number to be incremented by n, and both the ‘ i

line number and the char number to be reset to one (10.5.1.2.r). | {

, ‘ o ot

ii) A litersl is written by writing the characters (strings) possessed
by its constituent (row-of=)character-denotations each as many times as
is ﬁhe value of the preceding replicator; a string is written by writing : i
its elements one after the other; a character is written by causing the : |
character to be present at the current position of the file, thereby
obliterating the character that was present, and then incrementing the

cher number by one.A literal is required:by requiring thercharacters

(strings) possessed by its constituent (row-of-)charactersdenotations,
each as many times as is the value of the preceding replicator; a string
is required by requiring its elements one after the other; a character
is required by incrementing the char number by one if the character is
present at the current position of the file; otherwise, the further
elsboration is undefined. - ST o ;
§3) When a string whose number of characters is given is "read", then
that number of characters are read and the result.is a string whose elements !
are those characters; when a string is read under control pf 8 given
"terminator-string", then, as long as the line is not exh&hsted, characters
are read up to but not including the first chaersascter which is the same as
some elefient of the terminator-string, and the result is & string whose
elements are those characters; when a character is read, then the result
is the character present at the cﬁrrent position of the file, and the
char number of the file is incremented by one.

S 1

;
+
%
{
i
£
I
i




5.5.1. continued 5

kk) The mode specified by a picture is that enveloped by its pattern,
if any. The number of characters specified by a picture is the sum of the
numbers specified by its constituent frames and the number specified by a
freme is equal to the value of its preceding replicator, if any. and one

othervise,

11) On output, a picture may be used to "edit" a value in the following
steps:

Step 1: The value is converted by an appropriate output routine
(10.5.2.1.¢c,d,e) to a string of as many characters as specified by the
picture (; if the pattern of the picture is an integral-pattern, then
this conversion takes place to a base equal to the radix, if present,
and base ten otherwise); if this number of characters is not sufficient,
then value error of the file is called, a routine which may be provided
by the programmer (10.5.1.kk);

Step 2: In those parts, if any, of the string specified by a sign-mould,

a character specified by the sign-frame will be used to indicate the
sign, viz., if the sign-frame is a minus-symbol and the value is positive,
then a space, and, otherwise, the character specified by the sign~frame;
this character is shifted in that part of the string specified by the
sign-mould as far to the right as possible across all leading zeroes,
and those zeroes are replaced by spaces (; e.g., under the sign-mould
bz+. the string possessed by "+0003" becomes that possessed by "...+3");
if the picture does not contain a sign-mould and the value is negative,
then value error of the file is called;

Step 3: Leading zeroes in those parts of the string specified by any
remaining zero-frames are replaced by spaces (3 e.g., under the picture.
zdzd2d, the integer possessed by 180168 becomes the string possessed by.
118, 168"

Step 4: For all frames occurring in the picture, first the preceding in-
sertion, if any, is performed, and next,if the frame is not "suppressed"
(, i.e. preceded by letter-s), then that part of the string specified by

the frame is written; finally, the insertion, if any, following the last

constituent frame is performed.
(3 e.g., editing under the picture zd"-"zd"-19"zd the integer possessed
by 180168 causes the string possessed by 18-,1-1968 to be written).




5.5.1, continued 6

m) On input a picture may be used to "indit" a value of & given mode
- from a file in the following steps:
Step 1: A string is obtained consisting of the characters obtained by
performing the following process for all frames occurring in the picture,
viz, first, the insertion, if any, preceding the frame is performed and
next, as many characters are obtained as are specified by the frame;
each of those characters is obtained,
if the freme is not suppressed, then by reading from the file a
character, and, if the frame is a digit- (point-, exponent-, complex-)
frame and the character is not a digit (point, ten to the power, plus -
i times), then calling char error of the file (10.5.1.kk) with
as its parameter a zero (point, ten to the power, plus i times) and

if the frame is suppressed, then by taking, if the frame is a digit-
(zero-, point-, exponent-, complex-, character-) frame a zero (zero,
point, times ten to the power, plus i times);

Step 2: Those parts, if any, of the string specified by a sign-mould must
contain a character, specified by the sign-frame, to indicate the sign
(see 11 Step 2); if those parts contain such & character, with only
spaces appearing in front of it and no leading zeroes appearing after it,
then those leading spaces, if any, are deleted; otherwise, disagreement
of the file is called; if this character is a space, and the sign-frame
is a minus-symbol, then it is replaced by a plus-symbol (; eege, if in

- » 39" is

obtained, then in Step 2 that possessed by "+39" is obtained);

Step 3: Leading spaces in those parts of the string specified by any remain-

Step 1 under control.of 3z-d, the string possessed by ".

ing zero-frames are replaced by zeroes;

Step 4: The string is converted by an appropriate imput routine
(10.5.2.2.¢c,d,e) into a value of the given mode, if possible, and, other-
wise, value error of the file is called (; e.g., if max int(10.1.Db) is

10000, then under +5d it is possible to input +10000, but not + 10001).

nn) A value of a given mode is compatible with a given picture if

a) on output, there exists some mode which is the mode specified by the
plcture preceded by zero or more times 'long', such that that mode is
strongly coerced from the given mode;

b) on input, there exists some mode which is the mode specified by the

picture preceded by 'reference-to'! followed by zero or more times

"long', such that that mode is strongly coerced from the given mode.




: 5:.5.1. continued 7

(A value of mode 'reference-to-long-lntegral' is on putput compatible

with a plcture th%t specifies the mode 'real' but n@t on input.) )

00) TFormats have a compiementary meaning on input and output, i.e. a given
value which is not a string with one or two flexible bounds, which has

been output successfully to the file, under control of a certain picture,
starting from a certain position, can be successfully input agein from that
file under control of the same picture, starting at the same position,
provided that the contents of the file are not changed in between; if the
picture does not contain a letter-k or letter-y as alignment, and the
picture does not contain any digit-frames or character-frames preceded by
letter-s, then the second value, obtained on input, is equal (approxumate-
ly equal) to the given value if this is a string, integer or truth value
(is a real value; output of this second value to the file has the same
effect on the contents of the file as output of the given value under

control of the same given picture and starting from one same position. }

5.5.2. Syntax of integral patterns

a) integral pattern{55e} : radix mould{b} option, sign mould{55e} option,
integral mould{d} ; integral choice pattern{f}.

b) radix mould : insertion{55d} option, radix{c}, letter r{302b}.

c) radix{b} : digit two{303d} ; digit four{303d} ; digit eight{303d} ;
digit one{303d}, digit zero{303d} ; digit one{303d}, digit six{303d}.

d) integral mould{a,553b,d,e} : loose replicatable suppressible digit
frame{55Im} sequence.

e) digit frame{55m} : zero frame{550} ; letter 4{302b}.

f) integral choice pattern{a} : insertion{55d} option, letter c{302b},
literal{55j} 1list pack. ‘

{Examples:
a) 2r6d30sd 3 12z+d ; zd"-"zd"-19"24 ;
lEOké}"mon","tues" "wednes" ,"thurs","fri","satur","sun") .

b) 2r ;
e) 23438 ;10 ; 16 ;
a) za"-"zd"-19"24

£) 120ke("mon","tues","wednes","thurs","fri","satur" ,"sun") }




5.5.2. continued

5

{If a given value is transput under control of an iptegral pattern

that begins with an integral-choice~pattern, then the iﬁsertion, if any,

i o T
N I

preceding the letter-c is performed, and,
a) on output, letting n stand for the integral value to be output, if

n > 0 and the number of literals in the constituent literal-list-pack
is at least n, then the n-th literal is written on the file; other-
wise, the further elaboration is undefined;

b) on input, one of the constituent literals of the constituent literal-
list-pack is required on the filej if the i~th constituent is the first
one present, then the value is ij; if none of these literals is present,
then the further elaboration is undefined;

‘c) finally, the insertion, if any, following the pattern is performed;

otherwise, on output (input) the value is edited (indited) under control

of the picture. }
5.5.3; Syntax of real patterns

a) real pattern{55c¢,556a} : sign mould{5511} option, real mould{b} ;
floating point mould{d}.

b) real mould{a,e} : integral mould{5.5.2,d}, loose suppressible
point frame{55m}, integral mould{552d}option ; loose suppressible
point frame{55m}, integral mould{5524}.

¢) point frame{55q} : point symbol{31b}.

d) floating point mould{a} : stagnant mould{el, loose suppressible
exponent fraﬁe{SBm}, sign mould{551}option, integral mould{552d}.

e) stagnant mould{d} : sign mould{551} option, INTREAL mould{552d,553b}.

f) exponent frame{55g} : letter e{302b}. 4

{Examples:
a) +12d4 ; +d. 11det+2d ;
b) d.11d 3 124 ;
d) +d.llde+2d ;
e) +d.11d } .

&

{If a va'ue is transput under control of a real-pattefn, théh~i£ is on

output editeu and on input indited under control of the picture. } ///




5.5.4. Syntax of boolean patterns '

a) boolean pattern{55c} : insertion{55d} option, letter b{302b},
boolean choice mould{b} option. ?

b) boolean choice mould{a} : open symbol{3ic}, literaik55g}, ' s
comma symbol{3le}, literal{55j}, close symbol{3le}. g

{Examples:
a) 1"result"ilxb ; b("","error") ;

b) (un, nerrorn) }

{If the boolean-pattern does not contain s choice-mould, then the
effect of using the pattern is the same as if the letter~b were followed
by (M1","0").

The insertion, if any, preceding the letter-b is performed, and,

a) on oubtput, if the truth value to be output is true, then the first
constituent literal of the constituent choice-mould is written, and,
othervise, the second; ‘

b) on input, one of the constituent literals of the constituent choice- }u
mould is required on the file; if the first literal is present, then |
the value true is found; otherwise, if the second literal is present,
then the value false is found; otherwise, the further elaboration is
undefined;

¢) finally, the insertion, if any, following the pattern is performed. } :
' 5.5.5. Syntax of character patterns

a) character pattern{55c} : loose suppressible character frame{55m}.

©; character frame{55q} : letter a{302b}.

{Zxample:

;»:.na }

£

{If a given value is transput under control of a picture whose con-

&4}

- Luent pattern is a character pattern, then on output "(input) the value

iz edifed (indited) under control of the picture. }




5.5.6. Syntax of complex patterns - ' o

P

&) COMPLEX pattern{Ség} : real pattern{553a}, loose suppressible by :
/] 3] { ,\ ' !

3 complex frame{55§}, real pattern{553al. b s
‘b) complex frame{55q} : letter b{302b}.

TR

o

c)* complex pattern : COMPLEX pattern. e

{Example: - ) %
a) 2x+.,12de+2d"+jx"si+.10de+2d } 4

{1f a'given value is transput under control of a picture whose con-
stituent patbtern is a complex pattern, then on output (inght) the velue is

edited (indited) under control of the picture. }
5.5.7T. Syntax of string patterns

a) row of character pattern{55c} : loose string frame{55m}‘;
loose replicatable suppressible character’frame{SBm} sequence proper ;
insertion{55d} option, replication{55g}, suppressible character
frame{55q}.

b) string frame{55m} : letter t{302b}.

{Examples:
a) 1t ; Sa3saba ; p'table,of"x10a }

{If a given value is transput under control of a picture whose pattern
is a row-of-character-pattern, then, if the pattern is a loose-string-frame,
then
a) the constituent insertion, if any, is performed:

b) on output, the given string is written on the file:

¢) on input, if the string has fixed bounds, then that number of
characters are read; otherwise, a string is read under control of the
terminatorstring referenced by the file (10.5.1.mm);

d) finally, the insertion, if any, following the pattern is performed;

otherwise, ' )

a) on output, the given string, which must have as many elements as the

number of characters specified by the format-item, is edited;

b) on input, the string is indited, }




5.5.8. Transformats

a) structured with row of character fleld letter aleph letter aleph trans-

format{7h1b} : firm format unlt{61e}. % ‘ '
{Example:. (x>0{f5df £5a"- "f)} '

{Transformats are used exc1u31vely ‘as actual~parameters of. formatted :
transput routines; for reasong of eff1c1ency, the programmer has dellberately

been made unable to use them elsewhere by the cholce of létter aleph.
Although transformats are not denotations at all they are handled

here because of their close connection to formats. }

5.5.8.1. Semantics

a) The format {2.2.3.4} posseésed by & given format-denotation is the

same sequence of symbols as the given format-denotation.

b) A given transformat is elaborated in the following steps:‘ K

Step 1: It is preelaborated {1.16.£} 3 ‘

Step 2: A formet-denotation is considered which is the same sequénce
of symbols as the format obtained in Step 1 5

Step 3: All constituent dynamic-replications {5.5.1.h} of the considered
format-denotation are elaborated collaterallﬁ {6.3.2.a}, where the
elaboration of a dynamic-replication is that of its constituent serial-
expression ; '

Step 4: Each of those dynamic-replications is replaced by an integral-
denotation {5.1.1} which possesses the same value as that dynamic-

replication if that value is positive, and, otherwise, by a digit-zero;

ae .

furthermore, every replicator which is empty is replaced by a digit-one
Step 5: That row-of-character-denotation {5.3} is considered which is
obteained by replacing in the considered format-denotation as modified in
Step 4 each constituent quote symbol by a quote image {5.3.1.4} and
the first and the last constituent formatter-symbol by a quote-symbol
Step 6: A new instance of the value of the considered row-of-character-
denotation is made to be the {only} field of a new instance of a struce
tured value {2.2.3.2} whose mode is that obtained by deleting 'trans-
format' from that notion endlng with 'transformat' of Whlch the given
transformat is a terminal productlon 5
Step 7: The transformat is made t0 -possess the strucﬁured value obtained

in Step 6.




6. Phrases

'{A.phrase isia declaration or a clause. Declara@ions may be unitary, ;
e.g. real x, or céllateral, e.g. real xz, y. Clauses iay be unitary, e.g.
we= T, collateralf €uga, (me= 1, y:= 2), closed, egg. (x + y) or condiﬁi%pu
al, e.g. Zf @ > 0 then x else 0 fi (which may be written(z > 0 | x | 0)).%3
Most clauses will be of a certain "sort", i.e. strong, weak, firm or sofbﬁ;
which determines how the coercions should be effected. The sort is g
"passed on" in the production rules for clauses and may be modified by

"palancing" in serial-, collateral- and conditional-clauses. }

6.0.1. Syntax

a)” SOME phrase : SORTETY SOME PHRASE {61a,62a,b,c,d,f,63a,6ka,c,d,e,
-TOa,BTa}o : :

b)* SOME expression : SORTETY SOME MODE clause {61a,62b,c,d,f,63a,
6ha,c,d,e,81a}.

¢)* SOME statement : strong SOME void clause {612,62b,63a,64a,c,e,81al).

6,0.2, Semantics

5) The elaboration of a phrase begins when it is initiated, it may be
"interrupted”, "halted" or "resumed", and it ends by being terminated or
completed, whereupon, if the phrase "appoints!a unitary-phrase as its
"successor”, then the elaboration of that unitary-phrase is initiated.

b) The elaboration of a phrase may be interrupted by an action {e.g.
overflow} not specified by the phrase but teken by the computer if its
limitations do not Qermit satisfactory elsboration. {Whether, after an
interruption, the elaboration of the phrase is resumed, the elaboration
of some unitary-phrase is initiated or the elaboration of the program
ends, is left undefined in this Report. }- '

¢) The elsboration of a phrase may be halted {10.lk.a}, i.e. no further
actions constituting the elaboration of that phrase take place until the

elsboration of the phrase is resumed {10.k4,b}, if at all.

&




6,0.2. continued

d) A given clause is "protected " in the following stéps:
Step 1: If the given clause contains a defining occurrence {h.1.2.a}(en
indication-defining occurrence {4t.2.2.a}) of a termﬁnal production of a,aofv»
&maﬁ?am,°1dentlfier' ('indication') which also occurs outgide it, then that i
defining (1ndlcat10n—def1n1ng) oceurrence and 8ll occurrences identify- *
ing it are replaced by occurrences of one same terminal production of fﬁzfﬁﬁéﬂv

-

ErohTETer et eaonS vhich does not occur in the program and

Step 1 1s taken; otherwise, Step 2 is teken; :
Step 2: If the given clause contains an operator~def1n1ng ocecurrence '
& ndlisys Lrding )
{k.3.2.a} of a terminal production ofA'{hdlcatlon' which also occurs o
outside it, then that operstor-defining occurrence and all occurrences :
identifying it gre r%placed by occurrences of one same new terminsl

) Wl
production of EFEEEaiddd which does not occur in the program and ,

Step 3 is teken; otherwise, the protection of the given clause is

complete; . ki,

Step 3: If the indication is a égzégiﬁghindication, then Step U4 is taken;
otherwise, Step 2 is taken;

Step 4: A copy is made of the prlorlty—declaration containing the
indication which, before the replacement in Step 2, was identified by
that operator-defining-occurrence; that indication in the copy is

replaced by an occurrence of the new terminal production; the copy, thus -

modified, preceded by an open-symbol and followed by & go-on-synbol,

is inserted preceding EF the given clause, a close-symbol is inserted

following the given clause, and Step 2 is taken.

{Clauses are protected in order to allow unhampered definitions of
identifiers, indications and operators within ranges end to permit a
meeningful call, within a range, of a procedure declared outside it. }

{What's in a name? that which we call a rose
By any other name would smell as sweet.

Romeo and Juliet, William Shakespeare. }




6.1. Serial clauses

A {Serial—clauses are built from unitary-clauses and declarations
with the help of govpn—symbola (;) and complet10n—sym§ols . or exit),
Coge, (&> 0 | we= Z | 2); y. L: y + 7 , where the Value of the clause
is y, if x > 0 and y + 7 otherwise. A serial-clause may begin with a
declaration-prelude, e.g., int n:= 7; in znt ni=1; x:=y + n . Labels
may appear in only three syntactic positions within serial-clauses:
after a completion-synmbol (here a label is obligatory, e.ge, .L:), in
& sequencer (e.g., ;1¢, or at the beginning of a clause-train (i.e. one
or more unitary-clauses separsted by Sequencers, e.g., L: x:= 13 yi= 2).
.A declaration-prelude may contain constituent void-clauses (statements),
but 1t does not begin‘or end with one, (e.g., [7 : nlreal X1; for i
to ndo 1l¢l:= © % 7; real y;), however, these void-clauses may not be
labelled. A preface or a prelude aslways ends with a go-on-symbol. The
modes of some serial-clauses must be balanced (6.1.1.g). For remarks
concerning the balancing of modes see 6.4.1. } -

EAA Spitax | |
a) SORIETY serial CLAUSE {21d,55h,63a,6kb,e} ¢
declaration prelude{b} option,— |
| suite of SORIETY CLAUSE trains{f,g}.
b) declaration prelude{a,21b,c} : chain of declaration~7"
}prefaces{c},separated by statement interlude{d} options.

c¢) declaration preface{b} :—
\unitary declaration{70a},go on symbol{31f} ;
collateral declaration{62a}, go on symbol{31f}.
d) statement interlude{b} : chain of strong void units{e}
separated by go on symbols{31f}, go on symbol{31f}.
e) SORIETY MOID unit{d,i,558a,62b,c,e,h,71t,74b,831F,861n,1} :
SORTETY unitary MOID clause{81a}.
f) suite of STRONGETY CLAUSE trains{e,g}
chain of SITONGEHY CLAUSE trains{h} separated by completers{l}.
g) su%ge of‘i@ﬁﬁﬁ CLAUSE trains{a,gl} : E%EM CLAUSE train{n} ;
FERN CLAUSE train{h})canpleter{1l},—
| sulte of strong CLAUSE trains{f} ;
~ strong CLAUSL train{h}, completer{l},—q
suite of fﬁ» 7 CLAUSE trains{gl.

.....



6.1s 1. continued

a)

b)
c)
a)
e)
£)

h)

i)
3)
k)
1)

SOR”ETY MOID clauge train{f,g} : label{kl} sequence option,
statement - preluge{l} option, SORTETY MOID unit{e}w_
statement preludegh} : chain of strong void units{é%
separated by se&;uencers{,] }, sequencer{jl. B
sequencer{L} go on symbol{31f}, label{k} sequence option‘
label{h,j,1,21d} : label identifier{lib}, label symbol{3le}e
completer{f,g} : completion symbol{31f}, label{k}.

{Examples: S ‘

real a =0 ; 11: 18: @ t=a+1; (p | 13) ;
(x>0123lm.-—1-x) ﬁ@g.~£3. =y o+ T true

real a =0 ; ’

real a =0 3 int i, J 3 3

xz =0 ; (in real @@= 0 ;_23312 y3)s

17: 12: 2 t=a+17; (p | 13); —
(x>0 118 | & :i=1=x); false, 18: y =y + 1 ; true
17: 12: w=a v 1 (p | 18) 5— | ‘
{ (x>0 |18 | x:=1=wx; false
z=a+1; (pl|l13); (>0 18 ]|x:=1«x)
3 L4: 15: | '
14 3
. 13: ) ]

e

6.1.2., Semantics

a) The elaboration of a serial-clause is initisted by protecting it .
{6.0.2.4} and then initiating the elaboration of its textually first

constituent unitary-phrase.

b)

The completion of the elaboration of a unitary-phrase preceding a
go-on-symbol initiates the elaboration of the textuslly first unitary-

phrase after that go-on-symbol.

c)
B

The elaboration of & serial-clause is

intérrupted (halted,iresumed) upon the interruption (halting, resumptibn)

of a constituent wniltary-phrase

£= terminated upon the termination of the elaboration of a constituent
unitary-phrase appointing a successor outside the serlal-clause, and that

SRR

successor {8.2.7.2.b.Step 2} is appointed the successor of the serial-clause.




6.1.2, continued:

M

) The elaboratlpn of a ser1al~clause is completed upon the completion -
of the elaboratlon of its textually last constltuein unitary-clause or off s

that of a constlt?ent unitary-clause preceding a completer. ’1;

€) The value of a serial-clause is the value of that constituent unitaryné,
clause the completion of whose elsboration completed the elsboration of

the serial-clause provided that the scope {2.2.4.2} of that value is larger
than the serial-clause {; otherwise, the value.of the serial-clause is

undefined},

{Iny := (x = 71,2 ; 3.4), the value of the serial-cflause .x := 7.2 ; 3}4'

is the real number possessed by 3.4, In xz := (real v := 0.1 s r), the value
of the serial-clause real r := 0.7 ; r is undefined since the scope of the@
name possessed by r is the serial-clause itself, whereas, in y := (real r .%

= 0,7 ; r), the serial-clause real r i= 0.1 ; r possesses a real value.} ‘

6.2, Collateral phrases

{Collateral-phrases contain two or more unitary-phrases separated by .
comma~-symbols (, or comma) and, in the case of collateral-clauses, are '
enclosed between an open-symbol (( or begin) and a close-symbol (( or end),
e.gs (% i= 1, y 1= 2) or real =, real y (usually real x, y, see 9.2.c).

The values of collateral-clauses which are not statements (void-clauses)
are either of multiple or of structured mode, e.g., (7.2, 3.4) in [lreal x7
= (1.8, 3.4) end in compl z := (1.2, 3.4). Here, the collateral-clause
(7.2, 3.4) &Cquireslxhe mode 'row of real' or the mode {COMPLEX'.

Collateral-clauses %hose value is structured must contain at least two

fields, for, otherwise, in the range of struct m = (ref m m) ; m nobuo,

yoneda, the assignation nobuo := (yoneda) would be .ambiguous. In the
range of struct r = (real a) ; r r, the construction » := (3,74) is not

an assignation, but a of r i= 3,74 is, It is possible to present a single

velue or no value at all as e multiple value, e.gs [Ireal x1 := 5't]rea2 y7

Js

but this involves a coercion known as - rowing; see 8.2.6.}

&

6.2.1. Syntax

a) collateral declaration{6ic} 35—
l unitary declaration{YOa} list proper°




6.2,1. continued

b) strong collateral void clause{Bld} : parallel symbol{Ble} option,

strong void u,nit{6ie} 1ist proper pack. '
1
{

Y

s
i

5

¢) strong collateléal row of MODE clause{81d} i)
parallel synbol{3le} option,—
1 strong MODE unit{6le} 1list proper pack.
d) ¥BAT collateral row of MODE clause{81d} :
~ parallel symbol{3le} option, FEAT MODE balance{e} pack.
e) FEAT MODE balance{c} : FEAT MODE unit{6le},
comma symbol{31b}, strong MODE unit{6le} list ;
strong MODE unit{6le}, comma symbol{31b}, FEANT MOLE unit{6le}.
strong MODE unit{6le}, comma symbol{31b}, FEAT MODE balance{el.
£) strong collateral structured with FIELDS and FIELD clause{81d} :
parallel symbol{3le} opticn, |
strong structured with FIELDS and FIELD structure{g} pack.
g) strong structured with FIELDS and FIELD structure{f,g} : ;
strong structured with FIELDS struétur'e{g,h}, comma symbol{31b},
. strong structured with FIELD structure{h}. ;‘
n) strong structured with MODE named TAG structure({g} :
strong MODE unit{6le}. |

{Examples:
a) real x, real y ; (and by 9.2.¢) real ®, y ;

b) (x =1,y =2, 3= 3)
¢) (=, n) | ‘ ‘
d) (7.2, 3, 4) (in (1.2, 3, 4) + x1, supposing + has been declared also

for ‘'row of rfaal') :
e) (1.2, 8, 4) (in (1.8, 8, 4) + x1); (1, 2.8) (in (7, 23) + x1) 3
(1, 2.3, 4) (in' (1, 2.3, 4) + 1) -
£) (7, 2,3) (in 2 = (7, 2.3))/;
g) 1, 2.3 ;
h) 71}

6,2.2, Semantics

f«)mf;l‘uentf of ai _occyreence of a
8) If remambreealTrorestih f=g=pven terminal production of & notion

are "elaborated collaterally”, then this elaboration is the collateral action

{2,2.5} consisting of the {merged} elaborations of these constituents, and is

& TKA tag b ;
Blatnstasbl  MATHEMATISCH CEMTRUM
AMSTERDAM

4

Mo




6.2.2, continued

initiated by initiating the elaboration of each of these constituents,

interrupted upon the interruption of the elaboration of any of these
consbituents,

completed upon the completion of the elaboration of all of these
constituents, and

terminated upon the termination of the elabbraxion'of any of these
constituents, and if that constituent appoints a successor, then

this is the successor of the given terminal production.

b) A colliateral-declaration is elaborated by elaborating its constituent

unitary-declarations collaterally {al}.

¢) A collateral-clause is elaborated in the following steps:

Step 1: Its constituent units are eleborated collaterally {a}

Step 2: If the notion generating {1.1.6.c.vii} the collateral-clause
envelopes {1.1.6.j} a mode, then this mode is considered and Step 2
is taken; otherwise,{it envelopes 'void' and} the elaboration of the

-clause is complete;

(‘
O

¥

—t
QJ
ct

®
=3
W
}”_1

Step 3: I the considered mode begins with 'row of', then Step U

ig taken; otherwise, new instances of the values obtained in Step 1 are

made, in the given order, to be the fields of a new instance of a struc-

tured value {2.2.3.2.} . i. 3 this structured

value 1z considered and Step 6 is taken ;

Step L: If the velues of the units obtained in Step 1 are names {2.2.3.5}
one or more of which refers to an element or subvalue having one or more

tates {2.2.3.3 ' equal to zero, or if the values of these units are

e

multiple values, nct all of whose corresponding upper (lower) bounds

@

ore equal, then the further elaboration is undefined; otherwise,. Step 5

s
v

ken 3

Fie
o
o

5: A new instance of a multiple value,

o

ok

6]
K3

is created as follows:
let "m" stand for the number of constituent units in the collateral-
clause ;- )
1f the values obtained in Step 1 are not multiple values,
then its element with index "i" is a new instance of the value of

the i-th constituent unit and its descriptor consists of an offset

1 and one quintuple (1,m,1,1,1) 3




4

6.2.2, continued 2

F1

otherwise, Zthose velues are multiple values and the elements :
with indices (1 = 1) X r + 3, j = 1, «es, r of the new value, where *

r stands for the number of elements in one of those values, are new i

instances of the elements of fhe value of the i-th constituent unit

and the descriptor of the new value is a ‘copy of the descrlptor of

the value of one of the constituent unlts into which an addltlonal

quintuple (1,m,1,1,1) has been inserted in front of the old first

guintuple, the offset hasvbeen set to 1, dn has been sebt to 1, and,

for 1 = n, n=1, «ss ,2, the stride d: has been set to (ui§-1i§+1)§xfdi§;

this new multiple value is considered and Step 6 is taken 5 ' '

Step 6: The value of the collateral-clause is the considered value; its mede
= pmode /s the (wz:/aég?c{ m0ele .,

6.3, Closed clauses*®

{Closed~clauses are geﬁerally used to construct primaries (8:1.1.d4)
from serial-clauses, e.g. (x + y) in (x + y) x a. The question of
identification (Chapter 4) and protection (6.0.2.d) may arise in closed-
clauses, because a serial-clause is a range (ko1.1.e) and it may begln

with a declaration-prelude (6.1 1.a)

6.3.1., Syntax ‘
AN

a) SORIETY closed CLAUSE{81d} : SORTETY serial CLAUSE{6la} pack.

i
{Exemples: . |

a) begin < =4+ 1 ; =g+ Tend 3 (x+ y) g
6.3.2, Semantics -
The elaboration of a closed-clause is that_of its serial-clause,

and its value is that, if eny, of its-serial-clause.

F

Gskh. Conditional clauses

{Conditional-clauses allow the programmer to. choose one out of &




6.4, continued

. pair of clauses, depending on the value (which is of mode 'boolean')
~of a condition, e.g, (@ >0 | & | 0). Here, 2 > 0 is the condition..
If the condition is true, then the wvalue is @3 otherwise, it is 0.
Conditional~clauses are generalized in the extensions 9.k4.a,b,c, e.g.
if @ > 0 then x elsf '« < =1 then —(x'+ 1) else 0 fi, which has the
seme effect as (® > 0 | @ |(x < =7 | =(x + 7)| 0))., Unlike similar
constructions in other languages, condlitional-clauses are always
enclosed between an if-symbol, x:epfresented by 2f or by (, and a i~
symbol represented by fZ or by J. This enclosu:reialﬂows both parts

of the cholce~clause and the condition to contain Serial-clauses. }

6.ho1, Syntax

2) SORTETY conditional CLAUSE{81d} : if symbol{31€},
 condition{b} s SORTEIY choice CLAUSE{c,d}, fi symbol{3le}. |
b) condition{a} : strong serial boolean clause{6la}.
¢) STRONGETY choice CLAUSE{a} : | .
STRONGETY then CLAUSE{e},  STRONGETY else CLAUSE{e} option.
d) TEAT choice CLAUSE{a} : -
- FEAT then CLAUSE{e}, strong else CLAUSE{e} option j
strong then CLAUSE{e}, FEAT else CLAUSE{e}. '
e) SORIETY THELSE CLAUSE{c,d} :
. THELSE synbol{3le}, SORTETY serial CLAUSE{6la}l.

{Examples: E
a) (x>0 | x| 0) ; 2if overflow then exit fi ;
b) x> 0 ; overflow j |
c) x| 0; then exit ;

d) (x>0]x|0)(in(m>0laé10)+y);
e)tlic;lt?;__t_lg_e_@_exit}

{Rule d illustrates the necessity for the "balancing" of modes
(see also 6.1.7.g). Thus, if a choice~clause is, say, firm, then at

least one of its two constituent clauses must be firm, while the othexr
mey be S‘trO‘;‘lg@ For example, in (p | « | skip) + (p | skip | y), the
conditional~clause (p | @ | skip) is balanced by making | 2 firm and -
| skip strong, whereas (p | skip | y) is balanced by making | __s]_c_'_L_E
strong and | y firm. The example ( p | §__7§_7£f skip) + y illustrates




6.4.1, continued ' ' .

that not both mey he strong, for otherwise the operat@r + could not be

’L

identified. }

T

t
1
T
1
)
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6.4,2, Semantics

a) A condltlonal-clause is elaborated in the follow1ng steps:
Step 1: Its condition is elaborated 3
Step 2: If the value of that condition is true, then the then-clause
and othérwise the else-clause, if any, of its choice-clause is considered ;

Step 3: The serial-clause of the considered clause, if sny, is elaborated ;
Step 4: The value, if any, of the conditional-clause, then is that of the

clause elaborated in Step 3, if any.

b) The elaboration of a conditional-clause is
interrupted (halted, resumed) upon the interruption (halting, resumption)

il

of the elaboration of the condition or the considered clause 5
&5 completed upon the completion of the elaboration of the considered

clause, if any; otherwise, completed upon the completion of the

elaboration of the condition
$E5 terminated upon the termination of the elaboration of the condition
or considered clause, and, if one of these app01nts 8 successor, then

this is the successor of the conditional-clause.




7. Unitary declarations

{Unitary-declarations provide the indication-defining occurrences

ey . . ' N : v 70
of mode-indications, e.g. string in mode string = [1:flexlchar and.ga&eaﬁdgadbc“

S=indications, e.g. plus in priority plus = 1, e defining occurrences of
~«defining ocecurrences of

mede-identifiers, e.g. x in real x, and the operato
operators, €.g. abs in op abs = (int a) int¢:f(a§§f0‘{,¥as{fé). Declarations

occur in declaration-preludes (6.1.1.b)s}

7.0.1. Syntax

a) unitary declaration{61c,62a} : mode declaration{72al} ;
priority declaration{73a} j identity deClaratiQh{7ha}';’_f

operation declaration{75a}.

{Examples:

a) mode string = [1:flexlchar ; priority plus = 1 ;

int m = 4096 ; op + = (real &, b)int : round a % round b }

7.0.2. Semantics

A;j?Zentifier 85 (operator SES¥) which was caused to possess &
velue by the elaboiatioh ogwgeéeclaration containing the defining (operator-
defining) occurrence of thatyidentifier (operator) is caused to possess an
undefined value upon termination or completion of the elaboration of the

smallest range {U.1.1.e} containing that declaration.
i
T+1. Declarers

{Declarers are built from the symbols int, real, bool, char, format,

with the assistance of such symbols as lonz, ref, [ 1, struct, union
y frwbtwin == - B wdbwaudi¥: 9 3 9

and proc. A declarer specifies a mode, e.g. real specifies the mode 'real'.
A declerer is either a declarator or a mode~indication, e.g. compl is a

£
mode-indication and not & declarator. Declarers are classified as actual,

Tormal or virtual depending on the kind of lower- and upper-bounds which

are permitted. Formal declarers‘have;thEVgreatest freedom in this respect,




T«1. continued

ke

e.ga, L1:inlreal, [1:flex]real, [1 teitherlreal and []reai g‘ all, formal ,

but only the first two awe actual and only the last ¥ virtual.}

wa"e S gk

T.1. 1. Syntax

a) ™ declarer : VICTAL MODE declarer{b}.
b) VICTAL MODE declai"ei'{h,l,m,n,o,w,y,z,Shc,d,g,’TZa,BSVb,c} :
VICTAL MODE declarator{c,d,e,k,l,m,n,0,v,y}
MODE mode indication{Lzb}. )
¢) VICTAL PRIMITIVE declarator{b,d} : PRIMITIVE symbol{31d}.
d) VICTAL long INTREAL declarator{b,d} :
long symbol{31d}, VICTAL INTREAL declarator{c,d}.

{Examples:
b) real ; bits ; .

¢) int 3 real ; bool ; char ; format ;

d) long int ; long long real }

e) VICTAL structured with FIELDS declarator{b} :
‘structure symbol{31da}, VICTAL FIELDS declarator{f,hkfpack.

£) VICTAL FIELDS and FIELD declarator{e,f,kl} :
VICTAL FIELDS declarator{FPL,ﬁ'}, comma. symbol{31e} VICTAL FIELD declarator{h 4.
g)* field declarator : VIKABL FIELD declarator{h}%S.
h)  VICTAL STOWED {UZQEZJAG declarator{e,f}:
VICTAL STOWED declarer{b}, SRWED .fitlh TAG selector{g}.
i)* field selector : FIELD selector{j}.

j) MODE nemed TAG sélector {h,852a} TAG{302b,41c,d}.
k) ¥ICTAL NOOLSTQWED"{CEH’"TA@ declarator{e,f}:

Vel NONSTOWED: dzc&»mi@y NONSIOWED. ﬁe?d .Jm(s.xsektm {d'&.

’ {Sw«qa : ‘ ’
@) st (Mw [4: n]?l@zrg/ﬁ?@%ﬁW) '

F) Sl Wl Tavnl sl lma%w—’/’m 5
4) WJ%!% pagiss

(}) Tt

ﬁ) mtpm §




T.1.1. continued 2

{Rule hand k, together with 1.2.1.r,s,t,u,v and 4.1.1.c,d leads to

an infinity of prodyction rules of the strict language, thereby ensabling

the syntax to "transfer" the field-selectors (i) into the mode of structured

values, and making it ungrammatical to use an "unknown" field-selector in a

selection (8.5.2). Concerning the occurrence of a given field-selector more

than once in a declarer, see 4,4.3, which implies that struct(real x, int x)

is not a (correct) declarer, whereas struct{real x, struct(int x, bool p) p)

is. Notice, however, that the use of a given field-selector in two different

declarers within a given reach does not cause ambiguity, Thus, mode cell =

struct (string name, ref cell next) and mode link = struct(ref link next, ref

cell value) may both occur in the same reach. }

1) VIRACT reference to MODE declarator{b} :
reference to symbol{31d}, virtual MODE declarer{b}.
Mﬁjw formal reference to STOWED declarator{b} !
reference to symbol{31d}, formal STOWED declarer{b}.
n) formal reference to NONSTOWED declarator{bl}
reference to symbol{31d} v1rtual NONSTOWED declarator{b}
{Examples..
1) ref[lreal ;
m) refl1:Jreal ; refl1:either, 1:flexlreal
n) ref ref(lreal }

{Rules 1, m and n imply that, for instance, ref[1:eitherlreal x may be

a formal-perameter (5.4.1.f), whereas ref ref[1:eitherlreal x may not.}

o) VICTAL ROWS structured with FIELDS declarator{b} :

sub symbol{31e}, VICTAL ROWrower {9,r}, bus symbol{3le},
VICTAL structured with FIELDS declarer{b}.

p) VICTAL ROWS NONSTOWED declarator : .
sub symbol{31e}, VICTAL ROWS rower {9,r}, bus symbol{31e},
virtual NONSTOWED declarer{b}
q) VICTAL row of ROWS rower{o,p} S I

r)

s)
t)

VICTAL row of rower{ql}, comma symbol{31e} VICTAL ROWS rower{p,ql.
VICTAL row of rower{o,p} :

VICTAL lower bound{r,s,u}, up to symbol{31e} VICTAL upper BOUND{r s,ul.
virtual LOWPER bound{q} : EMPTY.
actual LOWPER bound{g}: strict LOWPER bound{t} ;

strict LOWPER bound{t} option,; flexible Symbol{31d}.

PR
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T.1.1. continued 3

W) strict LOWPER bound{s u,861¢} :~strong integra; unit{éie}q

V) formal LOWPER bound{ql} : : o B
strict LOWPER bound{t} opt:.on flex:.ble sym’bol{31d} optlon'
strict LOWPER bound{t} option,. elther symbol{31d} k o

o | |

o) [ mlc/ﬁuc('(id ﬁn]uala)w/f‘/g)

p) [1.m,1.n]ﬂ[_}y_4 3

g) 1mm,l:in;

Yooty _ ” o S )

t) my m flex ; flex 3 _ZMW»:aﬁmMMm

W) m g ‘ T/fédm/é@h:&?

V) m flex i either}

{The flexible-symbol, either-symbol, strict-lower~bound end
strict~upper-boun§[§erve to prescribe states and bounds of“zhltlple
valueg possessed by]actual—parameterg. The flexible-symbol in ref
L1:flex]cher s = t prescribes that & name referring to a multiple
value with upper state O (i.e. the upper bound may vary) will be
possessed by s; the either-symbol in refl 1:n eitherlchar s =t
prescribes that that upper state is either 0 or 1 (i.e. the upper

bownd may be variable or fixed) and the absence of both flexible-

symbol and either-symbol in refl 1:inlchar s = t prescribes that that
upper state is 1 (i.e. the upper bound must be fixed). Independently,

n in ref(1:n eitherlchar s = t or in refl1:inJchar s = t prescribes

that & name referring to a multlple value whose upper bound equals
the value of n will Dbe possessed by.s, if, in the first example, the
upper state is O, t%en that upper bound may well be changed later on -
by an assignation. The absence of a strict-upper-bound in refl[1:flex]
char s =t does not restrict the upper bound in that way. Similar
remarks apply to strict-lower-bounds. The flexible~syﬁbol, strict-

lover-bound and strict-upper-bound serve a similar role in generators

(8.5)}

W) VICTAL PROCEDURE declarator{b} :

procedure symbol{31d}, virtual PROCEDURE plan{5ke,d}.
¥) virtual MODE parameter{Shc,e} : virtual MODE declarer{b}.
My)w parameters pack : VICTAL PARAMETERS{W,She,f,Thb}.pack.




L I

Te1.1. continued 4

{Examples: .
w) proc ; prog(real, int) ; proc(real)bool ;
X) real } , ' -

z) VICTAL woncen of MOODS gaued PHOOD sroctle dbeluraloy (6f
Lvoton d/ Wo’( Z-?/@//) MoOD S ard 17000 recl 0882 'vaﬁ[mjfw’('
ﬁqj /_/I/aom;crr /700D gnol dpen SoX (2, ¢éccf ! ’
LHOODET Y dloted 100D end Box {#6,ccf .
bY) 1400 DSETY  clrsesl LOSETy 100D el Gox e, 8°F CEh s
(M ODSETY closeal LOSET Y MODD cned 100D eresl dox (4615
LMEODSET Y fons LOSETY cod el box faa, Al f,
CNLIO0DSETY cloted LOSETY 17000 Emel 11007 aued SOX (%3S

[ MOoDSETY dased LOSETY 17007 sredd MOCD end BoX {66 ccfs .
LMOODSETY dhhgool LosETs Moo @l 170D encd MOOT aumecd BX feef ;
LMo PSETy tpewns LOSETY /7000 nd MM00T ctnd ,6’0){ /4‘7/‘?’5/fy

od Moods and tocp Box { 4, cc, Ff ¢ |
4 ”7’;;/ 110605 and box [dd,eef, loswra M C{3r¢f, 17600 Ba‘x gz fe

@) on Mo0D and box fAf o #1000 bxiggfe

//j A7o0ns aw/vMao,/D box fanf: | -

Usr.eom y %/pl’ (df > W'/fdaﬂf Geedd A7000  Hax /2 f /\MZ f
Unim (f MO asnd 17000l Godicalions froéfe
/// MooD Bex fddeef; tprleal 100D abcteren (8

o { Srmeplas | -

r) dnione (Ved , trion (bZ, boel ), tirttin (2, 12) ;
lorors (., teriion (bool, sl ) (o3 M 2ack of porm 2= (204, 5L ).
Gt M ot for. Morlon”, W illginl 5 Yok il 7, A Yo Gt

Prerl ,Z—Zé'z_/ ”/51 ﬁw7 He M/iagﬂoﬁﬂ’w '254,,4'22 //42/41'// LALAzY

CA2AEY 2ALh and WAAL, Lok exenplis ae of A avilid =

Celial— n Lol dtrmens —4f - L8]~ srpede ~ aéo{&@a/. Re

thostes ofin [60r7 in GH senclifeienl aedts franicelly mbiend

bt f oo chootss s Ginvornzal crdirny Jall modss serliedss a

MW,&“%%% G apB g5 tud 1200546 clohol oo |

g ambigiils (S 1.44.0). F Bllids fou b’y O s cload,
/ / Py

E for g / %
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T.1.2. Semantics

a) A given declarer specifies that mode which is obtained by deleting
'declarer' and the terminal production of the metanotion 'VICTAL' from
that direct production {1.1.2.¢} of the notion 'declarer' of which the

given declarer is a production.

b) A given declarer is developed as follows:

Step: If it is, or contains, a mode-indication which is an’actual declarer

or formal-declarer, then that indication is replaced by a copy of the
actual-declarer of that mode-declaeration {7.2} which contains its indication-
defining occurrenceg{h.Q.Z.b}, and the Step is taken; otherwise, the develop-

ment of the declarer has been accomplished. }

{A declarer is developed during the elaboration of an actual-declarer

(e¢) or identity-declaration (7;§¢2.Step 1)}

c) A given actual-declarer is elaborated in the followéng‘steps:

tep 1: It is developed {b} ’ A ‘

Step 2: ff it now begins with é structure symbol, then Step 4 is taken;
otherwise, if it now begins with a sub-symbol, then Step 5 is taken;
otherwise, if it now begins with a union-of-symbol, then Step 3 is taken;

otherwise, & new instance of & value of the mode specified {a} by the

given actual-declarer is considered and Step 8 iz taken
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T.1.2. continued ,

Step 3: Some mode is considefed'which does not begin with 'union of!

and from which the mode Speleled by the given actual-declarer is

united {4.4.3.a}, a new instance of a value whose scope is the program - §

and which is of the considered mode is considered and Step 8 is taken ;4"3
Step L: A1l its constitﬁent actual~declarers are elaborated collaterally

{6.3.2.a}; the velues referred to by the values'{names} of these actual-

declarers are made, in the given order, to be the fields of a new

instance of a structured value of the mode specified by the given

actual-declarer; this structured value is considered, and Step 8 is

taken , | "
Step 5: All its constituent strict-lower-bounds and striet-upper-bounds -

are elaborated collaterally ;
Step 6: A _descriptor {2.2.3.3} is established consisting of an offset 1

and as many quintuples, say "d", as there ate constibuent actual-row-of-

rowers in the given declarer; 'if the i-~th of these actual-row-of-rowers

contains a strict-lower-bound (strict-upper-bound), then 1; (ui) is set

equai to its value; otherwise, 1i (uj) is undefined; if the i-th of these

actual-row-of-rowers contains an actual-lower-bound (actual-upper-bound)

which is or contains the flex1ble«symbol then s; (t;) is set to 03

otherwise, sj (t ) is set to 1; next d, is set to 1, and, for i = n, ; :
' 1n-1, ... , 2, the stride dj_q is set to (u; -~ 11 + 1) x dj ; :
*Suep T: The descriptor is made to be the descriptor of a nmltlple value

of the mode specified by the glven actual~a°clarer, e=fe==? its elements o
e obhuned ad follows : 9ﬁﬁﬁtﬁufcuudﬁﬁhd“akxéan ﬁﬁ%§;kwhv auﬁka/iaécﬁiun b ‘ %
- qelual aé'c/mm Hies & 2y 4//%2’2(a¢ym&pf/2?4neg and ael ofbsment o & Aces b

is a new instance of some value of some mode {not beglnnlng w1th 'union
of ' and} such that the mode specmfled.by the last constituent virtual- ;
declarer is or is-.united from {4.4.3.a} it; this multiple value is Sy
considered ; \ :

Step 8: A name {2.2.3. 5} dlfferent from all other names and whose mode ;
is 'reference to' followed by phe mode specified by the actual-declarer, ' _ -
is created and made to refer to the coﬁsidered value; this name is the ”

value of the given actual-declarer.
. Ty et e

7.2 Mode&declafations

v,. . » v I ‘ 4 * 3 .
{Mode declarations provide the indication-defining occurrences of mode-

indications, which act as abbreviaﬁions for declarers built from primitive

symbols, e.g. mode qtrlng =[1: flex]char, giéstruct(strlno title, ref book next).




7,2; conbinued

In this last example the. modeulndlcatlon is not Only & convenlent

ebbreviation but 1t 19 essential to the declaratlonﬁ.}if‘

T:2.7. Syntax

&) mode declaration{70a} : mode symbol{31d}
MODE mode indication{lob}, equals symbol{31c}
actual MODE declarer{71b}.,

{Examples: ’
a) mode string = [1:flexIchar '
struct compl = (real re, im) (see 9.2.b,c) ;
union primitive = (int, real, book, char, format) (sge 9.2.b) }

7.2.2. Semantics

The elaboration of a mode-declaratlon 1nvolves no action.
{see 4.b.h.c concerning certain mode—declaratlons, e.g. mode a=a,

which are not contained in proper progreams.}

T.3. Priority declarations

{Priority-declarations provide the indication-defining occurrences of
;é;z%héékindications, e.gs Q;in priority o = 6, which may then be used in the
declaration of dyadic operations. Priorities from 1 to 9 are available.

Since monadic-operators have efféctively.onl& one, priority level (8.k.1.g),
which is higher thaq that of all dyadlc~operators, thefg do not appear 1n

pri orltyudeclaratlons I

T.3s1. Syntax

a) prioriéy declaration{70a} : priority symbol{31d},
priority NUMBER 1ndlcat10n{h2e} equals symbol{3ic},
NUMBER token{b,c,d,e,f,g,h,i,j}. :

b) one token{al} : dlglt one symbol{31b}. -

c) TWO token{a} : digit two symbdl{31b}

d) THREE token{a} : digit threé symbol{31b}




T.3. 1. conbtinued

e) FOUR token{a} : digit four symbol{3Tb}. -
f) TFIVE token{a} : digit fivefsymbol{31b}f"?f, S
g) SIX token{al : digit Sii éyﬁbol{31b}.'v:  4

h) SEVEN token{a} : digit sé%en'symb¢1{31b},'7‘,

i) EIGHT token{sa} : digit eight symbol{31b}. .. .
j) NINE token{s} : digit nine symbol{3Tb}.

{Example:

a) priority + =6}
7.3.2. Semantics :

The eleboration of a pridrity;declaration‘involVes no action.
{For e summary of the standard priority-declarations, see the remarks in

7.4. Identity-declarations
{Identity-declarations provide &= defining occurrences o§4identifiers,
e.g. X in real x (which is an abbfeviétion of ref real x = loc real, see
9.2.a). Their elaboration causeqﬂidentifiers to possess values; in:ﬁima.ﬁkmb’
S==mtsyy X 1s made to possess a name which refers to some resl valued}

T.4.1. Syntax

a) identity declaration{70a} : formal MODE parameter{sﬁyé,
equals symbol{31c}, actual MODE parameter{b}.
b)  actual MODE parameter{a,th,e,75a;862a} s
strong MODE unit{61e} ; MODE local generator{851b,~} ;3
MODE local assignation{831b,~} j MODE transformat{55®a,~} .

2.718281828450045 5 int e = abs i
real & = re(z x conj z) . ref[,Jresl al = al,:k] ;.
ref real xlk = x1[k] ; compl unit =1 3 - -

{Examples: : S o

it

a) real ‘e

proc int time = clock + cycles ;




7.441. continued .

(The following declarations are given first without, and then with,
the extensions of 9.2) - - o ‘ b

ref real x = loc real ;3 real X }

ref int sum = loc int = 03 int sum := 0 H .
‘ref [,lreal a = loc[1:m,1:n]real = x2 3 [T:m,1inlreal a’:=‘x2 3

 proc(real)real vers = ((real x)real : .1 - cos(x}) ;

proc vers = (real. x)real T cos(x)';

ref proc(real)real p = loc proc(real)real 5

proc(real)real p ;

£ proc{real)real q = loc_prCC(real)realyf=‘
((resl x)real : (x>0 | x| 1))
‘proc q := (zeal x)real : (x >0 | x| 1) 3 |
b) ebs i 3 loc real ;-loc int = 0 3 g}d.11d§+2@§ 1.

"

.

7.4.2. Semantics

" An identity-declaration is elaborated in the following steps:
Step 1: The formal-declarer of its formal-parameter is developed
{7.1.2.p} ;
Step 2: Its actual—narameter and gll E&===—== strict-lower-bounds
and str1ct—upper~bo€%§gwé§ thet formal-declarer, as possibly modified
in Step 1il§re elaborated collaterally_{6,3.2.a};ﬁ§§ if the value of

the actual-parameter is a name, then the value to which that name refers,

or otherwise the value itself, is considered ; g

Step 3: If the considered value is an element or subvalue of a mulbtiple
value {2.2.3.3} having one or more states equal to zero, then the ‘ -
further elaborationais undefined; otherwise, EEEs=ESs—rmmrr—e

Step 4: If the considered value is not a multiple value, then Step T
is taken; otherwise, if the value of the,actual—parameter is not a
name, then Step 6 is taken j o

ngtamu( m
Step 5: For each oomsimsd flebele~symbol~optlon&ﬁf the formal-

declarer, as possibly modified in Step. 1‘1_the corresponding state is
checked, i.e.} if that flex1ble-symbol~0ptlon is the flexible-symbol

(empty) apd the corresponding state in the considered value is 1(0),

then the further elsboration is undefined; othérwise, Step 6 is taken i é
Step 6: For each ===u= strlct-lower—bound and s*trlct-upperubound Ecemfamd,&h

.Liéfhfwm@f%ﬂ@ WémWW M k
@»7@%@5{/,,02" ; ‘




74&.2. continued : | : ﬂ g;nufgbmﬁnéwl/aaﬁy¢%zaf 4ﬂwa A;wq{sﬂf
AR sndcpy: —&xmal G stsnect ,,,1,{‘

the formal-declarer, &s poséibiy modified in Step 15A{the corresponding
bound is checked, i.e.} if its value is not the same as the corresponding .
bound in the considered value, then ‘the further eleboration is undefined;

otherwise, Step 7 is taken ;,, ,
Step T7: The 1dent1f1er of the formal—paramEuer is made to possess ber e ey

EmEmammeor the value of the actual—parameter.

{According to Step 6, the elabOratlon of the declaration [1:2Jreal x1 = -
(1.2,3.4,5.6) is undefined and accordlng to Step 5 the elaboration of the
declaration ref[1:flexlreal x1 = [1: 2]real :=-(1.2,3.4) is undefined.

The elaboration of the declaration [1: flex]real x1 = (1.2,3.4) is well.
defined but its effect is also obtalned by the elaboraﬁlon of the less

confusing declaration [Jreal x1 = (1.2,3. h) }

T.5. Operation declarations

{Operation-declarations provide the operator-defining occurrences of
operators, e.g.,op vV =(real a, bjreal : (random < .5 | a | b), which contains
an operator-defining occurrence Iof vV as a dyadic-operator. Unlike identity-
declarations of which no two for the same identifier msy occur in a reach
(4.4.2.b), more than one operation-declaration involving the same @dic< . -

indication may occur in the same reach, see 10.2.2.i, 10.2.3.i, etc.}
7.5.1. Syntax

a) operation declaratlon{TOa} PRAM~§EE§ captlon{b}
equals symbol{Bic}, actual,PRA&I%%%Eg parameter{Thb}:
b) PRAM #2=% ception{al : operation symbol{31d},
virtual PRAM &==¥ plan{Slhc}, PRAM =325 ADIC operator{l3b,c}.

{Examples : . ‘
a) op A = (bool a, b)bool : (a ] b false) 3
op sbs = (real a)real : (a <0 | -2 | a) (see 9.2.de).

b) op(bool, bool)bool A 3 op(real)real zbs }




Te5.2 Semanﬁics

An operat10n~declaratlon 1s elaborated in the followmng steps.
Step 1: Its actual~parameter 1s elaboratea '
Step 2: The operator of its captlon 1s made to possess the {routzne whlch
is the} value obtained in Step 1. :

{The formula (8.4.1) p A g, where A identifies the operator-
defining occurrence of A in the operatlon—declaratlon '
op A = (bool john, proc bool mccarthy)yggl.:-(gohn‘l mccarthy | false),
possesses the same value as it would if A identified the operator-defining
occurrence of A in the opeiationudeclafation
op A= (bool a, b)bool : (a | b | false),
except, possibly, when the élaboratio?éqf'q involves side effects on

that of p.}




8. Unitary clauses

{Unitary~clauses may oéqﬁféas'acﬁﬁal;parameters, e.g. x in sin(x),
as sources in assignations, é.g;‘y'in'x':= v, as strict-lower (upper)-bounds,
new-lower (upper)-bounds or subscripts, e.g. m, 0 and n in x2[:m at O,n], 1
as bodies in routine-deniaFations, e.g. iVEQEE.i in ((ref int i)int : i plus 1),
r may be used to construct serial- or collateral-clauses, e.g. x := 1 in

(x := 13y :1=2) orin (x = 1, y := 2). Unitary-clauses either are closed,

collateral or conditional, or are "coercends'. There are four kinds of
coercends: confrontations, e.g. X = T, formules, e.g. x + 1, cohesibns,

e.g. next of cell, and bases, e.g. x. These coercends and the closed-,
collateral~ and conditional-clauses aré~grouped into the following four
classes, each class being a subclass of‘the next: primaries, which may be
subscripte& and parametriied, e.g. x1 and sin in x1[i] and sin(x); secondaries,
from which fields mey be selected, e.g. 2z in re of z, and tertiaries, which
may be operands; or may be destinations in assignations, or may occur in
identity- or conformity-relations, e.g. x inx+ 1or inx = 1or in |

x :=: yy or in x ::= ir, and, finally,funitary—clauses,,which is the

largest class. Thus, r of s(i) neans that s is first called or subscripted

and a field is then selected, while (r of 5)(i) means thet the field is
selected first. Also, r of s + t means that the field is' selected from s
before elaborating the routine possessed by +, while to force the elabora-

tion of + first, one must write r of (s + t).

8.1.1. Syntax : o
a) SORTETY unitary MOID clause{61e}' :
SORTETY MOID tertiary{b} 0
SORTETY MOID confrontatlon{826d,e,&,g,830a,m}o
b) SORTETY MOID tertisry{a,831e 8328,,833a}
'SORTETY MOID secondary{c}
SORTETY MOID ADIC formula{BQOd,e f,g,8hb,g}. L
¢) SORTETY MOID secondaryf{b,8lLf,852a} : |
SORTETY MOID primary{d} ; e
SORTETY MOID cohe51on{820é;é;f,g,SSOa} L,




8.1.1, continued : : '“f . ;'“

d) SORTETY MOID prmary{c 861a 862a}
SORTETY CLOSED MOID clause{62b c,d,f 63a 6ha,~}

SORTETY MOID base{820d e f,g,860a}.v

{Examples ,
a) x 3 x:=13 .
) x 3 x+ 1.
¢c) x g zrealy; ﬁ*~i‘ 1;

a) (x +_1) S

8.2. Coercends

{Coercends are of four klnds. bases, e.g. x, cohesions, e.g. re of. z,
”ormulas, €.g. X + y and confrontatldné, e.g. X = 1. These notions are §
collectively considered as coercends because it is in their production
rules that the basic coercions occur.

In current programming lanéuages certain implicit changes of type
are described, usually in the semantics, Thus x := 1 may mean that the
integral value of 1 yields an equivalent real value which is then assigned
to x. In ALGOL 68, such implicit changes of mode are known as coercions,
and ere reflected in the syntax. Certain coercions available in other
languages, such as i = x, are not permitted. One must write i := round x
or i := entier x, for in this situation it is felt advisable for the
programmer to state the coercion explicitly. Apart from this, all the :
coercions which the programmer'might reasonébly expect , are supplied. '

There are elght basic coercions. They are: dereferenc1ng, deproceduring,
proceduring, 1t1ng, 1den1ng, rowing, hipping and voiding. In x + 3.1k,
the base x, whose a priori mode is ‘reference to real', is dereferenced to
‘real'y in x := random, the baséjrandom, whose a priori mode is 'procedure %

real', is deprocedured to 'real'; in proc p = go to north berwick, the

jump, go to north berwick, which has no a priori mode, is‘procedured to : !

‘procedure void'; in union(int, real) ir::= 1, the base 1, whose a priori i

mode is 'integral', is unlted 1o 'unlon of integral and realx; in x =1

the base “1, whose a prmorl mode 1s '1ntegral', is widened to 'real'; in

string s := 'a', the base 'a'5‘w§ose a.priori mode is 'chgracter', is’ : i
rowed to 'row of character'j in x := skip, the skip skip, which has no

& priori mode, is hipped to 'rééif* and in’(x =130y i= 2) the confrontation




8.2, continued -

=
L]

_x := 1, vhose a priori mode is 'reference to real', is voided (i.e. its
‘value is 1gnorea) | : k v
Lhe kinds of coercion Whlch are usad depend upon three things:
"syntactic p031t10n"5 a priori mode and a poster10r1 mode (i.e. the
modes before and dfter coerclon) There are four sorts of syntactic
positions. They are: strong p051tlons, l.e. actual-parameters, e.g.
x in sin(x), sources, e.g. x in ¥ = X, condltlons, e.g. x >0 in
(x >0 | x| 0), subseripts, e.g, i in ®101] etc.s "firm" positions, ice.
operands, .8, X in x + Top an"Eg;tafh primaries, e.g. sin in sin(x); N
'weak" positions, e.g. certain prrmarles, e.g, x1 in x1[1] and certain
secondaries, e.g. z in re of z} and 'soft" p051tlons, i.e. destinations,
e.g. x in x := y, certain other tertiaries, e.gs xx in xx :=: x, and
monadic-operands in depressions,-e.g. xx-in val xx.

Stroné positions are so called because the a posteriori mode is
dictated entirely by the context. Such ‘positions lead tJ the possibility
of any of the eight basic coercions. Firm positions are ¥.4. operands, in
which widening, -vowing, hipping}and voiding must be excluded, since,
otherwise,the identification of the opeérations involved in i + Jj, x +y
(supposing + to be declared also for 'row of real'), i + skip and i +-algoi
could not be properly made. In the weak positions, only deproceduring

and dereferencing are permitted, and special care must be taken that % /

referencing &=
lreference 1,7,

peEeemERd The x1 in x1[i] = 1 defionstrates the necessity for this
look-ghead. In the soft positiong, the & posteriori mode is the a priori

mode ex cept for the removal of zero or more 'procedure's. Thus in soft
positions only deproceduring is performed.

In the productiqns of & notion, the sort (strong; firm, weak, soft)
of position is passed on, or modified dwring balancing (to strong) and
leads to basic coercions which appear in the production rules for coercends;
moreover, the coercion must be completely expended in these rules. For
example, y in x := y is a real-source and therefore a strong-real-unit
(8.3.1.1.f); the sort 'stro@g' is passed through the productions of
'strong real unit' until a 'Strong,real base' is reached (8.1.1.d); this
is then produced to 'strongly derkferenced to real base"Q8.2.0,1.d), next
to 'reference to real base! (8.2.5;1.a)kand finally to 'reference to real

'

identifier' (8.6.0.1.a)s } o




8.2.0.1. Syntax

2)* coercend : SORT COERCENDtd e,f,g,830a 8hb,g,850a 860a,~}
SORT1y ADAPTED to COERCEND{821a b, 822a b,e,823a,82k4s 825a b,e,d, 826a,
. 827a 828a ,b, }. ’ :
b}* SORT coercend : SORT'COERCEND{d,e,f,g}.
¢)* SORTly ADAPTED coercend ¢ SORTly ADAPTED to COERCEND.-
d) strong COERCEND{81a,b,c,d} _—

COERCEND{830a,8k4b ,¢,850s., 86da, } s |
Surongly ADAPTED to COERCEND{821a,822a,823a,82ka, .825a., b ¢,d, 826a 827a,

_ 828a,b,~}.
e) firm COERCEND{81a,b,c,d,84d,f} COERCEND{830a,8hb,g,850a,860a,-} 3
firmly ADJUSTED to COERCEND{821a,822s,823a,82ks,~}.
weak COERCEND{81a,b,c,d} : COERCEND{830a Bhb,g,BBOa 860a,u}

weakly FITTED to COERCEND{821b ,822b}.
g) soft COERCEND{81a,b,c,d ,8ur} i COERCEND{830a, Shb,g,BsOa 860a} ;

softly deprocedured to COERCEND{822¢}.

h
~—

{Examples:
d) 3¢tk (in x = 3.14) 3 y (in x = y)
e) 3.1 3 x (in 3.14 + %) s sin (in sin(x)) 3
£) x1 (in x10i1) § z2(in re of 22’ imthe feack of ref awpl 223) 3
g) x (in x - 1) 3 xory (in xory := 3.1k4) }

8.2.1. Dereferenced coercends

{Coercends are dereferenced when it is required that an initial
"reference to' should be removed from the a priori mode e.g. in
x = y,the a priori mpde of y is 'reference to real'! but the a posteriori
node required in this strong position is 'real'. Here y possesses a name

vhich refers to a real value and it is the real value which is assigned to

X, not the name. } S e




8.2.1.1. Syntax

a) STIRMLy dereferenced to MODE FORM{a,820d,e,822a,823a, 82ha 825a b, 826a}
reference to MODE FORM{830a 8lv ,g,850a,8608} 3 S
STIRMLy FITTED to reference to MODE FORM{a,Bzza}.

b) weakly derveferenced to veference to MODE FORM{b,820f} :

reference to reference to MODE FORM{BBOa 8hb,g,850a 860a}

weakly FITTED to reference to reference to MODE FORM{b 822b}.

{Examples : e I T »

a) y (in x :=y or in x + y) yy (in x = yy or in x + yy)
b) E=Emegrererxl (in rx1[il in the reach of refl&=slreal rx1j)}

8.2.1.2. Semantics e

P

A dereferenced-coercend isfelaboyaﬁed in the following steps:

Step .1: It is preelaborated {1.1;6,1}:;f

tep 2: If the value obtained in Step 1P1s not nil, then the value of
copy

» of the. value referred to

the dereferenced-coercend is a'gss
by the name obtained in Step 1 {;otherwise, the further elsboration is

undefined}.
{Weak dereferencing must look shead so that it does not remove a
'reference to! which precedes a mpde which is 'NONREF'. For example, in
x1[i] := y, the primary x1 should: not be“dereferenceq[puﬁﬁthe base x1[il is. }

L, for X1 [t Mo g mame . o orf[cjvay,/i"z Q’/hhofﬂﬂ%ﬁmcecl

8.2.7. Deprocedured coercends 3

{Coercends are deprocedured when it'is required thatian initial
'procedure! should be removed from the a priori mode; e.g. in x := random,
the a priori mode of random is ‘'procedure real' but the & posteriori mode .
required in this strong positi0n=ie tregl!, Here the routine possessed by B

random is elaborated and the reel value yielded is assigned to x. }

8.2«2u16 Syntax e . v <

@ ol

F

a) SIIRMly deprocedured to MOID F@REsn{a 820d,e,8212,824¢,825a,b ,826a,828b} : 3
procedure MOID FORESE{ahb,g,asoa 860a} 3 »«,;, s §
STIRMly FITTED to procedure MOID FORESE{a, 821a}¢ ‘ : ?




8.2.2.1. continued

b)  weakly deprocedured to MODE FORESE{820f, 821b}
procedure MODE FORESE{S&b,g,BSOa 860a} ;
firmly FITTED to procedure MODE,. FORESE{a 821a}.
c) softly deprocedured to MODE FORESE{c ,820g} :
procedure MODE FORESE{Bhb,g,asoa,%Oa}
softly deprocedured t0 procedure MODE FORESE{c}.

{Examples:
a) random (in x := random or in x + random) ‘
b) rz (in re of rz in the reach of prog rz = Eggp;‘:'(réndam,random)) 5
¢) xory (in xory i= 1)} e : E '

8.2.2.2. Semantics

1 H
i T
i .

A deprocedured;coercend 18 elaborated in the following steps:
Step 1: It is preelaborated {1.1.6.1}7and a copy is made of {the routine
which is} the resulting value ; .
Step 2: The deprocedured-coer¢end is replaced by the - copy obtalned in
Step 1, and the elaboration of the copy is initiated; if th}s elaboration
is completed or terminated, then the copy is replaced by the deprocedured-

coercend before the elaboration of a successor is initiated.

{See also calls, 8.6.,2.} 1 ' v

i

8.2.3. Procedured coercends

{Coercends are procedured when it is required that an initial
‘procedure’ should be placed before the a priori mode (i.e. they should
be turned into procedures without parsmeters), e.g. x i= 1 in proc real
p := x = 1, However, special care must be taken With‘procedures which
deliver no value, in order thgt clauses like (Eggg:p,Eq s p = g := stop)
should not be ambiguous. Here the routine possessed by stop is assigned
to g and then to p, but is noﬁ“elabdrated. In (proc » & p 3= x = 1)
however, 1 is not assigned to’ x, but 'that routine whlch assigns 1 o x

is assigned to p. The relevant syntax is descrlbed by the productlons
mrule8231.'b} V




8.2.3.1., Syntax

a) STIRMly procedured to procedure MOID FORM{a,Bzod e, Bzha 826a}
MOID FORM{830s 8hb,g,850a 860a,-} 3
STIRMly dereferenced to MOLD FQRML821a,—} 5
STIRMLy procedured to MOID FORM{a,~} ;
SPIRMLy united to MOID FORM{B82ka,-} ;
STIRMly widened to MOID FORM{825a,b,~} ;
STTRMLy arrayed to MOID FORM{826a,-} ;
STIRMly provisional MOID FORM{b,-}.

b) strongly provisional void wawadic ﬁww,éc faf

an(Sgau%%’{&naf,usqﬁf NOVPROG . rmastic gzawﬂﬂaf [&947

{Examples :
( oo . 2 g
2) 3.14 (in proc real p := 3, 1#) ; % (in proc real p x) 3
3.14 (in proc proc real £ 3, 1&) ‘

1 {(in proec unlon(lnt real) p =:1) 3
1 (in proc real p := 1) ;L"T (in procllint p = 1) 3
3.14 (in proc p := 3.14) '

b) Voaaf(%msf) {m/éxm:,é M(m:—-ﬂ)f

8.2.3.2, Semantics 1

* - . -

A procedured-coercend is elaborated in the following steps:

Step 1: A copy is made of it {itself, not its value&[and an open-
symbol followed by a routine-symbol is placed before and a close
symbol is placed after the copy ;

Step 2: The mode obtained by deleting 'ly procedured to' and the
terminal productiéns of 'STIRM' and 'FORM' from that notion as
terminal production of which the procedured~coercend is elaborated,
is considered; if this considered mode is not ‘procedure void' then
the initial 'procedure' is deleted from the considered mode and s
virtual-declarer specifying the mode so obtained is inserted between

open-symbol and the rout1ne~bjmbol in the copy ,
tep 3t The routine possessed by the xouulneedenotablon {5.4.2} obtained

in St ep 2 is the wvalue of thelyrocedured—coercend.

L R bl iyl oy ooy




8.2.3.2, continued :

{The eleboration of (resl : (p | x | ~x)) yields the rottine

(val (real := (p | x | Qi))),féhereas’%hat of the strqn@-conditional~
probedure-reai—élause‘(p'l'x |ex) yi%ids either the routine

(val (real := x)) or the foutiﬁ; (val (real := -x)), depending on the
value of p. Similarly, the élaﬁéfatioh“of (realsfx = x + 1 ; ¥)) yields
the routine (val (real := (x«:=vx + 13 y))), vhereas that of the strong-
closed*proce&uré—realéclause»(x':= x+ 135 y) yields, apért‘from‘a change

insthe value of x, the routine (val (real t= y)).}

8.2.4. United coercends

' 3 L :
{Coercends are united when it is required that the a priori mode
should be changed to a mode united from (4.b.3,a) it, eig, in

union(int, real) ir := 2, the base 2 is of a priori mode 'integral!

but the source of this assignation requires the mode 'union of integral

and real'mids'.}

8.2.4.1. syntax ' : ' - N

@) STIRML il % tomeons LMD tred 10205 ool FRCIYE20d,, 823, P2} :
el of MOOD e HOORS mode FORIT 7é/f5

pfa/u( AMOCD Goed Moo,osf,wz‘z;m'aw 'a/'(MoaD o FRM [ch

e S
1
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thLs exampie, if the base 1 is widened it cannot then be united, i.e.

crder of productions in the syntax, uniting cannot be followed




8.2.5. Widened coercends

‘{Céercends are widened when it is requiréd that the a priori mode
should be changed from 'integral' to 'real' or from ‘'real' to 'COMPLEX' ,
e.g. 1 in z =1, or from BITS to row of boolean ,or from BYTES to row

of character e} -

8.2.5.1. Syntax

a) strongly widened to LONGSETY real FORM{b 820d 823a, 826a}
LONGSETY integral FORM{830a, 8ub,g,850a 860a} ;
strongly FITTED to LONGSE”Y integral FORM{821a, 822a}. ‘
b) strongly widened to structured w1th REAL named letter r letter e
and REAL named letter i letier m FORM{8204,823a, 826&}
REAL FORM{830a,84b,g,850a,860a} ; ’
strongly FITTED to REAL FORM{821af822a} 5 Cooals
strongly w1dened to REAL FORM{al}.: €L
c) strongly widened to rovw of boolean FORM{8204,823a,826a) :
BITS FORM{BBOa,Bhb,g,850a,860a} 3
strongly FITTED to BITS FORM{821a,822a}.
d) strongly widened to row of character FORM{SEOd 823a 826a} :-
BYTES FORM{830a,84b,g,850a,860a} o E
strongly FITTED to BYIES FORM{821a,822a}.

{Examples:
a) 1 (inx :=1) 3 i (in x :=1) 3 o ' N
b) 3.14 (in z := 3.14) 3 x (iﬂ 7 u=x) 3 1
¢) 1013t (inl1.:37bool bl t=(p 1071 1]%);
da) otb "abe" r (1nis = (p | ¢tb "abe" |

8.2.5.2., Semantics
A widened-coercend is elaborated in the following steps:

'Sch 1: It is preelaborated {1.1.6,1} ard the value yleldeﬂ is consmdered'

Step 2: If the considered value igf an 1nteger, then the value of the

deenLd-coercend is a new 1nstaﬁce of that real number wnmch is
CQUlV&lcnt to that integer {2.2.3.1. d}, otherwise, if the considered
value is a real number, then the value of the w1dened~coercend is a

nev instance of that structured {complex (10.2.5)} value composed’
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- 8.2.7. Hipped coercends p o

o
o

{Coercends are hipped when'they are. skips, jumps or pihils. Though
there is no a priori mode, whatever mode is required by the context, is

adopted, e.g.sin real x = gkip, the base, skip, which has Jo & priori

€
mode, is hipped to 'regl’ Since hlnped coercendo are so very accqmodatlng,
_ no other coercions may follow them. (1n the elaboration order), otherwise,
sibiguities might appear. Con31der for exumple the severalq@axm1ngs of

union(int, real, bool, char) u := gkip, supp031ng uniting could follow

hipping. } -

8,2.7.1, Syntax

a) strongly hipped to MOID base{820d} : MOID hop{b} ; MOID nihil{e,~}.-
b) MOID nop{a} : skip{e} ; jumpld}s — i1 R

e) skip{b} : skip symbol{31g}. ;1 b g o "




8.2.7+ 1. continued

a) Jump{b} : go to syMbol{31f} ODtlon, label 1dent1f1er{h1b}
.e) reference to MODE nihil{a} : nll symbol{31g} C

ih

: {Examples: R :
a) skip ; nil ; BENRERRR s , ' >" ERIEATE S
b) skip ; go to grenoble } S ' . B

c) skip 3 .
d) go to grenoble ; st pierre dé chartreuse j

e) nil }
8.2.7.2. Semantics

&) The value of a skip is a new dinstancé of some value whose mode is

that obtained in the following steps:

tep 1: The mode obtained by deleting 'hop' from that notion ending with
an GTannie

thop' of which the Sklp 1§Aa terminal prcductlon is considered

Step 2: If the consmdered mode begins with 'union of', then some mode

wvhich does not begin with 'union of' and from which the considered

g4 3.
mode is united {égésézézb} is considered instead; the consmdered mode

is the mode of the value of the-sklp.; @

b) A jump is elaborated in the follow1ng steps.

Step 1: The mode ObEalne%gﬁimiiiiﬁé?g Thop! from that notlon ending with
'hop' of which the jump is,a terminal production is considered ;

Step 2: If the considered mode doés not bggin with 'procedure', then the
elaboration of the unitary-clause which is the jump is terminated and
it appoints as its éuccessox theifirst unitary-clause textually after
the defining occcurrence {in a label (h.l.Q)} of the labgi—identifierv
occurring in the jump; otherw1se Step 3 is taken 3 %;, "

Step 3: A copy is made of the Jump and an open—symbol followed by a
routine-symbol is placed before §nd a_glpse—symbol is placed after
the copy; if the considered mode;is nof;}procedure void};‘then the
initial 'procedure' is deleted‘ﬁrom the éonsidefed mode and & virtual
declarer specifying the mode so obtainéd is inserted between the open-
symbol end the routine-symbol in the copy; the value of the jump is that of
the routine-denotation consisting of the same sequence of symbols as the copy.

LT

¢) The elaboration of a nihil in&clVes no action; its value.is a new
instance of nil {2.2.3.5.a} whosé mode is that obtained by deleting
L I .




8.2.7.2. continwed |

'nihil'’ 1rom that notion endlng Wlth 'nlhll’ ‘of which. the nlhll is,a termlnal

production.

{Skips play a role'in the éeménticé bf"rbutineudénotations (5.4.2.
Step 2) and calls (8.6.2.2,5tep. h) Moreover, they are useful in a number
of programming situations, like e.g v 5 ‘ ,
i)  supplying an actual-parameter (7. h 1.b) whose value ,is irrelevant

or is to be calculated lsaster; e.g. f(3, §_~p) where f does not use

its second gctual—parameter if the value of the flrst acUual-parameter

is positive; see also 11. 11 ax 3

4i) sunplylnd a constltuent'unlt of & ;ollateral~clause (6.2.1.b c,e,h)

e.g. [1 : blreal x1 := (3.1h, skip, 1.68, skip) ;
iii) as a dummy statement (6.0.1.c¢c) in those rare situations where the

use of a completer is inappropriaté,'e,g» l:>_§£3) in 10.%.a.

A junp is useful as a clausé to terminate the elaboration of another
clause wheﬁ certain requirements are not met, e.g. go tolexit in y =
if x > O then sqri(x) else EL__“_exlt fx, or £in (§ > as] £ 1 3) from
10.2.3.x. ‘ ) :
If el, e2 and e3 are label-identifiers, then the reader might recognize
the effect of the declaration []ﬁggg_switch = (el,e2,e3) and the statement
switeh[i]; however, the declaration [1 : flexJIproc switch := (e1,e2,e3) is
perhaps more powerful, since assignations like switch[2] := el and
switch := (el,e2,e3,el) are possible. =

A nihil is useful particularly where structured values are connected
to one another in thau a fleld of each structured valueiﬁefers to another
one except for one or more structured values where the fileld does not refer
to anything at ell; guch a field must then be nil. }

I TS

8.2,8. Voided coercends = L

{Coercends are voided when it is required that their.values (and there-
fore modes) should be ignored, e.g. in (x := 1 3 y := 2), the confrontation
x := 1, whose a priori mode is freference to real', is voided (see 6.1.1.i).
Confrontations must be treated differently from the other coercends in order
that, e.é. in (nroc pPs p = stoﬁ 5 D) »the confrontation p := stop does not
involve the elaboration of stop, fhut ln the last occurrenge of p, the routine

possessed by stop is elaboratedaﬁ} SR Ty

. 2 A




8.2.8:1. Syntax k ‘('.

. a) strongly v01ded to void confrontaulon{SEOd} 'MDDE.éonfrontafion{BBOa}.
. b) strongly voided to void FORESE{BEOd n} s '

NONPROC FORBSE{Skb,g,BSOa 860a} ;
strongly deprocedured tc NONPROC FORESE{822a}

{Examples: »
x:=1(in (x =13 y :=2)) L
x 3 random (in (x 3 random ;,skig))’}‘

)

o
Nt

-]

{The value obtained by elaborating'(i.é. preéléborating‘1.1.6.i) a

voided-coercend is discarded.}

{In the reach of the declaration [Jproc switch = (e1je2,e3) and the clause-
train e1:éé:e3:stop, the construction &witch ; stop is not a serial-clause
becazuse switch is not a strong~véid-uniﬁ. In fact, switch cannot be deprocedured,
because its mode begins with 'row of! éﬁd no coercion will remove the 'row off
and it cannot be 'voided',bécauéé“rowlof procedure void' is not a terminal
production of 'NONPROC', Howeveré:the glaboration of switch(2] ; skip will

involve a jump to the label e2, }

8.3. Confrontations

8,3.0.1. Syntax
fz"k fxr: ; i
a) MODE conLrontatlon{81a 8204 ,¢& f,g,821a b ,823a,b, 82&& 825a ,b,c,d 826a 828a} :
MODE nonloecal as31gnatlon{831b }} ’ R
MODE conformity relatlon{832a,—} , LI
MODE 1dent1ty relation{833a,-}.

{Examples: .
a) x :=3.14 ;5 ec :: e (see 11,11.Q) i=: xory }
8.3.1. Assignations ' ‘ » E
{In assignations, e.g. X% i= 3. 154, a value is assigned to a name. In x :=

3.14, the value possessed by the SOurce 3 14 is essigned ‘to the value (neme)

possessed by x. A distinetion must be made between" nonlocal—assxgnatlons which

P




8.3.1. continued |

sre wnitary-clauses, and local~a531gnatlons Whlch are not. A local-

B >4

assignation is an aCuualnparameter and thus ‘may be used to 1n1t¢allze

a declaration, e.g. loc real t= 3 1h whlch is: centalned 1n real x 3=

3.1k, before the extension of 9 2,8 is made. 1

8.3.1.1. Syntax

a)” assignation : MODE LOCAL a551gnatlon{b -} "'31 ‘ kO

b) reference to MODE LOCAL asslonatlon{SBOa,7hb} SR '
reference to MODE LOCAL destlnatlon{d,e},
. becomes symbol{31c}, MODE source{f}.

¢)* destination : MODE LOCAL destination{d e,-}

d) reference to MODE local destinationfb} : ~,4“'~ o
reference to MODE local generatorﬁ851b}.’ ' o

e) reference to MODE nonlocal déstinatibn{b}.t .
soft reference to MODE tertiary{81b}.

f) MNODE source{bl}l : strong MODE unit{éfe}.

(EXamples:
b) x :=1; loc real := 3.14
d) loc real ; ' . | TR
e) % ; -  ;’ : 3

£) 13 3.14 }

8.3.1.2. Semantics ' : 1

' , o
a) When a given instance of a value is- superseded by another instance
of a value, then the name which réfers t6 the given instance is caused to
refer to that other instance, and;.morebver, each name which refers to
en instance of a multiple or structured velue of which the given instance
is a component {2.2.2.k} is caused to refer to the instance of the multiple
or structured value which is esﬁéblished by replacing that component by |

T

thet other instance. e : V .

b) When an element (a field) of a given ﬁultiple (structured) value is

superseded by snother instvance of a value, then the mode~of the thereby

e

established multiple (structured) value 1s that of the gmven Value.

‘,“LI




8.3.1.2. continued

A estamce 4 o ' ' \
) L value is assigned to a name 1n uhe followmng sbeps'

Step 1: If the given value does not refer to en element or subvalue of ;
a multlple value having one or more gtates equal to Zero {2.2.3.3. b}
if the scope of the given name is not larger than the-scope of the
given value {2.2. L.2} and if the glven name 1s not nll then Step 2
is taken; {otherwise, the further elaboraulon is undefvned }
tep 2: Tﬁnggigg%;efer red to by the glven name is considered; if the
mode of the given name does not begln with- 'reference to union of'
and the con51dereé?§:§§é-1§m3 multlple value or g gtructured value,
then Step 3 is taken; otherwise, the cons1dered4:ézséfls superseded
{a} by a aggségzéagsg of the given w=iwe end the assignment has been
accomplzbhed | ' '
Step 3: If the con51dered value 15 a structured value then Step 5 is
taken; otherwise, applying the: notatlon of 2.2.3.3. b toiits deseriptor,
fori=1, ... , n, if s, =0 (t. O) then 1, (ui) iz set to the value
of the i-th lower bound (i-th upper bound) in the descriptor of the
given value; moreover, for i = n, n-1, ... , 2, the stride, ds ¢ is
set to (ui -1+ 1) x d;; finally, ifisome s, = 0 or %i = 0, then
the descriptor of the considered value; as modified above, is made to
be the descriptor of a new instiance ofxa multiple valuéwhich is of the
same mode as the considered value, and this new instance is made to be
referred to by the given name and is considered instead :3
Step 4: If for all i, i =1, «es ?, n, ﬁhg bound 1, (ui) in the descriptor
of the considered value, as possibly modified in Step 3, i1s equal to
(u.) in the descriptor of the given'value, then Ste@rs is taken
{; othierwise, the further elaboration is undeflned}
step 5: Each field (element, if anx) of the given value is a551gned
{in an order which is left undefined} to the neme referring to the
corresponding field (element, if‘any)vof the consideredivalue and the

assignment has been accomplishe&;

d4) An assignation 1s elaborated in the follow1nw steps:
Step 1: Its destlnatlon and source are elaborated collaterally {6.2.2. a}

Step 2: The value of its source is asglgned to the value {name} of its

destination ; :
Step 3: The value of the a331gnau10n is EEEE&EEEEEEEEEEEf %ﬁe value of

its destinabion.




8.3.1.2. continue@kz

(132 3. h) is not an aésigﬁaxion,'since

i

- {Observe that (x, y) :
(x, v) is not a desq;naulon, the mode of the value of. & collateral—clause

% (6.2.1.c,d,f) does n@t begin wzth 'reference to' but vlth 'row of"

. or 'structured W1th', }
- 8.3.2, Conformity relations -

{The purpose of conformity;relatiohs is:ﬁb engble the programmer
to find out the current mode of an ingtance of a value if the context i
only restricts. thls mode to be one of a number of glven modes. See .
for example 11.11.q,r,s,ak,al,am. Conformlty relatlons are thus used

in conjunction with unions. },f*"

{I would to God they would either

; R “Gonform, or be more vise, and not
. - i ‘be catched!
o o ,Diary, T Aug. 1664, Samuel Pepys.}

i g

8.3.2.1. Syntax

a) boolean conformity relation{830a} ¢
soft reference to LMODE tertlary{Bib}
conformity relator{b}, RMODE tertlary{81b}

b) conformity relator{al}l : conforms to symbol{31e} ;

conforms to and,becomes,symbol{Bic}u

{Examples: o 0 P R
a) ec :: e (see 11.11.q) 5 ev 1:= e (see 11.11.7) 3

b) A } ¥ : .
8.3.2.2. Semantics e >

A conformity-relation is elhbofaﬁea in the followihé steps:
Step 1: Its tertiaries are elabdrated;béllaterally {6.@.2ma} and the value
of its- textually last tertiagykis congidered ; B o
Step . 2: If the mode of the valué‘of 1ﬁb nextually flrst tertlary 1s 'reference
to' followed by a mode whmch ms or 1Sgun1ted from {b. I, 3.8} the mode of the

considered value, then the value of the conformlty~relatlon is true and

Step 4 is taken; othevw;se Step 3 is taken 3




- 8.3.2.2. continued

Step 3: If the considered value refers Eo andther value, then this other
. value is considered instead and Step 2 is taken;:othérwise, the value
of the confdrmity—relation iéffalsé'and‘Step’h is taken 3 '
Step. b: Ifbits-confbrmity—felaﬁor is a confbrms-tb-andAbecomés-symbCI
and the value of the‘confofmityf%eiaﬁion-is true;‘then the considered _
value is assigned {8.3.1.2.c}:t§‘the value of the textually first
tertiary. ' ; I»;  ‘:’ v ; - '
{Although not suggested‘by the wording of Step 2, the, possibly,
. most obvious applications of conférmityurélatibns are those in which
'RMODE® (8.3.2.1.a) begins with ‘hnion of' whereas 'IMODE! does not;vt
Taen, the mode of the considered'ﬁalue (Step 1) is not 'RMODE' (which is
united from it) and the conformity-relation serves to ask whether this
mode is 'IMODE' and, if so end if ‘the conformity-relator i8 a conforms-
to—and~bec¢mes—symbol, to assign this vélie to a name whdse mode does
not begin with 'reference to unioqfof' and, thereby, maké this value
easily available elsewhere. (See, é.g.,31“1.q,r,s,z,aa,e.kgaﬂ.,azﬁ,ar).
Observe that if the considered valﬁé*is an integer shd the mode of
its textuaelly first tertiary is 'peference to! followed Yyl a mode which
is or is united from the mode 'real' but not from ‘integral', then the
value of the conformity-relation is falsex Thus, oot wati asatonattamrs

no automatic widening from ‘'integral' to ¢real' takes place. For example,
in union(real, bool) rb ; rb ::=’j,‘no value is assignediko‘rb,'bui in

b = 1,0 curad tzers vb 1= 1005 Vst 4atl the St assignfient/ takes place.
Rule 8.3.2.1.b is the only rule in the syntax which allowswthe production

of uncoerced clauses, i.e. those produced: from 'RMODE tertiary'. }
, A N | Se
8.3.3. Identity-relations : L SR
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8.3.3.1. Syntax “' i;f _;:

a) boolean 1dent1ty relatlon{830a} i
soft reference to MODE tert1ary{81b}, 1dent1ty relator{b}

strong reference.to MODE uertlary{81b} _
strong reference to MODE tertlary{81b} 1dent1ty relatcr{b}
~ soft reference to MODE tertlary{81b} . o
b) identity relator{a} : is. symbol{31c} is not symbol{31c}

{Examples:
a) Xory I=: X 3 XX i=: X j

b) i=rogy oidr )

8.3.3.2. Semantics
An identity-relation is e%aborated in the following steps:
Step 1: Its tertiaries are elaborated éollaterally{6.2.2.a}';
Step 2: If its identity-relator is an. is~symbol (is~not~symbol) then the
value of the identity-relation is true (false) if the values {names}

obtained in Step 1 are the same andﬂfalse (true) otheryise.

{Assuming the ass1gnatlons XX = yy 1= x, the value,of the identity-
relation xx :=: yy is false beéaﬁse xx and yy, though of the same mode,
do not possess the same name {7;1.2.Step 8}, but the name which each
poessesses refers to the same ﬁame and'SO val xx :=: val yy possesses the
value true. The value of the idéntity—relation xx :=: xory has a 1/2
probability of being true because the value possessed by xx (effectively
val xx here, because of coercion) is the name pOSSessed by x, and the
routine possessed by xory (see ﬁ .3), when elaborated, ylélds either the
neme possessed by x‘or, with equal probablllty, the name possessed by ¥
In the identity-relation, the programmeg is usually asﬁ%ﬁg a specific
guestion concerning nemes and ﬁhﬁs the levél of reference is of crucial
importance. Thus at least one’ofﬁthe tegtiaries of an iﬁéntity-relation'
must be soft, i.e. must involve only deproceduring and ¢ertainly no

dereferencing. The construction]éase i:in X, XX, Xory, nil esac :=: case

j in y, skip, xory, re of z,yy esac is’ an example of a dellcately balanced

1dentity-relation in whlch the mode is~ 'reference to real'.

Observe that the value of the fcrmula =245 false, whereas 1 i=: 2

is not an identity-reletion, slnce thegvalues(of its tefﬁiaries are not

i- O & S




8.3.3.2. continued

names., Also f2d3df. :=: £5df is not an identity—relatipﬁ, whereas f2d3df =
£5df is a formula, but involves an operstion which is hot included in the

standard-prelude.}

8.4, Formulas

FOI’KI\J.&S are either dyadlc, e. g. x+ i, or monadlc, €.g. abs X.
al 7 S e
A formuls hils A8t least ‘one,operator or Wé&mczr—sym’ool The order of
elaboration of a formula is determlned by the priority of its operators;
monadic formulas are elaborated first and then the dyadic formulas from
the highest to the lowest priority. Since the Wzéwcz-symbol is not an
operator, ‘the progremmer is prevented from changing its meaning. }

1o ’ 4

8.4.1. Syntax

a)* SORTETY formula : SORTETY MOID ADIC formula{b,g,820d,e,f,g}.
b) MOID PRIORITY formula{81v,820d4,e,f,5,821a,b,822a,b,c,823a,b,824a,825a,
b,c,d,8262,828b} : firm IMODE PRIORITY operand{d},
procedure with LMODE parameter and RMODE parametter MOID
PRIORITY operanf {756} flrm RMODE PRIORITY plus one operand{d,e}.
¢)}* operand : FIRM MODE ADIC o;jerand{d f}. ¥
d) firm MODE PRIORITY operand{b,d} : firm MODE PRIORITY formula{820e} ;
firm MODE PRICRITY plus one operand{d,el. £-
¢) firm MODE priority NINE plus one operand{b,d}
firm MODE monadic operand{f}.
£) FEAT MODE monadic operand{e,gahffﬂg}iE:_FEAE/IODE monadic formula{820e,g} ;
FEAT MODE secondary{81c} ‘ | :
g) MOID monadic formula{81b,820d,e,f,g,821a,b, 822a b c;,823a b,824a,825a,b,
" ¢,d,826a,828b} : MOID depression{h,-} ; S _ : ~
procedure with RMODE pavameter MOID monadic opevamn&{§50},
firm RMODE monadic operand{f}. thy
h) MODE dépression{g} : o{w,@éma symbol{31e},
 soft reference to MODE monadic operand{f}.
iExamples:

x4y

)
a) x %y ;3 %3




8.3.3.2. continued

nemes. Also f2d3df':”: f£5af is not an‘identity~relation whereas f2d3df =
£odf is a formula, bub 1nvolves an operatlon which 1s not. 1ncluded in the

anddrd«prelude.}f

e

B

8.4, Formulas

{Formulas are either dyadic, e.g. x + i, or monadic, e.g. 8bs x.
A‘foxmula has at least one OQeiator,br iefoynag ~symbol . The order of
eleboration of a formula is dgterminéd by the priority‘of its operators;
monadic formulas are elaboraﬁéd first and thenlthe dyadié formulas from |
the highest to the lowest priérity. Since the m@%ﬂ%@a@«symbol is not an
operator, the progremmer is prevented from changing its meaning. }

o

8.4.1., Syntax

a)¥ SORTETY formula : SORTETY MOID ADIC formula{b,g,820d,e,f,g}.

) MOID PRIORITY formula{81b,820d,e,f,g,021a,b,822a,b,¢c,823a,b,82ka,825a,
b,c,d,826a,828b} : firm LMODE éRIORITY operand{d};
procedure with IMODE para&eter'and RMODE parameter MOID
PRIORITY operator{th} firm RMODE PRIORITY plus one operand{d, el

¢)* operand : FIRM MODE ADIC operandl{d,f}. g

d) firm MODE PRIORITY opcra.nd{b d} : firm MODE PRIORITY formula{820e} ;
firm MODE PRICRITY plus one operand{d,e}. '

&) firm MODE priority NINE plus one operand{b,d} :
firm ' MODE monadic operand{f}.

£) FEAT MODE monadic operand{e,ggrbﬁﬁﬁgFCAI'MODE monadic formula{BEOe,g}
FEAT. MODE secondary{81c}.

g) MOID monadic formula{81b,820d,e ,£,8,8212,0,8222,b,¢,823a,b,824a,825a,1,
¢,d,826a,8280} : MOID depre531on{h S T
procedure with RMODE parameter MOID monadic operator{th},
firm RMODE monadic op@fand{f} ,

h) MODE depression{gl : dﬁ9é¢w¢e symbol{31ic}, S
soft reference to MODE monadlc operand{f}.

Fa

{Ewmﬂ@:'
b) %ty

a) xxy; %




© 8.4, 1. continued

F) abs x

808

e

&) val xx
n) 1m}

X

8.4.,2, Semantics

a)

stepst

Step 1: The formula 1is replaced by a copy of the routine possessed by the

opérator—deflnlng occurrence of its cperator {7.5.2, LLf3°2-b}
Step 2: The copy is treated as a closed-clause and is protected‘{G.O,QVd}

A formula, other than a @epression; is elaborated in the following

e o

Step 3: The skip-symbol {S.M.ZAStep 2} following the equals-symbol following

its textually first copied formal—parameter is replaced by a copy of the
textually first operand of the formula, and if the operator is not a
monadic-operator, then the skip-symbol following the equals-symbol follow-
ing its textually second copiéd formal-parameter is replaced by a copy

of the textually second operand of the formula ‘
tep 4: The elaboration of the copy is initiated; its value, if anj, is
then that of the formulajy if this elaboration is completed or terminated,
then the copy is réplaced by the formula before the eiaboration of a

successor is initiated.

b) A depression is elaborated in the following steps:

Step 1: Its operand is elaborated

tep 2: If the name obtained in Step 1 15 not nll then the value of the
»: of the value referred to by the name .obtained

depression 1s a.;qugp-f

»

in Step 1 {; otherwise, the further elsboration is undefined}.

The following table sunmarises the priorities of the operaiors declared

in the standard-priorities (10.2. 0)

!47aaﬁc E . monadic

14 2] 31 41 5 71 8 (10)
minus v A = < x A | G ',down‘ 4
p_.}g: ¢ + < é__ﬂ_‘__ﬁ ebs Dbin repr wpf
time - ‘43 cz)@:‘ : ~leng = short Jws
over > L (L | odd sign %
modb telem| sope  round entier
prvs | o re in conj up




8.14.2, continued :
atd 4om¢/nuwu%P¢5~&wm,a% 2 Anamau?ﬁeﬁﬁﬁn/'»nd%ﬂé) »
Observe that,the value of («1d2+ 4 =5) and that of (b~ 1 42 = 3)
both are true, siﬁce the first minué symbol is a monadic7operator;
whereas theé second is dyadic.vAltﬁounh the syntax determines the order

in which formulas are elaboraued parentheses ney well be used to im-

prove readability; e.g. (a A b) % (*1& A ~1b) instead of a AbD V—a A ~1b

In the formula x + y X 2 both Yy and 2 are prlmarles, which allows y
to be a flrm—prlorlLy—SEVENuoperand and 2 to be a flrmuprlorltybEIGHTg
operand. The formula y X 2 is then of priority SEVEN. Since x is also &
primary, and therefore a firmrpriority»SIXfoperand, then x +y x 2is a
priority-8IX-formula. The effect of x + y x.2 is thus the same as x + (y x 2).

The operand which follows the Aoferenc-symbol in, & depression is
soft rather than firm because its eleboration should not involve dereferencing.}

S

8.5. Cohesions:

{Cohesions are 6f two kinds: nOnigcal—generators, e.g. string, or
selections, e.g. re of z. Coheéions afe distinect from'béses in order that
constructions llke a of blil] may be parsed without know1ng the mode of a
and b. Cohesiong may not be subscrlpted or parumetrlzed but they may be

selected from, e.g. father of algol 1n Iather of father of algol.}

8.5.0.1. Syntax . o S

MODE cohesion {81¢,8204,e,f,2,821a,b,822a,b,¢,823a,b,824a,825a,b,826a, .

a)
828b} : MODE nonlocal gemerator{851c} ; MODE selection{852a}.

{Examples: v '
a) real (in xx := real := 3,14) j re 6f z }

8.5.1. Generators
{And as 1mag1nat10n bedies forth
The forms of thlngs unknown, the poet's pen
Turns them to shapes, and gives to amry nothlng

A local habitation and a name, ‘
A Mldsummermnlght’s Dream, Willigm Shakespeare }




8.5. 1. continued

{The elaboration of a generator, e.g. real in xx := real := 3. 14

or loc real in ref real X = loc real (usually written real x, by extension

9.2.a) involves the creation of & name, i.e. the reservatlon of storage.

-

The use of a local-generator implies (W;th most implementations) the

reservetion of storage in & run-time stack, whereas nonlocal-generators
iuply the reservation of storage in another regionm, Zowm it the "heap",
which gavbare~collectlon techniques may be used for storage retrleval.
Since this is usually less efflclent nonJocalugenerators ‘should be
avoided by the inexperienced progrwmmerg The- temptaxlon to use nonlocal- ,
penerstors unnecessarily, is reduced by the extension 9.2.&, which applies
only to local-generators. Local-generators are not cohesions but occur as

actual-parsmeters (see T.l4.1.b) and, therefore, may ocecur in declarations. }

8.5.1.1, Syntax S . PR
)* generator : MODE LOCAL generator{b, c,=t. (
) reference to MODE local generator{TEb 831d} i
local symbol{31d}, actusl MODE declarer{71b}.

¢) reference to MODE nonlocal generator{850a}
actual MODE declarer{71b}. : | i | ‘ N

o

o

{Exemples:

b) loc real 3

c) real }

8.5,1.2., Semantics

1
H
i

a) A generator is elaborated in the following steps:

Step 13 Its actual-declarer is elaborated {T.1.2.¢}

Step 2: The value of the generator is thé value {name} obtained in Step 1+
b) The scope {2.2.4.2} of the value of a loc@l-generator 1s the smallest

runge contalning that gencrator' ohat of a nonlocal-generator is the program.

{The closed-clause

(ref redl xx ; (ref resl x = real := pi j; xx 1= x) ; xx = pi)
possesses the value true, but the closed-clause - .
(ref real xx 3 (real x := pi ; xx := x) ; xx = pi}

5 an wdef Jncd value since the name referred to by the neme possessed

poLsesse

by xx becomes undefined upon the completlon of the elaboratlon of the inner




8.5.1.2. continued

range, which is the scope of the name possessed by % (7 0. 2) The closed-¢lause
Hmfr%lXx;rwlx:*@m,xxr*ﬁ’ m), o

however, possesses the value true. }oo et T ( . g

8.5;2. Selections - o

{4 selection selects a field from a structured value; e.g., re of z
selects the first real field (usually @med the real part) of the value
pogsessed by z, If 2z is a name, then re of z is also a name but if w is

a complex value, then re of w is a real value, not the name referrlng to a

real value. }
8.5.2.1. Syntex v g ' o

e) REFETY MODE selectlon{850a} | MODE nemed TAG selector{T1j},
of symbol{3le}, weak REFETY structured with LFIELDSETY
MODE named TAG RFIELDSETY seconaary{81c}.

{Examples: The following exempleS'are assumed,in the’reach of
the declarations: (‘é T I #zxe"
struct lansunge = (int age, fefflanguage faﬁher)\g* T
lenguage algol := (10, languggev:= (14, nil)) 3 T
language pll = (L, algol) ‘
a) age of pll ; father of algol }

It

.

{Rule a ensures that the value of the secendary has.a'field selected'
by the field-selector in the selection (see T.1.1.e,f,h,ji'and the remarks
below T.1.1 and 8.5.2.2). Em—emdsrreswse=a? An identifier‘which is the
same sequence of symbols as a field—selector in the same reach creates
1o alegUltJ. Thus age of algol = age is a (possibly confusinthZhEPe

human) assignation if the second cecurrence of age is an%integral7§dentifiera}
8.5.2.2. Semantics

A selection is elaborated 1n the fbllow1ng steps!

Step 1: Its secondafy is elaboratéd and theé structured value whlch is, or .

is referred to by, the value;ofxtham secondary 1s,cons1dered 3




8,5.2.2, continued

Sten 2: ITf the value of the secondary is a name , then the value of the
selection is a nqw 1nstance of the name Whlch refers to that field of ‘
the considered sbzuctured value selected by 1ts flald~selector- otherw1s%,

it is a new 1n8ua@ce of {the value whlch is} that f;eld 1tself . o

{In the examples of 8.5;2;1, age of algol is a réference~to-integral-
selection, and, by 8.5.0. 1‘a,'a reference—to~integral~cohesion, but age of
pll is an 1ntegral—selectlon and an 1ntegral~cohes1on. It follows that age
of algol may appear as a destination (8.3.1.1.e) in an assignetion but age

pll may not. Similarly, algol is a reference-to—[lanauagej—base but pli

1o,

=y

0
is a [languagel-base and no assmanment may be made to’ 3%1. (Here [language]
stands for suructu%ed-w1th-1nteg al—fiagd [agel~ and—[languaae] erZaL
ltather] and lagel stands for letteruapletter»guletter—e etc.) The selectlon
father of plt, however, is a reference~uo-[languag»]~selectlon and thus a
reference-to~[language]- cohesion whose value is the nahe possessed by
algol. It follows that the identity-rélation father of pll :=: algol
possesses the value true. If father of pll is used as a destination in

an assignation, there is no change in the néme which is a field of the
structured value possessed by pll, but there may well be a change in the
[languazel] referred to by that name. By similer reasoning and because the
operators re and im possess roubines (10.2.5.b,c) which deliver values
whose mode is 'real' and not 'reference to real', re of z := im w is an

essignation, but re z := im w is not. }

8.6. Bdses

i
}
!

{Bases ave denotations, e,g. 3.14, identifiers, e.g. x, slices, e.g.
x1[i] and caXs, e.g. sin(x). Bases are generally elsborated first. They may
be subscripted, parametrized and selected from and are often used as operands. }

oy

8.6.0.1, Syntax A o

ooy

a) MOID base{STd 8204,e f,g,821a 'b 822a b,c,823a,b, 82ha 825a,b,¢,d,826a,
828b} : MOID slicel861a,~} 3 MOID call{862a} MOID denotatlon{510b

»

5113,512a,513a,s1ua,52%§53a,5hb,555;~}”; MOID 1dent1fler{h1b -},




8.,6.1.1. continued

i) subscript{b,c,e} : stronglintegral'unit{éie}.
3V trimscript @ trimmer{f},bﬁtiOn ; subscript{i}f=-' s ‘v";

0

k)* indexer : ROWS leaving RQWSETY 1ndexer{b,c,d,e}Qr,f‘

{Examples: e e x
a) x1[i] ; x2[i,§] ; x2[i] ;;f:';u:z:n] ;-
o) 2:n,j 3 1,2mm 3 - 31%5 ‘ ‘

c) 1,j 3 ‘ 5
i) 2:n 3

e) 3

) 2:n 3 2:n éﬁ.o 3 .

g) at 0 | 5

L) 0

i) i}

o

@

{In rule a, 'ROWS' reflects the number of trimscripts in the slice,
'ROWSETY' the number of these which are trimmer-options and 'ROWWSETY'
the musber of 'row of' not involved in the indexer. In the slices
x2[i,33, x2[i,2:nl, x2[i], these numbers sre (2,0,0), (2,1,0) and (1,0,1)
respectively. Because of rules d and Toelolot, 2:3880 3 2:n 3 2: 5 :5 and :at0
are trimmers, while rules b and d allow trimmers to be omitted. }

8.6.1.2, Semantics

A slice is elaborated in the following steps:

Step 1¢ Its primary, and all conétituent;strictuléwerabounds, strict-
upper-bounds and Qew—lower—bouﬁds ofiité indexer are elaborated collaterally
{6.2.2.a}

Step 2: The multiple value which is, or is referred to by, the value of
the primary, is considered, a copy is made of its descriptor, and all
the states {2.2.3.3.b} in the coﬁy are set to 1 ;

Step 3: The trimécript following,the sub-symbol is considered, and a
pointer, "i", is set to 1§

Step b: If the considered trimséript is not a subscript, then Step 5 is
teken; otherwise, letting "k" stand for its value, if 1; S‘k < ug, then
the offset in the copy is 1ncr“ased by (k - 1 ) x i, the i-th qulntunle
is "marked", and St ep 6 is taken” otherwmse the further elaboraulon 1s

undefined




8.6.1.2, continued

Step 5: The values "1", "u" and M1tM aye determined frbm,the consideredf
trinscript as follows: - - ' .
f the considered trlmacrlpt conta1ns s strict-lower-bound (strict—'

IR PN

upner—bound), then 1 (u) is its value' oLherwzse 1 (u) is l (u

if it contains a nef-lower—bound then l' is its value, otherW1se,
1t is 1 I DI » R
if now 1, £1 and u s w, théﬁ‘thé offset in the copy is increéséd by

(1 - 1 ) x d,, and then 1. is replaced by 1' and u, by (l'«— 1) + u;

otherwvse, the further elaboratlon 1s undeflned

Step 6: If the considereéd trlmscrlpt is followed by a comma~symbol, then
the trimscript following that comma~symbol is considered 1ns»ead iis:
increased by 1, and Step b is taken; otherw1se, all qplntuples in the
eopy which were marked by Stép 4 are rembved and Stép>7 is taken ;

Sﬁep T: If the copy now contalns a$ least one qulntuple, then the multiple
value composed of uhe copy and those élements of the donsidered value
which it describes and whose mode 1sauhat obtained by~delet1ng 'slice!
end the initial 'reference td*; if aﬁy5 from that notion ending with
'slice! of which the slice is a terminal production, is considered
instead; otherwise, the element of the'cbnsideredfvalueiselected by
{the index equal tol} the offset in the copy is considered iﬁstead H

Step 8: If the value of the primary is a name, then the value of the slice
is a new instance of the name which réfers to the considered value, and,

otherwise, is a new instance of the considered value itself.

{A trimmer restricts the possible values of a subscrlpt and changes’
its notation: flrgt, the value of the subscript is restricted to run
from the value of the strict-lower-bound to the value of the strict-upper~
bound, both given in‘the old notation- next, all restriéted values of that
subscript are changed by adding the same amount to each 01 them, such that
the lowest value then equals the value of the newwlower—bound. Thus, the
assignations y1[1:n=1] := x1[2 ?n] y1[n] = xl[?] s x1 {=‘y1 effect a

cyclic permutation of the elements of xT.,}‘

8.6.2. Calls . DR S

8.6.2.1, Syntax

&) MOID call{860al} : firm procedure with PARAMEIERS MOID pr1mary{811d} g
actual PARAMBTLRs{sue 7ub}'pack, A S [




8.6.2.1. continued

" {Examples:

a) sin(x) } NIt RN ELTNNE P
8.6,2.2. Semantics

A call is elaborated in the follow1ng steps.

otep 1: Its primary is elaborated and a copy is made of {the routlne whlch
is} its value ; ’ ' )

Step 2 The call is replaced by that copy 3

Step 3: That copy is treated as a closed-clause and is protected {6.0.2 d}

Step #4: The copy as possibly modified by Step 3 is further modified by
replacing the-skip—symbolé following the equals-symbols following the
copied formal~parameters {S.h.Q.Sﬁep 2} in the textual order by the
actuel~-parameters of the call taken in the same order 3 ' ’

Step 5: The elaboration of the copy is initiated; its value, 1f any, is
that of the cally if this elaboration is completed or terminated, then
the copy is replaced by the call before the elaboration of a successor

is initisbed.
i

The call semelson(m, (int j) real : x1[j] ) as contained in the

reach of the deeclaration

proc samelson = (int n, proc(int)real‘f)real r
begin long real s := long 0 for i to n do s plus leng £(i) 4 2 3
short long sqrt(s) end .
is elaborated by considering (Step 1) the closed-clause

(val(int n = skip, proc(int)real f = gkip ; real :=
begin long real s := long 0 3 for i to n do s plus leng £(i) 4 2 ;

short long sqrt(s) end)).

Supposing that n, s, £ and i do not oceur elsewhere in the program, this
closed-clause is protected (Step 3) without further alteration. The actusl-
paramneters are now inserted (Step 4), yielding the closed-clause
(val(int n = m, proc(int)real £ = (int j)real : x1[j] 3 real :
berin lons real s i= long 0 3 for i to n do s plus leng £(i) 4 2

gport long sqrt(s) end)) ,
and thls closed-clause is elaborated (step 5). Note that, for the duration

of this elaboration, n possesses the same integer as that referred to by the

nerie possessed by m, and £ poséééées'thefsame routine as that possessed by




8,6,2.2, continued

she rowtine~denotation ((int §)real :.x1[j]);;‘During thé elaboration of
this and its inner nested clcéednciausés'(Q 3), the elaboratlon of f(l)

self involves the elaboration of the closed-clause (val(inmt j =i 3 ¥
and, w1th1n thls 1nner closedaclause, the flrst occurrencé

}.l

eal := x10j]1 )),
3 possesses the same lnteger as that referred to by the name possessed by

-

o]

[
et

)




9. Extensilons

a) An extension is the insertion of a comment between two symbols or the
replacement of a certain sequence of symbols, possibly satisfying certain

restrictions, by another sequence of symbols.

b) No extension may be performed within a comment {3.0.9.b} or

row-of-character-denotation {5.3}.

c) Some extensions are given in the representatibn language, except
that

A, B and C stand for strong-integral-unitary-clauses {8.1.1.a},
D for a strong-unitary-boolean-clause {8.1.1.a}, |
E for a strong-unitary-void-clause {8.1.1.a},

F and ¢ for unitary-clauses {8.1.1.a},

H for a unitary-clause-list-proper {8.1.1.a}l,

I, J, K, L for mode~identifiers {4.1.1.b},

M and M1 for label-identifiers {4.1.1.0},

N for a mode-identifier-option {k.1.1.Db},

for a conformity-relator {8.3.2.1},

for an indication {4.2.1.a},

for a virtual-plan {5.h4.1.c,d},

for a routine-denotation {S.U.t1.al,

nw W oH " o

for the standard-prelude {2.1.b,10} if the extension is performed out -
side the standard-prelude and, otherwise, for the empty sequence of
symbols, }

T for a condition followed by a choice-clause {6.4.1.c,d},

for a declarer {7.1.1.3},

o]

V for a formal-declarer {7.1.1.b} all of whose formal-row-of-rowers
{7T.1.1.q} are empty,
for a tertiary {8.1.1.b},

o=

and Y for a soft-reference-to-tertiary {8.1.1.b}, and

|8

for a soft-reference-to-tertiary-list-proper {8.1.1.b}.

d) Each representation of a symbol appearing in sections 9.1 up to

9.5 may be replaced by any other representation, if any, of the same

symbol.




9.1. Comments R A VN LA source of 1nn0cent merriment .
R Mlkado, WS, Gllbert. 1

A comment {3 0 9 b]-may be 1nserted between any two symbols'
{but see 9.b}. o ‘

P

{e Gey (m > n ] m | n) may be replaced by
(m > a | m e the 1arger of the two ¢ [ n) }

9.2, Contractions

a) ref VI = loc U where U and V specify the same mode {7.1. 2.a}may be

|

replaced by UI. n
{e.g.,, ref real x = loc real may be replaced by real x and

#

ref bool p = loc bool :¢= true may be feplacedfby bool p :¢= true.}

]

b) rmode P

struct may be replaced by struct P = and mode P = union

by union P =, o
{e.g., mode compl = struct(real rve, im) (see also 9.2.c) may be

replaced by struct compl = (real re, im).} .

) Fa g pode - doclanliow {7246 f (floidy~cliolbnaiom {7.245f
loulily — cleelonalion {7“¢/5b‘) gaaaad%mp—aﬁinébuézbm é?d"/c%fﬂ/gunn -
/@@¢¢ﬁa%§? (54144, {fg;;;ﬁflégaégb 737//4{{2?%&/dhpb/%%;;ml¢ékzav
A Corma- ol fr.4ref Gete S o cnf a
Mook —-% s laccllste ~Jymbsl W-%»W/ %.‘ bl ,
' -—;%4u4%f’30m44?//cﬁ/, “one Sane 4hé2264—54%24%%—07;K3”w¢4/
m /Jo/('?//{,‘, e Z’&ou/ o//éw dz‘émpmwrﬁay‘ém«/@/

{e¢ Be, real x, rcal ¥y ,: 2 may be replaced by real x, y :2= 1.2,

but real x, real y = 1.2 may not be replaced by real x, y = 1.2, since the

first occurrence of real is an actual-declarer whereas the second is a formalw

declarer. Note also that mode b = bool, mode r = real may be replaced, by

mode b = bool, r = real, etc.}




9.2, continued

- d) If en actual-parameter {7. L 1.b} (source {8. 3. 1.1, f}) is a routine-.
denctation {5.4.1, a} (routlne»denOUJBDn not beglnnlng w;th (: ), then 1ts
first 0pcn»symbol angd last dkse~symbol {both 3.1, 1.e} may smmultaneously

e omitted. f

{e.ge, op + = ((int é)inibz,a).may be replaced by op + = (int a) int

e) If each corresponding pair of constituent-declarers: in Q and R specifies
the same mode, then proc QL = R may be replaced by_Eﬂ__ I=R, op QP= R by
op P =R, and proc QIN::= R by proc N :+= R. : | s
Le.é.a proc (ref int) iner = (ref int i): i plus 1 may be replaced by
vroc iney = (ref int i) : i plus 1, op (ref int) int decr = (ref int i) int

o el
Asitn
.

: 1 wanvs 1 mey be replaced by op decr = (ref int i) int : i minus 1, and
proc (resl) int p = (real x) int : round x, obtained by 9.2.a,d from '

ref proc (real) int p = loc proc (real) int :&= ((real'x) int : round x)

may be replaced by proc p ::= (real x) int ¢ round X 30

£) [:1 may be replaced by {1, [ iy vy [, sis BY ssi s 51 Dy ,]
(:al by [at, and 2185 BY . p2be '
. {e.g.y, [:] real may be replaced by [] real.}"

9.3. Repetitive Statements

a) The unitary-statement {6.0.1.c}
bepin int J = A, int K=B,L=20C ' o

M :if 8§ (K>0[J<L]:K<0|J>L|szue) |

then int I = J; (DIE; (S«J.~J+K) £0 ko M)

end,
vaere J, K, L and M do not occur 1n D E, or 8, and where I differs from
J and X, may be reDTaued by

for T from A by B to © yhile Ddo E; |

and if, moreover, I does not oceur in D or B, then for I from may be

replaced bj from.




$.3. continued

b) The unitary-stbatement {6.0.1.¢c} ‘ ‘ o ,  o ’ ,

begin int J :t5 A, int K = Bj

M (nf T =3 (DI (89:2= 7 + X); go ko M)

vhere J, K and M do not occur in D, ‘Eor 8, and whexj;e,I differs from

J and K, may be reple,ced by
for I from A by B whlle D do E,
and if, moreover, I does not occur in D or E, then for I f’rom may be

Cod

replaced by from.

¢) from 1 by mey be repla.ced by .._Xn by 1 to by to, .’91 1 while by while,
and vhile true do by do. ' -
{e. Ges for i ¢r0W1 1 bv 1 to n vhlle Irue do x plus & may be replaced

by to n do x plus a., Note that to 0 do S and wh:.le false do S do not cause

S to be elaboratea at all, whereas do 8 causes S to be elaborated repestedly

until it is terminated or 3_nterrupted.}

9.4, Contracted condltlonal clauses
{The f..l.OWEI‘S that bloom in tne spring, Tra la,

Have nothing to do with the case.
Mikado, :  W.S. Gilbert. }

if T fi fi may be replaced by elsf T fi and
then if T fi fi . by thef T fi.
{e.g., if » then princeton else if g then grenoble;;else zandvoort fi fi

I
NS
o
Bise
0
o

nay be replaced by if p then princeton elsf g then grenoble else zandvoort

£fi or by (p ] princeton I: q ] grenoble ] zandvoor‘cv). Many more examples

wre given in 10.5.}

b) (dnt I=A4; if ST =1 then F elsf S(I = 2 | true) then G fi), where I
does not occur in F,G or S, may be replaced by case A in F, G esac

{or vy (] F, G)}.

.

) (int I = A ; if SI= 1 then F else cese (SI=1) in H esac fi), vhere

>

c
I does not occur in F, H or S, may be i‘eplaced by
csse A in F, H esac {or by (a |'F, H)}..

o SRV I CAT oo lllM riny B Pyl g"_‘ fg}::il AT SRR A e 8 L VI 0 0 Ot A ik et St Wy e :r.

b et




9.4, continued

a) (((xow | M, (Yow | M1)); ((false | true)| skip)y, M : F M1 : G),
where M and M1 do not occur in F and/or G, may be replaced by
case X, YO Win F, G esac {or by (X, YOW | F, G)}.

e) (((xow |M),(X,ZOW ]| H))., M: F), vhere M does not occur in
F and/or H, may be replaced by
case X, ZO W in F, H esac {or by (X, Z0W | F, H)}.

{Examples of the use of such "case" clauses are given in 11.11.w,ap.}
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