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1. Language and metalanguage

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) TFor 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 syntactic marks are used which

bear no relations to those used  in the representation language.

1.1.2. The Syntex of the strict language.

a) The strict language is defined by means of a syntax and semantics. This
it 1s deflned by means

syntax is a set of "production rules" for "notions";

o e 8

. . . U
of "small syntactic marks", in this Report abcdefghlelmnopqrstuvwxyzS,
"large syntactlc marks", in this Report "ABCDEFGHIJKLMNOPQRSTUVWXYZY and

"Guher syntactic marksy, in this Report, "point ("), Meamma™ ("%,
;colon\\("aﬁ), "semicolon!! (") and "asterisk! ("il). {note that these
marks are in another type font than the marks of this sentence. }
1 » .
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b) A "protonotion" is a nonemptzlsequence of small syntactic marks; a notion

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

protonotion ending %ith Ysymbol?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 a point.

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

commas; & member ig either a notion and is then sald to be "productive"

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




1. 1.2. continued

e) A "production" of a given notion is either a direct production of that
given notion or a llst of notions obtained by replacing a productive membar

in some production of the given notion by a direct productlon of that

productlve member,

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

of whose members is productive.

{In the production rule
('varzable~p01nt numeral ¢ integral part option, fractional part§\>

(5.1.2.1.b) of the strict language, the list of notions flntegral part__m.m

“option, fractional part)is a direct production of the notion (fvariable

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

term;nal productlon of this same notlon 1s

'dlglt zero symbol p01nt symbol dlglt one symbol'
The mggggf, ’dlglt zZero symbol’) is an example of a (termlnal) symbolo

N

The 4=bma 'twas brllllg and the slithy toves! VS oroteaotore e is neither
& symbol nor a notion in the sense of this Report, in that it does not end

with;fgymboi?‘and no production rule for it is given (1.1.5a626§)33 )

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.

heresmply

d) A list of metanotions is a mEmmEsre—tmaby sequence of "metamembers!
separated by blanks; a metamember is either a metanotion and is then said

to be proauctive, or is a Fontwrey sequence of small syntactic marks.

ofrsntly emply,




1.1.3: 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 a

@<

direct production of that productlve metamember.

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

none of whose metamembers is productive.

{In the production rule’wTAG : LEETER.‘L derived from 1.2.1, T/

LLETTER'/IS a direct production of the metanotlonQS?AG'L con31st1ng of one s

metamember which is productive. A particular terminal production of the
metanotlon"TAG' 1s«'letter x' (see 1.2.1.8, t? In the production rule

K:%@PTY@ '.1,(1 2.1.1), the metanotlon\'EMPTY' has a direct production
which Cmeackrrel e, éy;;/i} izl b

1.1.k, The production rules of the metalanguage

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

Step 1: If some 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
againsg 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 ; TAG LETTER j; TAG DIGIT‘; {rom

1.2.1.% is replaced by the rules 'TAG : LETTE&T?Eﬁd{ 'T'A'G 't TAG LETTER ;‘““

—"

: , LT T )
and 'TAG : TAG DIGIT —1 :

thus resultlng in three rules from the original one.

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

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




1.1.5, The production rules of the strict language

a) 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 taken; otherwise, all blanks in the-given rule are removed

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

b) A number of production rules may be added for the notlon

IlndlcaVK?Y {4.2.1.b,e,f} each of whose direct productions is a symbol
different from any symbol given in this Report { § see also 3.1.2.cl.
c) A nunber of production rules may be added for the ndtlons('other .

" comment 1tem' {3.0.9.c} and(fother strlng item' {5.3.1.c} each of whose

' direct productions is a symbol different from any @haracter—token with

the restrlctlons that noxother—ccmment—xtem is the(comment—symbol and no

\other-strlng—ltem is thefquotensymbol.

{The rule
factusl LOWPER bound : strict LOVPER bound.'>
derived from T.1. 1.s by Step 1 is used in Step 2 to provide two production
rules of the strict language, V1z.

{ actual,lowerbound strlctlowerbound.' and

\‘actualupperbound.$tr1ctuppegbound.' H
however, to ease the burden on the reader, who may more easily ignore
blanks himself, some 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 : strlct upper bound f




1+1.5. continued

Note that

’actual lower bound'. stfigg“ﬁéigg'ﬁound.,,
is not a productlon rule of the strict language, since the replacement of
the metanotion(ﬁLOWPEB??by 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.
Some 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) 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 thé 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 {mﬁbou) . :

b) A sequence of - symbolsAcon81st1ng of a second sequence of symbols(4&umulymﬂmu¢&d
preceded and/or followed by (&) nonempty sequence(s) of symbolsv contains"
tmw:wmmdsqmmmeofsmmdméxﬂMiwﬁ&mm%)m%mﬁwﬁﬂ%hmkg

‘ hnzﬁu&maﬁkmzﬁzm@g~v9L5%”*’0” / E
c¢) A "paranotion" %hen not aﬁégf\;Syntax", not between "apostrophes™ (" ' ")

and not within another paranotion "denotes" some number of protonotions.

A paranotion is

i e
~,

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

S —— i A 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 en asterisk,
and it then denotes any of its direct productlons {, which, in this Repoxt
always is a notion or a symbol, TN "trlmscrlpt" (8.6.1.1.3) denotes :
<M yrimmer option' or‘¢subscr1pt"}, 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., Qbeglﬁ/ymbol" denotes what (Begln symbol"
denotes}, or

v) a paranotion followed by "s" or a paranotion ending with "y in which
that "y" has been replaced by "ies'" and it then denotes some ‘number of
those protonotlons denoted by that paranotion before theAmodlflcatlons

{, gy ktrlmscrlpts" denotes some number of("trlmmer optlon s and/or

by \prlmary"} or

vi) a paranotion whose flrst small syntactic mark has been replaced by
the corresponding large syntactic mark, and it then denotes those proto-
notions denoted by that paranotion before the modification {, e.g.,
’"Identlfle;g”fdenotes the notions denoted by(ﬂldentlflers"} or

vii) a paranotion in which & terminal production of(iﬁQBT!'and/or of
;iSOMEfVand/or of(jMOIDf:hazﬁgeen omitted, and it then denotes those
protonotions dencted by anxAparanotlon from which the. glven paranotion
could be obtained by omitting a termlnal production of<ﬂSORT’ and/or of
’SOME’ “and/or of \MOID_L{, e.g., "op" denotes the notions denoted by
MOID hop")(8 2.7.1.1), ’"declaratlon" denotes the notions denoted by
fﬁgﬁg_declaratlon" (6 2.1.a, T.0.1.2) 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.ho1.a,c,d,e, 8.1.1.a), where Q'_sog?mx'” ('soME™, "MOID™) stends for eny
terminal production of the metanotion (SORTETY ! (¢SOME™, (MOID™)}.

{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, i o porsling el . it i 6l fs o frnlins




1.1.6. continued 2

d) Except as otherw1se specified {f, g} , a paranotlon stands for any

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

of any notion den@ted by it.

®

. i
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 occurrerng
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 slso a member of
a production of another occurrence of either that notion or that protonoti@n
which other occurrence is a member of the glven production. Wl

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

contains three occurrences of/'dlglt—one symbol')(S 1.1.0), ;1 4

two occurrences of"sub—symbol'3(3 1.1.e) , 1~° and one occurrence of a

terminal production, of ’ '1ntegral—sllce'\82 Viz. 11[1]L which is a con- :
stltuéhx of S1. The first occurrence OfEJJlS a constitu@nt of S1; the )
second and third are constituents of S2 and, since 52 is both{’fﬁ%gézal;w
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 S2 but not a constituent of S1. 1}

£) A paranotion.ﬂ@ﬁ@ﬁ%ﬁcﬁ£%¢wcu7@%cagJ?{ﬁhtﬂbf%ﬂ?bﬁi& of all 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 > since
paranotions stand for occurrences of terminal productlons (d) j o= 1! ‘is

a constituent. a331gnatlon (8.3.1.1.a) of the: a351gnatlon\ J"_Wwig but
not of the ser1al~qlause (6.1.1.a) /i := j := 13 k := 2|nor of the\a531gn— .

‘ations'ij := 1land'k := i := § i= 1) The assignetion |j 1= 1/is not a direct

constituent of the: a551gnatlonf 1= J 13 but it is a direct constituent:

source of that\a851gnatlon (8.3.1.1.D).}




1.1.6., continued 3

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

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

but not simply a destination of the serial-clause i=13 J=21%1e

h) In sections 2 up to 8 under "Semantics" & meaning is associated with
occurrence&of certain sequences of symbols by means of sentences in the
English language9 as a series of processes (the "elaborstion" of those
occurrences of sequences of symbols as terminal productlons 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.a) x := 3.1k is its preelaboration which is its elaboration

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

{The syntax of the strict language has been chosen in such a way that
a given sequence of symbols which is a terminal production of 'program' is

so by means of a uniquezget of productions, except, possibly, for product-
. . A7 . .
ion rules inducing mzsy preelaboration, e.ge. derived from rules 6.2.1.e

and 6.L, 1.4 (balancing of modes, cee also 2.3.a)&id i k&//t’/@ iy Com b ~
podom B 720 and Dq.0.0 %gzﬁﬁﬁw%wdf%ﬂd%wzzmo%KOM@OO'vﬁ/
7Wuag /La;ééd %on, % V/V//'Eﬁ ") o

¢) If something is left undefined or is said to be undefined, this means
that it is not &ﬁ{f%zbmed by this Report alone, and that, for its &%3%4Liem

iéion,qinformation from outside this Report has to be taken into accownt.

.,__/) A Lintsrent /vﬁ;alwa/f,gw &/a f‘w"“ Gl Toon 1 ”ﬂWef% % A ;»m/ MoTions -

Fi Coitainld  Ohce in T fwFidm bl 15T n Oseotlpr L sintica /"Loclmé&w
Wl SiTanosTore (oniirned i Hal ne et J87 /Zé/ewme%zea/’ '
am&f&« M&‘Wﬂz prodicclivn: of IM0E" &y afonce el mode (lrnlfoir ]
4




1.1.7. The extended language

The extended language encompasses the strict language; 1.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.'{a.g,,3 real X, y, Z means the

seme as real x, real y, real z by 9.2.C0}

1.1.8. The representation language

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

a 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 elucidstion is also a representation language. 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 language" {i.e. & 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.}

.
[m—

begin .
__ begin o
: begin
| begin
! - begin

begin
] begin




1.2 The metapfoduction rules

1.2.1. Metaproduction rules of modes

a)
b)
c)
d)
e)
£)
g)
h)
i)
3
k)
1
m)
n)
0)
p)
q)
)
s)
t)

u)

V)

w)

x)

MODE : MOOD ; UNITED.

MOOD : TYPE ; STOWED. '

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

PLAIN : INTREAL ; boolean ; character.

INTREAL : INTEGER ; REAL.

INTEGRAL : LONGSETY integral.

REAL : LONGSETY real. '

LONGSETY : long LONGSETY ; EMPTY.

EMPTY :

PROCEDURE : procedure PARAMETY MOID.

PARAMETY : with PARAMETERS ; EMPTY.

PARAMETERS : PARAMETER ; PARAMETERS and PARAMETER.

PARAMETER : MODE parameter.

MOID : MODE ; void.

STOWED : structured with FIELDS ; row of MODE.

FIELDS : FIELD ; FIELDS and FIELD.

FIELD : MODE field TAGf

TAG : LETTER ; TAG LETTER ; TAG DIGIT.

LETTER : letter ALPHA.

ALPHA : a ; b;c;dj;e; £ 8 3.h ;13 ji;yk;1;m;n; 0j
p;a;r;s;ti;u; v;w X3y 2 aleph.

DIGIT : digit FIGURE.

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

UNITED : union of MOOD and MOODS mode ;

MOODS ; MOOD ; MGODS 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)

c)

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

b) “ ROWS : row of ; ROWS row of.

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 assoclated with phrases and coercion

a) PHRASE : declaration ; CLAUSE.

b) CLAUSE : MOID glause. :
¢) SOME : serial ;$unitary ; CLOSED ; choice ' THE@SE.

a) CLOSED : closed ; collateral ; conditional.

S

¢) THELSE : then § else.

f) SORTETY : SORT ; EMPTIY.

g) SORT : strong ; FIRM.

h) FEAT: firm ; weak ; soft.
i) STRONGETY : strong ; EMPTY.
j) STIRM : strong ; firm.

k) ADAPTED : ADJUSTED ; widened ; svowed ; hipped ; volded.'

1) ADJUSTED : FITTED ; procedured united.
m) FITTED : dereferenced ; deprocedured.

1.2.4. Metaproduction rules associated with coercends

&) COERCEND : MOID FORM.

b) FORM : confrontation ; FORESE.

¢) FORESE : ADIC formula ; cohesion ; base.

d) ADIC : PRIORITY ; monadic.

e) PRIORITY : priority NUMBER.

f) NUMBER : one ; TWO ; THREE ; FOUR ; FIVE ; SIX j SEVEN
EIGHT ; NINE,

g) TWO : one plus one.

h) THREE : TWO plus one.

i) FOUR : THREE plus one.
j) FIVE : FOUR plus one.
k) SIX : FIVE plus one.
1) SEVEN : SIX plus one,
m) EIGHT : SEVEN plus one.
n) NINE : EIGHT plus one.

e




1.2.5. Other metaproduction rules

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

c¢) LOWPER : lower j upper. d) LOcAL ¢ 4&h€§%nn¢&323

‘@) - ANY : KIND ; suppressible KIND ; replicatable KIND ;

3

replicatable suppressible KIND.
£) KIND : sign ; zero ; digit ; point ; exponent; complex j; -
string ; character. 4 '
) NOTION : ALPHA ; NOTION ALPHA.

) SEPARATOR : LIST separator ; go on symbol ; completer .;

IR

sequencer ; statement interlude option.
L) LIST : list ; sequence.

{Rule‘g 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,e,d,g,h.}

. {"Well 'slithy' means 'lithe' and 'slimy'. ...
You see it's like a portmanteau - there are
two meanings packed into one word."

Through the Looking Glass, Lewis Carroll. }

1.3.Pragmatics {Merely corroborative detail, intended to
give exrtistic 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
interpreced as follows. Let a "hypernotion" be either 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 a colon followed by one or more hypernotions separated by

commag. or semilcolons, and is closed by a point. By virtue of 1.1.56@.

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




1.3. continued

In each rule, a hypernotlon appearing before (after) the colon is followed

by indicators of the rules in which a hypernctlon yleldlng one or more
(before} t

protonotions alsas
the colon or 1ndlcauors of the representations in sectlon ‘3e1al

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

principle, the section number followed by the letter indiceting 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.d, "chain of strong void units
separated by go on symbols {30c}" appears as "chain of strong void
units {e} separated by go on symbols -{31f}"; aiso, indicatoys in section
3.0.1 are restricted to & bare minimum;

vi) the absence of a production rule for one or more protonotions which
are not symbols and are yielded by a hypernotion appearing after that
colon, is indicated by "-"; e.g., in 8.6.0.1.a after "M()Iﬁj\o:zg,entifwr
appears {h1b?-}miifce L.1.1.b yields productigawi?les 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 representabtion
language, In these examples, identifiers occur out of context from their
defining occurrences. Unless otherwise specified, these occurrences

identify those in the standérd~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

char ¢ ; format T

W

H

s bytes r 3

real a, b, X, ¥ 3 bool p, q, overflow

string s 3 bits t ; compl w, 2

ref real XX, Y¥ 3

[1:nlreal x1, y1 3 [1:m,1:nlreal x2

[1:n,1:nlreal y2 3 [1:nlint 11 ; [1:m,1:nlint i2 j
(rendom < .5 | = | ¥v) 3

proc xory = ref real

— LANY S
proc ncos = (int i
proc nsin = (int i

proc stop = {i(-ﬂ:

exit ¢ princeton

kootwijk : warsaw

north berwick : X

Jreal : cos(2 x pi x i / n) 3
Jreal : sin(2 xpi x i / n) 3
: (arctan(u) - a + u~-1) 3

grenoble ¢

'y
Y

=
.

zandvoort

Te

}

st pierre de chartreuse

s
»

amsterdam : tirrenia

I}
s

.

3

-
.

5

9




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 Breee: are: "to be of

the same mode as", "to be equivalent to", "to be smaller than", "to be a ,
component of" and '"to refer to" A7&¢24”””%ﬁ'ma/5 é{%fé@?@%/a;pk%1/uéz tseel A
((‘M 233 TTFEE © A/ Lo bsnel Valoe 440()&1? . Zidetns 4’7 tons B ”57/&" Y atiaad e euel

(./ZL/ //hdz/_ 0/ /z’ 250 Me .
1) ~f value may be of the same mode as another viZ@z; this relationship is

permanent é? 2,4./af,

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

/4/'7 /"7’&‘]!?’/{71,(’[’ &’/ a-

k) 4 given value is a component of another W& if it is a M"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 "name" {2.2.3.55}, except "nil" {2.2.3.5.a}, refers to one in-
stance of another value. This relationship {may be caused to hold by an
Mrtemce §F Ml
"assignment™ (8.3.1. 2.,c) of that value to that name and} continues to hold
until another instance of a value is caused to be ruerr@d to by that
neme. The words "refers to an 1nstance of" are often shortened 1n the sequel

to "refers to"
2.2.3. Values

Values are

. 1 o . .
EH "plain values ?i:f:éll}j)i"‘” re=hrierrtertorl ooy
R P By e i Tt R : B

i

v*/ .
Z5("structured" values {2.2.3.2} or "multiple" values {2.2.3.3.}, which

are composed of other valueszﬁﬁggﬁﬁ%g Gerbreishyterronyny
#4372 7M"routines™ and "formats" {2.2.3.L4y}, which are certain sequences of

symbols ST ERe=arors

i Dames BT Unteh arear

O EO O O DR O P Al

.

l2.2:2452.2.3.5 F.

-




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 a sequence of symbols which is the same as some .

closed—clause {6.3.1.a} (format-denotation {5.531.3).

2.2.3.5. Names

a) There is one.naﬁe, nil, whose "scope" {2.2.L.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
jdmmbwmwdﬁﬂﬁﬁ%ﬁff

[ ora thep 18272.41] 5

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

precisely one instance of a valuel.

its fields 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.

»

¢) If a giveh name refers to a given multiple value {2.2.3.3}, then %o
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 neme 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
1
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.b}; furthermore, all instances of a given value other

than nil {2.2.3.5.a} are of one same modey #oe buocle @Cﬁkfjp&b M&&&g,ﬁwn/ép

'2777 ! 4«/ & ;/V;tn'w snolirrte 7/ G Yaleo o 6 A s259 Barnee g/r/ el thilie A/ﬁ;{ 4 / /{(’{ W A

a9 'H it smilicece .
b) The%mode of a truth value (character, format) is 'boolean’ ('character?,

~

tPormat?).

&

¢) 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.yit consists
of the elementary actions which make ué those actions provided only that
each elementary action of each of those actions which would také'place B
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.k.a and the elaboration of the actual—parameter
of the operatlon-declaratlon 10.4.b are elementary actions.

{What other actions are elementary is left undefined.}

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

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 actioné 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 siecific 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 dlstlngulsh
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-

pwier can handle arbitrary amounts of presented information.




2.3. continued

It is not assumed thatv 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
program 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 hypothetical 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 1s defined whose particular-programs are particular-
programs of ALGOL 68 and have the sanme 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 a 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 common to several
particular-programs. If such a part contai§:iidentifiers (indications,
operators) whose defining (indication-defining, operator-defining)
occurrences (Chapter L4) are not contained in that part, then compilation

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

a chain 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 s
special representation of the comment-symbol different from the ones given
in 3,1.1.1, viz. ¢ or coment, preferably P or pragma, have the effect
that by e 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 comment (e.g,,'g_algol 68 P, D run p or p dump p). }

{p algol 68 p-

begin proc p nonrec E
P=p;p end

prunp p?p
Report on the Algoritimic
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{303s}
action token{30ka} ; declaration token{305a} ; '
'syntactic token{306a} ; sequencing token{SOTa}‘;
hip token{308a} ; extra token{309a} ; special token{304a}.
NOTION option : NOTION ; EMPTY. I
€hain of NOTIONs separated by SEPARATORs {c,d} : NOTION 5
NOTION, SEPARATOR {e,f,31%,61d,3,1} ,
chain of NOT'IONs separated by SEPARATORs {c}.

NOTION LIST : chain of NOTIONs separated by LIST separato?s

{c,é,f}.
fist separator : comma symbol{3le}.
feguence separator : EMPTY.
NOTION LIST proper :LQQTION, LIST separator {e,f}, NOTION -

[ LIsT {d}.

NOTION packAﬁ open symbol{31e}, NOTION, close symbol{3lel}.

{Exemples:

a3 03+ int;ify . ;nil; fors "

33 ' e) 0,1, 2

; 0, 1, 2 e) 5 5

5 g) 1, 2,33 n) (1,2,3) }

3.0.2. Letter token §

a)®

b)

a)

letter token : LETTER {b}. ,

LETTER{309d,h1b,c,d{JSSh,i,o,q,v552b,e,f{J553fiu55ha,555b{“556b9
55Tb, T1j} : LETTER symbol{31al}. ‘

{Exampl;s:

8 4 (see 1.1.4.5tep 2) }

{Letter-tokens either are or are constituents of identifiers (k.1.1.a),

field-selectors (7.1.1.1), format-denotations (5.5.1.a) and row-of-

character~-denotations (5.3.71.a). }

Bletiwimely, MATHEMATISCH  CENTRUM -
T APMISTERDAM

o




3.0.3. Denobation tokens

8)" denotation token i nunber token{b} true symbol{31b}
~felse symbol{31b} formatter symbol{BTb} 5
routine symbol{31b} 5 fllpflOp{e} ; space symbol{31b}..

b) mumber token{309d} : digit token{c} ; point symbol{31b}
times ten to the power é#ﬂ%é@& {31B}

c) digit token{b, 511b} : DIGIT{a}.

d) DIiGIT{e, lﬂd _511a, 552c} : DIGIT sym‘bol{31b}

e) flipflop{52b} : flip symbol{31b} 3 flop symbol{31b}.

{Examples:
a) 13 true 3 false 3 £33 t 3 13 « 3
b) T3,
c) 13
d) 1
e) 130 1} .

{Denotations-tokens are constituents of denotations (5.0.1.2).
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)¥ action token : operator token{b} ; equals symbol{31c} ;
dw%éﬂﬁmz,symbol{31c} ; confrontation token{d}.
b) operator token{42e} : minus and becomes symbol{31c} ;
plus and becomes symbol{31c} ; times and becomes symbol{3lc} ;
over and becomes symbol{31c} ; modulo and becomes symbol{31c} ;
pus and becomes symbol{31e} j or symbol{31c} ; and symbol{3lc} ;
differs from symbol{31e} ; is less than symbol{3lc} ;
is at most symbol{31c} ; is at least symbol{31c} ;
is greater then symbol{31e} ; plusminus{c} ; times symbol{3tec} ;
quotient.syMbol{31c} ; modulo symbol{31c} ; over symbol{31c}
element symbol{31c} ; to the power symbol{3lc} ;
" lower bound symbol{31c} ; upéer bound symbol{31c} 3
lover state symbol{STc} s upper state symbol{31c} ;
plus i times symbol{31le} ; absolute value of symbol{31c};




3.0.

e)’
ay*

a)

4, continued

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

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

booleans to bits symbol{3lc} 3 characters to bytes symbol{31c}

down symbol{3lec} 5 up symbol{31c}
plusm1nus{512h{J55p} plus symbol{31c} s minus symbél{BTc};

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

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

{Examples:
+ 3 = 5 val 3 1=

Ay F o

minus 3 plus j; times ; over ; modb ; prus ; V

> we

3 lwb 5 upb ;
lws 3 ups ; L ; abs 3 repr 3 —.; leng ; short ; odd ; sign ;
round ; entier ; re ; im 3 conj ; bin 3 btb ; ctb ; down ; up ;

<3S 323>k Ry a4t /5 elem

{Operator-tokens are constituents of formulas (8.4%.1.a). An

operator-tokenvmay be cawsed to possess an operation by the elaboration
of an operation-declaration (T.5.1.a). Confrontation-tokens are consti-

tuents of confromtations (8.3.0.71.a). }

3.0.5. Declaration*tgkens

a)”

declaration token : PRIMITIVE symbol{31d} ; long symbol{31d}
structure symbol{31d} ; reference to symbbi{31d}
flexible symbol{31d4} ; either symbol{31d} ; procedure symbol{314} ;
union of symbol{31d} 3 mode symbol{31d} ; complex symbol{31d} ;
bits symbol{31d} ; bytes symbol{31d} ; string symbol{31d} ;

. file symbol{31d} ; priority symbol{31d4} ; local symbol{31d4} ;

operation symbol{31d}.




3.0.5, continued .

{Exemples:
a) int 3 long ; struct ; ref 3 flex i either 3 proc 3 union j; mode

compl ; bits 3 bytes ; string 3 file ; priority ; loc 3 QEf}~‘

{Declaration-tokens either are or are constituents of declarers
(7.1.1.a), which specify modes (2.2.4), or of declarations (7.2.1.a,
T.3.1.8, Toholub, T.5.1.0)0 3 0 ' ‘ - o

3.0.6. Syntactic tokens

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

e

{Examples : ,
a) (3) 3, 3mpars [ 513 ¢ at; if 5 then 5 £ 5 of

(1Y

void 3 & }
{Syntactic-tokens separate external objects or group them to-

gether ° }
3.0.7. Sequencing tokens

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

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

specify the order of elsboration (6.1.1.¢,d,j,1, 8.2.7.1.d). }

]




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

{Exemples:
a) skip 3 nil }

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

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

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

¢) comment item{b} : character token{d} ;
other commentqftem{1.1.5.¢}@y T

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

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

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

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

e

esac 3

b) ¢ with respect to ¢ ;°
e) wy ?

a) a3 1sis (3 )5 3,1

{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
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3.1 1s continued_

b) Denotation tokens -

o,

symbol

digit zero symbolf%OSd}»
digit one symbbl{303daj73b}
digit two symbol{303d, T3c}
digit three symbol{303d,v73d}b.
digit four symbol{303d, T3el}
digit five symbol{SOSd,v73f}
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{303b, 512g}

true symbol{513a}

false symbol{513a}

formatter symbol{55a}

routine symbol{5kb}

flip symbol{303e}

flop symbol{303e} | ;
space symbol{309d} | e

¢) Action tokens
symbol

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

prus &nd becomes symbol{30kb} . .

O O~ OV W D = O

representation

representation




3.1.1. continued 2

symbol

or symbol{304b} §

and symbol{304b}

differs from symbol{304b}
is less than symbol{304b}
is at most symbol{30Lb}
is at least symbol{304b}
is greater than symbol{304b}
times symbol {3041}
quotient symbol{304b}
modulo symbol{304b}

over symbol{30k4b}

element syﬁbol{BOhb}

to the power symbol{30kb}
lower bound symbol{30kb}
upper bound symbol{30L4b}
lower state symbol{304b}

upper state symbol{30Lb}

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

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

0dd symbol{30kb}

sign symbol{30k4b} i

round symbol{304b}

entier symbol{30kb}

real part of symbol{30Lb}
inzginary part of symbol{30L4b}
conjugate symbol{304b}

inal symbol{304b} v
Lsoiesns to bits symbol{30Lkb}
cheracters to bytes symbol{BOhb}

down symbol{304b}
up symbol{304b}

Fx

i ™" representation

VoA .Av—ll—~> <
l 3

3

_]__y_}l.
lws
ups
L i
abs,
repr
et |
leng
short
odd

not

sign
round
entier
re

im
bin
btb,
ctb
down

up




3.1.1. continued 3

symbol

plus symbol{30kc}

minus symbol{30kc}

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

becomes symbol{831b}

conforms to symbol{832b} .

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

is not symbol{833b}

d) Declaration tokens
symbol o,

integral symbol{T1c}

real symbol{T1c}

boolean symbol{Tic}l’
character symbol{Tlc}

formet symbol{Tlc}

long symbol{k2c,e,f,510b,52a,T1d}
structure symbol{71le,k} ‘
reference to symbol{71l,m,n} |
flexible symbol{T71s,u}
either symbol{Tlu}

procedure symbol{71ﬁ}'

union of symbol{T1y}

mode symbol{72a}

complex symbol{k2c}

bits symbol{k2c}

bytes symbol{l2c}

string symbol{li2c}

file symbol{hQé}

priority symbol{73a}

local symbol{851b}
operationysymbol{YSb}

representation
+

= eq

val

= <

troocb

:1= ctdb

= is .

:$: is not isnot

representation

int
real

|

bool

char

- format

long

struct

priority

loc

2R




3.1. 1, continued 4

¢) Syntactic tokens

symbol

open symbol{21a, BOg’gooci 544, 5

close symbol{21a,304 20gd, 54"

comma symbol{30@,: ogd, )54f;bb4g

parallel symbol{62b,c;d,f}
sub symbol{710,861a}

bus symbol{710,861a}

up to symbol{71q,861%}

at symbol{861g}

" if symbol{6ha}
then symbol{6&e}
else symbol{6le}
fi symbol{6ha}

of symbol{852a}
void symbol{823b}
label symbol{61k}

f) Sequencing tokens

symbol
e
go on symbol{30c?§1c,d,j}
completion symbol{61l?
go to symbol{SZfG{l}
g) Hip tokens

symbol

skip symbol{827£}
nil symbol{827e}

IR \
T 1{» o
] %

representation

ssay
@ 3345} ' )
ézgg 71,2, 514 c_}

,

begin -
end

Amngampee.

comma,
comma,

then
else
fi

representation

representation

skip
nil




3,1.1. continued 5

h) Extra tokens

symbol representation
for symbol ’§7ﬁ5,4,@} B ; f‘f . ‘ for
from symbol {4.3,q, 4 C} L . | o : from
by symbol {4.3.g,6,¢} . o - by
to symbol fagz.ach el e L N o
while symbol ’;ff.%.a) é,ct ‘ N  while
do symbol  §G.3.G 4] | ', (<)
then if symbol {q.4.af ' _ |:  thef
eise if symbol {g4.a, &} : ' |+ elsf
case symbol {9.4,@,6‘, d,ef ‘ , k ( case
in symbol  fga lGdef | | | in
esac symbol 1g.4.6gde} ) esac
i) Special tokens
symbol representation
quote symbol{51ka,53a,b,d} "
comment symbol{309%} ” ' ‘ ¢ 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 (2 >bthend | & fi,
though acceptable to en automaton, would be more intelligible to a human
in either of the two representations

C(a>b | b | a)

or -

gia > b then b else a fi.}




3o tele continued’.

b) A representation which is a sequence of underlined or bold-faced
marks or a sequence of marks ‘between apostrophes is different from the

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

apostrophes.

c) Representathns of other terminal productlons of 'letter tokenf
{1.1.4.8tep 2}, 1 7 .'indicamf'.’ {1.1.5.b}, "other comment item' and
"other: surlnglltem' {1. 1 5.c} mey bé added, provided that no>sequenoe
of representatlons of symbols cen bé confused with any other such
sequence . {e.g., do if are representaﬁlons of the do-symbol followed

by the if-symbol, whereas doif might be an ill-chosen rep:esentatlon of

an other-indication.}

d) The faut that representations of the terminal productions of 'letter
token' given above are usually spoken of as small letters is not meant to
imply that the so-called correspondlng 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, €.
for the routine-symbol, up-to-symbol and label-symbol, the representation
"M is given. It follows uniquely 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.jthe 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-denctations a8 representation of the becomeé—symbol only

(since "=" cannot occur as representation. of a monadic-operator). Similar-

ly, the other given composiﬁe representatfons do not _cause ambiguity. 1}




Identification and the eontext conditions

L.
{A proper prpgram is a program satisfying the dontext conditionms,
e.g., if (real x ;Ex i= 1) is contained in a proper-program, then the

second occurrence pf x is a reference—to—realjédentigier not solely
. ; 5 R

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

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

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

methods of identification and comtains other context conditions which

prevent such undesirable constructions as mode a = a.}

4,1, Identifiers

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

which the first is a letter-token, e.g. xl., FicrfersewreprCor=laoote

& Mode-identifiers, are made to possess values by the elaboration of identity-

declarations (7.h.1.a8). Some ,identifiers possessing values which are not

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

C & 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 terminology is not used in this Report.

Here, all

are or are not names.}

- P00

.o o
T o gmugm e o Sy e o
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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{5kg,61k,8274,860a} : TAG{c,d,302b}.
TAG LETTER{Db,c,d,71j} : “mAG{c,d,302b}, LETTER{302b}.
TAG DIGIT{b,c,d,71j} : TAG{c,d,302b}, DIGIT{303d}.

‘range : SORTETY serial CIAUSE{67a} ; PROCEDURE denotation{5ib}..

{Examples :
% 3 ¥x ; x1 ; amsterdam }
{Rule b together with 1.2,2.v and 1.2.1%:/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,
riede . . -
’rea;Aidentifier ¢ letter a letter b.!

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

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

5

yielding

T + Y, ]
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}

4.1.2, 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
‘ g

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 metanotion
'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} 3 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 Zekwed 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 cccurrence

which the given occurrence identifies; see b h Ao}

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.

B ,«/*“'7



{In the closed~clause (string s = "abe" s[3] # "a"), the first

occurrence of s is a defining occurrence of a terminal productlon of

'%e;erence—tourow—of—character-ldentlfler'. The second occurrence of s
identifies the first and, in order to satisfy the 1dent111catlon condition
(ho1.1. a), is also a terminal productlon of a referepce—to-rownof—boolean—~

identifier'. Identifiers have no inherent meanlng. }p

’

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 sultable representations, prov1ded that they cannot be

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

k.2,1. Syntax

&)* indication : MODE mode indication{b} 3 ADIC indication{e,f}.

b) MODE mode indication{71b} : mode standsrd{c} s &F=mw indicajilani{l.1. S.b}

¢) mode standard{b} : string symbol{31d} ; rfile symbol{STd}
long symbol{31d} sequence option. complex symbol{31d} ;
long symbol{314} sequence oPtien, bits symbol{314} ;
long symbol{31d} sequence option, b&tes symbol{Bid}.
ay* ict%;/éz;- indication : PRIORITY indication{e}.
e) PRIORITY indication{43b,73a} :
long symbol{31d} sequence option, operator token{304b}
long symbol{31d} sequence option, equals symbol{31c} ;
esEer indicawt: {1 1.5.b}.
monadic indication{h3e}
long symbol{31a} sequence option, operator token{30Lb}
sEuy indica'nt{1.1.5.b}.
g)" 2dic indication : ADIC indicationf{e,r}.

we

1
]

N

~——

we

\
{Examples: ;
b) compl ; primitive ; :
¢) string ; file ; long compl ; bits ;%long bytes
D . .
o 5

; long bth 3 ¢ }

—————

wé

o
~—
—‘
i
w

£) + 5 :




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. }
;




4.3.1.8yntax

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

b) procedure with %MDDE‘parameter and RMODE parameter MOID PRIORITY -
operator {75b, ghb} : PRIORITY indication{l2e}.

¢) procedure with RMODE parameter MOID monadlc operagor{75b 8Lhg} :

o B

. monadic indication{l2f}:
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) +
¢) 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' may 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 of a terminal production of 'PRAM ADIC operator’
where "PRAM" ("ADIC") stands for any terminal production of the metanotion
iPRAM' ('ADIC') is an operator-defining occurrence if it precedes the
equals-symbol of an operation-declaration {T.5.1.a} ; otherwise, it is an
"operator-applied occurrence". '

¥
-

b) If a given occurrence of a terminal production of 'PRAM ADIC operator’
(see a) is an operator-applied occurrence, in a formt.z {8.4.1.a}, than it
may identify an operator-defining occurrence of the scue 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' ('RMODE') (see 8.4.1.b,g) of the‘léft (right) operand -
of that formula caﬁ be firmly coerced to {k.4.3.a} the mode specified by
the first (second):Vlrtual~parameter{7 1o TeX%} contalned in the virtual-
plan{7.5.1.b} of that operation~declaration, . then the given occurrence
identifies that operator—deflnlng.occurrence; otherwise, Step 2 is taken."

{Operators have no ipherent meaning;Aoperator-defining occurrence ;
- 1s made to possess a routine (2.2.3.4) by the elaboration of an operation-

declaraﬁlon (?.5j1.a?. : : 'éﬁé it |
A given indicatlion may be both a = -indication and o TEEEEERT- >

operator. As a e -indication, it identifies its 1nd1catlon—de11n1ng

occurrence. As a éggggggg-operator, it may identify an operator—defining'

occurrence, which possesses a routine. Since the 1ndlcatlon preceding

the equals—symbol of an operatlon~declaratlon is an indication-application

and an operator—aef1n§tlon (but not an operator—appllcatlon) it follows

that the set of those occurrences which identify a given ggzgggég—operator

is a subset of those occurrences which 1dent1fy the same S ~indication.
In the closed—clause

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

op min = (real a, b)real : (a > b | v | a) 3 _ : .

X = yminpi / 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 (L.2.2), whereas, at the same textual position, min is also

operator-defined sz a [prrr]—pr10r1ty~SIX*operator eSSttt

EA' LT e e e v m -t PN N A W '1' A e &z:wm‘ S v\":“_'—'“m’“; oV oy
b e U T 3353, where Eprr] stands for procedure-w1ﬁh—real-

parameter-and-real-parameter, and "[prrr]'ror’ [prrl-real. The third
occurrence of min is indication-applied and, as such, identifies the first
occurrence, whereas, at the same textual position, min is also operator-

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

e S s =3 because of

Vot 2 100 00 e % 2
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the identification condition (k.k.1.a), a [prrr]—prlorlty~SIk—operaf6r'

This 1dent1110atlon of the priority-operator is made because:

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

s



k.3,2, continued 2

min is 'thu_s L . 2 0 S G 20 M G O B e 3 T T /W
3  Dbecause of the identification condition §§§§§§§E§§§§§§g a

i) the formula pi / 2 is a priori of the mode specified by reals
)

[prrr]—prlorlty—SIX—ope*ator.
First three

o .

If the conditionswere not satisfied, then the search for
another 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.

Hemlet, William Shakespeare.}

L.k, Context conditions

A "propexr" prog;am is a program satisfying the context conditions;
& "meaningful" program is a proper program whose elaboration is defined by
this Report {Whether 2ll programs, only proper érograms, or only meaning-
ful programs 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. }

4.h. 1. The identification conditions
a) 1In a proper program, & defining (indication-defining, operator-
defining) occurrence of a terminal production of a notion ending on
'jdentifier' ('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 a notion ending on

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

(1ndlc&tlon—de 1n1ng, operator~def1n1ng) 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
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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

£




4.4.3. The mode conditions

a) A given mode is "firmly coerced from" ("united from") a second mode

if the notion cbnsisting of that second mode followed by 'base' is a
production of the notion consisting of 'firm' (' s?rongly 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

specified by xref real because the notion 'reference to real base' is &
production of 'firm real base' (8.2.0.1.e, 8.2.1.1.a); simiiérly, 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.} a
¢) Two modes are "loosely related" if they either are related or are
'row of LMODE' and 'row of RMODE' where "LMODE" and "RMODE" stand for

different loosely related modes. %
{e.g.,the modes specified by proc real 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 program contains a declarer {T.1.1.a} specifying a mode

united from {al} two modes related {b} to one another.

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

Proper program. )

¢) ©No proper program contains a declarer {T.1.1.a} ‘the constituent fieid-
selectors {7.1.1.1i} 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.h, 4., The declaration condition

&) 4 node-indication {4.2.1.b} contained in an actial-declarer {T.1.1.p}

is "éhielded" if : ‘ g L

) it . or is contained in a virtual-declarer {7.1.1.b} followmgg‘a

refercice~ uo—symbol {3.1.1.d4} in a field-declarator {7.1.1.g}, or

Ly of' G0t b Conlamed by o Al —pleclbnen, conZarod B a ﬁé’z'z/ -
fleclanale, (ondeinld A da 4&%%22&&5,_44%25&2,}/gézawzi? a %34%&%4:——
2§—~{youéng s :




ok, continuedf

..iia:”ilu is. contalned in a v1rtual—garameter {7. 1 1. X}, or

iQZ) it is contalned in a v1ruual—declarer followlng a v1rtual~parameters~
o =

pack {5.k.1.3}, 9& e ‘ aﬂ
) it is contalged in a strlct—lower—bound or strict—upper—bound
{7. 1. 1.4},
{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, [lp).}

b) An actual-declarer {7.1.1.b} may "show" a given mode-indicé#ionffﬁ
{4,2.1.p} ; 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 is, or contains angf%et shield an occurrence of a not = o
"encountered" terminal production of ‘mode indication', then that
terminal productlon is remembered to have been encountered and “the, fé'
occurrence 1s replaced by a copy of the actual declarer of that mode—i
declaration {T.2.1.a} which contalns the indication-défining occurrence
{4.2.2.b} identified by the occurrence to be replaced_Lend Step 1 is
takens Ouherw1se, it does not show the glven mode—lndlcatlon.,

{e.g., in the ‘declarations mode a = [1:2]b, b = unlon(ref 4),
4= struct(ref e @), & = Ezégfigglg,‘the mode-indications shown by
[1:2]b are b and d.} |
| - {r2.1.0
c) DNo proper program contains -a mode»declaratlonhwhose mode—lndlcatlon is
shown by its actual—declarer.. .é
‘{e.g., no proper program contains one of the following declarations:

mode a = a jmode b=¢g, e = [1.10]2_, mode 4 = [Jref unlon(proc(_)gﬁ proc 4)

mode parson = struct(int age, Qareon unéle) }

_L. ?ﬁﬂﬂ&%zafy»’ ﬁﬁ Zau<512%7 .%yaéﬁxubify/éyn¢é§£§ k;ZZ%zzAfz%4£”4%»/
Gpllind — éézakvﬂAL A, ng L e weZeiil - (orrer — /2%’
/  boerits ) 2///(/2"//17 WW % 4/.»4,&‘“%/ / ‘
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5. Denoctations -

{Denotatlons, ‘e.g. 3.14 or "abe" are terminal productlons 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,5122a,513a, 51ha} ;
sbructured with row of boolean fleld LENGTHETY letter aleph denot-
atlon{SEa} . row of character denotation{53a} ;

9

PROCEDURE denotation{5ib} ; format denotation{55a}.

{Examples:
a) 3.14 ; 101
£5df }

"glgol.report" ; ((bool a)int : (a [ 1 | 0))

vy}

5.0.2. Semantics

a) Each occurrence of a terminal production of a given notion generating
e Genotation possesses an instance of one same value whose mode is that
enveloped 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 denotatiaons

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

velues, €.g« i, 3.1k4, true and "a'".}

5.7.%.1. Syntax

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

p) long,Il. . denotation{860a}
long oo, 21314}, INTREAL denotatlon{511a 512a}.




5.1.0.2. Semantics

a) A plain-denctation 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-denotation (realedenotation)‘wwjv
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¢,d,h,55g} : digit token{303c}

~‘seguence.

{Examples:
&) © ; LO96 ; 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-denotation in the representation

lenguage {1.1.8}. {See also 5.1.0.2.Db.}

<. .2. Real denotations

a) real derosation{860a,510b} :
variable point numeral{b} ; floating point numeral{e}.
D) v.rigble point numeral{al} :

inte,al part{c} option, fractionel part{dl.

¢} i .egra> part{b} : integral denotation{511al.




5,1.,2.1. continued

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

e) floating point pumeral{a} : stagnant part{f}, exponent partig}.

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

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

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

{Examples:
a) 0.000123 ; 1.23e-k b) .123 ; 0.123 3
c) 123 ; d) .123
e) 1.23e-k £) 13 1.23 3
g) e=b; : h) 33 +h45 3 678 }

5.1.2.2. Semantics

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

in the fractional-part.

1) The a priori value of a veriable-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-numeral is the product in the
sense of numerical analysis of the a priori values of its stagnant-part
and exponent-part {see also 5.1.0.2.b}.

5.1.3. Boolean denotations

5.1.3%1. Syntax

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




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, Semantics *

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. "abc". 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 5.71.4.)} , .

5.2.1. Syntax

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

denotation{&0a} : 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) 1 ; "a'bc" ; n ""a.’_:*_:"b":ﬁ:—is ’ ;a-._ form.ula ; . 'b) "t ;
e) a "™ o7 | S a) "}

5.3.2. Semantics

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

{not quote-image} possesses a unique character.

b) 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, vo. ,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 := g, it will be rowed
to a multiple value {8.2.6}. Elsewhere, where a 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-denotation, e.g. ((real a, blreal : (a>Db | b | 2)), always
has a routine-symbol (:). To the left of this symbol stand the formal-
parameters, €.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 wvhole is

omitted, see the extension 9.2.d. It is essential that, in general, a
routine~denotation be closed, for otherwise denctations like
(int sintzoff)void : (int branguart)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)
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a)
e)

f)
g)

h)
i)

)

b)
c)
)
e)
£)
&)

i)
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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

_e)

f)»

g)

h)

i)

3)

k)

)

b)
c)

a)

g)
h)

3)
k)

1)
m)
n)
o)

),
a)

r)

insertion{b,c,m,552b,f,554a,55Ta} ¢ literal{j} opbion, -
insert{e} sequence j; literal{j} . ‘ T

insert{d} : replicator{f},alignment{i} , llteral{a} éptzon‘* '

replicator{b,e,j,n} : replication{f} option.

replication{f,k,55Ta} : dynamic replication{h} ;
integral denotation{51a}. |

dynamic replication{g} : letter n{302b}, strong 1ntegral
unit{612e }pack.

alignment {e} :letter k{302b} letter x{302b} ; letter y{302b} 3

letter 1{302b} ; letter p{302b}.

literalld,e,552f,554b} : replicator{f}, STRING denotatlon{51haa531a},

replicated literal{k} sequence optlon.

replicated literal{j} : repllcamlon{g} STRING denotatlon{51ha 531a}

{Examples:

£p"table.of"x10a,n(1lim-1) (16x32d,3x10(2x+. 12de+2a"+3x"81+ 10de+2d))

p'table.of"x10a ; 3x10(2x+.12de+2d"+;x"51+ 10de+2d)
120ke("mon" ,"tues", "wednes" "thurs","frl" "saxur" "sun")"day
p"table.of"x ; "day" i
p'"table.of" ;
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,555a,556a,55Ta} ¢
insertion{d} option, ANY frame{n,p,q,55Tbl.
replicatable ANY frame{m} : repllcator{f} ANY frame{o,q}. }
zero frame{n,552e} : letter z{302b}. '
sign frame{l,m} : plusminus{30kc}. ~ i
suppressible ANY freme{n,m,55Ta} : letter s{302b}opt10n, .
ANY frame{552e,553¢,f, 555b 556b}- ‘ ‘
* frame : ANY frame.

3 P

<




5.5.1. continued 2

1)
m)
n)
a)

{Examples:
n=M10z4 : 2x+ : P
"="12Z ;
12z 3

si ; 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 (10.5.4). Formats are used by the

formatted transput routines to control input from and output to a "rile"

(10.5.1). No section on semantics of format-denotations is given, since

this is entirely dealt with by the standard-prelude.

bb) A format may be associated with a file by a call of format (10.5.3.2a),

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.D), 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-

1ist 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.d)1f) the current format of the file f1 is pt, 3d.d, 3d.d,

3d.41 and the current picture is pt).

ce) The result of unfolding a collection-list (10.5.3.D) is a picture

list:

a)

e

if the collection-list is a picture, then the result consists of
that plcture;
if the collection-list is a collection but not a picture, then the

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.2d)"." is 10a,p"." when the value of i is zZero).
H

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
takens

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, alroutine which may be provided by the
programmer (10.5.1.kk); |

Step 4: If the current velue 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 is an integral-denotation is the value of that denotation; the value
of a dynemic-replication is the value of its strong;integral-unit if that

value is 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 L

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

one after the other.

hh) Performing en aligmnment affects the position of the file as follows,

vhere n stands for the value of the preceding 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) 3
¢) letter-y causes the char number to be decremented by n (10.5.1.2.p)
d) letter-l causes the line number to be incremented by n and the char

.o

number to be reset to one (10.5.1.2.4) 3
e) letter-p causes the page number to be incremented by n, and both the

line number and the char number to be reset to one (10.5.1.2.1r),

, ‘ o e

ii) A literal is written by writing the characters (strings) possessed
by its constituent (row-of=-)character-denotations each as many times as
is ﬁhe velue of the preceding replicator; & string is written by writing
its elements one after the other; a character is written by causing the
charscter to be present at the current position of the file, thereby
obliterating the character that was present, and then incrementing the
char number by one.A literal is required:by requiring thercharacters
(strings) possessed by its comstituent (row-of-)characterrdenotations,
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 fileg otherwisé, the further

elaboration ‘is undefined. o o

(S 2N
i

3j) 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

ere those characters; when a string is read under control ;of a given

"terminator-string", then, as long as the line is not exhausted, characters

are read up to but not including the first cheracter 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.

3t It

;
+
%
{
i
£
L
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 frame 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 teking, 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 a character, with only
spaces appearing in front of it and no leading zerces 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 (3 eegey if in
. 39" is

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

Step 1 under control.of 3z-d, the string possessed by ". .
Step 3: Leading spaces in those parts of the string specified by any remain-
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.b) 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
picture 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 T

(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 again 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 betweenj 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{cl}, letter r{302b}.

c¢) radix{b} : digit two{303d} ; digit four{303d4} ; 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{S55m} : zero frame{550} ; letter d{302b}.

f) integral choice pattern{a} : insertion{55d4} option, letter c{302b},
literal{55j} list pack. ‘

{Examples:
a) 2rb6d30sd ; 12z+d ; zd"-"zd"-19"24 ;
lEOkcﬁ"mon","tues" "wednes" ,"thurs","fri","satur","sun")

b) 2r ;
c) 23 438 ;10 ; 16
a) =zd"-"zd"-19"24 ;

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




5.5.2. continued

5

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

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

CERERN L
g e

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 i; 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{55¢,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{552d}.

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

d) floating point mould{al} : stagnant mould{e}, loose suppressible
exponent fraﬁe{SSm}, sign mould{551}option, integral mould{552d}.

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

£) exponent frame{55q} : letter e{302b}. 4

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

&

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

output editeu nd 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. L
b) boolean choice mould{a} : open symbol{31c}, literai{SSg},

comma symbol{31e}, literal{55j}, close symbol{3le}.

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

‘b) (!Hl, Herrorﬂ) }

{If the boolean-pattern does not contain a choice-mould, then the
effect of using the pattern is the same as if the letter-b were followed
by ("1","0").

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

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

b) on input, one of the constituent literals of the constituent choice-
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

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

%) character frame{55q} : letter a{302b}.

{Example:

::'na }

£

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

&4}

- L.ent pattern is a character pattern, then on output “(input) the value

:. sdifed (indited) under control of the picture. }




5.5.6. Syntax of complex patterns ' . j

P

) COMPLEX pattern{SQ%} : real pattern{553a}, loose suppyessible ¥ ;
complex frame{55§}, real pattern{553al. ;é%
) complex frame{55q} : letter b{302b}.

c)* complex pattern : COMPLEX pattern. 5 r

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

‘stituent pattern is a complex pattern, then on output (inght) the value is

{1f a'given value is transput under control of a picture whose con-
edited (indited) under control of the picture. }
5.5.7. Syntax of string patterns

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

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

{Examples:
a) 1t ; 5a3saSa ; 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) 3
d) finally, the insertion, if any, following the pattern is performed;
otherwise, ' : )

s) 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 un1t{61e}. % ‘ ' ‘
{Exemple:. (x>0lf5df £5a"- "f)} '

{Transformats are used exclu31vely as actualuparameters of. formatted

transput routines; for reasons of eff1c1ency, the programmer has’ dellberately

been made unable to use them elsewhere by the ch01ce 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} posseesed 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 preeleborated {1.16.£} 3 V

Step 2: A format-denotation is con31dered which is the same sequence
of symbols as the format obtained in Step 1 :

Step 3: All constituent dynsmic-replications {5.5.1.h} of the con51dered
format-denotation are elaborated collaterall& {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 velue 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
obtained by replacing in the considered format-denotation as modified in
Step 4 each constituent quote symbol by a quote image {5.3.1.d} 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 struc-
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 T: The transformat is made te -possess the strucﬁured value obbained

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 z, y. Clauses iay be unitsry, e.g.
we= T, collateralf €age, (we= 1, y:= 2), closed, egg. (x + y) or condiﬁi%pw
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 %
"passed on" in the production rules for clauses and may be modified by

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

6.0.1. Syntax

a)* SOME phrase : SORIETY SOME PHRASE {61a,62a,b,c,d,r,63a,6ka,c,d,e,
-YOa,BTa}o : :

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

¢)” SOME statement : strong SOME void clause {61a,62b,63a,64a,c,e,81a).

6.0.2, Semantics

&) The elsboration 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 taken by the computer if its
limitations do not permit satisfactory elaboration. {Whether, after an
interruption, the elaboration of the phrase is resumed, the elaboration
of some unitary-phrase is initiated or the elasboration of the program

ends, is left undefined in this Report. }-

c) The elsboration of a phrase may be halted {10.l4.a}, i.e. no further
actions constituting the elaboration of that phrase teke place until the

elsboration of the phrase is resumed {10.4,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

{Serial—clauses are built from unitary-clauses and declarations

“ with the help of govpn—symbola (;) and completlon—smeOIS . or exit),
Cugfey (x>0 | me= Z | 2); y. L: y + 7 , where the value of the clause

is Yy, if x > 0 and y + 1 otherwise. A serial-clause may begin with a

declaration-prelude, e.g., Znt n:= 7; in int ni= 1; x:

=y +n . Labels

may appear in only three syntactic positions within serial-clauses:
after a completion-symbol (here a label is obligatory, e.g., .Z:), in

a sequencer (e.g., ;0¢, or at the beginning of a clause~train (i.e. one
or more unitary-clauses separated by SeqUENCErs, e.g., L: m:i= T; y:= 2).
'A declaration-prelude may contain constituent void-clauses (statements),
but it does not begin‘or end with one, (e.ge, [7 ¢ nlreal X1;
fondo Ilil:= £ % 2; real y;), however, these void-clauses may not be

labelled. A preface or a prelude elways ends with a go-on-symbol. The

r 1

modes of some serial-clauses must be balanced (6.1.1.g). For remarks

concerning the balancing of modes see 6.4,1. } .

a)

b)

d)

e)

)

4. 44 S‘»Jzn‘b:cﬂx .

SORTETY serial CLAUSE {214,55h,63a,6kb,e}
declaration prelude{b} optior,— |
| suite of SORTETY CLAUSE trains{f,g}.
declaration prelude{e,21b,c} : chain of declaratlon~7
[prefaces{c},separated by statement interlude{d} options.
declaration preface{b} :—
\unitary declaration{70a},g0 on symbol{31f} ;
collateral declaration{62a}, go on symbol{31f}.
statement interlude{b} : chain of strong vold units{e}
separated by go on symbols{31f}, go on symbol{31f}.
SORIETY MOID unit{d,i,558a,62b,c,e,h,71t,74b,8315,8610,1) :
SORTETY unitary MOID clause{81a}.
sulte of SIRONGETY CLAUSE trains{a,g}
chain of SITONGEHY CLAUSE trains{h} separated by completers{i}.
su%te of‘iﬁﬁﬁﬂ CLAUSE trains{s,g} : E%Eﬁ CLAUSE train{n} ;
HER CLAUSE train{n} canpleter{l}
[;Eite of strong CLAUSE trains{r} ;
. strong CLAUSE train{h}, completer{l},—q
suite of @~ % CLAUSE trains{g}.




6.1s 1. continued

SOR"ETY MOID clauge train{f,g} : label{kl} sequence thion 5
statement - preluge{l} option, SORTETY MOID unlt{e}.x _
statement prelude%h} : chain of strong void umts{éf}
separated by se&;uencers {3}, sequencer{jl. o
sequencer{.t.} go on symbol{31f}, label{k} sequence option‘
label{h,j,1,21d} : label identifier{lib}, label symbol{3le}e
conpleter{f,g} : completion symbol{31f}, label{k}.,

{Exsmples: S ‘
regl a =0 ; 11: 8w =a+1; (p | 13) ;

&

(x>0123|m.-—7~x) faZse.fffj’. '~y+7 true

BEYY S

real a =0 3 ,

g:gg_gamo s int iy 5 3

xz = 0 ; (in real : @@= 0 ; real y s) s
| ﬁalse ; . |

17: 12: @ t=a+ 171 ; (p | 13) ; —
(x>0 113 | @:=1=-x); false, 18: y =y + 1 5 true
11: 2: wi=a+1; (p | 13) 5 | ‘
{ (x>0 ] 13 | x:=1=x; false ;
=g+ 1; (p|13); (>0 18] x:i=1«x)
s L4: 15: | '
14 3
. 132 ) ]

e

6.1.2., Semantics

a) The elaboration of a serial-clause is initisted by protecting it .
{6.0.2.d} 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 initistes the elaboration of the textually first unitary-

phrase after that go-on-symbol.

c)
“,g%

The elaboration of a serial-clause is

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

of a constituent wltary-phrase ;

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

e

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




6.1.2, continuved:

M

) The elaboratlpn of a ser1al~clause is completed upon the completion
of the elaboratlon of its textually last constltuein unitary-clause or ofﬁ«
that of a constlt?ent unitary-clause preceding a completer.

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

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

undefined},

{Iny := (x := 7.2 ; 8.4), the value of the serial-clause . := 7. 2 ; 3 4

is the real number possessed by 3 4. In xx := (real » := 0,1 s r), the value
of the serial-clause real r := 0.7 ; r is undefined since the scope of the;
neme possessed by r is the serial-clause itself, whereas, in y := (real » .%
= 0,7 ; r), the serial-clause reaZ r i= 0.1 ; r possesses a real value.} ﬁ

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.g. (x =1, y = 8) or real «x, real y (usually real z, 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 7
= (1.2, 3.4) and in compl z := (1.2, 3.4). Here, the collateral-clause

(7. 2 3.4) acquires the mode 'row of real' or the mode 'COMPLEX ',
Collaueral—clauses %hose value is structured must contain at least two
fields, for, otherwise, in the range of struct m = (ref mm). ; m nobuo,
yoneda, the assignation nobuo = (yomeda) would be .ambiguous. In the

range of struct r = (real a) ; r r, the construction r := (3.74) is not
an assignation, but aof r =314 is, It is possible to present a single )
value or no value at all as a multiple value, e.gs []reaZ xl = C]real yl =3,

L but this involves a coercion known as © rowing, see 8.2, 6.}

6.2.1. Syntax

a) collateral declaration{6ic} ; 53—

| unitary declaration{’iOa} list proper,




6.2.1. continued

b) strong collateral void clause{Bld} : parallel symbol{Ble} option,
strong void u,rlit{6ie} 115’5 proper pack. ‘
¢) strong collateﬁal row of MODE clause{81d} ﬁ
parallel symbol{3le} option,— 1
fstrong MODE unit{6le} 1list proper pack. ‘
a) FEAT 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{3ib}, FEANT MODE unit{6le}.
strong MODE unit{6le}, comma symbol{31b}, FEAT MODE balancel{el.
f) strong collateral structured with FIET_DS and FIELD clause{Bid}
parallel symbol{3le} option,
strong structured with FIELDS and FIELD structure{g} pack.
g) strong structured with FIELDS and FIELD s’cruc’cure{f,g;}
strong structured with FIELDS structure{g,h} comma symbol{31b},
. strong structured with FIELD structure{h}.
n) strong structured with MODE named TAG structure{g} e
strong MODE unit{6le}. |

{Exsmples:
a) real ®, real y ; (and by 9.2.c) real &, ¥
b) (x =171,y :=.2, z = 3)
e) (x, n) 3 ‘
d) (1.2, 3, 4) (in (1.2, 3, q) * 7, supposing + has been declared also

for ‘'row of rfaal') :
e) (1.2, 3, 4) (in (1.2, 3, 4) + al); (1, 2.8) (in (1, 2.8) + x1)
(71, 2.3, 4) (:“Ln‘ (1, 2.3, 4) + ) 3 7
£) (7, 2.8) (inz = (1, 2.3)) 3
g) 1, 2.3 3
h) 71}

6,2.2., Semantics

z’amf;fue‘naf of ai occurrehnce d;‘-‘
8) If o=wewm e toraia T mmste : pats terminal production of a notion

%

are "elsborasted collasterally", then this elaboration is the collateral action

{2,2,5} consisting of the {merged} eleborations of these constituents, and is
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6.2.2. continued

initiated by initiating the elsboration of each of these constituents,

interrupted vpon the interruption of the elaboration of any of these
constbituents,

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

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

this is the successor of the given terminal production.

b) 4 collateral-declaration is elaborated by elaborating its constituent

unitary-declarations collaterally {al.

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

1: Its constituent units are elaborated collaterally {a}

tep 2: If the notion genersting {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
collateral-clause is complete;

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

is taken; otherwise, new instances of the values obtained in Step 1 are
nade, 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 is considered and Step 6 is taken ; '

Step k4: 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 1 equal to zero, or if the values of these units are

€]

multiple values, nct all of whose corresponding upper (lower) bounds
are equal, then the further elaboration is undefined; otherwise,. Step 5
itep 5: A nev instance of a multiple value,
is created as follows:
let "u" stand for the number of constituent units in the collateral-
clause ;- )
1T Tthe 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) ;




4

6.2.2, continued 2

v !

otherwise, Zthose values are multiple values snd the elements ‘

with indices (i - 1) x r + §, § = 1, vuv, v of the new value, where

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

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

end the descriptor of the new value is & ‘copy of the descriptor of

the value of one of the constituent units into which an addiéional

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

quintuple, the offset hasvbeen set to 1, dn has been set to 1, and,

for i = n, n-1, ... ,2, the stride d; ; has been set to (ui§-li§+1)§dei§;
this new multiple value is considered and Step 6 is taken 3 ' ’

Step 6: The value of the collateral-clause is the considered value; its -mode

- ‘ -~ node s the consiceyedd mode.

6.3, Closed clauses *

{Closed-clauses are geﬁerally used to construct primaries (8:1.1.d)
from serial-clauses, e.g. (¢ + y) in (z + y) x g. The question of
identification (Chapter 4) and protection (6.0.2,d) may arise in closed—
clauses, because a serial-clause is s range (4.1.1.e) and it may begin

with a declaration-prelude (6.1.1.a). }-

6.3.1. Syntax ‘

\

&) SORIETY closed CLAUSE{81d} : SORTETY serial CLAUSE{6la} pack.

1
{Exemples: |

o

a) begin i = 4+ 7 s d =g+ Tend 5 (z+ y) g
6.3.2. Semantics -

The elaboration of s closed-clause is that_of its serial-clause,
and its value is that, if any, of its-serial-clause.

£

C.h, 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., (x > 0 | & | 0). Here, 2 > 0 is the condition..
If the condition is true, then the value is otherwise, it is 0.
Conditional-clauses are generalized in the extensions 9.4.a,b,c, e.g.
If ® > 0 then x elsf *x < -1 then -(x '+ 1) elee 0 fi, which has the
seme effect as (x > 0 | & |(x < =7 | =(z+ 1)| 0J). Unlike similar
constructions in other languages, conditional-clauses are always *
enclosed between an if-symbol, fepi‘esented by 2f or by (, and a fi- ;
symbol represented by f% or by ). This enclosu:reialiows both parts
of the cholce-clause and the condition to contain Serial-clauses. }

6.h,1, Syntax

[ O S

a) SORTETY conditlonal CLAUSE{81d} : if synbol{3le},
~ condition{b}, SORIETY choice CLAUSE({c,d}, fi symbol{31¢}.
b) condition{a} : strong serial'bc‘)plean clause{61a}.
¢) STRONGETY choice CLAUSE{a} :
STRONGETY then CLAUSE{e} STRONGETY else CIAUSE{e} option.
d) TEAT choice CLAUSE{a} :
- FEAT then CLAUSE{e}, strong else CLAUSE{e} option ;
strong then CLAUSE{e}, FEAT else CLAUSE{e}.
e) SORIETY THELSE CLAUSE{c,d} :
. THELSE symbol{3le}, SORTETY serial CLAUSE{6la}.

{Examples: E
a) (2 >0 | x| 0) ;if overflow then exit fi ;
b) @ > 0 ; overflow 3 |
c) la | 0; then exit ; ' S s
d) (x>0]x|0)(in(m>0lac‘10)+y) ' ;
e) f/ﬁt};}{?;__ﬁ_@_@_}}_ewit} ‘ . . . 5

{Rule 4 illustrates the necessity for the "balancing" of modes
(see also 6.1.1.g). Thus, if a choice-clause is, say, firm, then at
least one of its two constituent clauses must be firm, while the other
mey be S‘trO‘;‘lg@ For example, in (p | « | skip) + (p | skip | y), the
conditional-clause (p | x | skip) is balanced by meking | « firm and -
| skip strong, whereas (p | skip | y) is balanced by meking | s skip
strong and | y firm. The example ( p | skip | skip) + y 1llustrates '




6.4.1. continued ' . .

that not both may Le strong, for otherwise the operator + could not be

4

identified. }
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6.4.2, Semantics

&) A condltlonal-clause is elaborated 1n the follow1ng steps!
Step 1: Its condition is elaborated ;
Step 23 If the value of that condition is true, then the then-clause
and otherwise the else-clause, if any, of its choice-clause is considered ;

Step 3: The serial-clause of the considered clause, if sny, is elaborated 3
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

EF interrupted (halted, resumed) upon the interruption (halting, resumption)
of the elaboration of the condition or the considered clause ;

= completed upon ‘the completion of the elaboration of the considered
clause, if any; otherwise, completed upon the completion of the
elaboration of the condition ;

55 terminated upon the termination of the elaboration of the condition

or considered clause, and, if one of these appoints a successor, then

this is the successor of the conditional-clause.




lmadévldbnﬁlflerug e.g. % in real x, ‘and the operato

7. Unitary declarations

{Unitary-declarations provide the indication-defining occurrences
of mode~indications, e.g. string in mode strlng [1 Fflexlchar and.aﬁaeasdgadbc«

zm#ﬁlnd‘cablons, e plus in prﬂorlty‘plus = 1 $kg deLlnlng occurrences of
’udeflnlng ‘oceurrences of

operators, e.g. sbs in op abs = (int a) imt (a‘<?0 ],—a I a) Declaratlons

occur in declaration—preludes'-6.1.1.b)‘}‘

7.0, 1. Syntax

a) unitary declaratioh{61c,62a}': mode declaration{72a}
priority declaration{73a} i identity deClaratiQh{7ha}‘;

operation declaration{75a}.

{Examples:

a) mode string = [1:flexlchar ; priority plus = 1 ;
int m = L0O96 ; op + = (real 2, b)int : round & * round b }

7.0.2. Semantics

A;j?Zentifier 8==F (operator SEZSZ) which vas caused to possess a
value 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 longz, ref, [ 1, struct, union
y ——Eas S s 9 3 ]

and proc. A declarer specifies a mode, e.g. real specifies the mode ‘real'.
A declerer is either a declarator or & mode~indication, e.g. compl is a

£
mode-indication and not a declarator. Declarers are classified as actual,

formal or virtual depending on the kind of lower- and upper-bounds which

are permitted. Formal declarers have the greatest freedom in thls respect,




T.1. continued

ke

e.g., [1inlreal, [1:flex]real, [1'either]real and []reéi ggé all, formal,

but only the first two aa@ actual and only the last Eskz;rtual o}

ek ™

Telsls Syntax

a)* declarer : VICTAL MODE declarer{bl.
b) VICTAL MODE declarer{h,l,m,n,o,w,y,z,shc,d,g,’rza,asm,c} :
VICTAL MODE declarator{c,d,e,k,l,m,n,0,V,y} 3
MODE mode indication{k2bl. i
¢) VICTAL PRIMITIVE declarator{b,d} : PRIMITIVE symbol{31d}s
a) VICTAL long INTREAL declarator{b,d} : -
long symbol{31d}, VICTAL INTREAL declarator{c,d}.

{Examples:
b) real 3 bits i

¢) int 3 real ; bool ; char ; format ;

d) long int ; long long real }

e) VICTAL structured with FIELDS declarator{bl :
‘structure symbol{31d}, VICTAL FIELDS declarator{f,hkpack.

£) VICTAL FIELDS and FIELD declarator{e,f,k} : |
VICTAL FIELDS declarator{ﬁpc,ﬁ'}, comma symbol{3le}, VILTAL FIELD declarator{h 4.
£)* field declarstor : VIKAAL FIELD declarator{h}QS.
h)  VICTAL STOWED {LQthTAG declarator{e,f}: !
VICTAL STOWED declarer{b}, SOWED fiedh TAG selector{g}.
i)" field selector : FIELD selector{j}.

j) MODE named TAG sédlector {h,852a} : TAG{302b,41c,d}.
k) WICTAL NOO&TQVVEDﬁE&t""TAE declarator{e,f}:

Vil NONSTOWED: dzcea%i@}; NONSTOWED ﬁe?d .Jms.xsekta {df

R i s ok ey i, . A € o N 50 4 S e £ 0

’ {Sw«qa ' ‘ :
&) stuct (dbig B, I nmlg_ﬂmgpages bl pris) 5

£) Shhiog Ul , TAtn] 1 g lmg%wf/”‘@ 5
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4) U | -




7.1.1. 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 langusge, thereby enabling
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}.
4hﬁjw formal reference to STOWED declarator{bl}

reference to symbol{31d}, formal STOWED declarer{b}.
n) formal reference to NONSTOWED declarator{b} :

reference to symbol{31d} v1rtual NONSTOWED declarator{b}

e s P

{Examples..
1) refllreal ;
m) refl1:lreal ; refli1:either, 1:flexlreal ;
n) ref ref{Jreal }

{Rules 1, m and n imply that, for instance, refl1:eitherlreal x may be

a formal-parameter (5.4.1.f), whereas ref ref[1:eitherlreal x may not.}

o) VICTAL ROWS structured with FIELDS declarastor{b} :
sub symbol{31e}, VICTAL ROWrower {9,r}, bus symbol{31e},
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} :
VICTAL row of rower{q}, comma symbol{31e} VICTAL ROWS rower{p,ql.
r) VICTAL row of rower{o,p} :
VICTAL lower bound{r,s,u}l, up to symbol{31e} VICTAL upper BOUND{r,s ul.
s) wvirtual LOWPER bound{q} : EMPTY.
t) actual LOWPER bound{g}: strict LOWPER bound{t} ;
strict LOWPER bound{t} option,; flexible symbol{31d}.
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7.1.1. continued 3

W) strict LOWPER bound{s,u,861¢} : strong integral mitlel.

V) formal LOWPER bound{g} : | I S
strict LOWPER bound{t} option, flexible symbol{31a} option;
strict LOWPER bound{t} option, either symboll3ia}.”  + =

§Exarpoles : . pER G e

o) B“‘ml%t(i”’”]')ﬁﬁa) M'g) 5

p) [1:m,1:n]%[3%[ :

g) 1m,lin ~

oot | ~ | - 3

©) oy m flex s flex s .ZMW%&@MMW@

U) m 7~f%2¢51u%?k%haﬁé?

V) m flex ; either}

{The‘flexible-symbol, either-symbol, strict-lower-bound and
strict~upper-boun§[§erve to prescribe states and bounds off%ulﬁiple
valueg possessed by]ﬁctual—parameterg. The flexible-symbol in ref
Li:flex]char s = t prescribes that a name referring to a multiplev
value with upper state O (i.e. the upper bound may vary) will be
possessed by s; the either-symbol in ref[ 1:n eitherlchar s = t
vrescribes that that upper state is either O or 1 (i.e. the upper

bound may be variable or fixed) and the sbsence of both flexible-

symbol and either-symbol in refl1:nlchar s = t prescribes that that
upper state is 1 (i.e. the upper bound must be fixed). Independently,

n in refl1:n eitherlchar s =t or in refl(1:nlchar s = t prescribes

that a name referring to a multiple value whose upper bound equals
the value of n will be pbssessed by s; if, in the first example, the
upper state 1s 0, t%en that upper bound may well be changed later on -
by an assignation. The absence of a strict-upper-bound in refl1:flex]
char s =t does not restrict the upper bound in that way. Similar
remarks apply to striet-lower-bounds. The flexible~syﬁbol, strict-

lower-bound and strict-upper-bound serve a similar role in generators

(8.5)}

W) VICTAL PROCEDURE declarator{b} :

procedure symbol{31d}, virtual PROCEDURE plan{Skec,d}.
¥) virtual MODE parameter{Shc,e} : virtual MODE declarer{b}.
My)w parameters pack : VICTAL PARAMETERS{W,She,f,Thb}_pack.




7.1.1. continued U

{Examples: , .
- w) proc ; prog(real, int) ; proe(real)bool 3
. X) real } , ‘ S

nt n
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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; continued

In this last example the. modeulndlcatlon is not only & convenlent

abbreviation but lt 1s essentmal to the declaratlonﬁ.}if‘

T:2.1, Syntax

a) mode declaration{70a} : mode symbol{31d}
MODE mode indication{lob}, equals symbol{31c}
actual MODE declarer{71b}. :

{Examples: ’
a) mode string = [1:flex]char '
struct compl = (real re, im) (see 9.2.b,c) ;
union primitive = (int, real, book, char, formet) (sge 9.2.b) }

7.2.2. Semantics

The elaboration of a mode-declaratlon 1nvolves no action.

{see hk.h.h.c concerning certain mode—declaratlons, e.g. mode a=a,

which are not contained in proyer progreams., }

7.3. Priority declarations

{Priority-declarations provide the indication-defining occurrences of
;é;z%héékindications, €. 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 (8.4 1.g),
which is higher thaq that of all dyadlc~operators, thefg do not appear 1n

pri orltyudeclaratlons.}'

T.3s1. Syntax

a) prioriéy declaration{70a} : priority symbol{31dl,
priority NUMBER 1ndlcat10n{h2e} equals symbol{3ic},
NUMBER token{b,c,d,e,f,g,h,i,j}. ‘

b) one tokeafa} : digit one symbol{31b}

c) TWO token{a} digit two symbdl{31b}

d) THREE token{a} : digit threé symbol{31b}




7.3.1. continued

e) FOUR token{a} : digit four symbol{31b}. = . -

£) FIVE token{a} : digit fivefsymbol{31b}."?f, FRR
£) SIX tokenla} : digit six symbol{31b}.

h) SEVEN token{a} : digit séﬁén‘symb¢i{31b},’! |

i) EICHT token{a} : digit eight symbol{31b}. . -

;) NINE token{a} : digit nine symbol{31b}. '

{Example:

a) priority + =6}
7.3.2. Semantics -

The elaboration of a pridrity;declaration‘inVOIVes no action.
{For a summary of the standard priority-declarations, see the remarks in

7.4, Identity-declarations

{Identity-declarationS'pro#idesésg defining occurrences o§4identifiers,
e.gs X in real x (which is an abbfeviétion of ref real x = loc real, see
9.2.a). Their elaboration causegﬂidentifiers to possess values; in:ﬁma.ﬁkmb’
=== x 1s made to possess a name which refers to some resl valued}

7.4.1. Syntax

a) identity declaration{70a} : formal MODE parameter{sﬁyé,
equals symbol{31c}, actual MODE parameter{b}.
b) ectual MODE parameter{s,Skc,e,75a,862a} :
strong MODE unit{6le} ; MODE local generator{851b,~} ;
MODE local assignation{831b,-} § MODE transformat{558a,~} .

{Examples: C o R

a) real @ = 2.718281828&59Ch5‘; int e = abs i 5
real d = re(z x conj 2z) ;. refl,lresl al = al,:k] 5.

ref real xik = x1[k] 3 éomgl unit =1 3 -

proc int time = clock + cyeles ;




7.4.1., continued .

(The following declaratlons are glven flrst wmthout and then with,

the extensions of 9.2)

ref real x = loc real j real X §

ref int sum = loc¢ int v= 0 int sum := 0 H -
‘ref [,lreal a = loc[1:m,1:n]real = x2 3 [T:m,1:nlreal a’:=‘x2 3

 proc(real)real vers = ((real x)real : 1 = cos(x}) 5

proc vers = (real x)real : 1 - cos(x)

ref proc(real)real p = loc proc(redl)real 3

proc (real)real p 3

ref proc(real)real q = loc_prCC(real)realyf=‘
’ ((real x)real : (x>0 | x| 1))

‘proc g = (real x)real :f(% >0 | x| 1)
b) abs i 3 loc real ;-loc int = 0 ; f+d.11de+2df } .

"

T.4.2. Semantics

An identity-declaration is elaborated in the following steps:
Step 1: The formal-déclarer of its formal-parameter is developed
{7.1.2.0} 3
Step 2: Its actual—para%igiggfnd gll === strict~lower-bounds
and strict-upper-bounds g that formal-declarer, as possibly modified

in Step iilfre 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 ;

Step 3: If the considered value is an element or subvalue of a multiple
value {2.2.3.3} having one or more states equal to zero, then the

further elaborationais undefined; othervise, EEEssh—is—tmwry—=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 3 ’

meamm(w
Step 5: For each wmssiimed flex¢b1e~symbol~optlon&ﬁf the formal-

declarer, as possibly modified 1n Step: 1‘1_the corresponding state is
checked, i.e.} if that flex1ble-symbol~optlon is the flexible-symbol

(empty) apd the corresponding state in the considered value is 1(0),

then the further elaboration is. ‘undefined; othérwise, Step 6 is taken ;
Step 6: For each === s*bmct-—lower-—bound and s*trlct-—uPper-bound ﬁcwfa«m',&n

ii&fhfmm@y%%»@ %Wém%zoz’%u M
@ﬂz@m%md‘ . :




74&.2. continued o % A;nungmna;wl;»4%,¢¢z;f 4ﬂwa A;wq{sﬂx
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the formal-declarer, as poséibiy modified in Step 1,A{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 elaboration is undeflned-f

otherwise, Step 7 is taken ;,, v ,
Step T: The 1dent1f1er of the'formal—parameter is made to possess m=mEm=

SSs=s=meeor the value of the actual—parameter.

{According to Step 6, the elaboratlon of the declaration [1:2]real x1 =
(1.2,3.4,5.6) is undefined and accordlng to Step 5 the elaboration of the
declaration ref[ 1:flexlreal x1 = [1: 23real :=-(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 bf v as a dyadic-operator. Unlike identity-
declarations of which no two for the same identifier may ocecur in & reach
(k.k.2,b), more than one operation-declaration involving the same @dhc < . -

indication may occur in the same reach, see 10.2.2.i, 10.2.3.1, ete.)}
T.5.1. Syntax

a) operation declaratlon{TOa} PRAM~§EE§ captlon{b}
equals symbol{Bic}, actual,PRA&I%%%E@ parameter{Thb}:
b) PRAM #=5 ception{al} : operation symbol{31d}l,
virtual PRAM &% plan{5he}, PRAM =222 ADIC operator{43b,c}.

{Examples: .
a) op A = (bool a, b)bool : (a ) b false) 3
op abs = (real a)real : (a <0 | -a | a) (see 9.2. 548)

b) op(bool, bool)bool A ; op(real)real sbs }




TeB,2e Semanﬁics

An operat10n~declaratlon 1s elaborated in the followlng steps.

Step 1: Its actual~parameter 1s elaboratea

Step 2: The operator of its captlon 1s made to possess the {routlne whlch

is the} value obtained in Step 1.

{The formula (8.4.1) p A q, where A identifies the operator-
defining occurrence of A in the operation-declaration
op A = (bool john, proc bool mcéarthy)yggl.:-(john‘] mecarthy | false),
possesses the same value as it would if A %aentified'the operabor-defining
occurrence of A in the opeiation«declafation
op A = (bool a, b)bool : (a | b | false),
except, possibly, when the elaboratlon of q 1nvolves s1de effects on

that of p.}




8. Unitary clauses

{Unitary-clauses may oéqﬁf?as'acﬁﬁal;parameters, e.g. x in sin(x),
as sources in assignations, e.g. yrin'x':= v, as strict-lower (upper )-bounds,
new-lower (upper)-bounds or subscripts, e.g. m, O and n in x2[:m at O,n], a
as bodies in routine-der.aTations, 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 3= 13 y :1=2) or in (x :=’1; y := 2). Unitary-clauses either are closed,

collateral or conditional, or are "coercends". There are four kinds'of
coercends: confrontations, s X 1= T, formulas, 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 may 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 in x + 1or inh x := 1 or in

x i=: yy or in x ::= ir, and, finally, unitary-clauses, which is the
largest class. Thus, r of s(i) nieans that s is first called or subscripted
and a field is then selected, while (r of 5)(1) means that the field is
selected first. Also, r of s + it 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. Syntex
A |
a) SORTETY unitary MOID clause{61e}':
SORTETY MOID tertiary{b} ; 0
SORTETY MOID confrontatlon{826d,e,&,g,830a,m}.
b) SORTETY MOID tertiary{a,831e 832&,833a}
'SORTETY MOID secondary{c} ;
SORTETY MOID ADIC formula{ezod,e f,g,Bhb,g}. L
¢) SORTETY MOID secondary{b,8ur,852a} : |
SORTETY MOID primary{d} ; . e
SORTETY MOID coheS1on{820é e,f,g,850a} ﬂ 




8.1.1, continued : "“f . -

d) SORTETY MOID prlmary{c 861a 862a}
SORTETY CLOSED MOID clause{62b c,d,f 63a 6ha,~}

SORTETY MOID base{820d e f,g,BGOa}.v

{Examples: ;
a) x 3 x:=13 i ‘
) x 3 x+ 13
¢c) xjreal; ﬁ*~i‘ ‘1;

a) (x+1); x}

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 1 := 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, unltlng, W1den1ng, rowing, hipping and voiding. In x + 3.1k,
the base x, whose a priori mode is ‘reference to real', is dereferenced to
‘real's in x i= random, the baséjrandom, whose a priori mode is 'procedure f

real', is deprocedured to 'real'; in proc p = go to north berwick, the

jump, go to north berwick, whiéh,has no a priori mode, is‘procedured to : §
‘procedure void'; in union(int, real) ir::= 1, the base 1, whose a priori z
mode is 'integral', is unlted 1o 'unlon of integral and real}; in x = 1 ‘

the base ", whose a prmorl mode 1s '1ntegral', is widened to 'real'; in

*tring s = 'a', the base 'a',kwhose 8" prlorl ‘mode is 'character', is” : i

rowed to 'row of character" 1n x = gki ip, the skip sklg which has no
& priori mode, is hipped to ’rgalf’ and ;n’(x =13y :=<2) the confrontation




8.2, continued

. x = 1, vhose a priori mode’is‘iiéfereﬁcé to'real’, is voided (i.e. its
‘value is 1gnorea) | | | v
The kinds of coercion Whlch are uSed depend upon three things:
"syntactic p031t10n"5 & priori mode and a posterlorl 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 y HE x, condltlons, e.g. x >0 in
(x >0 | x| 0), subseripts, e, g. 1 in x1[i] ete.s "firm" positions, i.e.
operands, e.g. X in X+ ¥y, ang&certafh primaries, e.g. sin in sin(x); |
"weak' positions, e.g. certain prrmarles, e.g. x1 in x1[1] and certain
secoadarles, e.g. z in re of z} and "soft" p051tlons, i.e. destinations,
e.g. X in x := y, certain other tertiaries, e.g. XX in xx :=: %, and
monadic-operands in depressions,-e.g. xx in val xx.

Strong positions are so callgd because the a posteriori mode is
dictated entirely by the context. Such ‘positions lead to the possibility
of any of the eight basic coercions. Firm positions are ¥.4» operands, in
which widening, -vowing, hipping}and Vbidihg must be excluded, since,
otherwise,the identification of the operations involved in i + j, x +y
(supposing + to be declared also for 'row of real'), 1 + 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 SE=Em==2
frefewance to’. . ; . . .
The x1 in x1[i]::= 1 demonstrates the necessity for this

look-ahead. In the soft positiong, the a 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 preductions of a notion, the sort (strong, firm, weak, soft)
of position is passed on, or modified during 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 'strong 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 dersferenced 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

'

ey

identifier' (8.6.0.1.a)s } 0 - 8




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,8204,e ,822a,823a, 82ha 825a b 826&}
reference to MODE FORM{830a Bhb,g,BSOa 860a} ; S
STIRMLly FITTED to reference to. MODE FORM{a,822a}.

b) weakly dereferenced to reference to MODE FORM{b, 8207}

reference to reference to MODE FORM{BBO& 8hb,g,850a 860al} :

weakly FITTED to reference to reference to MODE FORM{b, 822b}.
{Examples: ' "fey‘ SR BT »

a) y (in x :=y or in x + y)'g yy (in x = yy or in x + yy)
b) = =yl (in rx1[i] in the reach of refl&=mireal rx13)}

8.2.1.2. Semantics -

A dereferenced-coercend is: elaborated in the folIOW1ng steps'

Step 1: It is preelaborated {1.1.6.1}
Step 2: If the value obtained in Step 1 is not nil, then . the value of
> of the.value referred to

the dereferenced-coercend is a'mss
by the name obtained in Step 1 {;otherwise, the further elsboration is

undefined}.
{Weak dereferencing must look shead so that it does not remove &
'reference to' which precedes a mpde which is 'NONREF'. For example, in

x10i] = y, the primary x1 should'not be) dereferenceq[puﬁ+the base x1[i] is. }

L o X[ )mast B g mame . .ZLOrf[c]qu,/i"e fxfzw‘lencecc

)

8.2.7. Deprocedured coercends

{Coercends are deprocedured when it'is required that an 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 .
reguired in this strong positien\ié tredl?, Here the routine possessed by B

random is elaborated and the real value yielded is assigned to x. }

8.2.2.1. Syntax EEEE -

@) il

&

a) STIRMly deprocedured to MOID F@RESE{a 820d,e,821a,8244,825a,b, 8262,8280} : :
procedure MOID FORESE{ahb,g,asoa 860z} 3 e 4«‘,; ;
STIRMLy FITTED to procedure MOID FORESE{&,821a}, : :




8.2.2.1. continued

b) weakly deprocedured ‘to MODE FORESE{820f,821b}
procedure MODE FORESE{8hb,g,850a 860a} ;
firmly FITTED to procedure MODE. FORESE{a 821a}‘
¢) softly deprocedured to MODE FORBSE{c ,8202} : ¥
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 proc rz = Eggpl‘:'(réndam,random)) H
¢) xory (in xory := 1)} o SO '

8.2.2.2. Semantics

1 i
g o
-

A deproceduredfcoercend 1% elaborated in the following steps:
Step 1: It is preelaborated {1.1.6.1}'and a copy is made of {the routine
which is} the resulting value ; .
Step 2: The deprocedured-coercend is replaced by the: copy obtalned in
Step 1, and the elaboration of the copy is initiated; if this elaboration
is completed or terminated, then the copy is replaced by thé deprocedured-

coercend before the elaboration off a successor is initiated.

{See also calls, 8.6.2.1 1 ' vy

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 parameters), 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 thdt 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 not“elabdrated. In (proc p 3 p 3= x = 1)
however, 1 is not assigned togﬁ,‘but”that routine which assigns 1 to x

is assigned to Ps The relevant syntax is descrlbed by the productlons

mrul»38231.'b}




8.2.3.1., Syntax

a) STIRMLy procedured to procedure MOID FORM{a?BZOd,e,BQEa,826a} N
MOID FORM{830a,8Ub,g,850a,8608,-} 5 o |
STIRMLy dereferenced to MOID FORM{821a,-} 3
STIRMLy procedured to MOID FORM{é,m} 5
STIRMLy united to MOID FORM{82ka,-} 3
STIRMly widened to MOID FORM{825a,b,-} 3
STTRMly arrayed to MOID FORM{826a,-} ;
STIRMly provisional MOID FORMIb,~}.

b) strongly provisional void Wﬂnndtcw faf: , S
Voicl seymdl {3165}, 050 NVPROC Ipaclic opeaanit. | Wiy

{Examples

( o . HER

&) 3.14 {in proc real p := 3.14) ;3 x (in proc real p = x) 3
3.14 (in proc proc real :# 3.14)’; o

F

1 (in proc union(int, real) p :=:1)

.

1 (in proc real p := 1) 31 (in procllint p := 1) ;
3.14 (in proc p := 3.14) 3 ' '
b)  void (i 7){%/5_4“_(/(1,5::]42{_(_{(0(0:“- 7’))}

e -

8.2.3.2. Semantics 1

I3 I . -~

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-gymbol is placed before and a close~
symbol is placed after the copy 3

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 procedureducoerpend'is elaborated,
is considered$ if this considered mode is not ‘procedure voidf then
the initial 'procedure' is deleted ‘from the considered mode end a
virtual-declarer specifying the mode so obtained is inserted between
the open-symbol and the routihe-symbol in the copy ;

tep 3: The routine possessed by the routine-denotation {5.4.2} obtained

in Step 2 is the value of thefproce&ured—coercend.

L bl vid=sphC, fany e copy 3 LBT




8.2.3.2, continued .

{The elaboration of (£g§£'='(pil x | =x)) yields the routine

(val (real := (p | x | Qi))),féhereasykhat of the strqné-conditional~
pro'cedure-reai—élausek (p | x lil—x) yi%e::!_ds either the routine

(vel (real := x)) or the 'routiri!e (val (real := -x)), depending on the
value of p. Similarly, the élaﬁbfatioﬁ“of (reals(x := x + 1>; ¥)) yieldé
the routine (val (real := (x«:=vx + 13 y))), whereas that of the strong-
closed*proceduré—realéclause»(x':= x+ 13 y) yields, apért‘from‘a change
insthe value of x, the routine (XEE.(£§EQ‘=*‘V))'} h o |

8.2.4, United coercends

3 e :
{Coercends are united when it is required that the a priori mode
should be changed to a mode united from (b.bi3.a) it, eug. in

union(int, real) ir := 2, the bége 2 is of a priori mode 'integral!

but the source of this assignation requires the mode 'union of integral
and real'mude’.} '
8.2.4.1. Syntax ' « ' k b

H

| H

a) STMG twidd % toncons 10D reel #0905 oot FORI§204,€, 8236, 8264 ¢
o il off MPOD aned S eods FORH [Ef; N

o G /0D o5 el i G 1760D o TR [t
) o ol of LEODSETy HERD RMOOBSETY smacte FoRrtaf

Mo, 7R { Soa, 8o 8y, Ko, Sboaf ;
) Fr77€D 7, MoOD ForM (L2/4,828f ;

M prauctered % Moop okt {4258, —fe
fc/ o;r/lzf‘/@aﬂf&’:n’éd 00D RMOARSETY | pol temon F s tracle FORY 3 ¢
B af&/\ivoﬂ.&é‘?"r Moo and SRLOLSET Y ol cetir }/ Ar00rs” ok ForH? /¢t ;
JLIIO OISETY FHPRISET 1~ Ho't citom F #e00S sl K000 ool FORM fodf.
a% % 00D and MOOLS Gad 1ol ﬂN/?E’D FORM [cf

letreors 4 MDD Gud MOODS /il FORST /a%fé;@ a%‘aé; 2o, = f 3
/ng, FIr7rED é Lerrimy /z 900D Gped 10025 proete FORIM fora, f22af.

-
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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 . L

"o

{Coercends are hipped wvhen “they arq,gkips, Junps or pihils. Though
there is no a priori mode, whatever mode is required by the context, is
adopted, e.g.,in real x = gkip, the base, ggigg which hag Ao a prlorl
mode, is hipped to 'regl’ Since hlnped coercendo are so very accg@odatlng,

. 10 other coercions may follow them. (1n the elaboration order), otherwise,
esbiguities might appear. Con31der for exumple the severalq@azm1ngs of

nnion(int, real, bool, char) u i= kip, supp031ng unltlng could follow

hipping. } .

e

Ge2.7.1. Syntax
2) strongly hipped to MOID base{820d} : MOID hop{b} ; MOID mihil{e,~}.-
b) MOID hopla} : skip{e} ; jump{al}y G ; o

¢) skip{b} : skip symbol{31g}. = It




8.2,7+1. continued

a) Jump{b} : go to syﬁbol{31f} ontlon, label 1dent1f1er{h1b}

ie) reference to NODEfnlhll{a} nll symbol{31g}

ih

: {Examples: - RS :
a) skip ; nil ; BN e le” }'S L , 'd,dd ’ o : ' f;
b) skip ; go to grenoble } L v S 3

c) skip j .
d) go to grenoble ; st pierre deé chartreuse ; -

e) nil }
8.2.7.2. Semantics

&) The value of a skip is a new tinstancé 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 et
thop' of which the Sklp 1eAa terminal productlon is considered ;
Step 2: If the consmdered mode begins with 'wnion of'', then some mode
which does not begin with 'union of' and from which the considered

g4 3.
mode is united {éEéEéE%EB} is considered instead; the con51dered mode

is the mode of the value of the.sklp.; 3

b) A jump is elaborated in the follow1ng steps.

Step 1: The mode obtained by delet;gg "hop' from that notlon ending with

G T CedU1La2 &

'hop' of which the jump is,a terminal production is considered ;
Step 2: If the considered mode does not begin with 'procedure', then the
elaboration of the unitary-clause which is the jump is terminated and
it appoints as its successor the. IlrSu unitary-clause textually after

the defining occurrdnce {in a label (h 1. 2)} of the labgl-identifier

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 and a_clpse—symbol is placed after

the copy; if the considered mode is not- procedure void}“then the

initial 'procedure' is deleted from the con51dered mode and a virtual

declarer specifying the mode so.obtalned is inserted between the open-

symbol erd the routine-symbol in the copy; the wvalue of the jump is that of

the routine~denotatiop consisting of the same sequence of symbols as the copy..

.

¢) The elaboration of & nihil inﬁolVes no actions 1ts value is & new
instance of nil {2.2.3.5.a} whose mode 1@ that obtaaned by deletlng




.8«:2-7020 Continued . ' q o

'nihil!’ 1rom that notion endlng Wlth 'nlhll’ ‘of which. the nlhll is,a termlnai

production.

{Skips play a role'in the éeménticé bf"rbutineudénotations (5.4.2.
Step 2) and calls (8.6.2.2,Step. h) Moreover, they are useful in a number
of programming situations, like e.g 5 : ,
i)  supplying an actual-parameter (T.M.T.b) whose valﬁé;is irrelevant

or 1s to be calculated later; e. g.”f(S, §_;p) wheré'f does not use

its second gctual—parameter if the value of the flrst acUual-parameter

is positive; see also 11. 11 ax 3 -

S

ii) sunplylnv a conﬁntuentunlt of a collateral~clause (6.2.1.b c,e,h)
e.g. [1 : blreal x1 := (3. 1&, skip, 1.68, skip) 3
iii) as a dumy statement (6.0.1.c) in those rare situations where the
use of a completer is inappropriaté,'e,g» l:>_§£3) in 10.%.a.
A jwnp is useful as a clausé tb terminate the elaboration of another
clause when certain requlremenus are not met, €afo g“p“_fex1t in y =
if x > O then sqrt(x) else EL__“_EXlt fx, or in (j > &"1 £ | j) from

10-!..-3 I'..
If etl, €2 and e3 are label-identifiers, then the regder might recognize

the effect of the declaration [Iproc switch = (el,e2,e3) and the statement
switch[i]; however, the declaration [1': flex]proc switch := (e1,e2,e3) is
perhaps more powerful, since assignations like switch[2] := el and
switch := {el,e2,e3,el) are possible. o

A nihil is useful particularly where structured values are connected
to one another in that a field of each structured valueﬁﬁefers to another
one except for one-or'more‘strugfured Vaiues Where the fﬁeld does not refer
to anything at all; guch a field must tﬁen be nil. }_ '

SO T

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 ; 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 (Eggg_p 5 p o= stoﬁ 3 p),rthe confrontation p := stop does not
involve the elaboration of stop,#%ut in the last occurrénce of p, the routine
ghooE ARt

possessed by stop is elaborated.




8.2.8.1. Syntax e

. a) strongly v01ded to void confrontaulon{820d} 'MODE,éonfrontaﬁion{BBOa}.
. b) strongly voided to void FORESE{BEOd h} ' '

NONPROC FORBSE{Skb,g,Bsoa 860a} ;
strongly deprocedured to NONPROC FORESE{822a}

{Examples: » .
= 1 (dn (x 1= 1.3 vy = 2)) : ,
x 3 random (in (x ; random j; skip)) }

L

jr3]

o
Nt

{The value obteained by elaboratlng (1.e. preelaboratlng 1.1.6.i) a

voided-coercend is discarded. }

{In the reach of the declaration [Jproc switch = (&1je2,e3) and the clause-
train e1:éé:e3:stop, the construction switch ; stop is not a serial-clause
beczuse switch is not a strong~véid-uni£. In fact, switch cannot be deprocedured,
because its mode begins W1th ‘row of! aﬁd no coercion will remove the 'row off
end it cannot be 'voided! because ‘row of procedure void' is not a terminal

production of 'NONPROC'. However,:the elabo:atlon of switchl2] ; skip will

involve a jump to the label e2., I

8.3. Confrontations

8,3.0.1. Syntax
,i“ fx;: ~ i
a) MODE conLrontatlon{81a 8204 ,¢& f,g,821a b 823a,b, 82&& 825a b,c,d 826a 828a}
MODE nonlocal as31gnatlon{831b }} ’ T
MODE conformity relatlon{832a,—} : LI
MODE identity relation{833a,-}.

{Examples: .
a) x := 3.14 ;5 ec :: e (see 11,11.Q) ;XX =i xory !

8.3.1, Assignations ' : v

&

{In 3351gnatlons, 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 assigned 4o the value (neme)

possessed by x. A distinction must be made between nonlocal-assxgnatlons which

P




8.3.1. continued |,

. are unitary-clsuses, and local—éssignations Which are not. A locel-

assignation is an aCuualnparameter and thus ‘may be used to 1n1t¢allze
& declaration, e.g. loc real i= 3 1k, whlch is. ccntalned 1n real x 3=

3.1k, before the extensxon of 9 2.a is made. }"

8.3.1.1. Syntax

2)* assignation : MODE LOCAL a551gnatlon{b -} "'31 _ e

b) reference to MODE LOCAL a551onatlon{830a,7hb} S '
reference to MODE LOCAL destlnatlon{d,e},
. becomes symbol{31c}, MODE source{f}.

¢)* destination : MODE LOCAL destination{d e,~}

q) reference to MODE local destination{b} : ',“"~ o
reference to MODE local generatorﬁ851b}.’ ' o

e) reference to MODE nonlocal déstinatibn{b}.ﬁ .
soft reference to MODE tertiary{81b}.

£} MODE sowrce{b} : strong MODE unit{éfe}.

(EXamples:
b) x :=1; loc real := 3.14 3
d) loc real ; ' . | L
e) % ; o  ;’ : 3

£) 13 3.14 1}

8.3.1.2. Semantics ' : i
' s R T

a) When a given instance of a value is superseded by another instance

of a value, then the neme which reéfers té the given instance is caused o
refer to that other instance, and; moreover, each name which refers to

en instance of a multiple or structured value 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

that other instance. e o .

v) When an element (& field) of a given ﬁultiple (structured) value is
superseded by snother instance of a value, then the nmode-of the thereby

tgblished multiple (structured) value s that of the gmven value.
: ~,t‘{) s

e

o




8.3.1.2, continued

4nmwt%¢04ﬂk '
c) JE value is assigned to a name 1n uhe followmng sbeps'

Step 1: If the given value does not refer to an element or subvalue of
a multlple value hav1ng one or more gtates equal to zero {2.2. 3 3.9},
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 neme is not nll then Step 2
is taken; {otherwise, the further elaboraulon is undefvned }

Step 2: mﬁwfggigg%;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?g:§§é-1;m3 multlple value or g gtructured value,
then Step 3 is taken; otherwise, thg'conSLdered4;;§ag’1s superseded
{a} by a agzézgzéagsg of the given w=*w== and the assignment has been
accomplzbhed 5 | ' '

Step 3: If the con51dered value 15 a structured value then Step 5 is

aken, otherwise, applying the: notaxlon of 2.2.3.3. b toiits deseriptor,
for i =1, .. , n, if s, =0 (t. O) then 1, (ui) isset to the value
of the i-th lower bound (i-th upper bound) in the descriptor of the
given value; moreover, for i = m, n-1,' ... , 2, the stride, d; _q» is
set to (ui -1+ 1) x d,3 finally, ifisome s, = 0 or H‘i = 0, then
the descriptor of the considered value; as modified above, is made to
be the descriptor of a new instance ofxa multiple velué which 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 :;

Step U: If for all i, i =1, ... 7, 0, the bound 1 (ui) in the descriptor
of the considered value, as possibly modified in Step 3, is equal to
(u ) in the descriptor of the given:value, then Ste@rs is teken

{; otherwise, the further elsboration is undefined} ;

scep 5: Each field (element, if anx) of the given value is a551gned

{in an order which is left undefined}'to the name referzing to the
corresponding field (element, if‘any)vof the considered.value and the

assignment has been accomplishe&;

d) An assignation 15 elaborated 1n the follow1nw steps*
Step 1: Its destlnatlon and source are elaborated collaterally {6.2.2, a}

Step 2: The value of its source is a351gped to the value {name} of its

destination
Step 3¢ The value of the a351gnau10n is EEEE&EEEEEEEEEEEf the Value of

its destination.




8.3.1.2. continuedkz

 {Observe that (x, y) = (1 2, 3. L) is not an 3351gna$10n, since
(x, y) is not a desq;naulon, the tode of the value of & collateral—clause
(6.2.1.c,d,f) does n@t begln wzth 'reference to' but Vlth 'row of"

 or 'structured Wlth'g }
- 8.3.2, Conformity relations -

{The purpose of conformltyurelatxons is to ensble- the programmer
to find out the cwrrent mode of an instance of a value if the context
only restricts this mode to ‘be one of a number of glven modes. See .
for example 11.11.q,r,s,ak,al,am.fConformlty relatlons are thus used
in conjunction with unions. },J*"
{I would to God they would either
; %, “Gonform, or be more wise, and not
. = i ‘be catched!
' $ .Diary, T Aug. 166L, Samuel Pepys.}

s g

8.3.2.1. Syntex

a) boolean conformity relation{830a} ¢’
soft reference to LMODE tertlary{81b}
conformity relator{b}, RMODE tertlary{81b}

b) conformity relator{a} .,cqnforms to Smeol{31c} 3

conforms to and becomes symbol{31cl.

IR S

{Examples: o o IR R
o) ec :: e (see 11.11.q) 3 evii= e (see 11.11.7) 3
b) iy t:i= 1} o £

803&2:2- Semantics - ‘ "< > |

A conformity-relation is eiébofaﬁea in the followihé steps:
Step 1: Its tertiaries are elabcrated collaterally {6 2 2.2} and the value
of its- textually last tertla“yxls considered ;
Step 2: If the mode of the valué‘of its nextually flrst tertlary 1s 'reference
to' followed by a mode whmch mé 6rrlsgun1ted from {h. I 3.8} the mode of the

considered value, then the value of the conform1ty~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 to another value, then this other

1%

. value is considered instead and StcP 2 is taken;:othérwise, the value

of the conformlty—relatlon is false and Step 4 is taken 3
conformlty—relauor 1s a conforms-to-andeecomes—symbol

bp l}. A..L 1‘th )
s true, then the considered

and the value of the conformm»y-relatlon i
value is ass1gned {8.3.1.2.¢c} to the value of the textually flrst

tertiary. S :
{Although not SUggested by the wordlng of Step 2 the, possibly,
ost obvious applications of conxormltyurelatlons sre those in which
VMODE' (8.3.2.7.a) beglns with ‘unlon of! whereas 'LMODE’ does not.vi
Then, the mode of the considered value (step 1) is not 'RMODE' (which is
united from it) and the conformluy—relamlon serves to ask whether this
mode is 'IMODE' and, if so and if ‘the conformity-relator 18 a conforms-
so-and-beccmes-symbol, to assign this value to a name whdse mode does
not begin with 'reference to unmoq«of' and., thereby, make this value
easily available elsewhere. (See, é.g.,31“1.q,r,s,z,aa,ak,'ag.,am,ar).
Observe that if the considered valﬁe“is an integer ahd the mode of
its textually first tertiary is ' peference to! followed Uyia mode which
is or is united from the mode 'real' but not from tintegral', then the
e s T T e e oAy S Ty

value of the conformity-relation is falsex Thus,
no automatic widening from 1ntegral' to. treal' tekes plaCé. For example,
in union(real, bool) rb ; rb i:= 1, no value is assigned %o rb, but in

b ::= 1.0 xﬂuaﬁﬁuinyf b = 1.0,.; it the Zewme assignient/ takes place.
Rule 8.3.2.1.b is the only rule in the syntax which allowsswthe production

of uncocerced clauses, i.e. those produced: from 'RMODE tertiary'. }
, A b , g
8.3.3. Identity-relations : . A

1 !
4
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8.-303-10 Syntax ; v ; :

a) boolean 1dent1ty relatlon{830a} - ‘
soft reference 1o MODE tertlary{81b}, 1dent1ty relator{b}
Sbrong reference. to MODE uertlary{81b} ' ’
strong reference to MODE tertlary{81b} 1dent1ty relatcr{b}
 soft reference to MODE tertlary{81b} g ’
b) identity relator{a} : is. symbol{31c} is not symbol{31c}

{Examples:
a) Xory i=: X 3 XX i=: X §

b) i=roy oidr )

8.3.3.2. Semantics
: f : »
An identity-relation is e%aborated in the followip% steps:
Step 1: Its tertiaries are elaborated eollaterally{G 2.2.a} s
Step 2: If its identity-relator is an. 1s—symbol (is-nogp-symbol) then the
value of the identity-relation is true (false) if the values {names}

obtained in Step 1 are the same andﬂfalse (true) othe;ylse.

{Assuming the ass1gnatlons XX :=vyy 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 {7L1.2.Step 8}, but the name which each
possesses refers to the same ﬁame and'so val xx :=: val yy possesses the
value true. The value of the identity—relation xx :=: xory has a 1/2
probability of being true because the value possessed by xx (ef;ectlvely
val xx here, because of coercion) is the name possessed by x, and the
routine possessed by xory (see ﬁ .35 when elaborated ylélds either the
nome possessed by x‘or with equal probablllty, the name possessed by ¥
In the 1dent1ty—relaxlon, the programme% is usually asklng a specific
question concerning nemes and thits the' level of reference is of crucial
importance. Thus at least one’ofﬁthe tegtiaries of an iﬁéntity-relation'
mist be soft, i.e. must involve‘dnly deproceduring and certainly no

dere¢erenc1ng. The constructlon case i 1n X, XX, Xory, nil esac :=: case

j in y, skip, xzory, re of z,yy esac is’ an example of & dellcately balanced

identity-relation in which the mode 1s<ireference to realf.

Observe that the value of “the formfla 1 =2 is falsd, whereas 1 :=: 2

is not -an identity-relation, since the values of its tertiaries are not




8.3.3.2. continued

remes. Also £2d3df. :=: £54f is mot an identity-relatipn, whereas f2d3df =
£5df is a formula, but involves an operation which is hot included in the

standard-prelude. }

8.4, Formulas

Formulas are either dyadlc, e. g. x+ i, or monadlc, e.g. abs X.
al M O S e
A forrula has«au least ‘one operator oraéwgé&wazpsymbol The order of
elaboraulon of a formula is determlned by the priority of its operators;
monadic formulas are elaborated Tirst and then the dyadic formulas from
the highest to the lowest priority. Since the w%%éuaﬁz-symbol is not an
operator, ‘the programmer is prevented from changing its meaning. }

o ’ i

8.4.1. Syntax

a)* SORTETY formula : SORTETY MOID ADIC formula{b,g,820d,e,f,8}.
D) MOID PRIORITY formula{81b,820d,e,f,g,821a,b,822a,b,c,823a,b,82ha,825a,
v,c,d,826a,828b} : firm IMODE PRIORITY operand{d},
procedure with 1MODE parameter and RMODE parameter MOID
PRIORITY opera?tti?EC} £irm RMODE PRIORITY plus one operand{d,el.
¢)* operand : FIRM MODE ADIC ojerand{d £} ¥
d) firm MODE PRIORITY operandfb,d} : fixm 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}.
£) FEATMODE monadic operand{e,gahfﬁkgﬁiFEAﬂhﬁDE monadic formula{820e,g}
FEAT MODE secondary{81c} ‘ |
g) MOID monadic formula{81b,820d,e ,f,5,821a,b, 822a b 05823a b,824a,8253,b,
- ¢,d,826a,828b} : MOID depression{h,-} ; : : '
procedure with RMODE parameter MOID monadic operannt{VSG},
firm RMODE monadic operand{f}. thy
h) MODE dépression{g} :tﬁebgéxéWESyﬁbbl{BTc},
' soft reference to MODE monadic operand{f}.

&

iExamples:




8.3.3.2. continued

names. Also f2d3df':”: f£5af is not an‘identity~relation whereas f2d3df =
£5df is a formula, but 1nvolves an operatlon which 1s not . 1ncluded in the

anddrd«prelude.}f

R

B

8.4, Formulas

{Formulas are either dyadic, e.g. x + i, or monadie, e.g. gbs x.
A fovmuia has at least one Opeiator or v@a%%w;e~symbol' The order of
claboratlon of a formula is determlned by the priority of its operators;
monadic formulas are elaborated first and then the dyadlc formulas from :
the highest to the lowest priority. Since the m%7éuwu£«symbol is not an
opersator, the progremmer is prevented from changing its meaning. }

B

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,821a,b,822a,b,c,823a,b,0824a,8252,
b,c,d,826a,82680} : firm IMODE I%RIORITY operand{d};
procedure with IMODE paraﬁeter'and RMODE parameter MOID
PRIORITY operator{th} firm RMODE PRIORITY plus one operand{d, e}
¢)* operand : FIRM MODE ADIC operand{d,f}. g
d) firm MODE PRIORITY opcrand{b d} : firm MODE PRIORITY formula{820e} ;
firm MODE PRICRITY plus one operand{d,e}. '
"e) firm MODE priority NINE plus 6ne'operand{b,d} :
firm'MODE monadic operand{f}.
) FEAT MODE monadic operand{e,ggrbﬁﬁxﬂFCAI’MODE monadiec formula{BEOe,g}
FEAT. MODE secondary{81c}.
g) MOID monadic formula{81b,820d,e f,g,821a»b,822a,b,c’,:’823&,'&),8214&,825&,*09
¢,d,826a,8280} : MOID depress:.on{h -}y
procedure with RMODE parameter MOID monadic operator{th},
firm RMODE monadic op@fand{f}
h) MODE depression{gl : dﬁ%&¢w¢ﬁ uymbol{31c} S
soft reference to MODE monadic operand{f}.

£

{Ewmﬂ%:'
b) x + ¥

a) xxy; %3




© 8.4, 1. continued

) abs x

g) val xXx j; abs X

n) val xx } !
8.4,2. Semantics _ R } o

a) A formula, other than a @epression; is elaborated in the following
shepst B . :

Step 1: The formula is replaced by a copy of the routine possessed by the
onerabor-dcelnlng occurrence of its operator {7.5.2, k.3.2.0} ;

Step 2: The copy is treated as a closed-clause and is protected {6 0.2.4} 3
Step 3: The skip-symbol {S.h.Z.Step 2} follow1ng the equals-symbol following
its textually first copied formal—parameter is replaced by & copy of the

textuallf first operand of the formula, and if the operator is not a

nonadic-operator, then the‘skipusymbol‘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 3 ‘
Step 4: The elaboration of the copy is initiated; its value, if anj, is

then that of the formula; if this elaboration is completed or terminated,

then the copy 1s replaced by the formula before the elaboration of a

successor is initiated.

F I
i

b) A depression is elaborated i# the following steps:
Step 1: Its operand is eleborated ; K
tep 2: If the name obtained in Step 1 15 not nll then the value of the
depression is a Lqugp-s ~:: of the value referred to by the name obtained
in Step 1 {; otherwise, the further elaboration is undefined}.
The following table summarises the priorities of the operaiors declared

in the standard-priorities (10. 2 0)

Ayadie - L L monadic

1] 3 sl sp 6T 809 - (10}~
minus 1% A = < - x A L - - F ',down &//
plus | s | | s (] sbs bin repr (pf’
times 2 vl gpd ~leng  short Alws
over > s | odd sign ppe
mod ielem | e pound enmtier
i) | re in conj up




8.4.2, continued :
atd hmﬁ/%ﬂwu%Pﬁ@ﬁmazﬂ P h1uauzﬁaéravwaﬁdb¢, |
~Observe that,the value of (-1 4 2 + 4 = 5) and that of (4 - 1 4 2 = 3)
both are true, slhcc the flrst mlnus symbol is a monad1c~operator,
whereas theé second is dyadlc. AlthUﬁh the syntax determines the order

in which formulas are elaboraued parentheses ey well be used to im-

prove readability; e.g. (a A b) % (*1& A ~1b) instead of a Ab V—a A ~1b

In the formula x + y X 2 both ¥y and 2 are prlmarles, which allows y
to be & flrm—prlorlLy—SEVEN~operand and 2 to be a flrmuprlorltyaEIGHT—
operand. The formula y x 2 is then of prlorlty SEVEN. Since x is also a
primary, end therefore a firm~priority~SIXeoperand, then x +y x 2 is a
priority-8IX-formuls. The effeet of x + y x. 2 is thus the same as x + (y x 2).

The operand whlch follows the i&&?@%m%%symbol 1n 2 depression is
soft rather than firm because lts el&poratlon should not involve dereferencing.}

ol

8.5, Cohesions

{Cohesions are 6f two kinds: nOnchal—generators, e.g. string, or
selections, e.g. re of z. Coheéions afé distinect from'béses in order that
constructions llke a of bli] may be parsed without know1ng the mode of a
and b. Cohesionsg may net 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 - " A

a) MODE cohesion{81c,820a,e,f,5,821a,b,822a,b,c,823a,b,82ka,825a,b,826a, )
828b} : MODE nonlocal generator{851c} ; MODE seiectioh{Bseg}.

{Examples: v '
a) real (in xx := real := 3.14) ; re 6f z }

8.5.1. Cenerators
{And as 1mag1nat10n bedies forth
The forms of thlngs unknown, the poet's pen
Turns them to shapes, and gives to airy nothlng

A local habitation and a nanme.
A Mldsummermnlght’s Dream, William Shakespeare }




8.5. 1. continued

{The elaboratlon of a generator, e.g. real in xx := real := 3.1bL

or loc real in ref real X = loc real (usually written real x, by extension

9.2.a) involves the creation of a name, i.e. the reservatlon of storage.

-

The use of a local-generator implies (with most implementations) the

eservation of storage in a run-time stack, whereas nonlocal-generators
imply the reservetion of storage in snother region, 2644 it the "heap", in
which gavbaré~collection techniques may be used for storage retrieval.

Since this is usually less efflclent nonJocal«generators ‘should be '
avoided by the inexperienced progrwmmerg The- temptaxlon to use nonlocal~

generstors unnecessarily, is veduced by the extension 9.2.a, which applies

Ol
ctual-parameters (see T.h.1.0) end, therefore, may occur in declarations. }

nly to local-generators. Local-generators are not cohesions but occur as

Q?

8.5.1.1. Syntax CoTd ~ . .
2)* generator : MODE LOCAL generator{b,c,-}.
) reference to MODE local generator{TEb 831d} o
local syubol{31d}, actual MODE declarer{TTb}.
¢) reference to MODE nonlocal generator{850a}
actuzl MODE declarer{71b}a - R | ‘ L

r .

{Examples:
b) loc real ;

¢) real }

8.5.,1.2. Sementics

1
1
H

a) A generator is elasborated in the following steps:

Step 1: Its actual-declarer is elaborated {T.1.2.¢}

Step 2: The value of the generator is thé value {neme} obtained in Step 1+
b) The scope {2.2.4.2} of the value of & loc@l-generator 1s the smallest

range containing that gencrator' ohat of a nonlocal-generator is the program.

{The closed-clause

(ref redl xx ; (ref resl x = real := pi § xx = x) ; xx = pi)
possesses the value true, but the closed-clause - - '
(ref real xx 3 (real x :=pi ; xx = x) ; xx = pi}

possesses an unded Jncd value since the name referred to by the name possessed

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 x (?;0.2); The closed-clause
((ref real xx 3 real x :=;pi $ XX 1= x)’= pi)ﬁt- '

however, possesses the value btrue. }oo SRR LT ‘ . Cd
N ‘ . - . -+ . ’ B X

8.5;2. Selections

{4 selection selects a field from a structured value; e.g., re of z
selects the first real field (usually;ﬁﬁﬁhai;?he real part) of the value
vossessed by Z. If z is a name, then re of z is also a neme, but if w is
a qomplex.value, then re of w is a real value, not the‘name referring to a

real value. }
8.5.2.1. Syntex v g ' o

&) REFETY MODE selection{850a} : MODE named TAG selector{T1j},
of symbol{3%e}, weak REFETY structured with LFIELDSETY
MODE nemed TAG RFIELDSETY secondary{81c}.

{Examples: The following éxampleS'are assumed 1in the'reach of
the declarations: 3 g I R
struct language = (int age, fefflanguage father)\g* o

lenguage algol := (10, language = (14, nil)) 3 T

language pl1 = (4, algol) ;
a) age of pll ; father of algol }

{Rule a ensures that the value of the sec&ndary has.a'field selected'
by the field-selector in the selection (see T.l.l.e,f,h,jiand the remarks
below T.1.1 and 8.5.2.2). Er=rmwmwresee=s? An identifier’which is the
geme sequence of symbols as a fieldpselector in the same reach creates
1o ambiguity. Thus age of algoi;:= age is a (possibly confusing to the
human) assignation if the second occurrence of age is aniintegrafggﬁgitifiera}

8.5.2.2., Semantics

A selection is elaborated in the fblloﬁing steps:

Step 1: Its secéndary is elaborated, and thé strictured value which is, or

is referred to by, the vélue;ofﬁtham seéondary isﬁconsidéred“;




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{GTe}.‘,' ‘
3V trimscript @ trimmer{f},obticn ; subscript{i}fu_' i *,vf;

0

k)¥ indexer : ROWS leaving RQWSETY 1ndexer{b,c,d,e}. ,f‘

{Examples: S R
a) x1[il j x20d,3] ; x2[43 § x1[2:n] 5

b) 2:mn,j; ,amy o

C) :uj 5 ' i
i) 2:n 3
e) 5 K
f) 2:n 3 2tn at 0 3 .
) k)

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[1,37, x2li,2:nl, x2[i], these numbers sre (2,0,0), (£2,1,0) and (1,0,1)
respectively. Because of rules d and T.1.1.t, 2:3at0 3 2:n 3 2: 5 :5 and :at0
are trimmers, while rules b and 4 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-
upver-bounds and Qew—lower—bouﬁds ofiité indexer are elaborated collaterally
{6.2.2.a} 3

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 3 |

Step b: If the considered trimséript is not a subscript, then Step 5 is
taken;’otherwise, letting "k"[?ﬁand for its value, if 1; S‘k < ug, then
the offset in the copy is iﬁééégégﬁ by (k - li) x d;, the i-th qﬁintuple
is "marked", and Step 6 'is tgkéﬁ;;bthérwise, the further elsboration is

undefined




8.6.1.2. continued

Step 5: The values "1", "u" and "1'" are determined frbm,the consideredf
trirﬁcript as follows: B - '
f the considered trlmacrlpt contavns a strict-lower-bound (stricte

e

upner—bound) then 1 (u) is its valuej oLherwzse 1 (u) is l (u

if it contains a new-lower—bound “then l' is its value, otherW1se,
‘lfls'l; R l : » R ‘
if pow 1, <1 and u s u, théﬁ‘thé 6ffset in the copy is increéséd Dby

(1 - 1 ) x d;, end then 1, is replaced by 1' and u, by (1' - 1) + uy

W s

e

onherwvse, the further elaboratlon 1s undeflned

Step &: If the considered trlmscrlpt 1s followed by a comma~symbol, then
the trimscript following thet comma~symbol is considered 1ns»ead iis:
increased by 1, end Step b is taken~'otherw1se, all qplntuples in the
copy which were marked by Suep 4 mre removed, and Step T is taken ;

Step 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 is that obtained by~deleting 'slice!
and 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 considered value: selected by
{the index equal to} the offset in the copy.is considered instead

Step 8: If the value of the prlmary is a name, then the value of the sllce
is a new instance of the name whlch réfers to the con31dered value, and,

othervwise, is a new instance of»the considered value itself.

{A trimmer restricts the possible values of a subscrlpt and changes’
its notation: firs t 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 notablon, next, all restrlcted values of that
subscript are changed by adding the same amount to each 01 them, such that
the lowest vulue then equals the value of the ncw~lower—bound. Thus, the
assignations yil1:n~1] = xi[2 .n] y1[n] i= xTCTJ 3 x1 :=y1 effect &

vclic permutation of the elements of x1. } o

8a6¢2a ‘ Calls ' S ' | | . | .s

8.6.2.1, Syntax

a; MOID call{8G0a} : firm procedure vmuh PARAMEIERS MOID pr1mary{811d} §
actual PARAMBT%RS{SMe,Tbb} pack,   f. e S (




8.6.2.1. continued

 {Examples:

a) sin(x)
8.6,2.2. Semantics

A call is elaborated in the follow1ng steps.
otep 1: Its primary is elaborated and a eopy 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 -

:plhcinc the-skip—symbolé following the equals-symbols following the

copied formal-parameters {5.L.2.5tep 2} in the textual order by the
actual-parameters of the call taken in the same order ’

Step 5: The elaboration of the copy is initiated; its value, 1f any, is
that of the callj if this elgboration is completed or terminated, then

the copy is replaced by the call before the elaboration of a successor
is initiated. o : A

¢
S

The call samelson(m, (int j) real : x1[j] ) as contained in the
reach of the declaration _ |
proc samelson = (int n, proc(int)real f)real
begin long resl s := long 03 for i to n do s plus lemg £(i) 4 2
short long sqrt(s) end ' ' -
is elaborated by. considering (Step 1) the closed-clause
(val(int n = skip, prbc(int)real f = skip ; real :=
begin long real s 1= 1235 0 3 £2£ i to n do s plus leng (i) 4 2
short long sqri(s) ggg)). i S
Supposing that n, s, £ and i do not occur elsewhere in the program, this

e

closed-clause is protected (Step 3) without further alteration. The actual-
parameters are now inserted (Step 4), yielding the closed~clause
(val(int n = m, proc (int)real € = (int j)real : x1[j] 3 real :
besin long real s i= long‘Oi;‘ggg i to n do s plus leng £(i) 4 2 3

.

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

nete possessed by m, and £ possesses the same 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. Extensions

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}.

¢) 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 G 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 {4e1.1.0},

N for a mode-identifier-option {4.1.1.b},

for a conformity-relator {8.3.2.1},

for an indication {4.2.1.a},

for a virtual-plan {5.4.1.c,d},

for a routine-denotation {S5.4.t1.a},

0w W o " 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},

o]

for a declarer {7.1.1.al},

for a formal-declarer {7.1.1.b} all of whose formal-row-of-rowers

=3

{7.1.1.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 source of inﬁqéent merriment . -
R Mikado, - W.8. Gilbert. 1}

A comment {3 0 9 b]'may be 1nserted between any two symbols"

P

¢ {but see 9.b}.

{e gep, (m > n ] m | n) may be replaced by
(m > n | m e the larger of the o ¢ [ n) }

9.2, Contractions

R ——

a) ref VI = loc U where U and V specify thé 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.}

it

]

b) rmode P

struct may be replaced by struct P = and mode P = union
by union P =, S , |
{e.g., mode compl = struct(real re, im) (see also 9.2.c) may be

¢ veplaced by struct compl = (real re, im).}' .

C/ %“W’ﬂ prode - dpetbacledw [72/5(](/&%9-5@/44% {734af,
— cletlenalion {7.4./af, W@;-—-d’c&/m&m Z/;xr/aj)ﬁw,uz/—.
/@@¢¢ﬁa%§? (54144 folel - dectonaloy {747 Jla%aq/ahpo/%310wxyékzauﬁy
' V4 é@%m&z—fyvué?i(ffﬁﬂéyzézzkﬁgf ﬁZZgéﬂ%w e Lokl 4%y&az el a-.
Mode ~Fymbol , Shiccline ~Jpmdol W;-% lgndol, priinils ~ Py bol
' -—fyn/vf/a//.:’//a’/, one Sanme J%M-—W va

mm /‘6’9/1?’7//{,‘, Ha Z’&ou/ of/éw dz'\cmpmwéag‘%zmw@/

{e¢ #., real x, rcal ¥y A: 2 may be replaced by real x, y :2= 1.2,

but real x, real y = 1.2 may nobt be replaced by real x, y = 1.2, since the

first occurrence of real is an actual-declarer whereas the second is a formale

declarer. Note also that mode b = bool, mode r = feél may be replaced, by

mode b = bool, r = real, etc.f




9.2, continued

. d) If an acth&l—parameoer {1. L 1.b} (source {8. 3 1 1 f}) 1s a rout1ne~~
denotation {5.4.1. a} (routlne»denOUQHDn not beglnnlng w;th (: ), then 1ts
first 0pcn~symbol angd last dkse—symbol {both 3.1, 1.e} may 31multaneously

;1
kS

fi e omitted.

{e.g., op + = ((int é)inﬁkz,a).may‘beAreplaced,by'ggi+ = (int a) : a3}

ot

b

n

|

e) If each corresponding pair of constituent-declarers in Q and R specifies

the same mode, then proc QL =R may be replaced by_E-_ I =R, op QP= R by

op P =R, and proc QIN:t= R by proc N :+= R. : | s
{e.g., proc (ref int) iner = (yef int i): i plus 1 may be replaced by

o

rroc dner = (ref imt i) : i plus 1, op (ref int) int deer = (ref int i) int

: i winus 1 may be replaced by op decr = (ref int i) int : i minus 1, and
proe (Ffesl) int p = (real x) int : round x, obtained by 9.2.8,d from '

ref proc (real) int p = loc proc {(real) int :s= ((real'x) int : round x)

may be replaced by proc p ::= (real x) int : round x.}1

£) [:1 may be replaced by [1 , [iy by L, , ,t, BY 55 s 51 DY 4]
[:al by [at, and ,:at by .,at. ’ '
 {e.g., [:] real may be replaced by [] real.}"

9.3. Repetitive Statements

a) The unitary-statement {6.0.1.c}
bepin int § f= A, int K =B, L = C; S
M : if 8 (K>0[JsL|:K<0|J=L|tzrue) k |
then int I = J; (DIE; (857:= J + K) g0 ko M)
viaere J, K, L and M do not occur in D, E. or S, and whete I differs from
J and X, may be réplaced by - ‘
for I frem A by B to C whi]é Ddo By

armsans

and if, moreover, I does not oceur in D or E, 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.k, continued

a) (((xow |mM, (Yow | M1)); ((false | true)| skip), M : F .M1 : @),
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), where M does not occur in
F and/or H, may be replaced by
case X, ZOWin F, Hesac {or by (X, ZOW | F, H)}.

{Examples of the use of such "case" clauses are given in 11.11.w,ap.}

L H g
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