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1. Language and metalanguage ' ) {25 July 1968}

1

1.17. The method of description
te1 . 1. The strict, extended and representatiod languages

a) ALGOL 68 is a language in which "programs" can be formula-
ted for "computers", i.e. "automata" or "human beings". It is
defined in three stages, the "strict language", "extended lan-
guage" 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 1anguage and the exténded language, btypographical or
syntactic marks are used which bear no relations to those used
in the representation language. '

1.1.2. The Syntax of the strict language..

a) The strict language is defined by means of a syntax and
semantics. This syntax is a set of "production rules" for "no-.
tions"; it is defined by means of "small syntactic marks", in
this Report "abecdefghijklmnopgrstuvwxyz", "large syntactic
marks", in this Report "ABCDEFGHIJKLMNOPQRSTUVWXYZ", and "other
syntactic marks", in this Report, "point" ("."), "comma" (","),
colon®™ (":M), "semicolon" ("3;") and "asterisk®™ ("*"), {note
that these marks are in another type font than the marks’ of

this sentence. }

b) A "protonotion" is a nonempty sequence of small syntactic
marks; a notion is a protonotion for which there is. a produc-
tion rule and a "symbol" is a protonotion ending with 'symbol'.,

¢) A production rule for a notion comsists of that notion,
possibly preceded by an asterisk, followed by a colon, follow-—
ed by a "direct production" of that notion, i.e. a "list of no-
tions®, and followed by a point.



1.1.2. continued {25 July 1968}

d) A list of notions is a nonempty sequence of "members™" sepa-
rated by commas; a member is either a notion and is then said
to be "productive" {, or nonterminal,} or is a symbol {, which

is terminal,} or is empty.

e) A "production" of a given notion is either a direct produc
tion of that given notion or a list of notions obtained by re-
placing a productive member in some production of the given no-
tion by a direct production of that productive member.

f) A "terminal production" of a notion is a production of that

notion none of whose members is productlve.

{In the production rule , ,
'variable-point numeral : integral part option,
fractional part.
(5.1.2,1.b) of the strict language, the list of notions
'integral part option, fractional part!
is a direct production of the notion
'variable-point numeral',
containing two members, both of which are productive. A termin-
al production of this same notion is
'digit zero symbol, point symbol, digit one symbol".
The member, 'digit zero symbol'!, is an example of a (terminal)
symbol. The line |
"twas brillig and the slithy toves'
is a protonotidn but is neither a symbol nor a notion in the
sense of this Report, in that it does not end with 'symbol' and
no production rule for it is given (1.1.5.Step 3, 4).}



1.1.3. The syntax of the metalanguage {10 July. 1968}

2) The production rules of- -the strict language are partly
eaumerated and partly generated with the aid of a "metalanguage"
whose syntax is a set of production rules for "metanotions".

b) A metanotion is a nonempty sequence ofllarge syntactic

marks.

¢) A production rule for a metanotion consists of that meta-
notion followed by a colon, followed by a direct production of
that metanotion, i.e. a "list of metanotions", and followed by

g point.

d) A list of metanotions is a possibly empty sequence of "meta-
members" separated by blanks; a metamember is either a meta-
notion and  is then said to be productive, or is a nonempty
sequence of small syntactic marks.

e) A production of a given metanotion is either a direct pro-
duction of that given metanotion or a list of metanotions ob-
tained by replacing a productive metamember in some production
of the given metanotion by a direct production of that produc-~
tive metamember.

f) A terminal production of a metanotion is a production of
that metanotion none of whose metamembers is productive.

{In the production rule
'TAG : LETTER.?',

derived from 1.2.1.1, 'LETTER' is a direct production of the
metanotion 'TAG', consisting of one metamember which is pro-
ductive. A particular terminal production of the metanotion
"TAG! is 'letter x' (see 1.2.1.m,n). In the production rule
'EMPTY : .' (1.2.1.1i), the metanotion 'EMPTY' has a direct pro: .
ductibn which is an empty list of metanotions. } ’



1.1.4. The production rules of the metalanguage {10 July 1968}

The production rules of the metalanguage are the rules 4
obtained from the rules in Section 1.2 in the following steps}
Step 1: If some rule contains one or more semicolons, then it
is replaced by two new rules, the first oné of which cong;sts
of the part of that rule up to and including the first semi-
colon 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 origin-
al rule following its first semicolon, whereupon.Step 1 1is
taken again ; ' ' ' -

Step 2: A number of production rules for the metanotioh TALPHA!
{1.2.1.n}, each of whose direct productions is another small

letter, may be added.

{For instance, the rule
'"TAG : LETTER ; TAG LETTER ; TAG DIGIT.®',
from 1.2.1.1 is replaced by the rules ’
'"TAG : LETTER.' and 'TAG ¢ TAG LETTER ; TAG DIGIT.',
and the second of these 1s replaced by
'TAG ¢ TAG LETTER.' and 'TAG : TAG DIGIT.'
thus resulting in three rules from the originél one.

The reader may find if helpful to read ":" as "may be a',
"o gg "followed by a", and ";" as "or a". }

B



1.1.5. The production rules of the strict language {10 July 1968}

The production rules of the strict language are the rules -
obtained in the following‘steps from the rules given in Chap—{'
ters 2 up to 8 inclusive under Syntax: A
Step 1: Identical with Step 1 of 1.1.4 3
Step 2: If the given rule now contains one or more metanotions,

then for each terminal production of such a metanotion, a new
rule is obtained by replacing that metanotion, throughout a
copy of the given rule, by that ﬁerminal production, where-
upon the giveh rule is discarded and Step 2 is taken; other-
wise all spaces and hyphens in the given rule are removed and
the rule so obtained is a production rule of the strict lan-
guage . ; | . | ) '

Step 3: A number of production rules may be added for the no-
tions 'other mode indication' and 'other operator indication!
{4.2.1.b,e,f} each of whose direct productions is a symbol
different from an other symbol ;

Step 4: A number of production rules may be added for the
notions 'other comment item' {3.0.9.c} and 'other string
item' {5.%.1.b} each of whose direct productions is a symbol
different from any character-token with the restrictions that
no other-comment-item is the comment-symbol and no other-
string-item is the quote-symbol.

{The rule

tactual LOWPER bound : strict LOWPER bound option."
derived from 7.1.7.r by Step 1 is used in Step 2 to provide
two production rules of the strict language, viz.

‘actual lowerbound:strictlowerboundoption. ' and

tactualupperbound::strictupperboundoption.*t j
however, to ease the burden on the reader, who may more easily
ignore spaces himself, some spaces 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
form”

"actual lower bound ; strict lower bound option.' and

tactual upper bound : strict upper bound option.'.



{10 Ju;y'1968}

1.1.5. continued

Note that

'actual lower bound : strict upper bound option.'
is not a production rule of the strict 1angu%ge, since the ré~
placement of the metanotion 'LOWPER' by omne of its productions
must be consistent throughout. Since some metanotions have an
infinite number of terminal productions, the number of notions
of the strict language is infinite and the number of production
rules for a given notion may be infinite; moreover, since some
metanotions have terminal productions of infinite length, some
notions are infinitely long. For examples éee 4.1.1 and 8.5.2.2.
Some production rules obtained from a rule containing a meta-
notion 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. }
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1.1,6},The semantics of the strict”lenguage“ {25 July 1968}

a) A termlnal productlon of a notion is considered as a lin-
early ordered sequence of symbols. This order is called the‘;
"textual order“} and "followmng" ("preceding“) stands for "tex~-

, tually 1mmediately following" ("textually immediately preced~
“1ng") in the rest of thls Report.f Typographlcal display fea~

tures, such as blank space, change to a new-line, and change to
a new page do not influence this order.c ‘

b) A sequence of symbols con31st1ng of a second sequence of
symbols preceded and/or followed by (2) nonemtpy sequence(s) of
symbols "eontainsg" that second sequence of symbols.

c) A “paranotion" at an(dCcurrence notfunder‘"Syntax", not be-
tween apostrophes and not within another paranotion "denotes"
some number of protonotions. A ‘paranotion is ‘

i) a symbol and it then denotes 1tself {e.g., "begin symbol"»

- denotes "begin symbol"}, or :

ii) a notion whose production rule(s) do(es) not begin with an:
asterisk, and it then denotes itself {,e.g., "plusminus" de-
notes "plusminus"}, or » | :

iii) a notion whose prcdutlon rule(s) do(es) begin with an as-
terisk, and it then denotes any of its direct productions
{, which, in this Report, always is a notion or a symbol, e.g.,
"trimseript” (8.6.1.1.1) denotes "trimmer option" or "sub-
seript"}, or | ) ,

iv)  a paranotion in which one or more "hyphen"s ("-") have
been inserted and it then denotes those protonotions denoted
by that paranotion before the insertion(s) {, e.g., "begin-
symbol" denotes what "begin 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 the modifications {, e.g., "trlmscrlpts"
denotes some number of "trimmer option"s and/or "subscript's,
and’ "prlmarles" denotes some number of the notions denoted by
"primary"}, or R | ‘



1

1.6, continued  -? o '-~5»;¢Q_Lf{§5_July T968}’

vi) a paranotion whose first small syntactic mark has been re-

placed by the corresponding large syntactic mark, and it then

5,denotes those protonotions denoted by that paranotion before

+the modification {, e.g., "Identlflers" denotes the notions

denoted by "identifiers"}, or

vii) a paranotion in which a terminal production of 'SORT! and/

or of "SOME" and/or of 'MOID" has been omitted, and it then
denotes those protonotions denoted by any paranotion from
which the given paranotion could be obtained by omitting a |
terminal production of 'SORT' and/or of 'SOME' and/or of
'MOID' {, e.g., "hop" denotes the notions denoted by "MOID
hop" (8.2.6.1.b), "declaration" denotes the notions denoted
by "SOME declaration" (6.2.1.a, 7.0.1.a) and "clause" denotes
the notions denoted by "SORTETY SOME MOID clause" (6.0.1.a),
where "SORTETY" ("SOME", "MOID") stands for any terminal pro-
duction of the metanotion 'SORTETY' ('SOME', 'MOID')}.

{As an aid to the reader, paranotions, when not under Syn-

tax or between apostrophes, are provided with hyphens where,
otherwise, they are provided with blanks. Rules begining with
an asterisk have been included in order to shorten the seman-

tics. } ‘ i

d)

Except as otherwise spe01fled {f,g , a paranotion stands

for any symbol and for any terminal production(s) of the no--
tion(s) denoted by it

e) A protonotion which is a>member of a (direect) production of

a

notion is a "(direct) consituent" of that notion, provided

that it is not also a constituent of either that notion or that
protonotion {, e.g., 'digit zero' is a direct constituent of

'integral denoﬁation' (5.1.1.a) and 'digit’one' is a constituent
of 'integral denotation' but not a direct constituent (5.1.1.D1).

For examples lnvolving the prov1so, see the remarks following

sectiom f}.

\u

Y



1.1.6. continued 2 , - {25 July 1968}

" f) A paranotion which denotes protonotlons all of which are
(direct) constituents of notions denoted by a*aecond paranothn
is a (dlrect) constituent of that second paramqtlon. {e ge5
since paranotions stand for terminal productions (d), = 1‘33
is a constituent assignation (8.3.1.1.a) of the a581gnation o

i := j := 1, but not of the serial clause (6.1.1.a) i := j e

k := 2 nor of the assignations j := 1 and k := i := j := 1. The
assignation j := 1 is not a direct constituent of the assigna-
tion i = j =1, but it is a direct constituent source of that
assignation (8.3.1.1.b).} '

g) A paranotion which is a direct‘constituent of a second para-
notion is a paranotion of that second paranotion {i.e. "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,c) or i is the or a
destination of i := 1, whereas, i is a constituent destination

but not 31mp1y a destination of the serial-clause i := ;
j o= 2.}

h) If something is left undefined or is said to be‘undefined,
this means that it is not determined by this Report alone, and
that, for its determination, information from outside this Re-
port has to be taken into account. '

i) If a sequence of symbols is a terminal production of a giv-
en notion and another notion which is a direct production of

the given notion, then its "preelaboration" ("prevalue", "pre-
mode", "prescope") as terminal production of the given notion -
is its elaboration’("value", "mode", "scope") as terminal pro-
duction of that other notion; except as otherwise specified
{8.2} elaboration (value, mode, scope) of a sequence of symbols
as terminal production of a given notion is its preelaboration
(prevalue, premode, prescope) as terminal production of that

notioq, {e.g., the elaboration (value, mode, scope) of the ref- _

erence~to~-real-confrontation (8.3.0.1.a) x := 3,14 is its elabo-
ration (value, mode, scope) a reference-to-real-nonlocal-assig-

nation.}

t



1¢1.7. The extended 1aﬁguage : | {25 July 196§}

The extended language encompasses the strlct language; i. €
a program in the strict 1anguage, possibly subjected to a num-
ber of notational changes by virtue of "extensions" -given in
Chapter 9 is a program in the extended‘language and has the
same meaning. {e.g., real x, y, z means the same as resl x,
real y, real z by 9.2.c.} | | |

1.1.8. The representation language

a) The representation language represents the eitended lan=uv-
guage; i.e. a program in the extended language, in which all
symbols are replaceduby certain'typographical marks by virtue
of "representations", given in section 3.1.1, and in which all
commas {not comma-symbols} are deleted, is a program in the
representation 1anguage'and has the same meaning. '

b) Each version of the language in which representations are
used which are sufficiently close to the given representation
to be recognised without further elucidation is also a repre-
sentation language. A version of the language in which nota-
tions or representations are used which are not obviously as-
sociated with those defined here, is a "publication language"
or "hardware language" {i.e. a version of the language suited
to the supposed preference of the human or mechanical inter-
preter of the language}. o ’

{e_g. » begin, begin, and 'BEGIN' are all representatlons
of the begin-symbol in the representation language.}



]

1.2. The metaproduction'rules-‘ e ?g' {10 July 196?}
* : . : '=  v : i s

1.2.1. Metaproduction rules of modes

e
-
'

a) MODE : NONUNITED ; UNITED.

b) NONUNITED : TYPE ; PREFIX MODE. : | |

¢) TYPE : PLAIN ; structured with FIELDS ; PROCEDURE‘;;forma%;ﬁ

d) PLAIN : INTREAL ; boolean ;.character. -

e) INTREAL : INTEGRAL ; REAL. |

f£) INTEGRAL : LONGSETY integral.

g) REAL : LONGSETY real.

h) IONGSETY : long LONGSETY ; EMPTY.

1) EMPTY : . .

5) TIELDS : FIELD ; FIELDS and FIELD.

) TFIELD : MODE named TAG.

1) TAG : LETTER ; TAG LETTER ; TAG DIGIT,

m) TLETTER : letter ALPHA. |

n) ALPHA : a $bjc33d ;e ;£ g3 h; ;
M3 0 ;P QsT et iUV WS X

o) DIGIT : digit zero ; digit FIGURE.

‘p) FIGURE : one ; two three -3 four ; five ; six § seven ;

eight ; nine. ' ‘ '

q) PROCEDURE : procedure PARAMETY MOID.

r) PARAMETY : with PARAMETERS ; EMPTY,

s) PARAMETERS : PARAMETER ; PARAMETERS and PARAMETER.

t) PARAMETER : MODE parameter. '

u) MOID : MODE ; void.

v) PREFIX : row of ; reference to.

w) UNITED : union of MODES mode.

x) MODES : MODE ; MODES and MODE.

!

i k 3 1 5 m g

H H
Yy 5 z 3 aleph.

we I,

we e

"~ {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 {25 July 196%}

" a) PRIMITIVE : integral ; real ; boolean ;'?%aracter 3
b) ROWS : row of ; row of ROWS. L -
¢) ROWSETY : ROWS ; EMPTY. e
d) ROWWSETY : ROWSETY. _ o
e) NONROW : TYPE ; reference to MODE ; UNITED.
'f) REFETY : reference to ; EMPTY. : |
g) NONREF : TYPE ; row of MODE ; UNITED.
h) NONPROC : PLAIN ; structured with FIELDS ;
procedure with PARAMETERS MOID ; format
row of NONPROC ; UNITED ; reference to NONPROC.
i) IMODE : MODE. ' ‘
j) RMODE : MODE.
k) LMODESETY : MODES and ; EMPTY.
1) RMODESETY : and MODES ; EMPTY. :
m) LFIELDSETY : FIELDS and ; EMPIY. =y
n) RFIELDSETY : and FIELD ; EMPTY. | Y
0) COMPLEX : structured with real named letter r letter e
and real named letter i letter m.
p) STRING : row of character ; character. o
q) MABEL : MODE ; label. | LR

(13
.

1.2.%. Metaproduction rules associated with phrases and coercion

a) PHRASE : declaration ; CLAUSE.

b) CLAUSE : MOID clause.

¢) SOME : serial ; unitary ; CLOSED ; choice ; THELSE.
d) CLOSED : closed ; collateral ; conditional.

e) THELSE : then ; else. |

£) - SORTETY : SORT ; EMPTY.

g) SORT : STRONG j; FIRM.

h) STRONG : strong ; coFIRM.

i) PFIRM : firm ; weak ; soft.

j) STIRM : strong firm.

k) ADAPTED : ADJUSTED ; widened ; arrayed ; hipped ; voided.
1) 'ADJUSTED : FITTED ; procedured ; united.

m) FITTED : dereferenced ; deprocedured.



1.2.4. Metaproduction rules associated with{fdrmulasf{ZS July ﬁ968}f

a) COERCEND : MOID FORM. -

b) FORM : confrontation ; FORESE.

¢) FORESE : ADIC formula ; cohesion ;;base{i,

d) ADIC : PRIORITY ; monadic. . °

e) PRIORITY : priority NUMBER . e |

f) NUMBER : one ; TWO ; THREE ; FOUR ; FIVE ; SIX ; SEVEN ;
EIGHT ; NINE. s T

g) TWO : one plus one.

h) THREE : TWO plus one. .~

i) TFOUR : 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.

oo

L 1]

1.2.5. Other metaproduction rules

°

a) VICTAL : VIRACT ; formal.

b) VIRACT : virtual ; actual.

c) LOWPER : lower ; upper. | .

d) ANY : sign ; zero ; digit ; point ; exponent ; complex
character ; suppreséible ANY ; replicatable ANY.

e) NOTION : ALPHA ; NOTION ALPHA.

f) SEPARATORETY : comma symbol ; go on symbol ; completer ;
sequencer ; statement interlude option ; EMPTY.

{Rule e implies that all protonotions (1.1.2.b) are pro-
ductions (1.1.3.e) of tlie metanotion (1.1.3.b) "NOTION"; for
the use of this metanotion, see 3%.0.1.b,c,d,e,f.g,h.}

{"Well "slithy' means 'lithe' amd 'slimy'. ...
’ You see it's ITike a portmanteau -~ there are
two meanings packed into one word."
¢ Through the Looking Glass, ILewis Carroll. }



1.3, Pragmatics @ {Merely corroborative detail,’ intended %o
’ give artistic verisimilitude to an other-
wise bald and unconvincing narrative..
Mikado, W.S, Gilbe;t. }

Scattered throughout this Report are "pragmatlc" remarks»,
included between the braces { and }. These do not form part of
the deflnltion of the 1anguage but are intended to help the
reader to understand the implications of the definitions and to
find corresponding sections or rules. '

{The cross—referen01ng system which appears under Syntax
uses the follow1ng conventlons in order to save space: 2
i) all p01nts are omitted, e.g. "3.0. 6.a" appears as "306a",
ii) redundant 1's are omitted, e.g. "811a" appears as "81a",
iii) some dead-ends are marked by."-".

- Some of'the pragmatic remarks are examples in the repre-~
sentation language. In these examples, identifiers occur out
of context from their defining occurrences. Unless otherwise
specified, these occurrences identify those in the standard-
prelude (e. g. see 10.3.k for random and 10.3.a for pi), or
those im: v -
int i, §, k¥, m, n 5 real a, b, x, ¥ ;llg...o.l P, 4, overflow ;

char ¢ ; format £ ; bits + ; string s ;5 compl w, z ; ‘
~ref real xx, yy ; [1:n]real x1, y1 ; [1:m,1:n]real x2 ;

[1:n,1:n]real y2 ; [1:nlint i1 ; ' ‘

prog xory = ref real : (random < .5 [ x | y)

proc ncos = (int i)real : cos(2 x pi x 1 / n) ;.
proc nsin = (int i)real : sin(2 x pi x 1 / n) ;

proc g = (real u)real : (arctan(u) - a +u - 1)
proc stop = yoid : (1:1) ; '

exit: princeton*: grenoble : st pierre de chartreuse
kootwijk : warsaw : zamdvoort : amsterdam : tirrenia
north berwick : x := 1.} |

(2] e %



2.  The compu%er}and the program - {22 July 1968}

{THe programme? is concerned with particular-programs (2,
1.d), These are always contained in a program (2.1.a), which
also containg a standard-prelude, i.e. a declaration-prelude '
which is always the same (see Chapter 10), and possibly a Iib-
rary-prelude, i,q. a declaration—prelude which may depenﬁ upon
the implementation.} '

2.17. Syntax

a) program : open symbol{31e}, standard prelude{bp},
library prelude{e} option, particular program{d},
close symbol{3le}.
b) standard prelude{a} : declaration prelude{61b}.
¢) library prelude{a) : declaration prelude{61b}.
d) particular program{a} : label{61k} sequence option,
open{30i}, strong serial void clause{6la}, close{30j}.

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

Through the Looking Glass, Lewis Carroll. }

The meaning of a program is explained in terms of a hypo-
thetical computer which performs a set of "actions" {2.2.5}, the
elaboration of the program {2,3.a}. The computer deéls with a
set of "objects" {2.2.1} between which, at any given time, cer-
tain "relationships" {2.2.2} may "hold".

2.2.1. Objects

Each object is either "external” or "internal". External
objects are "occurrences" of terminal productions {1.1.2.g} of
notions. Imbernal objects: are "instances" of "values" {2.2.3}.

2.2.2. Relationships

&

a) Relationships either are "permanent", i.e. independent of
the program and its elaboration, or actions may cause them to



2.2.2. comtimied R . {22 Juy 1968}

hold or cease to hold. Each relatlonshlp is elther between ;i
external oBbjects or between an external obag@t ‘and an 1nterna}
object or between internal objects. R éW N

g

) A given occurrence of an'identlfler" {¢11} ("1ndlcatlon" *%f‘
{4.2}, "operator" {4.3}) may identify a "defining" ("indication-
defining", "operator-defining")} occurrence of the same identi-

fier (indication, operator).

d) The relationship between an external object and an internal
object is: "to possess”.

e) Am external object considered as a terminal production of a
given notion may possess a value, called "the" wvalue of the exX~
ternal obgect when it is clear which notion is intended.

f) An identifier (operator) may posséss a value ({more specifﬁ-
cally} a "routine" {2.2.3.4}). This relationship is caused §0 
hold by the elaboration of an identity-declaration {7.4} ("op-,,
eration-declaration" {7.5}) and ceases to hold upon the end of
the elaboration of the smallest serial-clause {6&1.1.&} contain-
ing that declaration.

g) An external object other than an identifier or operator {e.g.
a clause (6.1.1)} considered as a terminal production of a given
notion may be caused to possess a value by its elaboration as
terminal production of that notion, and continues to possess

that value until the next elaboration, if any, of the same occur-
rence of that external object is "initiated", whereupon it ceas-
es to possess that value.

n)  THe relationships between internal objects {values} are:
"to be of the same mode as", "to be equivalent to", "to be
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smaller than", "to be a component of" and "to refer to".

i) A value may be of the same mode as another value; this re-
lationship is permanent. :

j) A value may Ye equivalent to another value {2.2.3.1.d,f}
and a value may be smaller than another value {10.2.2.a, 10.2.
3.,a}. If one of these relatlonshlps is defined at all for a
given pair of values, then either it does not hold, or it does
hold and is permanent.

k) A given wvalue ié a component of another value if it is a
"field" {2.2.3.2}, "element" {2.2.3.%.a} or "subvalue" {2.2.3.
3.c} of that other value or of one of its components.

1) Any "name" {2.2.%.5}, except "mil" {2.2.3.5.a}, refers to
one instance of another value. This relationship {may be caus-
ed to hold by am "assignment" (8.3.1.2.¢) of that value to that
name and} continues to hold until another instance of a value
is caused to be referred to by that name. The words "refers to
an instance of" are often shortened in the sequel to "refers to".

2.2.%. Values

Values are ,

i) "plain" values {2.2.3.1}, which are independent of the
program and its elaboration, :

ii)  "structured" values {2.2.3.2} or "multiple" values {2.2.
3.3.}, which are composed of other values in a way defined by
the program, |

iii) ‘"routines" and "formats" {2.2.3.4}, which are certain seq-
uences of symbols defined by the program, or

iv)  names {2.2.3. 5}, which are created by the elaboration of
the program,
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a) A plaln\value is either an "arithmetic" Value, i.e. an 1nt@~
ger or a real number, or is a truth value or character. :

b} An arithmetic value has a "length number", i.e. a positiveiéq
integer characterising the degree of discrimination with which%{
the value is kept in the computer. The number of integers v
(real numbers) of given length number that can be distinguished
increases with the length number up to a certain lehgth number,

 the number of different lengths of integers: (real numbers) {10.

1.a,c}, after which it is constant.

¢) Por each pair of integers (real numbers) of the same 1eng%h
number, the relationship to be smaller than is defined {10.2.2.
a, 10.2.3.a}. For each pair of integers of the same length num-
ber, a third integer of that length number may exist, the first
integer "minus" the other one {10.2.2.g}. Finally, for each
pair of real numbers of the same length number, three real num-
bers of that.length number may exist, the first real number
minus ("times", "divided by") the other omne {10.2.3.g,1,m};
these real numbers are obtained "in the sense of numerical anal-
yeish, i.e.'by performing the operations known in mathematics by
these terms on real numbers which may deviate slightly from the
given ones {; this deviation is left undefined in .this Report}.

d) Each integer of given length number is equivalent to a real
nunber 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 per-
mit the "widening" {8.2.5} of an integer into a real number and
the increase of the length number of an integral or real number.
The inverse transformations are only possible on those real
numbers which are equivalent to a value_of smaller length num-

ber.

»

ey A truth velue is either "true" or "false".



2.2.%.1. continued - : {22 July 1968}.£‘

£) Each character has an "integral equlvalent“ {10.1.n}. 1. e.,é
nonnegative 1nteger of length number one; this relationship 1%&
defined only in so far that different charactgrs have dlfferept

1nﬁegral equivalentss,

2622362 Structured‘valueS‘

{Yea, from the table of my memory
- I'11 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 {7.1.1.i}. ‘

2.2.3.%. Multiple wvalues

4
a) A multiple value is composed of a "descriptor" and a number
of other valuéi its elements, each of which is_selected {8.6.1.
2. Step 7} by a specific integer, its "index".

b) The descriptor consists of an "offset", ¢, and some number,
n.> 0, of "quintuples" (1i, uj, di, si, ti) of integers, i = 1,
ses g n;'li is the i-th "lower bound", uj the i-th "upper bound",
d4i bthe i-th "stride", si‘the i-th "Iower state" and ti the i~th
"upper state". If for any i, i=1, ... ,n, (u; - 15} x di < 0,
then the number of elements im the multiple value is zero; oth-
erwise, it is: '

(lug = 1gl+01) x dg + ooo + (Jup = 1l + 1)
The descriptor "describes" each element for which there exists
an n-tuple Grﬂ, ees , Tp) of integers satisfying, for each i =
Ty o0e sy 13 £ 3 L0y, if dy 2 0, or uy £ ry £ 13, if 43 < 0O,
anmd.. that &ke element is selected by

¢+ (g = I9) X d1 + «oe + (Tn - 1p) X dp.

{To the name referring to a given multiple value a state
of ‘which is 1, no multiple value can be assigned (8.3.1.2.c.
Step 4) in which the Bound correspondlng to that state differs
from that in the given value.}
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¢) A subvalue of a given mﬁltiple value isvé multiple value‘
referred to by the value of a slice {8.6.1} ?he value of whogg
primary {8.6.1.1.a} refers to the given multiple value. a8

2:2+3.4. Raﬁﬁines and formats

A‘routiné (format) is a sequence of symbols which is the
same as some closed-clause {6.%.1.a} (format-denotation {5.5}).

2.2.%.5. Names

a) There is one name, nil, whose "scope" {2.2.4.2} is the pro-.
gram and’ which does not refer to any value. Any other name,ls

created by the elaboration of an actual-declarer {7 1.2.¢. Stng
and refers to precisely one instance of a value}.

b) If a given name refers to a structured value {2.2.3.2},

then to each of its fields there refers a name uniquely deter-
mined' by the given name and the field-selector selecting that
field, and whose scope is that of the given name.

¢) If & given name refers to a given multiple value {2.2.3.3},
then to each element (each multiple value composed of a descrip-
tor and elements which are a proper subset of the elements) of
the given multiple value-there refers a name uniquely determin-
ed by the given name and the index of that element (and that
descriptor and that subset), and whose scope is that of the
given name. | '

2.2.4, Modes and scopes

_2.2.4.1. Modes

a) Bach. instance {2.2.1} of a value is of one specific mode
whiclhi is a terminal production of 'NONUNITED" {1.2.1.b}; fur-



2.2.4.1, continued : {22 July 1968}

&

thermore, all instances of a given value othq; than nil {2.2.5:
5.a} are of one same mode. o | ’
B) The mode of a truth value (character, format) is "booleang?
('character', "format'). ‘ ‘

c¢) The mode of an integer (a real number) of length number n is
(n - 1) times 'long" followed by "integral' (by 'real').

d) The mode of a structured value is "structured with' follow-
ed by one or more "portrayals" separated by "and', one corres-
ponding to each field taken in the same order, each portrayal
being a mode followed by 'named' followed by a terminal produg-
tion of 'TAG' {1.2.1.1} whose terminal pfoduction {field-selpg»
tor} selects {2.2.%.2} that field. | 4 y

e) The mode of a multiple value is a terminal production of
"NONROW' {1.2.2.e} preceded By as many times "row of" as there
are quintuples in the descriptor of that value.

f) The mode of a routine is a terminal production df "PROCEDURE
{1.2.1.q}. ‘

g) The mode of a name is 'reference to' followed by another
-mode. {See 7.1.2.S5tep 8}

2.2.4.2, Scopés
a) Bach 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 a routine or format possessed by a given denotation
{5.4, 5.5} is tle smallest range {4.1.1.e} containing a def-
ining {4.1.2.a} (indication-defining {4.2.2.a}, operator-def-
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ining {4.3.2.a} Gecurrence of an identifier (indication, op-
erator), if any, applied but not defined (indication-applied
but not indication-defined, operator-applied but not operator-
defined) within that denotation, and, otherwise, 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.

Hamlet, William Shakespeare. }

An action is "elementary", "serial" or "collateral". A

serial action consists of actions which take place one after
the other. A collateral action consists of actions merged in
time; i.e. it consists of the elementary actions which make up
those actionss provided only that each elementary action of each
of those actions which would take place before another elemen-
tary action of the séme action when not merged with the other
actions, also takes place before it when merged.

{Whaf'aotions, if any, are elementary is left undefined,
except as provided in 6.4.2.%.}



2.3. Semantias {"I can explain all the poems that ever
' “ were invented, -*and a good may thab
haven't been 1nvented just yet." -
Through the Looklng Glass,
: Lewis Carroll }

Py,

a) The elaboration of a program is the elabcratlon of the poRy
closed-clause {6.3.1.a} con81st1ng of the sgme sequence of I\‘f
bols. {In this Report, the Syntax says whleh sequence of sym~'
bols are programs and the Semantics which actions are perfoi't
ed by the computer when elaborating a program. Both Syntax and

Semantics are recursive.}

B) In ALGOL 68, a specific notation for external objects is
used which, togeﬁher with its recursive definition, makes it
possible to handle and to distinguiéh between arbitrarily long
sequences of symbols, to distinguish between arbitrarily many
different values of a given mode (except "boolean") and to dis-
tinguish between arbitrarily many modes, which allows arbitra-
rily many objects to occur in the computer and which allows tbe
elaboration of a program to involve an arbitrarily large, not
necegsarily finite, number of actions. This is not meant;to
imply that the notation of the objects in the computer issfhatt
used in ALGOL 68 nor that it has the same possibilities. %ﬁ;is,
on the contrary, not assumed that the computer can handle &r%i—
trary amounts of presented information. It is not assumed that

~ these two notations are the same or even that a one-to-one cor—
respondencebxists between them; in fact, the set of different
notations of objects of a given catagory may be finite. It is
not assumed that the speed of the computer is sufficient to
elaborate a given program within a prescribed lapse of time,
nor that the number of objects 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 mentionéd above. Furthermore, if a language is de- -
fined whose particular-programs are particular-programs of
~ALGOL 68 and have the same meaning, then that language is cal-
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x

led a sublanguage of ALGOL 68. A mbdel is sald to be an‘implgg
mentation of a sublanguage if it does not restrict the use of.?
the sublanguage in other respects than those mentioned above.i%

{A sequence of symbols which is not a program but can be -
turned into one by a certain number of deletions or insertions.
of symbols and not by a smaller number could be regarded as a -
program with that number of syntactical errors. Any program [
that can be obtained by performing that number of deletions or
insertions may be called a "posibly intended" program. Whether
a program or one of the possibly intended programs has the ef-
fect its author in fact intended it to have, is a matter which
falls outside of this Report. }

{In an implementation, the particular-program may be "com-
piled", i.e. translated into an"object program" in the code of
the physical machine. Under circumstances, it may be advan-
tageous to compile parts of the particular-program independent-
ly, e.g. parts which are common to several particular-programs.
If such a part contains occurrences of identifiers (indications,
operators) whose defining (indication-defining, operator-defin-
ing) occurrences (Chapter 4) are not contained in that part,
then compilation into an efficient object program may be assured
by precedimg the part by a chain of formal-parameters (5.4.1.f)
(mode-declarations (7.2) or priority-declarations (7.3), cap-
tions (7.5.1.b)) containing those defining (indication-defining,
operator-defining) occurrences.}



%3. Basic tokens and general constructions . {23 July 196?}
%.0. Syntax
3.0.1. Introduction

a)* basic token : letter token{302a} ; denotation token{303a} ;
action token{304a} ; declaration token{305a} ;
syntactic token{306a} ; sequencing token{307a} ;
hip token{308a} ; extra token{309a} ; special token{304a}.
b) NOTION option: : NOTION 3 EMPTY
o) chain of NOTIONs separated by SEPARATORETYS{G d,f}
NOTION ; NOTION, SEPARATORETY{31b,f,61d,1},
v chain of NOTIONs separated by SEPARATORETYs{c}.
d) NOTION list{e} : ’ ‘
chain of{c} NOTIONs separated by comma symbols{3le}.
e) NOTION array : ‘
NOTION, comma symbol{31e}, NOTION Iist{d}.
f) NOTION sequence :
chain of{c} NOTIONs separated by EMPTYs.
g) NOTION pack :
open symbol{31e}, NOTION, close symbol{31e}.
h) NOTION box : ‘
open{i}, NOTION, close{j} ;
open{i}, NOTION, close{j}, TAG{302b,41c,d}.
i) open{h}i% open symbol{31e} ; begin symbol{31e}.
3) close{hﬁz. close symbol{31e} ; end symbol{31le}.

{Examples:
a) a3 03+ 3 int 3 if 5 « 5 nil 3 for

~
N
= -

b) 0 » c) O, 1
a) 030, 1, 2 e) 0O, 13
£} 0 ; 000 ; gy (r, 2, 3) ;

h) (x =1 ;5 :=2) (stop)that is the end ;
= 2 end assignations ;

i) € ; begin ; ‘ j) ) 3 end }

F
D
(s
=
]
[0
—
c< ~r e



~ b) LETTER{a,30h,309d,41b,c,d}

%5.0.2., Letter tokens o o : {25 July 1968}

a) letter tokem : LETTER {b}. ‘
LETTER symbol{31a}. -

{Examples:
a) a (see 1.1.4.5tep 2) }

{Letter-tokens either are or are constituents of identi-
fiers (4.1.1.a), field-selectors(7.1.1.i), format-denotations
(5.5) and row-of-character-denotations (5.%). }

%.0.3%3, -Denotation tokens

a) denotation token : number token{b} ; true symbol{31b} ;
false symbol{31b} ; formatter symbol{31b} ; ‘
‘routine symbol{31b} ; void symbol{31b} ; flipflop{e} ;
space symbol{31b}. '

b) number token{309d} : digit token{c} ; point symbol{31b} - ;

~ times ten to the power symbol{31b}.

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

d) DIGIT{c,41d,511a,512d4} : DIGIT symbol{31b}.

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

{Examples:

a) 1 ; true ; falgse ; £ 5 : ;5 xoid 5 1 3 = 3
b) 15 35 p 3

el 1 3

e) 1501

S {Denotation-tokens are constituents of denbtations (Chap-
ter 5). Some denotation-tokens may, by themselves, be denota-
tions, e.g. the digit-token 1, whereas others, e.g. the routine-
symbol, serve only to construet denotations. }
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a) action token : opérator token{b} ; equals symbol{31c} ;
| value of symbol{31c} ; confrontation token{d}.

b) operator tokeéﬁfﬁdr symbol{31c} ; and symbol{31c} ;
not symbol{31c} ; differs from symbol{31c} ;
is less than symbol{31c} ; is at most symbol{3lc} ;
is at least symbol{31c} ; is greater than symbol{31c} ;
plusminus{c} ; times symbol{31c} ; over symbol{31c} ;
quotient symbol{31c} ; modulo symbol{31c} ; |
absolute value of symbol{31c} ; lengthen symbol{31e} ;
shorten symbol{31c} ; round symbol{31c} ; sign symbol{31c};
entier symbol{31c} ; odd symbol{3ic} ; |
representation symbol{31c} ; real part of symbol{31c}
imaginary part of symbol{31c} ; conjugate symbol{31c}
binal symbol{31c} ; to the power symbol{31c} ;
‘minus and becomes symbol{3lc} ;
plus and becomes symbol{31c} ;
times and becomes symbol{31c} ;
over and becomes symbol{31lc} ;
modulo and becomes symbol{31c} ;
prus and becomes symbol{31c} ;
up symbol{31c} ; down symbol{31c}. .

¢) plusminus{512h} : plus symbol{31c} ; minus symbol{31c}.

d) confrontation token : becomes symbol{31c} ;

' conforms to symbol{31c} ;-
conforms to and becomes symbol{31c} ;
is symbol{31c} ; is not symbol{3ic}.

e we

{Examples:

al + 3 =3 yal ; 3= ;

b) viAas a3+ 3 <3323 > 5+ 35x3 /5% 3 485 abs
leng 3 short ; round ; sign ;3 entier ; odd ; repr 5 re ;
im 3 conj ; bin ; 4 5 plus ; Ltimes ; over ;

c) + 5 -3
ay
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{Operator-%okens are constituents of formulas (8.4.1), Aéf
operator—token may be caused to possess an operatlon by the gla;
boration of an operation-declaration (7.5). Confrontation- tgg ﬁ 
kens are constituents of confrontations (8. 37 } o Ny

%2.0.5. Declaration tokens

a) declaration token : PRIMITIVE symbol{31d4} ; long symbol{31d};
reference to symbol{31d} ; procedure symbol{31d} ;
structure symbol{31d} ; union of symbol{31d} ;
local symbol{31d} ; complex symbol{31d} ; bits symbol{31d};
"string symbol{31d} ; file symbol{31d} ; mode symbol{31d} ;
priority symbol{31d} ; operation symbol{31d}.

9"1“‘

{Examples: v

a) int ; long ; ref ; proc ; struct ; union ; loc ; comnlf?,
bits ; siring ; file s priority ; op |} :

{Declaration~tokens either are or are constiﬁuents of,j :'4
declarers (7.1), which specify modes (2.2.4), or of declara-.
tions (7.27 37 4?, 5)-}

5.0.6. Syntactic tokens

a) syntactic token : open symbol{31e} ; begin symbol{3le} ;

‘ close symbol{31e} ; end symbol{31e} ; comma symbol{31e} ;
elementary symbol{31e} ; parallel symbol{31le} ;
sub symbol{31e} : bus symbol{31e} ; up to symbol{3le} ;
at symbol{31e} ; by symbol{3te} ; if symbol{3te} ;
THELSE symbol{31e} ; fi symbol{31e} ; of symbol{31e} ;
label symbol{%ie}. -

{Examples:
a) ( ;5 begin ;

by 3 if 3

{Syntactic-tokens separate external objects or group them
together. }

) 5 end 5 , ; elem s par 5 [ 5 ] 5 ¢ 5 at;
then 3 £i ; of 5 ¢ }




3.0.7, Sequencing tokens o | {25 July 1968}
a) sequencing token: : go on symbol{31ff s completion symbol{31f};
go to symbol{31f}. i

{Examples:
a) 335 . 3 g0 %o}

{Sequencing-tokens are constituents of clauses, in which
they specify the order of elaboration (6.1.2).}

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

{Examples:
a) skip ; nil }

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

a) extra token : for symbol{31h} ; from symbol{31h} ;
to symbol{31h} ; while symbol{31h} ; do symbol{31h} ;
then if symbol{31h} ; else if symbol{31h} ;
case symbol{31h} ; in symbol{31h} ; esac symbol{31h} ;
plus i times symbol{31h}.

b) comment : comment symbol{31i},
comment item{c} sequence option, comment symbol{31i}.

¢) comment item : character token{d}.;
other comment item{1.1.5.Step 4}.

d) character token{53c} : LETTER{302b} ; number token{303b} ;
plus i times symbol{31h} ; open symbol{3le} ;
close symbol{31e} ; space symbol{31b} ; comma symbol{3le}.

{Examples:
a) for'; fro
esac ;

=4

s o 5 while ;5 do ; thef ; elsf ; case ; in ;

I

L]
H




%3.0.9. continued

b)
c)
a)

structions inm which no extra-tokens or comments occur: Thus,f"
a program containing an extra-token or a comment is necessariix

L
W
a

with respect to ¢ ;

?
1

-we a3

i (35 )

e e

°
?

-
e 9

-

{Extra~tokens and comments may occur in constructions 5
which, by virtue of the extensions of Chapteg 9, stand for coggf

a program in the extended language, but not conversely.}

%3.0.10, Special tokens

a)

a)

<

1%
L

special token : quote symbol{%1j} ; comment symbol{31j} ;

n

other mode indication{1.1.5.Step 3}
other operator indication{1.1.5.Step 3}.

{Examples: -
s © 3 primitive

°

H

? )

8

{25 July 1968

L
5

}



3.1. Symbols | . {26 July 1968}
3.7.7. Representationsk

a) Letter tokens

symbol representation symbol' representation
letter a symbol{302b} a letter n symbol{302b} n
letter b symbol{302b} b letter o symbol{302Db} o]
letter ¢ symbol{302b} e letter p symbol{302b} P
letter d symbol{302b} d - letter q symbol{302b} q
letter e symbol{302b} e ~letter r symbol{302b} T
letter £ symbol{302b}  f letter s symbol{302b} s
letter g symbol{302b} g letter t symbol{302b} t
letter h symbol{302b} h letter u symbol{3%02b} u
letter i symbol{302b} i letter v symbol{302b} v
letter j symbol{302b} F letter w symbol{302b} w
letter k symbol{302b} k letter x symbol{302b} x
letter 1 symbol{302b}: 1 Tetter y symbol{3%02b} ¥y
letter m symbol{302b} m letter z symbol{302b} b
b) Denotation tokens

symbol ” - representation
digit zero symbol{303d} 0
digit one symbol{303d,73b} 1
digit two symbol{30%b,73c} 2
digit three symbol{303b,73d} 3
digit four symbol{303b,73e} 4
digit five symbol{303b,73f} 5
digit six symbol{303b,73g} 6
digit seven symbol{303b,73h} T
digit eight symbol{303b,73i} 8
digit.nine symbol{30%b,73j} 9

point symbol{30%b,512b,d} .
times ten to the power symbol{303%b,512g]} 10 e



%3.1.1. continued | | ‘ {26 July 1968}

symbol ‘ | representation

true symbol{513a, 71w} true

false symbol{513a,71w} N . false
formatter symbol{55a} ~ £

routine symbol{54b} - : expr
void symbol{54g} 4 void |
f1ip symbol{303e} 2

flop symbol{303e} ' 0

space symbol{3094d} ‘ : "

¢) Action tokens

symbol , representation
or symbol{304%b} v or
and symbol{304b} A and
not symbol{304b} - not
equals symbol{42e,72a,73a,74a, 75a} =  eq
differs from symbol{304b} - ne
is less than symbol{304b} < 1t
is at most symbol{304b} < le
is at least symbol{304b}. 2 ge
is greater than symbol{304b} > zt
plus symbol{304c} +
minus symbol{304c} -
times symbol{304b} . X *
over symbol{304Db} /
quotient: symbol{304b} K gquotient
modulo symbol{304b} 42 mod
absolute value of symbol{304b} abs
lengthen symbol{304b} leng
shorten symbol{304b} short
round symbol{304b} round
sigﬁ symbol{304b} sign
entier symbol{304b} entier

odd symbol{304Db} odd



F.1.1. continued 2
symbol

representation symbol{304b}

real part of symbol{304b}
imaginary part-of symbol{304b} -
conjugate symbol{304b} '
binal symbol{304b}

to the power symbol{304b}

minus and becomes symbol{304b}
plus and becomes symbol{304b}
times and becomes symbol{304b}
over and becomes symbol{BOAb}
modulo and becomes symbol{304b}
prus and becomes symbol{304b} |
up symbol{304b} ‘
down: symbol{304b}

value of symbol{84h}

becomes symbol{831b}

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

is not symbol{833%b}

d) Declaration tokens
symbol

integral symbol{71ec,v}

real symbol{71c}

boolean symbol{71c,w}

character symbol{7ic}

format symbol{7lec}

long symbol{42c,e,f,510b,52a,71d}
reference to symbol{711,m,n} |
procedure symbol{ 71x}

stricture symbol{71e k}

g
|

{26 July 1968}

representation

]
Q0
ol o

tte

:*: is not

isnot

representation




3.7.7. continued %
symbol

union of symbol{71aa}
local symbol{851b} -
complex symbol{42c}
bits symbol{42c}
string symbol{42c}

file symbol{42c}

mode symbol{72a}
priority symbol{73a}
operation symbol{75b}

e) Syntactic tokens
- symbol

open symbol{21a,30g3i,5513a,309d;

begin symbol{30i}

close symbol{21a,30g,j,551%a,3094,

end symbol{30j} ‘

comma. symbol{30b,d,e,5513a, 54@ 62e,g,
3094, 71f,p,ab, 861b cl

elementary symbol{63a}

parallel symbol{62b,c,d,f}

sub symbol{710,861a}

bus symbol{710,861a}

up to symbol{71q,861a}

at symbol{861g}

by symbol{861i}

if symbol{64a}

then symbol{é64e}

else symbol{64e}l

fi symbol{64a}

of symbol{852a}

label symbol{ 61k}
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f) Sequencing token ’ representation
go om symbol{30c¢,61c,d,j} - ;

completion symbol{611} | . exit
go to symbol{61d,824} - go _to goto

g) Hip tokens

symbol ‘ representation
skip symbol{82c} skip
nil symbol{827e} nil
k) Extra tokens

symbol. | : ' representation
for symbol for
from symbol from
to symbol Io
while symbol while
do symbol do-
then if symbol E thef
else if symbol [ elsf
case symbol ( case
in symbol | in
esac symbol , ) esac
plus i times symbol{309d} 1 i
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i) Special tokens
symbol ; ‘representation

quote symbol{514a,53a,b,d} " .
comment symbol (< comment

3,1.2., Remarks

a) Where more than one répresentation of a symbol is given,

any one of them may be chosen. {However, discretion should

be exercised, since the text -

| (. > b then b | a f£i,

though acceptable to an automaton, would be more intelligible

to a human in either of the two representations
(a>p | v ] a)

or : »

if a > b then b else a f£i.}

b) A representation which is a sequence of underlined or bold-
faced marks or a sequence of marks between apostrophes is dif-

ferent from the sequence of those marks when not underlined, in

bold face or between apostrophes. |

c) Representations of other letter-tokens {1.1.4.Step 2}, other-
mode-indications and other-operation-indications {1.1.5.Step 3},
other-comment-items and other-string-items {1.1.5.Step 4} may
be added, prov;ded that no letter~token or indication {4.2} has
the same representation as any other basic-token {3.0.1.a}, and
that no comment-item {3.0.9.c} (string-item {5.3.1.b}) has the
same representation as any other comment-item or the comment-
symbol (any other strimpitem or the quote-symbol).

ay The fact that representations of the letter-tokens given
above are usually spoken of as small letters is not meant to
imply that the so-called corresponding capital letters could
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"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 let-

ter-token {1.1.4.Step 2}.

{For certain different symbols, one same representation is
given, e.g. for the roubtine-symbol, up-to-symbol and label-sym-
bol, the representation ":" is given. It follows uniquely from
the syntax which of these three symbols is represented by an
occurrence of ":" outside comments and row-of-character-denota-
tions. Also, some of the given representations appear to be
"composite"; e.g. the representation ":=" of the becomes-~symbol
appears to consist of ":",'which looks like the representation
st of the roﬂtine-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-deno-
tations as representation of the becomes-symbol only (since "="
cannot occur as representation of a monadic-operator). Similar-
ly, the other given composite representations do not cause am-
biguity. | -
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{A proper program is a program satisfying the context con-
ditions, e.g. if (real x ; x := 1) is contained in a proper
program, then the second occurrence of x is a reference-to-
real-identifier not solely because of some production rule
(though this might be possible with a more elaborate syntax)
but also beéause it identifies the first occurrence according
to one of the context conditions. This chapter describes the
methods of identification and contains other context conditions
which prevent such undesirable constructions as mode a = z.}

4.1, Identifiers

{Identifiers are sequences of letter-tokens and/or digit-
tokens in which the first is a letter-token, e.g. x1. Identi-
fiers, except for label-identifiers, are made to possess values
by the elaboration of identity-declarations (7.4). Some iden-
tifiers possessing values which are not names might, in other
languages, be called constants, e.g. m in int m = 4096. Identi-
fiers possessing names which refer to such values might be cal-
led variables and those possessing names which refer to names
might'be called pointers. BSuch terminology is not used in this
Report. Here, all identifiers, except for label-identifiers,
possess values which are or are not names.}

4.1.1. Syntax

a)* identifier : MABEL identifier{b}.
b) MABEL identifier{54f,61k,71v,w,8274,860a} : TAG{c,d,302b}.
¢) TAG LETTER{b,c,d,30k,71h} : TAG{c,d,302b}, LETTER{302b}.
d) TAG DIGIT{b,c,d,30h,71h} : TAG{c,d,302b}, DIGIT{3034}.
e)* range : SORTETY serial CLAUSE{61a} ;

PROCEDURE denotation{54b}.

{Bxamples:
b) x 3 xx ; x1 ; amsterdam }
- {Rule b together with 1.2.2.r and 1.2.1.1 gives rise to an
infinity of production rules of the strict language, one
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for each pair of terminal productions of 'MABEL! and 'TAG'.
For example, | '
‘real identifier : letter a letter Db.'
is one such production rule. From rule ¢ and 3.0.2.b; one
obtains | '
'letter a letter b : letter a, letter b.',
'letter a : letter a symbol.' and
"letter b : letter b symbol.',

yielding
'letter a symbol, letter b symbol'
as a terminal production of a 'real identifier'. For addi=-

tional insight into the function of rules ¢ and d, see 7.1.1.h
and 8.5.2.}

4.1.2. Identification of identifiers

{The method of identification is first to distinguish
between defining and applied occurrences of identifiers and
then to discover which defining occurrence is identified by
a given applied occurrence. }

a) A given occurrence of an identifier defines if

i) it follows a formal-declarer {5.4.1.f}, or

ii) within some range, it is the textually first occurrence
of that identifier in a constituent lower-bound-interrogation
or upper-bound-interrogation or lower-state-interrogation or
upper-state-interrogation {7.1.1.v,w} of that range, or

iii) it is comtained in a label {6.1.1.k} ;

otherwise, it is "applied".

b) If a given occurrence of an identifier is applied, then it
may identify a defining occurrence found by the following steps:
Step 1: The given occurrence is called the "home" and Step 2
is taken ; 4
Step 2¢ If there exists a smallest range containing the home,’
then this range, with the exclusion of all ranges contained
within it, is called the home and Step 3 is taken {3 other-
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wise, there is no defining occurrence which the given occur-
rence identifies} ;

Step 3: If the home contains a defining occurrence of the iden-
tifier, then the given occurrence identifies it; otherwise,
Step 2 is taken. ‘

{In the closed-clause (bits x := 101 ; abs x[bits width] = 1),

the first occurrence of x is a defining occurrence of a refer-
ence-to-row-of-boolean~identifier. The second occurrence of x
identifies the first and, in order to satisfy the identification
conditionm (4.1.1), is also a reference-to-row-of-boolean-identi-
fier. Identifiers have no inherent meaning. |}

4.2, indications

{Indications are used for modes, priorities and operators.
The representation of indications chosen in this Report are
sequences of bold-faced or underlined letters, e.g. compl and
Dblus, but no production rule determines this sequence. The
programmer may also create his own indiéations, with suitable
representations, provided that they cannot be confused with an
other symbol (1.1.5.Step 3, 3.1.2.c). } |

4.2.17. Syntax

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

b) MODE mode indication{71b} : mode standard{c,72a} ;
other mode indication{1.1.5.Step 3}.

¢) mode standard{b} : string symbol{31d} ; file symbol{31d} ;
long symbol{31d} sequence option, complex symbol{31d} ;
long symbol{31d} sequence option, bits symbol{31d}.

d)* priority indication : PRIORITY indication{e}.

e) PRIORITY indication{43c,7%a}
long symbol{31d} sequence option, operator token{304bv} ;
“long symbol{31d} sequence option, equals symbol{31c} ;
other operator indication{1.1.5.Step 3}.
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f£) monadic indication{43g} :
long symbol{31d} sequence option, operator token{304b} ;
other operator indication{1.1.5.5tep 3}.

g)* adic indication : ADIC indication{e,f}.

{Examples: |
b) com s primitive ;
¢) string ; file ; long compl ; bits 3
e) ? 3 ' '

.
2 e H

+ 3
f) + ;3 long abs ;3 ? }

4.2.2., Identification of indications

{The identification of indications is similar to that of

identifiers.}

a) A given occurrence of an indication indication-defines if
it precedes the equals-symbol of a mode-declaration {7.2} or

priority-declaration {7.3}; otherwise, it is "indication-ap-

plied".

b) If a given occurrence of an indication is indication-ap-

plied, then it may identify an indication-defining occurrence

of the indication found using the steps of 4.1.2.b with Step 3

replaced by :

"Step 3: If the home contains an indication-defining occurrence
of the indication, then the given occurrence identifies it
otherwise, Step 2 is taken.". |

{Indications have no inherent meaning. The indication-
defining occurrence of an indication establishes that indication
as a terminal production of 'MODE mode indication' (7.2) or
"PRIORITY indication' (7.3). Monadic-indications have no indi-
cation-defining occurrence. |}

&
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{Operators are either monadic, i.e. require a right oper-
and only, or are dyadic, i.e. require both a left and a right
operand, €.8. 2bs x and x + y. Operators are made to possess
routines by the elaboration of operation-declarations (7.5).
Operators are identified by observing the modes of their oper-
ands, €.+ X + ¥, X+ 1, 1 + x, 1 + J each involves a different
operator, see 10.2.3.i, 10.2.4.a, 10.2.4.b and 10.2.2.i. Though
an operator knows the mode of the value, if any, delivered by
its routine, this mode is not involved in the identification

process. }

4.%3.1. Syntax

a)* operator : procedure with PARAMETERS ADIC operator{c,d}.

b) procedufe with PARAMETERS MOID ADIC operator{75b,84b,g} :
procedure with PARAMETERS ADIC operator{é,d}.

¢) procedure with LMODE parameter and RMODE parameter
PRIORITY operator{b} : PRIORITY indication{42e}.

d) procedure with RMODE parameter monadic operator{b} :
monadic indication{42f}.

e)* priority operator :
procedure with PARAMETERS PRIORITY operator{c}.

{Examples:

4,%3.2. Identification of operators

{The identification of operators is similar to that of
identifiers and indications, except that one same priority-in-
dication may be more than one operator and therefore the modes
of the operands must be considered. }

a). A given occurrence of an operator operator-defines if it
precedes the equals-symbol of an operation-declaration {7.5};
otherwise, it is "operator-applied”.
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b) If a given occurrence of an operator is operator-applied,

then it may identify an operator-defining occurrence of the op-~

erator found by using the steps of 4.1.2.b, with Step 3 replac-
ed by:

"Step 3: If the home contains an operator-defining occurrence,
in an operafion—declaration, of an operator which is the same
adlc—andgcag}gn as the given occurrence, and which is such
that the,left (right) operand of the operator can be firmly
coerced to {4.4.3.a} the mode specified by the first (second)
virtual-parameter in the plén of that operation-declaration
{7.5.1.a,b}, then the given occurrence identifies that opera-
tor-defining occurrence of the operator; otherwise, Step 2 is
taken.".

{Operators have no inherent meaning. The operator-defining
occurrence of an operator is made to possess a routine (2.2.3%.4)
by the elaboration of an operation-declaration (7.5).

A given occurrence of an indication may be both a priority-
indication and a priority-operator. As a priority-indication,
it identifies its indication-defining occurrence. As a prior-
ity-operator, it may identify an operator-defining occurrence,
which possesses a routine. Since the occurrence of an indica-
tion preceding the equals-symbol of an operation-declaration is
an indication-application and an operator-definition (but not
an operator-application), it follows that the set of those oc-
currences which identify a given priority-operator is a subset
of those occurrences which identify the same priority-indication.

In the closed-clause
begin real x, y ¢= 1.5 3 priority min = 6 ;
op min = (real a, b)real : (a > b | b l
=y min pi / 2 end ,
the first occurrence of min is an indication-defining occurrence
of a priority-SIX-indication. The second occurrence of min is
indication-applied and identifies the first occurrence (4.2.2),
whereas, at the same textual position, min is also operator-de-~
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fined as a [prrr]—priority-SIX-operaﬁor and hence 1is also a
[prr|-priority-SIX-operator (4.%.1.b; i.e. ignoring the mode of
 the value, if any, which it delivers), where [prr] stands for
procedure-with~real-parameter-and-real-parameter, and [prrr] _
for [prr]-real. The third occurrence of min is indication-ap-
plied 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 makes it (in
view of Step 3) a [prr]~priority~SIX-operator and hence, be-
cause of the identification condition (4.4.1), a [prrr]mprior~
ity-SIX-operator. This identification of the priority-opera-
tor is made because: '
i) mim occurs in an operation-declaration,
ii) +the base y can be firmly coerced to the mode specified
by real,
iii) the formula pi / 2 is a priori of the mode specified by
real,
iv) nmin is thus a [prr]-priority-SIX-operator, and
V) because of the identification condition it is thus also
a [prrr]-priority-SIX-operator.
If the identification condition were 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.
Hamlet, William Shakespeare.}
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sin(3.14)),

p: go to p 3 sin(3.14)),

= real ; mode a = bool ; sin(3.14)),
priority b = 5 3 priority b = 6 ; sin(3.14))"
is contained in a proper program.} :

(ze
(ze
(mo
(

c) No proper program contains a reach containing two operation-
declarations whoFe flrst constituent operators are the same in-
dication and all, correspondlng constituent virtual-parameters
{7.5.1.b,7.1,1.x} are virtual-declarers specifying modes relat-
ed to one another{4.4.3.b}.
{e.g., neither the closed-clause
(op max = (int a, int b)int : (a > b | a | b)
opmax = (int a, int blint : (a > b | a | ) ; sin(3.14))
nor :
(op max = (int a, ref int b)int : (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, butb
(op max = (int a, int b)int : (a > b | a | v) ;
op max = (real a, real blreal : (a > b | a | b) ; sin(3.14))
may be.}

4.4,.%, The mode conditions

a) A given mode is "firmly coerced from" ("united from") a
second mode if the notion consisting of that second mode follow-
ed by 'base' is a production of the notion consisting of 'firm'
('strongly united to') followed by the given mode followed by
'base' {see 8.2}. .

{ehg., the mode specified by real is firmly coerced from
the mode specified by ref real because the notion 'reference to
real base' is a production of 'firm real base' (8.2.0.1.e,8.2.1.
1.a). Similarly, that specified by union(int, real) is united
from those specified by int and resl.}

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.} ’
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A "proper" program is a program satisfying the context
conditions; a "meaningful" program is a proper program whose
elaboration is defined by this Report {Whether all programs,
only proper programs, or only meaningful programs are "ALGOL 68"
programs is a matter for indizidual taste. If one chooses only

proper programs, then one mué% consider the context conditions
as syntax which is not written as production rules. }

4.4.1. The identification conditions

a) In a proper program, each applied occurrence of an identi-
fier (each indication-applied occurrence of an indication, each
operator-applied occurrence of an operator)vwhich is a terminal
production of oné or more notions ending with 'identifier”
('indication', 'operator') is a terminal production of all
those same. notions at the defining (indication-defining, opera-
tor defining) occurrence, if-any; of that identifier (indica-
tion, opérator); {See the remarks after 4.1.2 and 4.%.2, and

- for the significance of "one or more", see rule 4.3.1.b.}

b) No proper program.contains an applied occurrence of an iden-
tifier (indication-applied occurrence of a mode-indication or
priority-indication, operator-applied occurrence of . an operator)
which does not identify a defining (an indication~defining, an

operator-defining) occurrence.
4.4.2., The uniqueness condition

a) A "reach" is a range {4.1.1.e} with the exclusion of all its

constituent ranges.

b) No proper program contains a reach {a}l containing two defin-
ing occurrences of a given identifier nor two indication-defin-
ing occurrences of a given indication.

{e.g., none of the closed-clauses (6.4.1.a)
(zeal x, zeal x ; sin(3.14)),
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c) No proper program contains a declarer {7.1} specifying a
mode united from {a} two modes related {bB} to one another.
{e.g., the declarer union(real, ref real) is not contain-

ed in any proper program.}

&) No proper program contains a declarer the constituent field-
selectors {7.1.1.1} of -two of whose constituent field-declara-
tors {7.1.1.g} are the same séquence 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.}

4,4.4. The declaration condition

a) A mode indication contained in an actual- declarer is "shiel~-
ded" if
i)Y it is or is contained in a {virtual-}declarer following a
reference~to-symbol in a field-declarator{7.1.1.g}, or
ii) it is contained in a virtual-parameter {7.1.1 .y}, or
iii) it is contained in a virtual-declarer follow1ng a v1rtual-
parameters-pack {5.4.7.i}.
{e.g., person is shielded in struct(int age, ref person
father), but not in giruct(int agé, person uncle) and p is
shielded in’EEQQQE)Q but not in union(;gi, [Ip).}

b) An actual-declarer which is a mode-indication "shows" that
mode-indicationi an actual-declarer shows all mode-indications
contained in i¥ which are not shielded, and furthermore all
mode-indications shown by the actual-declarer following the eq-
uals-symbol following the defining-occurrence of each such mode-
indication.

{e.g., in the declarations mode 2 = [Jb, b = union(ref 4),
d = struct(ref ¢ e), & = QN_“(lnt> , the mode-indications
shown oy []b are b and 4. }
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¢) No proper program contains a mode-declaration whose mode-
indication is shown by its actual-declarer. _ |

{e.g., no proper program contains one of the following
declarations: mode a =2 ; mode b=g, e = [1:10]b ; mode d =
[Jref union(proe(d)d, proc 4) ; mode parson = struct(int =ge,
parson uncle) } ’ |
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{Denotations, e.g. 3.14 or "abe" are terminal productions
of notions whose value is independent of the elaboration of the
program. In other languages they are sometimes called "liter=-

als" or "constants".}

5.0.1. Syntax

a)* denotation : PLAIN denotation{510b,51a, 511a 512a,513%a, 514&} H
row of boolean denotation{52a} ; '
row of character denotation{53a} ;

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

{Examples:
a) 3.14 ; 101 ; "algol.report" ; (bool a)int : (a | 1 | 0)
£54f } ‘

5.,0.2. Semantics

a) A denotation possesses a value; a given denotation always
possesses the same value; its elaboration involves no action.

b) The mode of the value possessed by a given denotation is.
obtained,by deleting 'denotation' from that direct production
of the notion ‘'denotation' of which the given denotation is a
terminal production. {e.g,, The value of "algol,report", which
is a production of 'row of character denotation', is of the
mode 'row of character'.}

5.1. Plain denotations

{Plain~denotations are those of arithmetic, boolean and
character values, e.g. 1, 3.14, Lfrue and ngm,}

5'0100010 Syll'taX

a)¥* plain denotation : PLAIN denotation{510b,51a,5%1a,512a,5132,
514a} .



5.1.0.1¢ continued - - IR o {22 July 1968}

b) long INTREAL denotation{860a} : .
long 'symbol{31d}, INTREAL denotation{511a,512a}.

51.0.2., Semantics

a) A plain-denotation possesses a plain value {2.2.3.1}, but
plain values possessed by different plain-denotations are not
necessarily different {e.g., 123%.4 and 1.234e+2}. | -
b) The value of a denotation consisting of a number {possibly
zero} of long-symbols followed by an integral~denotatioﬁ (real-
denotation) is the "a priori" value of that integral-denotation
(real-denotation) provided that it does not exceed the largest
integer {10.1.b} (largest real number {10.1.4}) of length num-
ber one more than that number of long-symbols {; otherwise,
the value is undefined}.

5¢T.15 Integral‘denotations
5.1.17.1. Syntax

a) integral denotation{860a,512¢c,d,h,510b} : digit zero{303d} ;
. natural numeral{b}.
b) natural numeral{a} : - _ _
digit FIGURE{303d}, digit token{303c} sequence option.

{Examples:
a) 0 ; 4096 ;
b) 1 32 35 3 ;3 123 (Note that 00123 and -1 are not integral-
denotations. )}

5¢1.1.2. Semantics
The a priori value of an integral-denotation is the inte-

gef which in decimal notation is that integral-denotation in
the representation language {1.1.8}. {See also 5.1.0.2.b.}



5.1.2. Real denotations . ... .. . {22 July 1968}
5‘01-2.10 SynJCaX

a) real denotation{860a,510b} | .

variable-point numeral{b} ; floating-point numeral{e}.
b) variable-point numeral{a} : ‘

integral part{c} option, fractional part{d} ;

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

digit zero{303d} sequence option, integral denotation{511a}.
e) floating-point numeral{a} :

stagnant part{f}, exponent part{g}.
f) stagnant part{e} :

integral denotation{511a} ; variable-point numeral{b}.
g) exponent part{e} :

A times ten to the power symbol{31b}, power of ten{h}.

h) power of ten{g}:

plusminus{304c} option, integral denotation{511a}.

{Bxamples:

a) 0.000123% ; 1.23e-4 b) .123 5 0.123 5 123, ;
c) 123 ; ' d) .123 ;3 .000123 ;

e) 1.23e-4 : ) 15 1.23%

g) e-4 ; h) 3 ; +45 ; -678 }

5.1.2.2. Semantics

a) The a priori Value'of a fractional-part is the a priori
value of its integral-denotation divided by ten as many times
as there are digit-tokens in the fractional-part.

b)' The a priori value of a variable-point-numeral is the sum
in the sense of numerical analysis of zero, the a priori value
of it§ integral-part, if any, and that of its fractional-part,
if any {see also 5.1.0.2.b}.
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¢) The a priori value of an exponént-part is ten raised to the
-a priori value of the integral-~denotation in its power-of-ten

if that ﬁower~oféten'does not begin with a'minus—symbol; other-
wise, it is one-tenth raised to the a priori value of that inte-
gral—denofation. I 7 | ‘

d) The a priori value of a floating-point-humeral is the pro-

duct in the sense of numerical analysis of the a priori values
of its stagnant-part and exponent-part {see also 541.0;2.b}.

3

5.1.3. Boolean denotations
5131, Syntax
a). boolean denotation{860a} : true symbol{31b} ; false symbol{31Db

{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 item{521b}, quote symbol{31i}.
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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.Db}
if that string item is a chaiacter-token or an other-string-item;
otherwise, {if that character-token is a quote-image,} it is a
new instance of the character possessed by the quote-symbol.

5e2. Row of boolean denotations

{There are two kinds of denotations of multiple values
viz., bits, e.g. 1011, and string, e.g. "abe". These denota-
tions differ in that a string denotationm 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) row of boolean denotation{860a} : |
long symbol{31d} sequence option, flipflop{30%e} sequence.

{Examples:
a) 1011 s long 1011 }

5.2.2. Semantics

a) Let "m" stand for the number of flipflops in the denotation
and "n" for the value of I bits width {10.1.g}, L standing for
as many times ldng as there are long-symbols in the denotation;
if m £ n, then the value of the row-of-boolean-denotation is a
multiple value {2.2.3.3} whose descriptor has an offset 1 and
one quintuple (1,n,1,1,1) and whose element with index "j" is
false for j =1, oo , n-m, and for j = n-m+l1, ... , n iIs 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).

{if the value of bits width is, say, 5, then 1011 posses-
ses the same value as the collateral-clause (false, frue, false,
true, true), but 1011 is not a collateral-clause.}




5.3, Row of-character.denotations {24 July 1968}
"~ {The denotations of strihgs always begin and end with a
gquote-symbol, e.g. "abe". If it is necessary to include a |
guote within a string, then‘the‘quote~symbol is doubled, e.g.
"this,is.a.quote.""". Since the syntax nowhere allows atring-
or character-denotations to fbllow one another, ambiguities do

not arise.}

5.3.1. Syntax

a) row of character denotation{860a} : empty string{b} ;
quote symbol{31i}, string item{c},
string item{c} sequence, quote symbol{31i}.
b) empty string{a} : quote symbol{31i}, quote symbol{31i}.
¢) string item{a} : character token{309d} ;
quote image{d} ; other string item{1.1.5.Step 4}.
d)i quote image{c} : quote symbol{31i}, quote symbol{31i}.

{Examples: |
a) wn ; "abe! ; "a_..+,,_b_»,_" n is__,_a_aformula" R ; b ) nun ;
C) a g " s 2 ' d)? nn }

5.3.2. Semantics

a) Bach chéracter-token and other—striﬁg-item, as well as the
quote-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 quin-
tuple (1,n,1,1,1), where n stands for the number of string-
items contained in the denotation. For i =1, ... ,n, the
element with index 1 of that multiple value is a new instance
of the character possessed by the i-th string-item, and, other-
wise, {if that string~item is a gquote-image} is a new instance
of the character possessed by the quote-symbol. ‘

{The construction "a" is a charactér-denotation, not a
strihg denotation. However, in all strong positions, e.g.
string s := "a", it will be arrayed 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 demotations - - .. - {22 July 1968}

{A routine-denotation, e.g. (real a, blreal : (a > b | b
| a), always has a routine-symbol (:). To the left of this sym-
bol stand the formal-parameters, e.g. (real a, b), -and a declar-’
er specifying the mode of thexvalue delivered, if any, e.g.
real. To the right of the routine-symbol,is the body, e.g.
(a >b | b | a), which is always a closed-, conditional- or
collateral-clause. If the routine delivers no value, then a
void-symbol stands before thelroutine-symbol, e.g. yoid : go_ to
princeton. In some cases this void-symbol may be omitted, see
the extension 9.2. . It is essential that the body of a
routine-denotation be CLOSED, for otherwise denotations like
(int sintzoff)yeid : (int branquart)yoid : lewi (wodon) could
also be clause calls, or formulas like (int a)int : 1 + 2 + 3
would be ambiguous if + is also declared as an operator accep-
ting a routine as left operand. b

5.4.7. Syntax

a)* routine denotation : PROCEDURE denotation{b}.
'b) procedure PARAMETY MOID denotation{860a} :
| formal procedure PARAMETY MOID plan{c,d},
routine symbol{31b}, MOID body{h}. ‘
¢) VICTAL procedure with PARAMETERS MOID plan{b,75b,71x} :
VICTAL PARAMETERS{e,f;71y,74b} pack, -
virtual MOID declarer{g,71b}.
d) VICTAL procedure MOID plan{b,71x}
virtual MOID declarer{g,71b}.
e) VICTAL PARAMETERS and PARAFETER{c,b,862a} 3
VICTAL PARAMETERS{e,f,71y,74b}, comma symbol{31e},
VICTAL PARAMETER{f,71y,74b}.
f) formal MODE parameter{c,e,74a} :
formal MODE declarer{71b}, MODE identifier{41b}.
g) virtual void declarer{c,d} : void symbol{31b}. _
i)* VICTAL parameters pack : VICTAL PARAMETERS{e,f,71y,74b} pack.



5.4.1. continued < o {22 July 1968}

{Bxamples:

" b) (bool a, b)bool : (a | b | false) 5 >

void : ( n = 1966 | warsaw | zandvoort) ;
¢) (ool a, b)bool 3

5.4.2. 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-denotation ;

Step 2: If the routine denotation does not contain a formal-
parameters-pack, then Step 3 is taken; otherwiise, an equals-
symbol followed by a skip-symbol is inserted in the copy fol-
lowing the last identifier in each copied constituent formal-
parameter of that formal-parameters-pack; the open-symbol of
that formal-parameters-pack is deleted and its close-symbol
is replaced by a go-on-symbol ;

Step 3: If the virtual-declarer of its formal—plan is a void-
‘symboi, then that void-symbol and the routine~symbol which
follows 1t is deleted and Step 4 is taken; otherwise, the
routine-symbol is replaced by a becomes-symbol, and a value-
of-symbol followed by an open-symbol 1s placed before and a
close-symbol is placed after the copy ;

Step 4: An open-symbol is placed before and a close-symbol is
placed after the copy, and the co»ny, thus modified, is the -
routine possessed by the routine-denotation.

{The routine possessed by pl after the elaboration of
p1 = void : (tirrenia), is ((tirrenia)); that possessed

roc
by p2 after the elaboration of proc p2 = real : (xx) is
(val(real := (xx))); thathossessed by p3 after the elabora-

~ ok v ,
tion of proc p3 = (dnt a).: (a > 0 | xx | yy), is (val(int a
= gkip 5 zeal := (a >0 | xx | yy))), and that possessed by




5«4.2. continued o o  . {22 July 1968}

p4 after the elaboration of proc p4 = (real a, b) : (a > b |

~stop) is (real a = skip, real b = skip ; (a > b [ stop)). &

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 (clause-calls). }



5.5. Format denotations
5.5.1. Syntax

a) format denotation : _ - A
formatter symbol, . collection - list, formatter symbol.

b) collection : picture ; - insertion option, replicator ,‘ 
colliection list pack, insertion option. o
¢) picture : MODE pattern, insertion option.

d) insertion : literal option, insert sequence ; literal.

e) insert : replicator, alignment, literal option.

i) replicator : replication option. ,

g) replication : dynamic replication ; integral denotation.

'h) dynamic replication : letter n, fitted serial integral expressionApack.

i) alignment : letter k ; letter x ; letter y ; letter 1 ; letter p.

j)-literal : STRING denotation option , replicated literal sequence ;
STRING denotation. | |

k) replicated literal :,replication,FSTRING denotation.

{Examples: i
a) jp"table;pf"ﬁﬂOa,n(Zim-7)(16x3zdg3x70(2x+.72de+2d7ﬁjx”3i+.70de+2d9)gf 3
v) ptable.of"x10a ; 3x10(2x+. 12de+2d " rjx s+, 10de+2d) ;
c) L20ke("mon', "tues", "wednes ", "thurs ", "fri", "satur', "sun") "day" ;
a) p'table.of"x 3 "day" ;
e) p'table.of" ; _
z) n(lim=1) 3 10 ; .
n) n(lim-1) 3
3) Mgxt
x) 20" "}
1) sign mould : loose replicatable zero frame, sign f_‘pémes loose sign frame.
m) loose ANY frame : insertion option, ANY frame. '
n) replicatable ANY frame : replicator, ANY frame.
o) =zero frame : letter z. -

p) sign frame : plusminus.

q) suppressible ANY frame : letter s option, ANY frame.

)% frame : ANY frame.
{Examples:

l)‘ II-_-_‘:llggz_g,_ 3 2.73‘:" ;

m) =112z ;.

n) 12z

q) st 3 70a }



5.5.1. continued

aa) {Three ways of "transput" (i.e. "input" and "oufput") are provided by
the standard declarations, viz,
i) formatless transput (10.5.2)
ii) formatted transput (10.5.3)
iii) binary transput (10.5.%.) ,
Formats (éee 5.5.2.a) afe used by the formatted trahsput routines to

control input from and output to a "file" (10 5 1)

bb) A format may be associated wrth a file by format (10.5.1.3.a), thereby
causing its flrst constltuent picture to be the current picture
of the file. v | | |
After the current picture  of the file has been used to control the
transput of a value, then, unless the format is exhausted, the next
pilcture of the format is made to be the current - pieture  of the
file. If no format has been associated with the file, or if the format
associated with the file is exhausted, then the current picture of
the file is undefined.

cc) The current picture . of the file is used on output to control the
"conversion" of a value to a "string", i.e. a value of mode 'row of
character', and, on input, that of a sﬁring to a value. ’

dé) The mode specified by a pileture  is that obtained by deleting 'pattern'

from that notion. ending with 'pattern' whose terminal production is the

- constituent pattern of that picture.

ee) TFormats have a complementary meaning on input and output; that is, under
control of one given picture: :

i) it is possible to convert a given value to a string by means of a
formatted output routine, provided the mode‘5pecified by the pic-
ture is “output—compatible" with the mode of the given value, and
thé number of characters specified by the | pieture is sufficient
(10.5.3.1); |

ii) it is poss1ble to convert a given string to a value of a given mode,

provided the mode specified by the picture - is ' 1nput—compat1ble

with the mode of the value, the number of elements of the string is

the same as that specified by the picture ., and the individusal
characters of the string "egree" with the frames of the picture

. specifying them (10.503.2)5



- 2+5. 1. continued 2

if it is éossible to convert.a given velue to a string and the
' does not contain a letter-k or letter-y as alignment,
does not contain any digit-frames or character-

iii)
| - picture
and the = picture
frames preceded by letter-s, then it is possible to convert the

resulting string (under control of the same picture ) into a

value; the resulting value is equal (approximately equal) to the

given velue if the given value is a string, integer or truth value

£f)

)

hh)

ii)

33)

kk)

(is a real value) ;
if it is possible to convert a given value into a string and to

convert that string into a new value, then converting this new value

iv)

to a string yields the same string.

" _The value of the empty replicator is o#e; the value of & replication
that is an integral-denotation is the value of that denotation; the value
of a dynamic-replication is the value of its constituent serial-
integral-expression if that value is positive, and zero otherwise.

The number of characters specified by a piecture  is the sum of the
numbers of characters specified by its constituent frames and the number
specified by a frame is equal to the value of its preceding‘replicator.

A frame preceded by letter-s is "suppressed", and the characters
specified by it are also suppressed, i.e.: '
on output, are deleted from the string thét is output, and,
on input, are inserted in the string that is input, viz., by inserﬁing
the character possessed by a point (tines-ten—to»the-power,-plus~i~times,'
digit-zero, space) -symbol for a suppressed-point  (exponent, complex,

digit, character) -frame. _
Transput occurs at the current "position" (i.e. page number, line number

and char number) of the file. At each position of the file within certain

limits (10.5.1.71.1, j, k) some character is "present", depending on the

contents of the file and on its "conversion-string".

An insertion is performed ' by performing its constituent aligmments and,
on output (input), "writing" ("requiring") its constituent literals one
after the other.

Performing an aligrment affects the position of the file as follows, where
n stand for the value of the preceding replicator:

a) letter-k causes the current char number to be set to n ;

b) letter-x causes the char number to be incremented by n (10.5.1.2.m) ;
c¢) letter-y causes the char number to be decremented by n (10.5.1.2.n) ;



11)

il )

nn}

5¢5. 1, continued 3

a) ietter—l causes the line number to be incremented by n and the char
number to be reset to one (10.5.1 2.0)
) letter—p causes the page number to be incremented by n, and both
the line number snd the char mumber to be reset to one (10.5.1.2. Ple
A (replicated-) literal is written by writing the string possessed Dby
its constituent row-of-character-denotation (as many times as the value
of the preceding replicator); a string is written by writing its elements

one after the other, & character is written by cau31ng the character 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 (replicated-) literal is requiréd by requiring the string possessed by
its constituent row—of—charactér—denotation bs many times as the value

of the preceding replicator); a string is required by requiring its

elements one after the other; a character is required by incrementing

the char number by one if the character is present at the current position

‘of the file; otherwise, the further elaboration is undefined.

When a string is "read" whose number of characters is given, then that
number of characters are read and the result is a string whose elements

are those characters; when a string is read under control of a given-
"terminator-string'", then, as long as the line is not exhausted, characters.
are read up to but not including the first character which is the same as
some element of the terminator-string, and the result is a string whose

elements are those characters; when a character is read, then the result

is the character present at the current position of the file, and the

char number of the file is incremented by one.



5.5.1, continued L

00) A fpicture can be used to "edit" a value as follows:
i)  The value is converted by an approPrlate output routine (10. S.2.¢,
d, e) to a string of as many characters as spe01f1ed by the picture.
If the picture is or contains an integral-pattern or real-pattern

then thls conversion takes place to a base equal to the radlx, if

_ present, and base ten otherwise. o N . . .

ii) If the picture contains a 51gn4nould then a character specified
by the Signrframe will be used to indicate the sign, viz., if
the sign~-frame is a minus-symbol and the value is positive
(negative), then a space (minus), and, otherwise, a plus (minus).
This character is shifted in that part of the.striﬁg specified by
the sign-mould as far to the right as possible across any leading .
zeroes and those zeroes are replaced by spaces; '
e.g., under the sign-mould 4z+, the string possessed by "+0003" is
edited into that possessed by "...+3". If the . picture - does.not -
contain a signrmould and the value is negative, then the result is
undefined. |
iii) Leading zeroes in those parts of the string specified by any
remaining zero-frames are replaced by spaces; €.g., under the .
" picture " zdadad, the integer possessed by 780768 is edited into
the string possessed by "78.768".

iv) Suppressed characters are deleted.



5.5.1. continued 5

i A picture can be used to "indit" a string into a yalﬁe-of a

given mode as follows: ' , '

i)  If the picture contains a sign-mould, then’the character specified by
its constituent,signfffame must be bne of_the'characters specified by
that sign-mould. Only spaces may appear in front of this character
and no leading zeroes mey appear after it. The leading spacés are
deleted, and if the character specified by the sign-frame is a‘space,
and the sign frame is a minus-symbol, then that character is repléced
by a plus. ' ‘

ii) Leading spaces in those parts of the string specified by any remaining
zero-frame are replaced by zeroes. ‘

iii) For each suppressed digit, a zero is inserted into the string; for
each other suppressed character, a space is inserted.

iv) The string is converted by an appropriate input routine (10.5.3.b;

¢, d) into a value of the given mode.

gq) The <msertion, if any, following the constituent pattern of a picture is

performed after the pattern has been used.

The insertion, if any, preceding the constituent ebllectimq«list—
pack of a Collectibn " that is not a picture . is performed before
‘ the first constituent . picture . is used to control the transput of a
value. The insertion, if any, following that .  collection -list-pack is

performed after all constituent pictures - ‘have been used. }



5.5.1.1. Integral patterns

a) integral pattern : radix mduld option, sign mould option,
integral mould ; integral chojce pattern.

b) radix mould:.inserticn option, redix, letter r.

¢) radix : digit two ; digit four ; digit eight ; digit one, digit zero ;
digit one, digit six. o

d) integral mould : loose repllcatable suppressible digit frame sequence.

e) digit frame : zero frame ; letter d.

f) integral choice pa‘ctern : insertion option, letter c s literal list pack.

{Examples:
a) or6d3osd 5 18z+d ; zd"- nzd"-19"2d ;
120ke ("mon", "tues", "wednes", "thurs”, "Fri ", Msatur”, "sun') 3

b) 2r
c) 2; 438310 ;1763
a) zdl-"zd"-19"2d ;

: non "
£) 120ke("mon", "tues", Mpednes™, "thurs "y "fri', ngaqtur®, "sun™) }

{If the integral-pattern-is not an integr'al—cho:.ce—pattern, then,
alue to be output is edited into a string and

" the file by, for all frames occurring in the
if any, and then

i) on output, the v
"transcribed onto
pattern, flrst performing the precedlng insertion,
wrltlng on the file that part of the string speC1f1ed by the frame,

ii) on input, a string is .'transcribed from" the file, which string is
obteained by, for all frames occurring in the pattern, first per-

forming the preceding insertion, if any, and then, for a frame that

is not suppressed, reading from the file as many characters as are

specified by the frame; that string is indited into a value.

If the ’integr'al—pattem is an integral-choice-pattern, then the
insertion, if any, preceding the letter-c is performed, and, '

i) ~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;
otherwise, the¢ further elaboration is undefined;

ii) on input, one of the constituent literals of the constituent literal-
list-pack is required on the file; if the iTth constituent is the
first one present, then the value is i; if none of thesé literals
is present, then the further elaboration is undefined .}

\



5.5.1.2. Real patierns

a) real pattern : sign mould option, real mould ; floating point mould.
b) real mould : integral mould, loose suppress:.ble po:Lnt frame,
integral mould option ; '
. loose suppressible po:mt frame, mtegral mould
¢) point frame : point symbol. :

d) floating point mould : ' A
stagnant mould, loose suppr'essible exponent frame,
sign mould option, integral mould. -

e) stagnant mould : sign mould opt:.on, INTREAL mould.

f) exponent frame : letter e. '

{Examples:’
a) 72d ; +d.71de+éd ;
v) d.71d 5 .72d ;
d) +d.71de+2d
e) +d.71d }

{On output, under control of a real-pattern, a real or integral value

is edited into a string and transcribed onto the file;

on input, a string is transcribed from the file and indited into a real

value. }
5.5:1.3. Boolean patterns

a) boolean pattern :

insertion option, letter b, boolean choice mould option.
b) boolean choice mould :

open symbol, literal, comma symbol, literal, close symbol.

- {Examples:
a) L'resultldxb ; b("", Yerror") ,

b) (11 Mgppop) '}

{If the boolean-pattern does not coantain s 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,
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;



5.5.1.3. continued

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

wndefined

5.5.1.4, Complex patterns

a) COMPLEX pattern : ; . ‘ :
v real pattern, loose suppressible complex frame s real pattern. i
b) complex frame' : letter i. :

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

{On output, the complex or real or integral’value is edited into
a string and transcribed onto the file; on input, a string is transcribed

from the file and indited into a complex value. }
5.5.1.5. String patterns

a) STRING pattern : loose string frame; '
loose replicatable suppressible character frame sequence.
b) string frame : letter t. A

c) character frame : letter a.
{Example:

a) p"table.of"x10a }
. {If the pattern is a loose-string-frame then the insertion, if any,

preceding its constituent letter-t is performed, and,

i)  on output, the given string is written on the file ;

ii) on input, if the string hes Pixed bounds, tuen that number of
characters are read, otherwise a string is read under control of the
terminator-string referenced by the file (10.5.1.mm); :

otherwise, -,
i) on output, the given string, which must have as many elements as

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

into a string and transcribed onto the file ;

ii) on input, a string is transcribed from the file and indited into
a string. '
If the value to be transput is a character, then a string having

that chbracter as its only element is transput.}



5.5.1.6. Transformats ’
a) structured with a STRING named letter alephy bransformal :
strong unitary format clause.

{Example: (x20|f5dflfsd""f) }
 {For unitary-clauses see Chapter 8.}

{Transformats are used exclusively as actual—parameters of
fermatted oubtput routines; for reasons of efficiency, the programmer
has deliberately been made unable to use them elsewhere by the choice of
' ALEPH!, - "

Although transformats are not denotations at all, they are handled

here because of their close comnection to formabts. }

5.5.2. Semantics

a) The format {2.2.3.4} possessed by a given format-denotation is the
same sequence of symbols as the given format-denotation.

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

Step 1: It is preelaborated {1.1.6.1} ;

Step 2: It is replaced by the format obtained in Step 1, and the thereby
resulting format-denotation is considered ;
tep 3: All constituent dynamic-replications {5.5.71.h} of the considered
format-denotation are elaborated collaterally {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 that integral-
denotation {5.1.1} which possesses the same value as that dynamic-
replication if that value is positive, and, otherwise, by a digit-zero 3
further;ore, every replicator which is empty is replaced by a Cigit-orne 3

Step 5: That row-of-character-denotation {5.3} is considered which would
be obtained by feplacing, in the considered format-denotation as
modified in Step 4, each constituent quote-symbol by a quote-image {5.3.1.c}
gnd 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-
deniotation is made to be the {only} field of & new instance of a
structured value {2.2.3.2} whose mode is that obtained by deleting
‘transformat’ from that notion ending with "transformat' of which the
given transformat is a terminal production 3

Step T: The considered format-denotation is replaced by the given
transformat , and that transformat is made to possess the Stxuctured

value obtained in Step 6.



6. Phrases | ' {19 July 1968}
{A phrase is a declaration or a’clause. Declarations may
be unitary, e.g. real x, or collateral, e.g. xggl X, V. Clauses
may be unitary, e.g. x := 1, collateral, e.g. (x := 1, ¥y = 2),
closed, e.g. (x + y) or conditional, e.g. if x > O then X else
0 £i (which méy also be written (x > 0 | x| 0)). Most clauses
will be of a certain "sort", i.e. strong, weak, firm or soft,
which determines how the coercions should be effected. The sort
is "passed on" in the production rules for clauses and may be
modified by "balancing" in serial- collateral- and conditional-

clauses. }
6.0.1. Syntax

a)* phrase : SORTETY SOME PHRASE{61a,62a,b,c,e,64d,e,70a,81a}.
b)* SOME phrase : SORTETY SOME PHRASE. ;
c)* statement : strong void unit{éle}.

6.,0.2, Semantics

a) The elaboration of a phrase begins when it is initiated, it
may be "interrupted'", "halted" or "resumed", and it ends by being
terminated or completed, whereupon, if the phrase "appoints" a
unitary-phrase as its "successor'", the elaboration of that unit-
ary-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 elabor-
ation. {Whether, after an interruption, the elaboration of the
phrase is resumed, the elaboration of some unitary-phrase is
initiated or the elaboration of the program ends, is left unde-
fined in this Report. |

¢) The elaboration of a phrase may be halted {10.4.a}, i.e. no
further actions constituting the elaboration of that phrase take
place until the elaboration of the phrase is resumed {10.4.p},
if at all.
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d) A given clause is "protected in the following steps:

. Step 1: If an occurrence of an identifier (indication) which
is the same as some identifier (indication) occurring out-
side the given clause definés {4.1.2.a} (indication-defines
{4.2.2.a}) within it, then the defining (indication-defining)
occurrence and all occurreﬁces identifying it are replaced by
occurrences of one same idéntifier (indication) which does
not occur elsewhere in the brogram and Step 1 is taken: other-
wise, Step 2 is taken ; '_ , ' | “ . ‘

Step 2: If an occurrence of an indication which is the same as
some indication occurring ootside the given clause is opera-
tor-defined within it, then the operator-defining occurrence
and all occurrences identifying it are replaced by occurren-
ces of one same new indication which does not occur elsewhere
in the program and Step 3 ig taken; otherwise, the protection
of the given clause is compiete H '

Step 3: If the indication is & priority-indication,then Step 4
is taken; otherwise, Step 2 is taken ; '

Stepy4: A copy is made of the priority-declaration containing
that occurrence of the indication which, before the replace-
ment in Step 2, was identified by that operator; the occur-

~rence of that indication in the copy is replaced by an oc-
currence of that new indication; the copy, thus modified,

‘preoeded by an open-symbol and followed by a go-on-symbol,
is inserted preceding the given clause, a close-symbol is

inserted following the giveh clause,'and Step 2 is taken.

{Clauses are protected in order to allow unhampered def-
initions of identifiers, indications and operators within ran-
ges and to permit a meaningful call, within a range, of a pro-
cedure 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. }
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{Serial—clauses are built from unitary-clausés and declar-
ations: with the help of go-on-symbols (;) and completion-sym-
bols (. or exit), e.ge, (x>0 | x:=111) 5y. 1ty +1 ,
where the value of the clause is y, if x > 0 and y + 1 other-
wise. A serial-clause may begin with a declaratlon—prelude,
€eg., At n =13 indintn =71 ; x =y +n . Labels may
appear in only three syntactic p031tlons w1th1n serial-clauses:
after a completion-symbol (here a label is obligatory, e.g.

.1:), in a sequencer (e.g. 31l:), or at the beginning of a clause-
train (i.e. one or more uniﬁary—clauses separated by sequen-
cers, e.g. 1: x t= 1 3y := 2). A declaration-prelude may
contain constituent void-clauses (statements), but it does not
begin or end with one, (e.g. [1:nlreal x1 ; for iton do
x1[i].== i x i j; real v ;), however, these void-clauses may not
be labelled. A preface or a prelude always ends with a go-on-
symbol. The modes of some Serial-clauses must be balanced (6.
1.1.g). TPFor remarks concerning the balancing of modes see 6.4.1.}

6.1.1. Syntax

| 24,

a) SORTETY serial OTAUSE{63a,64b,e]

~ declaration prelude{b} option,

suite of SORTETY CLAUSE trains{f,g}.

b) declaration prelude{z,21b,c} : chain of declaration
prefaces{c} separated by statement interlude{d} options.

¢) declaration preface{b}
unitary declaration{70a}, go on symbol{31f} ;
collateral declaration{62a}l, go on symbol{31f}.

d) statement interlude{b} : chain of strong void units{e}

' separated by go on, symbols{)1f , g0 on symbol{31f}.

e) STRONG MOID unit{d, {, 62b ¢,h,71s,74b,831F,861h, j,k} :
STRONG unitary MOID clause{81a}.

£) suite of STRONGETY CLAUSE trains{a,g} : chain of STRONGETY
CLAUSE trains{h} separated by completers{l}.

gz spuite of FIRM CLAUSE trains{a,g} : FIRM CLAUSE train{h}v;
PIRM CLAUSE train{h}, oompleter{l} .

sulte of strong CLAUSE trains{f} §
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coFIRM CLAUSE train{h}, completer{l},
suite of FIRM CLAUSE trains{g}.
h) SORTETY CLAUSE train{f,g} : label{k} sequence option,
statement prelude{i} option, SORTETY unitary CLAUSE{81a}.
i) statement prelude{h} : chain of strong void units{e}
‘ separated by sequencers{j}, sequencer{j}. 4
i) sequencer{i} : go on symbol{31f}, Iabel{k} sequence option.
k) label{h,j,1,21d} : label identifier{41b}, label symbol{31e}.
1) completer{f,g} : completion symbol{31f}, label{k}.
{Examples:
a) real a :=0 ; 11: 12: x :=a + 1 ; (p | 13)

It e

(x>0 ] 13 | x =1 - x) ; false. 13: y s=y + 1 3 true %
b) real a := 0 3 % ' .
¢c) reala :=0 ; % int i, j ; %
) x =03 (inreal x ;3 x := 0 ; real y 1) %
e) false % |
£y 11: 12: x s=a + 1 3 (p | 13) 3
(x>0 ] 13 | x :=1 -x) ;3 false. 13: y =y + 1 3 true %

h) 11: 12: x :=a + 1 3 (p | 13) ; _

' (x >0 ] 13 | x :=1 -~ x) ; false % : ‘

i) xi=a+1 Vx>0 13 [ x=1-x ;Up | 157 p%
3) 3 14: 15: %

k) 14: %

1) . 13%: }

6,1?2° Semantics

a) The elsboration of a serial-clause is initiated by protec-
ting it {6.0.2.d} and then initiating the elaboratiocn of its
textually first constituent unitary-clause or declaration.

b) The completion of the elaboration of a wnitary-clause or
declaration preceding a go-on-symbol initiates the elaboration
of the textually first unitary-clause or declaration after that
go-on-gymbol.
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'¢) The elaboration of a serial-clause is

i) interrupted (halted, resumed) upon the interruption (halt-
ing, resumption} of a constituent unitary-clausefor declara~
tion 3

ii) terminated upon the termination of the elaboration of a
constituent unitary-clause or declaration appointing a suc-
cessor outside the serial-clause, and fhat successor {6.2.2.b}
is appointed the successor of the serial-clause.

¢) The eleboration of a serial-clause is completed upon the
completion of the elaboration of its textually last constituent
unitary-clause or of that of a constituent unitary-clause pre-
ceding a. completer. ‘

e)',Thé value of a serial-clause is the value of that constit-
uent unitary-clause the completion of whose eleboration com-
pleted the elaboration of the serial-clause provided that the
scope {2.2.4.2} of that value is larger than the serial-clause
{; otherwise, the value of the serial-clause is undefined}.

{Iﬁzy := (x 3= 1.2 ; 3.4), the value of the serial-clause
1.2

x t= 1.2, 3.4 is the real number possessed by 3.4. In xx :=
real r := 0.1 ; r), the value of the serial-clause real r :i=

0.1 3 r 1is undefined since the scope of the name possessed by
r is the serial-clause itself, whereas, in y := (real r := 0.1;
r), the serial-clause real r := 0.1 ; T possesses a real value. }

-
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6.2. Collateral phrases - {25 July 1968}

{Oollateral~phrases conialn two or more unitary-phrases
separated by comms symbols (, or comma) and, in the case of col-
lateral clauses, are enclosed between an openAK( or. begin) and
a close () or end), e.g. (x;* 5 ¥ = 2).or'zgg;fx;ﬂggg; N
(usually real X, ¥, see 9.2. @) ‘The values of colléﬁeral clau-
ses whlch are not statements: (v01d clauses) are either of multi-
ple or of structured mode, esg. (1.2, 3.4) in [Jreal x1 = (1.2,
3.4) and in ¢ compll z := (1. 2,i3 4). Here the collateral-clause
(1.2, 3.4) acquires the mode"row of real’ or the mode 'COMPLEX'.
Collateral-clauses whose value is structured must contain at
least two fields for otherwise, in the range of struct g = (ref
m m) ; m nobuo, yoneda,_the'éssignation nobuo := (yoneda) would
be ambiguous. In the range of struct r = (real a) ; r r, the
constructiom r := (3. 1&) is not an assignation, but a of r :=
3.14 is. It 1is p0331b1e toi present a single value or no value
at all as a multiple value, e - []real x1 = 3 []gg@l y1 := 3,
but this involves a coercion known as arraying, see 8.2.6.}

6.2.1. Syntax

a) collateral declaration{6lc} :
unitary declaration{70a} array,
b) STRONG collateral void clause{81d} :
parallel symbol{%1e} option,
STRONG void unit{6le} array box.
¢) STRONG collateral REFETY?row of MODE clause{81d} :
parallel symbol{31e} option, '
STRONG MODE uwnit{61e} array box.
d) PIRM coilateral row of MQDE clause{81d} :
parallel symbol{31e} option, FIRM MODE balance{e} box.
e} TFIRM MODE balance{c}
FIRM MODE unit{61e}, comma symbol{31b},
STRONG MODE unit{61e} list ;
coFIRM MODE unit{61e}, comma symbol{31b},
. FIRM MODE unit{61e}.
coFIRM MODE unit{61e}, lcomma symbol{31b}
FIRM MODE balance{e}.



6°2°c.ontinued L D , . .. RS AR {19 July 1968}

£) STRONG collateral REZX ETY structured with FIELDS and
FIELD clause{81d} : parallel symbol{31e} option ; -
STRONG structured with FIELDS and FIELD structure{g} box.
g) STRONG structured with FIELDS and FIELD structure{f, s} s
STRONG structured w1th FIELDS structure{g, }, comma,
symbol{ij}, STRONG structured with PIELD structure{h}.
h) STRONG structured with MODE named TAG structure{g} :
STRONG MODE unit{61e}.

{Examples:
a) real x, real v ;
by (x =1, 7 := 2)
c) (x, n) ;
ay (1, 2y (1n [lreal x1 := (1, 2)
e) (1.2, 3, 4) (in (1.2, 3, 4) + x1, supposing + has been
declared also for 'row of reall')
{1, 2.3) €in (1, 2.3) + x1);
(1, 2.3, 4) (in (1, 2.3, 4) + x1)
£) (1, 2.3) (in z := (1, 2.3)) ;
g) 1, 2.3 3
n) 14}

(and by 9.2.c) real x, ¥ ;
s (x :=1, y =2, 2 t=3)

6.2.2. Semantics |

a) If a number of constituents of a given terminal production

of a notion are "elaborated collaterally", then this elaboration

is the collateral action {2.2.5} consisting of the {merged)

elaborations of these constifuents, and 1is

i) initiated by initiating the elaboration of each of these

constituents 3 : , )

~ii) interrupted upon the interruption of the elaboration of
any of thses constituents ;

iii) completed upon the compietion of the elaboration of all of
these constituents; and ’ ‘

iv) terminated upon the termlnatlon of the elaboration of any

of these constituents, and - if that oonutltuen§ appoints a suc-

cessor, then this is the suchSsor of the given terminal produc-

tion.
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b) A collateral—declaratlon 1s elaborated by elaborating 1ts
‘constltuent unitery- declaratlons collaterally {a}.

c) A collateral—clause'is eléborated in the following steps:
Step 1: Its constituent units are elaborated colléﬁerally {al ;
Step 2: Bither 'void' or a mode is obtained by deleting 'collat-
eral', fclause' and the termihal production of 'STRONG' from
{the notion which is} that direct production of 'collateral
clause' of which the given tollatersl-clause is a terminal
production, and if this is !void', then the elaboration of the

- collateral-clause is'comple#e; otherwise, Step 3 is taken ;

Step 3: The mode obbtained in Step 2 fgfﬁédified by deleting
from it an initial 'referenoe tot'y, if any, and the mode then
obtained is considered ; -

Step 4: If the mode con81dered in Step % begins with ’row of’
then Step 5 is taken; otherwise, the values obtained in Step 1
are made, in the given ordei, to be the fields of a new ins-
tance of a structured vélue:{2.2.3.2} whose mode 1s that con-
sidered mode; this StruCtured value is considered and Step 7
is taken ;- o ‘ y

Suep 5: If the values of the unlﬁs obtalned in Step 1 are names
{2.2.%3.5} one or more of which refers to an element or sub-
value having one or more‘states’{2,2.3,3} equal to zero, oOr
if the values of these units are multiple values, not all of
whose corresponding upper (iower) bounds are equal, then the
further elaboration is undefined; otherwise, Step 6 is teken ;

Step 6: A new instance of a multiple value, whose mode is that
considered in Step 3, is created ag follows:

let "m" stand for the number of constituent units in the
collateral-clausé s
if .
the values obtained in Step 1 are not multiple values,
then
its element with index "i" is a new instance of the value

" of the i-th constituent unit and its descriptor consists

of an offset 1 and one quintuple (1,m,1,1,1) 3
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.otherwisé, {those values are multiple values and} the elements
with indices (i - 1) xr + 3j, j=1, ..., T of the new value,
where r stands for the number of elements in one of those
values, are the elements of the value of the i-th constituent
unit and the descriptor of the new value is a copy of the
descriptbr of the value of one of the constituent units into
which an additional gquintuple (1,m,1,1,%1) has been inserted
in front of the old first gquintuple, the offset has been set
to 1, dy has been set to 1, and, for 1 =mn, n-1, ... ,2, the
stride dj_q1 has been set to (uy -1; +1) x dj 3

this new multiple value is considered and Step 7 is taken ;

Step 7: If the mode obtained in Step 2 {, not that considered in

Step 3,} does not begin with 'reference to', then the value of

the collateral-clause is the considered value; otherwise, a

name, different from all other names, whose scope is the pro-

gram and whose mode is that obtained in Step 2, is created;
this new name, which is then made to refer to the considered
value, is the value of the collateral-clause.
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{Closed-clauses are generally used to construct primaries
(8.1.1.4) from serial-clauses, e.g. (x + y) in (x + y) x a.
 The questlon of 1dent1flcatlon (Chapter 47 and protection (6.0.
2.4) may arise in closed—clauses, because a serial-clause is a
range (4.1.1.e) and it may begln with a declaration-prelude
(6.1.1.a). }

6.3.1. Syntax
a) SORTETY closed CLAUSE{54h,81d} :

elementary symbol{31e} option, |
SORTETY serial CLAUSE{61a} box.

{Examples: ;
a) elembegin i := 1 + 1 ;3 J t= j + 1 end increment ; (x + y) ;

6.%5.,2. Semantics

a)' The elaboration of a closed-clause is that of its serial-~
clause, and it wvalue is that, if any, of its serial-clause.

b) The elaboration of a closed-clause which begins with an
elementary-symbol is an elementary action {2.2.5}.
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{Conditional—clauses allow the programmer to choose one
out of a pair of clauses, depending on the value (which is of
mode 'boolean') of a condition, e.g. (x >0 | x | 0). Here
x > 0 is the condition. If the condition is true, then the
value is Xx; otherwise, it is 0. Conditional-clauses are gener-
alized in the extensions 9.4.2,b,c, e.g. if x > O then x elsf
x < -1 then -(x + 1) else 0 £i, which has the same effect as’
(x>0 ] x [(x<=-1] -(x+1)] 0)). Unlike similar construc-
tions in other 1anguages, conditional-clauses are always enclos-
ed between an if—symbol, represented by if or by (, and a fi-
symbol, represented by f£i or E%mz. 'This enclosure allows both

. and the con . .
parts of the choice-clause,to contain serial-clauses. }

6.4.1. Syntax

a) . SORTETY conditional CLAUSE{81d} : if symbol{31e},
condition{b}, SORTETY choice CLAUSE{c,d}, fi symbol{3le}.
b) condition{a} : strong serial boolean clause{61a}. ’
c) STRONGETY choice CLAUSE{a} :
STRONGETY then CLAUSE{e}, STRONGETY else CLAUSE{e} option.
d) TPFIRM choice CLAUSE{a} ' ' S
. PIRM then CLAUSE{e}, strong else CLAUSE{e} option ;
coFIRM then CLAUSE{e}, FIRM else CLAUSE{e}.
e) SORTETY THELSE CLAUSE{c,d} : :
THELSE symbol{31e}, SCRTETY serial CLAUSE{61a}.

{Examples:
2) (x>0 ] x |.0) ; if overflow then exit fi ;3
b) x > 0 ; overflow ;
¢) |'x [ 03 then exit ;
d) (x>0 x10) (in (x>0 x| 0)+7y);
e) |x 3 | O ; then exit } |

{Rule d 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 may then be strong. For example in
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(p | x| skin) + (p | gkin | y), the conditional-clause (p |
x| skip) is balanced by meking | x firm and | gkip strong,
whereas (p | skiv | y) is balBneced by meking | skip cofirm
and | y firm. The example ( p | skip | skip) + y illustrates
that not both may be. strong,for otherwise the operator + could
not be identified. Coflrm, whlch means strong but not firm,
is used merely to avoid amb;guous parsing. }

6.4.2. Semantics

a) A conditional-clause is elaborated in the following steps:

Step 1: Its condition is “elaborated

Step 2: If the value of that condition is true, then the then-~
clause and otherwise the else- clause, if any, of its choice-
clause 1s considered ; ’ ‘

Step %: The serlal clduse of . the considered clause, if any,
is elaborated ; | .

Step 4: . The value, if any, of the ¢onditional~clause, then 1is
that of the clause elaborated in Step 3, if any.

b) The elaboration of a conditional-clause is ,

i) interrupted (halted, resumed) upon the interruption (halt-
ing, resumption) of the eiaboration of the_condition or the
considered clause ; '

ii) completed upon the completlon of the elaboration of the
considered clause, if any; otherwise, completed uvon the
completion of the elaboration of the condition ;

iii) terminated'upon the terminétion 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.



7. Unitary declarations o - 1' {23 July 1968}

{Unitary-declarations provide the defining uccurrences for
mode~indications, e.g. gtring in mode sitring =v[1:]ghgg, pgbrw
ity indications, e.g. plus in priority plus = 1, identifiers,
€.&, x in real x, and operators, e.g. abs in op abs = (int a)
int :(a < 0| -a | a). Declarations appear in declaration-
preludes (6.1.1.b).} |

7.0.1. Syntax

a) wunitary declaration{6lc,62a} : mode declaration{72a} ;
priority declaration{73a} ; identity declaration{74a} ;
operation declaration{75a}. :

{Examples: ;
a) mode bits = [1:bits width]bool ; priority plus = 1 ;
int m = 4096 ; op + = (zeal a, blint : (zound a ¢ round b)}

7.0.2, Semantics

“An external object {2.2.1} which was caused to possess a
value by'the elaboration of a declaration is caused to possess
an undefined value upon termination or completion of the elabor-
ation of thHe smallest range containing that declaration.
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{Declarers are built fro@ the symbols int, real, bool,
char, format, with the assistance of such symbols as long,
zef, [], struct, union and Qﬁg;a~/A declarer specifies a mode,
e.g. real specifies the mode 'real. A declarer is either a
declarator or a mode—indiéatibn, é.g. compl is a mode-indica-
tion and not a declarator. D%elarers are classified as actual,
. formal or wvirtual depending oh the kind of‘lower—‘and upper-
bounds which are permitted Formal declarers have the great-
est freedom in this respect, e g. [Jreal, [1:n]real and
[1: int nJreal are all formal -but only the first two are actual
and only the first is v1rtual 4o

7.1.1. Syntax

a)* declarer : VICTAL MODE declarer{b}.
b) VICTAL MODE declarer{l,m,n,o,y,54¢,d,f,851b,c} :
VICTAL MODE declarator{c,d, e,k,1,m,n,0,x ,aal
MODE mode indication{42b}.
¢) VICTAL PRIMITIVE declarator{b,d} : PRIMITIVE symbol{31d}
d) VICTAL long INTREAL declarator{b d}
long symbol{31d}, VICTAL INTREAL declarator{c,d}.

{Examples:
b) xeal ; bits ; -
¢) int 3 real ; bool ; char s format ;
d) long int ; long long real }

e) VIRACT structured with FIELDS declarator{b} :

structure symbol{31d}, VIRACT PIELDS declarator{f,h} pack.
£} VIRACT FIELDS and FIELD declarator{e,f,k}

VIRACT FIELDS declarator{f,h}, comma symbol{3le},

' VIRACT FIELD declarator{hi.

g)* field declarator : VIRACT PIELD declarator{h}.
h) VIRACT MODE named TAG declarator{e,f,h} :

. VIRACT MODE declarer{b}, MODE named TAG selector{j}.
i)* field selector : FIELD selector{j}.

WIBLIOTHER ¢ CEMTRUS
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j) MODE memed TAG selector{852a,g} : TAG{302D, 41c,d}.
k) formal structured with FIELDS declarator{b}
structure symbol{31d}, v1rtua1 FIELDS declarator{f h} pack.

{Examples. g G0
»e) gﬁ;ygﬁ(___;gg name, real value)
£) siring neme, ggg; value §o
) string name ; -
~ §V nzme ; ' c
k) gtrugt(atrlng name, L]_g__ value) }

'{Rule Y, together with'1;2.1.k.l.m.n.o.p and 4.1.1.c,d,
leads to an infimity of»produétionVrules of the strict language,
thereby enabling the syntax te "transfer" the field-selectors ’
(i) into the mode of structured values, and making it ungram-
matical to use an "unknown" field-selector in a selection (8.5.
3). Concerning the occurrence of a given field-selector more
than once in a declarer, see 4.4.%, which implies that struct
(real x, int x) is not a (correct) declarer, whereas struct
(real x, gtruct(int x, bool p) p) is. Notice, however, that
the use of a given field-selector in two different declarers
within a}given~range does not cause any ambiguity. Thus,
mode cell = gtruct(string name, ref cell next)} and mode link =
struct(ref link next, ref cell value) may both be present in
the same range. } - :

1) VIRACT reference to MODE declarator{b} :
| reference to symbol{31d}, virtual MODE declarer{b}.
m) formal reference to NONREF declarator{v} :

reference to symbol{31d}, formal NONREF declarer{b}.
). formal reference to reference to MODE declarator{b} :

reference %o symbol{31d} |
virtual reference to MODE declarer{b}.

ka

. - {Examples:

1) zrefllreal ;
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m) ’ggiﬁ1:igj nlreal ; refllreal ;
n) ref refllreal }

{Rules 1, m and 1 imply that, for instance, refl[1:int n]
real x may be a formal-parameter (5.4.1.f), whereas ref ref

L (1 ;g_ nlreal x may not.}

aw; VICTAL ROWS NONROW declarator{b} : sub symbol{31e},
VICTAL ROWS rower{p,q}, bus symbol{31e},
- virtual NONROW declarer{b}.
p) VVICTAL row of ROWS rower{o,p} :
VICTAL row of rower{p}, comma symbol{3le},
| VICTAL ROWS rower{p,q}.
q) VICTAL row of rower{o,p : '
| VICTAL 1ower bound{r,s,u}, up to symb01{31e
| VICTAL upper bound{r,s,u}.
Ty virtual LOWPER bound{q} : EMPTY.
~ s8) actual LOWPER bound{q,861f} :
strict LOWPER bound{t} option.
' +) strict LOWPER bound{s,u} : strong integral unit{61e}.
u} formal LOWPER bound{q} : strict LOWPER bound{t} option.
o LOWPER bound interrogation{v} option,
, LOWPER state interrogation{w}.
v) LOWPER bound interrogatibn{u} :
integral symbol{31d}, integral identifier{41b}.
w) LOWPER state interrogation{u} : true symbol{31b} option ;
false symbol{31b} ; boolean symbol{31d},
' ' boolean identifier{41b}.
{Examples:
o) [1:m,1:n] ;
p) T:m,1:n ;
q) 3 1im s l:iint n

13
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_ {Upper-bound—interrogations, e.g. int m, are used to ask
for the value of upper bounds in actual-parameters, e.g.
[1:int nlreal x1 = (1.2, 3.4}, will result in n possessing the
value of 2. Upper-state-interrogations, e.g. hool b, are used
to ask for or prescribe the wvalue of upper states in actual-
parameters, e.g. [1:bool blreal x1 = (1.2, 3.4) will result in
b possessing the wvalue true, corresponding to an upper state 1
(i.e., the upper bound may mot vary) in the descriptor of (1.2,
3.4). Anlupper~stafe-interrogation‘1ike that in [1i:int n falge ]
char s = t, may be used %0 prescribe that only those multiple
values with upper state 0: (i.e. the upper bound may vary) may
be possessed By s, while that im [1:10]ghar s = t, or in [1:10
fruelchar s = t, may be used to prescribe that only those multi-
ple values with upper state 1 may be possessed by s. Similar
remarks apply to lower-bound-interrogations an lower-state-in-

terrogations.}

x)' VICTAL PROCEDURE declarator{b} :

procedure symbol{31d}, virtual PROCEDURE plan{54c,d}.
y) virtual MODE parameter{54c,e} : virtual MODE declarer{b}.
z)} parameters pack : VICTAL PARAMETERS{y,54e,f,T4b} pack.

—— -
“ - T

x) proc ; proc(real, int) ; proc(real)bool ;
y) real }

aa) VICTAL union of MODES mode declarator{b} :
union of symbol{31d4}, wirtual MODES declarer{db} pack.
ab) virtual MODES and MODE declarer{aa} :
virtual MODES declarer{ab,b}, comma symbol{3ie},
.virtual MODE declarer{b}.

{Examples:
aa) ‘union(int, bool) ;

ab§‘~;gi, bool } .
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7.1.2. Semantics | | {24 July 1968}

a) A given declarer specifies tHat mode which is obtained by
deleting "declarer' and the terminal production of the meta-
notion 'VICTAL' from that direct production {1.1.2.c} of the
notiom "declarer" if which the given declarer is a productiomn.

" b). A given declarer is developed as follows:
JAStep. If it is, or contains, a mode-indication which is an act-

~ual declarer or formal-declarer, then that indication is re-
'placed by a copy of the actual-declarer of that mode-declara-
tion {7.2} which contains its indication-defining occurrence

{4.2.2.p}; if the copy {in its new position} is now a formal-
declarer, then for each lower~state-interrogation and upper-
state interrogatiom in the copy, if any, which is empty, a
false-symbol is inserted and the Step is taken again; other-
wise, the development of the declarer has been accomplished.
{Thus, e.g. the elaboration of gtring s := "a", results in

ref[1:falselchar s = log[1:]char := "a". }

{A declarer is developed during the elaboration of an act-
ual-declarer (c) or identity-declaration (7.4.2.Step 1)}.}

e¢) A giveh actual-declarer is elaborated in the following steps:

Step 1: It is developed {b} ;

Step 2: If it now begins with a 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 % is taken; otherwise, a new instance of a
value of the mode specified {a} by the given actual-declarer
is considered and Step 8 is taken -
Step ¥: Some mode is considered which does not begin with "union
" of" and from which the mode specified by the given actual-dec-
larer is united {4.4.3.a}, a new instance of a value whose
gcope is the program and which is of the considered mode is
considered and Step 8 is taken ;
Step 4: All its constituent actual-declarers are elaborated col-
laterally {6.3.2.a}; the values referred to’%he values {nmames}



~ 7.1.2. continued 2 | {23 July 1968}

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 struetured
value is considered, and Step 8 is taken ;

Step 5: All its constituent strict-lower-bounds and strict-up-
per~bounds are elaborated collaterally ;

Step 6: A descriptor {2.2.3.3} is established consisting of an

offset 1 and as many quintuples, say "n", as there are cgnf ,‘

stituent actual-row-of-rowers in the givén declarer; if the
i~th of these actual-row-of-rowers contains a strict-lower-
bound (strict-upper-bound), then 1; (ui) is set equal to its
value and s; () to 1, and otherwise si (tj) is set to O

- {and 1; (uj) is undefined}; next dy is set to 1, and, for i =
n, n-1, ... , 2, the stride d;j.q is set to (uwy - 1; + 1) x dj

Step T: The descriptor is made to be the descriptor of a multi-
ple value of the mode specified by the given actual-declarer;
each of its elements is a new instance of some value of some
mode {not beginning with 'union of' and} such that the mode
specified by the last constituent virtual-declarer is or is
united from {4.4.3.a} it; this multiple value is considered ;

Step 8: A name {2.2.3.5} different from all other names and
‘whose mode is "reference to" followed by the mode specified
by the actual-declarer, is created and made to refer to the
congsidered value; this name is the value of the given actual-

declarer.

T.2. Mode declarations

~

{Mode declarations provide the defining occurrences of
mode-indications, which act as abbreviations for declarers
built from primitive-symbols, e.g. mode string = [1:]char, or
from Pther declarers or even from themselves, e.g. mode book =
struct(string title, ref book next). In this last example, the
mode-indication is not. only a convenient abbreviation but it is
essential to the declaration. }

e
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7.2.1. Syntax o B - {23 July 1968}
a) mode deélaration{70a} ¢ mode symbol{31d},

MODE mode indication{42b}, equals symbol{31c},

actual MODE declarer{71b}. | |

{Examples:

: a) mode bits =‘[1:bits width]bool ;

struct compl_==€%eal ré, im) (se 9.2.b,¢) 3
union primitive = (int, real, bool, char, format)
' ’ ' (see 9.2.%5) }

Te2.2. Semantics

The elaboration of a modé»declaration‘involves no action.
{See 4.4.4.c concerning certain mode-declarations, e.g.
mode & = a, which are not contained in proper programs.}

Te3. Priority declarations

{Priority-declarations provide the defining occurrences

. for priority-indications, e.g. 9 in priority o = 6, which may

then be used in the declaration of dyadic operations. Prior-
ities from 1 to 9 are available. Since monadic-operators have
effectively only one priority level (8.4.1.g), which is Hhigher
tham that of all dyadic-operators, they do not appear in prior-
ity-declarations.} | | '

Te3e1e Syntax"

a) priority declaration{70a} : priority symbol{31d},
priority NUMBER indication{42e}, equals symbol{3ic},
NUMBER token{b,c,d,e,f,g,h,i,j}.

b) one token{a} : digit one symbol{31b}.

¢} TWO token{a}l : digit two symbol{31b}.

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

e) POUR token{a} : digit four symbol{31b}.



&) SIX token{a

- Te3.1. continued | . {23 July 1968}
£) PIVE token{a} : digit five symbol{31b}. o
} : digit six symbol{31b}.
‘b)) SEVEN token{a} : digit seven symbol{31b}.
i) 'EIGHT token{a} : digit eight symbol{31b}.
) NINE token{a} : digit nine symbol{31b}.
' { Example: e

a) priority + = 6}

2 Te3.2. Semantics

The elaboration of a priority-declaration. involves no ac-
tion. {For a summary of the standard priority-declarations,

see the remarks in 8.4.2.}
7.4. Identity declarations

{Identity-declarations provide the defining occurrences of
identifiers, e.g. x in real x (which is an abbreviation of ref
real x = loc real, see 9.2.a). Their elaboration causes iden-
tifiers to possess values; in the example, X is made to possess
a name which refers to some real value.)} :

T.4.1. Syntax

a) identity declaration{70a} : formal MODE parameter{54f},
equals symbol{31c}, actual MODE parameter{b}.

b) actual MODE parameter{a,54c,e,T75a,862a} :
strong MODE unit{6le} ; MODE Iocal generator{851b} ;
MODE local assignation{83%1b} ; MODE transformat{5516a}.

{Examples:
a) real e = 2.718281828459045 ; int e = agbs i ;
+real d = re(z x coni z) ; refl,]real al = al,:x] ;
ref real x1k = x1[k] ; compl unit = 1 ;
prog int time = clock + cycles ;

il



T.4.1. continued , | . {23 July 1968}

(The follOW1ng declarations are given first w1thout, and
then with, the extensions of 9.2.a) '

- ref real x = loc real ; real x ;-

- zef in% sum = loc int : | |
ref [,]lreal a = locf1:m,1:n]real := x2 ; [1:m,1:n]real a := x2;
‘proc(reallreal vers = (real x)real : (1 - cos(x)) ;

proc vers = (real xJreal : (1 - cos(x))
zef proc(real)real p = loc proc(real)real
proc(real)real p ;
ref proc(reallreal q = loc proc(real)real
("_.g,__X)‘Le__=Cx>OIXI1)
mq.:(’__e__x);___:(x>0|x|1) R

b) abs i ; loc real ; loc int := O ; f+d.11de+2df }

e we

T.4.2. Semantics

An identity-declaration is elaborated in the following
steps:

Step 1: The formal-declarer of its formal-parameter is develop-
ed {7.1.2.B} ;

Step 2: Its actual-parameter and all constituent strict-lower-
bounds and strict-upper-bounds of that formal-declarer, as
possibly modified in Step 1, are elaborated collaterally {6.
3.2.a} and 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 value considered in Step 2 is an element or sub-
value of a multiple value {2.2.3.3} having one or more states
equal to zero, then the further elaboration is undefined ;

Step 4+ Each defiming occurrence, if any, of an identifier in a
constituent lower-bound-interrogation (lower-state-interroga-
tion) or upper-bound-interrogation (upper-state~interrogation)
of the formal-parameter is made to possess a new instance of

. the «corresponding bound (of true, if the corresponding state
is 1, and of false otherwise) in the value considered in Step

2 3




T.4f2. continued | ‘ ' - {23 July 1968}

Step 5: All apﬁlied occurrences of‘idéntifiers in constituent
‘lower-bound-interrogations (lower-state-interrogations} and
upper-bound-interrogations (upper-state-interrogations) of
that formal-parameter are elaborated collaterally; for each
constituent lower-state-interrogation and upper-state-inter-
rogation, if the value possessed by its constituent identi-
fier is false (true) and the corresponding state in the val-
ue considered in Step 2 is 1 (0) or if it is a true-symbol-

. option (false-symbol) and the worresponding state in the val-
ue considered in Step 2 is 1 (0), then the further elabora-
tion is undefined; for each constituent lower-bound-intero-
gation and upper-bound-interrogation, if the value possessed
by iits constituent identifier is not the same as that of the
corresponding bound in the value considered in Step 2, then

. the further elaboration is undefined; otherwise, the identi-
fier of the formal;parameter is made to possess a new ins-

"tance of the value of the actual-parameter.

{According to Step 5, the elaboration of the declarations
[1:2])real x1 = (1.2, 3.4, -5.6) and [1:int n, 1:int n]real x2 =
(1.1, 1.2), (2.1, 2.2), (3.1, 3.2)) is undefined. Similarly,
in the range of gtring s1 = "abc", s2 = "def", the elaboration
of [1:truelchar r = s1 and [1:bool s, 1:bool slchar t = (s1, s2)
is undefined. } ' '



| 7.5. Operatiom declarations : {23 July 1968}

" {Operation-declarations provide the defining occurrences
of operators, e.g. op Vv = (ref real a, b) : (random < .5 | a
| B), which contains a defining occurrence of Vv as a dyadic op-
erator. Unlike identity-declarations of which no two for the
same identifier may occur in a range (4.4.2.b), more than one
‘operation declaration involving the same priority-indication
may occur in the same range, see 10.2.2.i, 10.2.3.i, etc.}

T.5.1. Syntax

a) operation declaration{70a} : MODE caption{b},
equals symbol{31c}, actual MODE parameter{T74b}.
b} MODE caption{a} : operation symbol{31d},
virtual MODE plan{54c}, MODE ADIC operator{43b}.

- {Examples: , |
a) op A = (bool a, b)bool : (a | B | false) ;

op abs = (real a)real : (a < 0| -a | a} (see 9.2.F) ;
b)Y op(bool,.boollbool A ; Qﬂfiﬁél)rea% abs } o

T.5.2. Semantics

An operation-declaration is elaborated in the following

- steps:

Step 1: Its actual-parameter is elaborated 3

Step 2: The operator of its caption is made to possess the
{routine which is the} value obtained in Step 1.

{The formula (8.4.1) p A g, Wwhere A identifies the opera-

tor-defining occurrence of A in the operation declaration

op ~ = (bool johm, proc bool meccarthy)bool :

(john | mccarthy | false),

possesses the same value as it would if A identified the opera-
tor-defining occurrence of A in the operation-declaration

op A = (bool a, b)bool : (a | ¥ | false), |
except, possibly, when the elaboration of q involves side ef-
fects on that of p.} | '

e et ey o



8. Unitary clauses . o o {19 July 1968}

{Unitary-clauses may appear as actual—parameters, €l
x in sin(x), assources in assignations, e.g. y in x := y, or
nay be used to construct serial- or collateral-clauses, e.g&.
x =1 dn (x =173 5 t=2) or in (x =1, y := 2). Unitary-
clauses’ elther are closed, collateral or conditional, or are
"coercends', There are four kinds of coercends: confrontations,
e.g. x 3= 1, formulas, e.g. x + 1, cohesions, e.g. next of cell,
and basés, e.2. X. These coercends and the closed-, collateral- -
and conditional-clauses are grouped into the following four
classes, each-class‘being a subclass of the next: primaries,
 which may be subscripted and parametrized, e.g. x1 and sin in
x1[1] and sin(x); secondaries, from which fields may be selec-
ted, e.g. z in re of z, and tertiaries, which may be operands,
or may be on the left of assignations, or may be in identity-
or conformity~-relations, or may be stricklower— or strict-upper-
bounds, e.g. x in x + 1 or in x := 1 or in x :=: yy or in x ::=
ir of n and m in [n:m];ggl X1;iénd finally, unitary;clauses,
which is the largest class. Thus, r of s(i) means that s is
first called or subscripted and & field is then selected, while
(r of s)(i) means that the field is selected first. Also,
r of s + t means that the field is selected from s before elab-
orating the routine possessed by +, while to force the elabora-
tion of + first, one must write r of (s + t). } '

8.1.1. Syntax

a) SORTETY valtary MOID clause{61e,nh} :

SORTETY MOID tertiary{dp} ;

SORTETY MOID confrontation{820d,e,f,g,h,i,j,830a}.
b) SORTETY MOID tertiary{a,831e, 832a 833a} :

SORTETY MOID secondary{e} : v

SORTETY MOID ADIC formula{SZOq e,f,g,h,i,3,84b,g}.
¢c) SORTETY MOID secondary{b,84f,852a} :
SORTETY MOID primary{d} ;
SORTETY MOID cohesion{820d,e,f,g,h,i,j,850a}.

&



8.1;1. continued o T B S ~‘{19;JU1Y 1968}

d) * SORTETY MOID primary{c,861a,862a} :

SORTETY CLOSED MOID clause{62b,c,f,63a,64a} 5

SORTETY. MOID base{820de,f,g,h,1,5,860a}. ~

 {Bxamples:

a) x 3 xo=13
B) x ;x4 1
¢) x real ; |

a) (x+1) ;3 x }



8.2, Coercends = I  _ ﬁ;“ - {18 July 1968}

{Coercends are of four kinds: bases, e:gs‘x, cohesions,
e.g. re of z, formulas, e.g. X + y and confrontations. e.g.
x := 1. These notions are collectively considered as coer-
cends because it is in thelr productlon rules that the ba31c
coercions occur. ‘ ‘

In current programming languages certain implicit changes
of type are described, uSually in the semantics. Thus x :=
may mean that the integral value of 1 yields an equivalent real
value which is then assigned to x. In ALGOL 68, such implibit
changes of mode are known as éoercions, and are reflected in
the syntax. Certain coercions available in other languages,
such as 1 := x, are not permitted. One must write i := round x
or 1 :=: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 reson»
ably expect, are supplied.

‘ There are eight basic coercions. They are: dereferencing,
deproceduring, proceduring, uniting, widening, arraying, hipping.
and voiding. In x + 3%.14, the base X, whose a priori mode is |
"reference to real' is dereferenced to 'real'; in x := random
the base random, whose a priori mode is "procedure real', is
deprocedured to 'real'; in proc p = go to north berwick the jump,
go 1o north berwick, which has no a priori mode, is procedured
to 'procedure void'; in union(int, real) ir := 1 the base 1,
whose a priori mode is "integral', is united %o "union of inte-
gral and real'; in x := 1 the base 1, whose a priori mode is
"integral', is widened %o 'real'; in sitring s := "a" the base
"a", which is of a priori mode 'character', is arrayed to 'row
of character'; in x := gkip the’gkip is hipped to '"real'; and in
(x 3= s ¥ := 2) the confrontation x := 1, whose a priori mode
is 'reference to real', is voided (i.e. its value is ignored).

The kinds .of coercion which are used depend upon three
things: "syntactic pOSltlon", a priori mode and a posﬁ%orl mode X
(ise. the modes before and after coercion). Four sorts:-ofisyn-
tactic pogition:s: may be described: "strong" positions, i.e. act-



8.2.‘continue¢~ G e e {18 July 1968}

‘ual-parameters, e.g. x in sin(x), sources, e.g. x in y := x,‘f
conditions, e.g. x > 0 in (x > 0 | x | 0), subscripts, e.g. i
in x1[i] etc.; "firm" positions, i.e. operands, e.g. X in x + ¥,

(operands are the only firm positions); "weak" positions, i.e.

- certain primaries, e.g. sin in sin(x) and x1 in x1[i] and cer-

tain secondaries, e.g. z in re of z; and "soft" positions. i.e. i

destinations, e.g. x in x := y. and certain tertiaries, e.g. |
xx in xx :=: X. ‘

Strong positions are so called because the a posteriori
mode is dictated entirely by the context. Such positions lead
to the possibility of anylof the eight basic coercions. Firm
positions are the operands, in which widening, arraying, hip-
ping and voiding must bBe excluded, since otherwise the identi-
fication of the operations involved in i'+-j;.,‘ X+5 (sup-
posing + to be declared also for 'row of real'), i + skip and
i+ algol could not be properly made. Im the weak positions,

- only deproceduring and dereferencing are permitted, and special
cate must be taken that dereferencing looks ahead and does not
remove a "reference to' which precedes a 'NONREF' mode. The x1
in x1[#] := 1 demonstrates the necessity for this look-ahead.
In the soft positions, the a posteriori mode is the a priori
mode excecept for the removal of zero or more 'procedure's. Thus
in soft positions only deproceduring is performed.

In the productions of a notion the sort (strong, firm,
weak, soft, etc.) of position is passed on, or modified during
balancing (to cofirm, coweak or cosoft) and leads to basic coér~
cions which appear in the production rules for coercends; more-
over, the coercion must be completely expended in these rules.
For example, y in x = y is a reéal-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 Vstrong real base" is
reached (8.1.1.d4), then to 'reference to real base' (8.2.1.1.a)
and finally to 'reference to real identifier" (8.6.0.1.a). }

3
v &



8.2.0.1, Syntax - - {18 July 1968}

a)* coercend SORTETI"COERCEND{& e,f,g,h, 1,3,83Oa 84b,g,850a, 860&}
SORTYy ADAPTED to COERCEND{821a b,822a,b,¢,823a, 824&,*‘
/ 825a,b,826a,827a,828a b}
- b)* SORT coercend : SORT COERCEND{d,e,f,g,h,i,j}.
c)* SORTly ADAPTED coercend : SORT1ly ADAPTED to COERCEND.
&) strong COERCEND{81a,b,c,d} :
 COERCEND{830a,84b,g,850a,860a} ;
strongly ADAPTED to COERCEND{821a,822a 823a,824a,825a,b,
826a.,827a,828a,b}.
e) firm COERCEND : COERCEND{830a,84b,g,850a,860a} ;
firmly ADJUSTED to COERCEND{821a,822a,823a,824a}.
f) weak COERCEND{81a,b,c,d} : COERCEND{830a,84b,g,850a,860a} ;
weakly FITTED to COERCEND{821Db,822b}.
g) soft COERCEND{81a,b,c,d,84f} : COERCEND{830a,84b,g,850a, 860a}
| softly deprocedured to COERCEND{822c}.
h} cofirm COERCEND{81a,b,c,d} :
strongly widened to COERCEND{825a,b} ;
strongly arrayed to COERCEND{826a} ;
strongly hipped to COERCEND{827a} ;
strongly voided to COERCEND{828a}.
i) coweak COERCEND{81a,b,c,d}
strongly dereferenced to COERCEND{821a}
. strongly widened to COERCEND{825a,b} ;
strongly arrayed to COERCEND{826a} :
strongly hipped to COERCEND{827a}.
j) cosoft COERCEND{81a,Db,c,d}
strongly dereferenced to COERCEND{821a}
strongly hipped to COERCEND{827a}.

~e

“eo

- {Examples:

d) %.14 (in x := 3.14) ;3 y (in x = y)

e) 3,14 3 x (in 3.14 + x) 3 sin (in sin(x)) ;
£) x1 (in x1[i]) ; z (in re of z)

g) x {in x := 1) 3 xory (in xory := 3%.14)

n) tdnx+ (x>0 11| y))

i) 1 (inregf (x>0 [ 1] )

i) xx (in (x > 0 | xx | x) = 3.14) }



8.2.1, Dereferenced coercends o ' : {18 July 1968}

{Coercends are dereferenced when it is required that the
a priori mode should be changed by removing an initial 'refer-
ence t0', e.g. in x := y the a priori mode of y is-’referehce
to real' but the_a pos%ﬁorivmode required in this strong posix
tion is 'real'!. Here yipossesses a name which refers to a real
value and it is the real value which is assigned to x, not the
name. } ' | ‘ '

8.2.1.1. Syntax

a) STIRMly dereferenced to MODE FORM{a,820d4,e,i,j,822a,823a,
824a,825a,b,826a} :
reference to MODE FORM{830a,84b,g,850a,860a} ;
| STIRMly FITTED to reference to MODE FORM{a,822a}.
b) weakly dereferenced to reference to NONREF FORM{b,820f} :
V reference to reference to NONREF FORM{830a,84b,g,850a,860a};
weakly FITTED to reference ﬁo reference to NONREF FORM
{b,822v}.
{Examples:
a) y(inx t=yorinx+y) ; yy (in x := yy or in x + yy) 3
b) x1 (in x1[i]) 3 rx1 (in rx1[i] in the range of
| ref[1:n]real rx1) |}

8.2.1.2, Semantics

A dereferenced-coercend is elaborated in the following
steps: - 4
Step 1: It is preelaborated {1.1.6.F} ;

Step 2: If the value obtained in Step 1 is not nil, then the
value of the dereferenced-coercend 1is a new instance of the
value referred to by the name obtained in Step 1 {;otherwise,
the further elaboration is undefined}.

{Weak dereferencing must 1oék ahead so that it does not re-
move a 'reference to' which precedes a mode which is 'NONREF',
For ekample, in x1[i] := y, the primary x1 should not be deref-
erenced, for x1[i] must be a name. 1In x1[i] + y, the x1 is not
dereferenced but the base x1[i] is. }



8.2.2. Deprocedured coercends . - -~ {18 July 1968}

{Coercend§ are deprocedured when it is required that an {

initial 'proceiure' should be removed from the a priori m@de,%
e.g. in x = r%ndomeihe a priori que of random is '"procedure
real' but the a pos@}ori mode required in this‘strong position
is 'real'. Here the routine possessed by random is elaborated
and the real value yielded is assigned to x. }

8.2.2.1. Syntax

a)

b)

c)

STIRMly deprocedured to MOID FORM{a,820d,e,821a,824a,825a,b,

826a,828b} : procedure MOID FORM{8%0a;84b,g,850a,860a} ;
STIRMly FITTED to procedure MOID FORM{a,821a}..

weakly deprocedured to MODE FORM{820f,821b}
procedure MODE FORM{830a,84b,g,850a,860a} ;
firmly FITTED to procedure MODE FORM{a,821a}.

softly deprocedured to MODE FORM{c,820g} :
procedure MODE FORM{83%0a,84b,g,850a,860a} ;

. softly deprocedured to procedure MODE FORM{c}.

e®

{Examples: |
random (in x := random or in x + random) ;
rz (in.re of rz in the range of
proc compl rz = (random,random)) ;
xory (in xory :="1) } '

8 ® 2 ® 2 ® 2 ® Semantics

A deprocedured—coefcend is elaborated in the following

steps:

Step 1: It is preelaborated {1.1.6.f} and a copy is made of
{the routine which is} the resulting value ;

Step 2: The deprocedured-coercend is replaced by the copy ob-

tained in Step 1, and the elaboration of .the copy is initia-~
ted; if this elaboration is completed or terminated, then the

"copy is replaced by the deprocedured-coercend before the
elaboration of a successor is initiated.
{See also clause-calls, 8.6.2.}



8.2.%..Procedured coercends | ff.: o {19 July 196é}

{a coercend is procedured when it is requlred that the a
priori mode should be altered by placing an 1n1t1a1 procedure'
before it (i.e. it should be turned into a procedure withoutb:
parameters), e.g. X := 1 in proc real p := x := 1. However,
specialkcare must be taken with procedures which deliver no
“value, in orderAthat clauseé‘like (proc p, q ; p := q := stop)
should not be ambiguous. Here the routine possessed by stop
is assigned to g and then to p, but is not elaborated. In
(proc p ; p = x := 1) however, 1 is not assigned to x, but that
routine which assigns 1 to x is assigned to p. The relevant
synwtax is described by the~product10né of rule 8.2.3%.1.b. }

8.2.3.1. Syntax

a) STIRMly procedured to procedure MOID FORM{a,820d,e, 824a 826a} s
MOID FORM{830a,84b,g,850a,860a,-} ;
STIRMly dereferenced to MOID FORM{821a} ;
STIRMly procedured to MOID FORM{a} ;
STIRMLY united to MOID FORM{824a} ;
STIRMly widened to MOID FORM{825a,b} ;
STIRMly arrayed to MOID FORM{826a} ;
STIRMly provisional MOID FORM{D,-

b) strongly provisional void FORM{a} :

NONPROC FORM{830a,84b,g,850a,860a} .

{Examples:
a) 3.14 (in proc real p := 3.14) ; x (in proc zggl p.=x) ;
‘ 3.14 (in proc proc real := 3.14) ;
1 (in proc mnion(int, real) p ‘i= 1)
1 (in proc real p := 1) ; 1 (in procl[Jlint p := 1) ;
3.14 (in proc p := 3.1 .
b) x :=1 (in proc p := x




e

'}; 8.2.3.2. Semantics : : ) {19 July 196é}

A procedured -coercend is elaborated in the following steps,,
Step 1: A copy is made of it {itself, not its value} and a rdu~
tine-symbol followed by an open-symbol is placed before and
: a close-symbol is placed after the copy ; ,
Step 2: The mode obtalned by deleting "ly procedured tof and thef
§ terminal productions of 'STIRM' and 'FORM' from that notion |
} as terminal production of which the procedured-coercend is
elaborated, is considered, If this considered mode is 'pro-
cedure void', then a void-symbol is placed before the copy
"and Step 3 is taken; otherwise, the initial 'procedure' is
deleted from the considered mode and a virtual-declarer spec-
. ifying the mode so obtained is placed before the copy ;
‘8tep 3: The routine possessed by the routine denotation {5.4.2}
obtained in Step 2 is the value of the procedured-coercend.

ISP

8.2.4. United coercends

{Coercends are uhited when it is required that the a priori
mode should be changed to a united mode containing that mode,
e.g. in union(int, real) ir := 2, the base 2 is of a priori
mode 'integral' but the source of this assignation requires the
mode 'union of integral and real'.}

) 8.2.4.1. Syntax

a) STIRM1ly united'to union of LMODESETY MODE RMODESETY FORM
{a,820d4,e,823a} : MODE FORM{830a,84b,g,850a,860a} ;
firmly ADJUSTED to MODE FORM{a,821a,822a,823a}.

{Bxamples:
a) 2 3 i (in (union(int, real) ir ; ir := 2 3 ir := i)) }

{In rule a, 'strong' leads to 'firm' in order that unions
like <that involved in union(int, real) ir := 1 should not cause
amblgultles. In this example, if the base 1 is widened it can-
not be united, i.e. in the order of productions in the syntax,
uniting cannot be followed by'widening. }

e T
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{Coercends are widened when it is required that the a
priori mode should be. changed from ‘'integral' to 'real' or
from 'real' to 'COMPLEX', e.g. 1 in z := 1. Widening for
length numbers other than one is also provided. }

8.2.501 . Syn-bax

a) strongly widened to LONGSETY real FORM{b,8204,h,i,823a} :
LONGSETY integral FORM{830a,84b,g,850a,860a} ;

: strongly FITTED to LONGSETY integral FORM{821a,822a}.

b)  strongly widened to structured with REAL named létter r

.~ letter e and REAL named lettdr i letter m FORM{8204,h,1i,

82%a} : REAL FORM{830a,84b,g,850a,860a} ;
strongly FITTED to REAL FORM{821a,822a} ;
strongly widened to REAL FORM{a}.

| {Examples:
‘a) 1 (in x :=1) 53 i (in x :=
b) 3.14 (in z := 3.14) 5 x (in
' 8.2.5.2. Semantics

A widened-coercend is elaborated in the following steps:

Step 1: It is preelaborated {1.1.6.f} ;

Step 2: If the value yielded in Step 1 is an integer, then the
value of the widened-coercend is a new instance of that real
number which is equivalent to that integer {2.2.3.1.d}; other-
wise, it is a new instance of that structured {complex (10.2.5)}
value composed of two fields, whose field-selectors are let-
ter-r-letter-e and letter-i-letter-m, whose modes are the same
as that of the value yielded in Step 1, and which are new ins-
tances of that value and éero respectively} its mode is that
obtained by deleting 'strongly widened to' and the terminal
production of 'FORM' from that notion as terminal production

+ of .which the widened-coercend is elaborated.

{Widening may not be done in firm positions, for otherwise

i + 1 might be ambiguous. }



8.2.6. Arfayed coercends R | {19 July 1968}»

{Coercends are arrayed when it is required that the a prlorl
mode should be altered by placing an initial ‘row of' before it,
e.g. in {1: ]real x1 := 3 14, the a priori mode of the base 3.14
is 'real' but the a pos@;orl mode requlred in this strong p051~
- tion is 'row of real'. Here 3.14 is turned into a multiple
| value with a descriptor. } s . n

8,2;6.1. Syntax

"a) strongly arrayed to REFETY’row of MODE FORM{a,820d, h,i, 823a} :
MODE FORM{830a,84b,g,850a,860a} ; ,
strongly ADJUSTED to MODE FORM{821a,822a,823a,824a} 5
strongly widened to MODE FORM{825a,b} ;
strongly arrayed to MODE FORM{a} ;-

MODE FORM vacuum{b}.
'b) NONROW base vacuum{a} : EMPTY.

- {Examples: ' ~
a) 3.14 (in [1:]real x1 := 3.14) ; y (in [1 ]real x1 = §) ;
3,14 (in [1:]compl z := 3.14) ;
3.14 (in [1:,1:]real x2 := 3.14)
(the EMPTY in [1:]real := ) }
,Q §0] (oww\ﬂ :

8 2 6.2, Semantics

An arrayed-coercend is elaborated in the following steps:
Step 1: If it is not empty, then it is preelaborated and Step
3 is taken ;
Step 2: A new instance of a multiple value {2.2.3.3} composed
of zero elements and a descriptor consisting of an offset 1
and one quintuple (1,0,1,1,1)} is considered, and Step 6 is

. taken ;

Step %3: If the value obtained in Step 1 is a name, then the
value referred to by this name, and, otherwise the value
obtained in Step 1 is considered; if the considered value
is a multiple value, then Step 5 is taken ;
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Step 4: A new instance of a multiple value composed of the
considered value as only element and of a descriptor consis-
ting of an offset 1 and one quintuple (1,1,1,1,1), is con-

- sidered instead, and Step 6 is taken ;' : |

Step 5: A new instance of a multiple value is created, composed

of the elements of the considered value and a descriptor which e
is a copy of the descriptor of the considered value into which

the additional quinthple (1,1,1,1,1) {the value of the stride
is irrelevant} is inserted before the first quintuple, and in
‘which all states have been set to 1, and this new multiple
value is considered instead ; , ‘

Step 6: The mode of the considered value is that obtained by

- deleting 'arrayed', the initial 'reference to', if any, and
the terminal production‘off'FOﬁM' from that notion as termi-
nal production of which the arrayed-coercend is elaborated;
if that notion begins with 'arrayed row of', then the value
‘of the arrayed-coercend is the considered value; otherwise,
a name different from all other names, whose scope is the pro-
gram and whose mode is 'reference to' followed by the mode of
the considered value is created and made to refer to the con-
sidered value, and this name is ﬁhen the value of the arraygd-

coercend.

8.2.7. Hipped coercends

{Coercends are hipped when they are skips, jumps or nihils.
- Though there is no apriori mode, whatever mode is required by
the context, is adopted, e.g. in real x = gkip, the base, skip,
which has no apriori mode, is hipped to 'real'. Since hipped-
coercends are so very accommodating, no other coercions may fol-
low them (in the elaboration-order), otherwise ambiguities may
appear. Consider, for example, the several parsings of union
(%EE,ﬁzgél, bool, char) u := gkip, supposing uniting could fol-
low hipping.} |



a) strongly hipped to MOID base{820d,h,i,3} i ")

MOID hop{b} ; MOID nihil{e,-}.
b) MOID hop{a} : skip{e} ; jump{d}.
c) skip{b} : skip symbol{31g}. » S
a) jump{b} : go to symbol{31f} option, label identifier{41b}.
e) reference to MODE nihil{a} : nil symbol{31g}. |

{Examples:
“a) sgkip 3 nil ; ;
b) skip ; go to grenoble ;
, .

¢) skip o
d) go o grenoble ; st: pierre de chartreuse ;

e) mil }
8.2.7.2. Semantics

a) The value of a skip is a new instance of some value whose
mode is that obtained in the following steps:

Step 1: The mode obtained by deleting 'hop' from that notion
ending with 'hop' of which the skip is a terminal production
is considered ; '

Step 2: If the considered mode begins with 'union of', then
some mode which does not begin with 'union of' and from which
the considered mode is united {2.2.4.1.h} is considered in-
stead; the considered mode is the mode of the value of the
skip. ' '

b) A jump is elaborated in the following steps:

Step 1: The mode obtained by deleting 'hop' from that notion
ending with ‘'hop' of which the jump is a terminal production
is considered ; o

Step 2: If the considered mode does not begin with 'procedure”
then the elaboration of the unitary-clause which is the jump
is dferminated and it appoints as its successor the first
unitary-clause textually after the defining occurrence {in
a label (4.1.2)} of the label-identifier occurring in the

- jump; otherwise, Step 3 is taken ;
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Step 3 A copy is made of. the jump and a routine-symbol fol-

" lowed by an open-symbol 1s ‘placed before and a close-symbol

is placed after the copy; “if the considered mode is procedure
void', then a void-symbol is placed before the copy; other-
wise, the initial 'procedure' is deleted from the considered
mode and a virtual declarer specifying the mode so obtained

is placed before the copy; the value of the jump is the rou-
tine possessed by the {routine-denotation which is the} copy.

¢) The elaboration of a nihil involves no action; its value is
a new instance of nil {2.2.3.5.a} whose mode is that obtained
by deleting 'nihil' from that notion ending with '"nihil' of
which the nihil is a terminal production.

{Skips play a role in the semantics of routine-denotations
(5.4.2.5tep 2) and clause-calls (8.6.2.2.5tep 4). Moreover,
they are useful in a number of programmlng situations, like e.g.
i)  supplying an actual-parameter (7.4.1.b) or unit (6.1.1.e)
whose value is irrelevant or'is to be calculated later; e.g.
£(3, skip) where f does not use its second actual-parameter
if %he_value of the first actual-parameter is positive; see
also 11.11.ax ; _

ii) supplying a constituent unitary-clause of a collateral-
clause, e.g. [1:]real x1 := (3.14, skip, 1.68, skip)

iii) as a dummy statement (6.0.1.c) in those rare situations
where the use of a completer is inappropriate, e.g. 1: skip)

in 10.4.2.;: .
A jump is useful as a clause to terminate the elaboration

of another clause when certain requirements are not met, =2.g.
go to exit in y := if x > 0 then sqrt(x) else go to exit fi,
or £in(j >a | £ | j) from 10.2.3.r.

A nihil is useful particularly where structured values
are connected to one another in that a field of each structured
value refers to another one except for one or more structured
values where the field does not refer to anything at all; such

o field must then be nil.}



8.2.8. Voided coercends . , : {19 July 1968}

{Gdercends are voided when it is required that their valﬁes
(and therefore’ its mode) should be ignored, e.g. in (x := 1 ;
y := 2), the c@nfrontatlon X . , Whose a priori mode is rref-
erence to real‘, is.voided (see 6.1.1.1). Confrontations must
be treated dlfferently from the other coercends in order that,
e.g. in (proc p ; p = stop § p), the confrontation p := stop ‘
does not involve the elabbrationkof stop, but in the last occur-~
rence of p, the routine possessed by stop is elaborated.}

8:2.8.1. Syntax

a) strongly voided to void confrontation{820d,h} :
MODE confrontation{830a}. “

b) strongly voided to void FORESE{BZOd h}

| NONPROG FORESE{84b,g,850a,860a} ;
strongly deprocedured to NONPROC FORESE{822a}.

{Examples:
a) x =1 (in (x :=1 ; y 3= 2))
b) x ; random (in (x ; random ; §&;p)) }

{The value obtained by elaboration (i.e. preelaborating
1.1.6.f) a voided-coercend is discarded.}

{In the range of the declaration [lproc switch = (e1,e2,e3)
and the clause-train el:e2:e%:stop, the construction switch
stop is not a serial-clause because switch is not a strong-
void-unit. In fact, switch cannot be deprocedured, because its
mode begins with 'row of' and no coercion will remove the 'row
of" and it cannot be 'voided'" because '"row of procedure void'
is not a terminal production of 'NONPROC"., However, the elaborg-
tion. of ‘switch[2] ; skip will involve a jump to the label e2.}



8.3. Confrontations HE R {19 July 1968}

§

8.3.0.1. Syntax

a) MODE confrontation{81a,8204,e,f,g,8212,b,822a,82%a,b,824a,
* 825a,b,826a,828a} : MODE nonlocal assignation{831b} ;
MODE conformity relaﬁibn{BBZa} 5
MODE identity relation{833a}.

{Examples: | -
a) x = 3.14 ; ec :: e (see 11.11.q) ; xx :=: xory }

8.%.1. Assignations

{In assignations, e.g. x := 3.14, a value 1s assigned. to
a name. In x := 3.14, the value possessed by the source 3.14
is assigned to the value (name) possessed by x. A distinction
must be made between nonlocal-aSSignations which are unitary-
clauses, and local-assignations which are not. A local-agsig-
nation is an actual-parameter and thus may be used to initial-
ize a declaration, e.g. loc real := 3.14, which is contained in
real x := 3.14, before the extension of 9.2.a is made.}

8.3.1,1. Syntax

a)* assignation : MODE LOCAL assignation{b}.

_b) reference to MODE LOCAL assignation{BSOa,74b}
reference to MODE LOCAL destination{d,e},
becomes symbol{31c}, MODE source{f}.

c)* destination : MODE LOCAL destination{d,e}.

d) reference to MODE local destination{b} :
reference to MODE local generator{851b}.

e) reference to MODE nonlocal destination{b} :
soft reference to MODE tertiary{8ib}

f) MODE source{b} : strong MODE unit{61e}.

' fp{EXamples: :
b) x =1 § log real := 3.14 ; d) loc real ;
e) x ; | - £) 15 3.14 }



8.3.1.2. Semantics | : {24 Juiy 1968}

a) When a given instance of a value 1s superseded by anothe?
instance of a value, then the name which refers to the given
instance is caused to refer to that other instance, and, more-
over, each name which refers to an instance of a multiple or
struetured value of which the given instance is a component

. {2.2.2.k} is caused to refer to the instance of the multiple or
““gﬁructured value which is established by replacing that compo-
nent By that other instance.

b) When an element (a field) of a given multiple (structured)
value is sﬁperseded by another instance of a value, then the
mode of the thereby established multlple (structured) value is
that of the given wvalue

¢) A value is assigned to a name in the following steps:

Step 1: If the given value doeé not refer to an element or sub-

- value of a multiple value having one or more states equal to
zero {2.2.3.3.b} and if the given name is not nil, then Step
2 is taken; {otherwise, the further elaboration is undefined;}

Step 2: The value referred to by the given name is considered;
if the mode of the given name does not begin with 'reference
to union of" and the considered value is a multiple value or
a structured value, then Step 3 is taken; otherwise, the con-
sidered value is superseded {a} by a new instance of the giv~-
en value and the assignment has been accomplished ;

Step 3: If the considered value is a structured value, then
Step 5 is taken; otherwise, applying the notation of 2.2.3.3.b
to its descriptor, for i =1, ... , n, if s34 = 0 (t1 = 0),
then 1; (uj) is set to the value of the i-th lower bound
(i-th upper bound) in the descriptor of the given value; more-
over, for i =n, n~1, ... , 2, the stride, dj_q, is set to
(ug = 13 + 1) x 433 finally, if some sj = O or t; = O, then

| the descriptor of the considered value, as modified above, is
made to be the descriptor of a new instance of a multiple

« value 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 ;
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Step 4: If foflall‘i, i=1, oo , n, the bound 14 (ui) in tﬁé
desecriptor o% the considered value, as possibly modified ip ‘
Step 3, is equal to 1j (uw;) in the descriptor of the given :
value, then Step 5 is taken {; otherwise, the further elaboraw
tion is undefined} ; |

Step 5: Bach field (element, if any) of the given value is as-
signed {in an order which is left undefined} to the name re=
ferring to the corresponding field (element, if any) of the
considered value and the assignment has been'accomplisﬁed.

d) An assignation is elaborated in the following steps:

Step 1: Its destination and source are elaborated collaterally
{6.3.2.a} ; , ' ‘

Step 2: The value of its source is assigned to the value {name}
of its destination H

Sfep 33 The value of the assignation is a new instance of the
new value of its destination.

{Observe that (x, y) := (1.2, 3.4) is not an assignation,
since (x, y) is not a destination; the mode of the value of a
collateral-clause (6.2.1.c,d) does not begin with '"reference to"
but with "row of'! or 'structured with'.}



8.3.2. Conformity relations

rd

{22 July 1968}

{The purp?se of conformity-relations is to enable the |
programmer to find out the current mode of an instance of a
value if the context only restricts this mode to be one of a?
number of given‘modes. See for example 11.11.q,r,s,ak,al,am.
Conformity relations are thus used in conjunction with unions.}

8.,%3.2.1. Syntax

a) Dboolean conformity relation{830a} :
soft reference to LMODE tertiary{81b},
conformity relator{b}, RMODE tertiary{81bv}.

b) conformity relator{a} : conforms to symbol{31c} ;
conforms to an becomes symbol{31c}. :

8.%3.2.2., Semantics

A conformity-relation is elaborated in the following steps:

Step 1: Its tertiaries are elaborated collaterally {6.3.2.a}
and the value of its textually las t tertiary is comsidered ;

Step 2: If the mode of the value of its textuwally first ter-~
tiary is 'reference to' followed by a mode which is or is
united from {4.4.3.a} the mode of the considered value, then
the value of the conformity-relation is true and Step 4 is

- taken; otherwise, Step 3 is taken ; '

" Step 3: If the considered value refers to another value, then
this other value is considered instead and Step 2 is taken;
otherwise, the value of the conformity-relation is false and
Step 4 is taken ; ' _

Step 4: If its conformity-rela%or is a conforms-~to-and-becomes~
symbol and the value of the conformity-relation is true, then
the considered value is assigned {8.3.1.2.c} to the value of
the textually first tertiary. '

{Observe that if the considered value is an integer and
th@ rode of its textually first tertiary is 'reference to' fol-
lowed by a mode which is or: is united from the mode '"real' but
not from "integral', then the value of the conformity-relation
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is false. Thus, in contrast with assignation, no automatic
widening from 'integral' to 'real' takes place. For example,
in union(real, boolY rb ; rb ::= 1, no value is assigned to rb,
but in rb $:= 1,0 ; b := 1 3 b := 1.0, each of the three

-~ assignments takes piace. Rule 8.3%.2.1.b is the only rule in
the Syntax which allows the production of uncoerced clauses,
i.e. those produced from 'RMODE tertiary'.}

8.3.3. Identity relations

{Identity-relations may be used inm order to ask whether
two names of the same mode are the same, e.g.'in a range with
the declarations struct cons = (strons car, strons cdr) ;
union strons = (ref strin', ref cons) ; cons cell := (giring
:= "gbe!, nil), the identity-relation cdr of cell :=: nil has .
the value true, because nil possesses a unique name, though
it refers to no value.} ’ -

8.3.%5.1. Syntax

a) boolean identity relation{830a} :
soft reference to MODE tertiary{81b}, identity relator{vi},

strong reference to MODE tertiary{81b} ; ' |

cosoft reference to MODE tertiary{81b},
identity relator{b}, soft reference to MODE tertiary{81b}.
b) identity relator{a} : is symbol{31c} ; is not symbol{31c}.

{Examples:
a) XOory :=: X j XX 1=: X }

b) =3 o5 id: )
8.3.3.2. Semantics

An identity-relation is elaborated in the following steps:
Step 1: Its tertiaries are elaborated collaterally{6.3.2.a} ;
Step 2: If its identity-relator is an is-symbol (is-not-symbol)
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then the value of thebidentity-relation is true (falée)iif the
values {names} obtained in Step 1 are the same and false . ‘
(true) otherwise.

{Assuming the assignations xx := yy := x, the value of the
identity-relation xx :=: yy is false because xx and yy, though ‘
of the same mode, do not possess the same name {7.1.2.Step 8},
but the name:which each possesses refers to the same name and
so yal xx ¢=: yal 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 (effectlvely

val xx here, because of coercion) is the name possessed by x,

and the routine possessed by xory (see 1.3), when elaborated,
yields either the name possessed by x or, with equal probability,
the name possessed by y. In the identity-relation, the program-

~er is usually asking a specific question concerning names and

thus the level of reference is of crucial importance. Thus at
least one of the tertiaries of an 1dent1ty-relatlon must be
soft, i.e. must involve only deproceduring and certainly no
dereferencing. The construction g¢ase i in x, xx, xory, nil
esac :=: case j in y, skip, xory, re of Z,yy esac is an example
of a delicately balanced identity-relation in which the mode is
'reference to real'.

Observe that the value of the formula 1 = 2 is false,
whereas 1 :=: 2 is not an identity-relation, since the values
of its tertiaries are not names. Also £2d43df :=: £5df is not
an identity-relation, whereas f£2d43%d4f = £54f is a formula, but
involves an operation which is not included in the standard-

prelude.} : | -
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{Fdrmulas_are either dyadic, elg. X + 1, or monadic, e.g.
abs x. A formpla has at least one operator or value-of-symbol,
The order of elaboration of a formula is determined by the
priority of its operators; monadic formulas are elaborated first
and then the dyadic formulas: from the highest to the lowest
priority. Since the value-of-symbol is not an operator, the
programmer is prevented from'changing its meaning. }

8.4.1. Syntax

a)* SORTETY formula : : : :
SORTETY MOID ADIC formula{b g,820d e,f, g,h 1,3}
b} MOID PRIORITY formula{81b,8204,e,f,g;821a,b,822a,b,c,823a,b,
| 824a,825a,b,826a,828b} : firm LMODE PRIORITY operand{d},
procedure with LMODE parameter and RMODE parameter MOID
PRIORITY operator{43b},
firm RMODE PRIORITY plus one operand{d,e}.
c)* operand : FIRM MODE ADIC operand{d,f}.
d) firm MODE PRIORITY operand{b,d} :
firm MODE PRICRITY formula{820e} ;
firm MODE PRIORITY plus one operand{d,e}.
e) firm MODE priority NINE plus one operand{d} :
firm MODE monadic operand{f}.
f) FIRM MODE monadic operand{e,g,h} :
FIRM MODE monadic formula{820e,g} ;
FIRM MODE secondary{8ic}.
g) MOID monadic formula{81v,8204,e, f,g,821a,b,8222,b,¢,823a,b,
' 824a,825a,b,826a,828b} : MOID depre831on{h, ;
procedure with RMODE parameter MOID monadic operator{43bv},
firm RMODE monadic operand{f}.
h) MODE depression{g} : value of symbol{3lc},
' soft reference to MODE monadic operand{f}.

{Examples:
b)e Xob Yy d) x Xy 35 x;
£} abs x ; g) xal xx ; abs x ;

h) val xx }



8.4.2., Semantics : R {22 Juiy 1968§

a) A formula, other than a depression, is elaborated in the ?N

following steps: | | | e

Step 1: The formula is replaced by a copy of the routlne
possessed by its operator at its operator-defining occur-
.rence {7.5.2, 4.%.2.b} ;

Step 2: The copy {which is now a closed-clause} is protected
{6.0.2.4} ;

Step %: The skip-symbol {5.4.2.Step 2} following the equals-
symbol following its textually first copied formal-parameter
_is replaced by a copy of the textually first operand of the
formula, and if the operator is not a monadic operator, then
the skip-symbol following the equals-sjmbol following its
textually second copied formal-parameter is replaced by a
copy of the textually second operand of the formula ;

Step 4: The elaboration of the copy is initiated; its value,
Jif any, is then thét of the formula; if this elaboration is
completed or terminated, then the copy is replaced by the
formula before the elaboration of a successor is initiated.

b) A depression is elaborated. in the following steps:

Step 1: Its operand is elaborated ; Hham,

Step 2: If the name obtained in Step 1 is not nil, , the value
of the depression is a new 1nstance of the value referred
to by the name obtained in Step 1 {s oﬁherW1se, the further
elaboration is undefined}. o
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8.4.2. continued {2 July 1968}

{The following table summarises the priorities of the

operators decl?red‘iﬁ the standard-prelude’ - . (10.2.0).
A ' ' g
%priority " monadic ’
1 12| 3| 4|5 |6 7. ]8139
minus v A g.k < - v.x —~ = 4 down
plus ‘ A 2bs bin repr
times ' > %2 len short:
over > / odd | sign
modb ) round entier
- brus | ze im comi up

Observe that the value of (-1 A2 + 4 = 5) and that of

(4 -1 * 2 = 3) both are true, since the first minus-symbol
is a monadic-operator, whereas the second is dyadic. Alfhough
the syntax determines the order in which formulas are elaborat-
ed, parentheses may well be used to improve readablllty, €elo
(a ADb) v (-~aA-=b) instead of a A DV ma A — b,

In the formula x + y X 2, both y and 2 are primaries,
which allows y to be a firm-priority-~SEVEN-operand and 2 to
be a firm-priority-EIGHT-operand. The formula y X 2 is then
of priority‘SEVEN. Since x is also a primary, and therefore
a firm-priority-SIX-operand, then x + y X 2 is a priority-
SIX~formula. The effect of x + y X 2 is thus the same as
x + (y x 2).

The operand which follows the value-of-symbol in a depres-
sion is gentle rather than fi;m because its elaboration should

not involve dereferencing.}
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8.5. Cohesions : {22 July 1368}

{Cohesions are of two kinds:'nonlocalégenerators, €ege’
string, or selections, e.g. re of z. Cohesions are distinct
from bases in order that constructions like a of b[i] may be

- parsed without knowing the mode of a and b. Cohesions may not

be subscripted or parametrized, but they may selected from, e.g.
father of algol in father of father of algol.} ‘

8.5.0.1. Syntax

_‘a) MODE cohesion{81c,820d,e,f,g,821a,b,822a,b,c,823a,b,824a,

825a,b,8262,828b} : MODE nonlocal generator{85ic} ;
MODE selection{852a}. ‘ -

{Examples: = :
a) zreal (in xx := peal := 3.14) ; re of z }

8.5.1. Generators

{The elaboration of a generator, e.g. real in xx := real
:= 3,14 or loc real in ref real x = loc real (usually written
resl x, by extension 9.2.a) involves the creation of a name,
i.e. the reservation of storage. The use of a local-generator
implies (with most implementations) the reservation of storage
in a run-time stack, whereas nonlocal~genefators imply the
reservation of storage in another region, call it the "heap",
in which garbage collection techniques may be used for storage
retrieval. Since this is usually less efficient, nonlocal-
generators should be avoided by the inexperienced programmer.
The temptation to use nonlocal generators unnecessarily, is
reduced by the extension 9.2.a, which applies only to local-
generators. Local-generators are not cohbsions but may be
actual-parameters (see 7.4.1.b) and therefore may appear in
declarations. }

&




a)¥* generator : MODE LOCAL generator{b,c,-}

b) reference to MODE local generator{74b,831d} :
local symbol{31d}, actual MODE declarer{T71b}.

¢)- reference to MODE nonlocal generatqr{850a}‘: 
actual MODE'declargr{71B}. |

{Examples:
b) loc real ;
¢) real }

8}5,1.2, Semantics

a) A generator is elaborated in the following steps:

Step 1: Its actual-declarer is elaborated {7.1.2.c} ;

Step 2: The value of the generator is the value {name} obtained
in Step 1. '

b) The scope {2.2.4.2} of the value of a local-generator is
the smallest range containing that generator; that of a non-
local generator is the program. T

{The closed-clause

(zef real xx ; (ref real x = real := pi ; xx t= x) ; xx = pi)
possesses the value true, but the closed-clause '

(zef real xx ; (zeal x := pi ; xx := x) ; xx = pi}
possesses an undefined value since the name referred to by the
name possessed by xx becomes undefined upon the completion of
the elaboration of the inner range, which is the scope of the
- name possessed by x (2.2.4.2.c¢). The clq%d-clause

((ref real xx ; real x 3= pi ; xx = x) = pi)
however, possesses the value true. }



8.5.2. Selections L {19 July 1968}

{A éelection'selects a field from a structured value, e.g.
re o0f z selects the first real field (usually‘called the real
part) of the value possessed by z. If z is a name, then re of =z
is also a name, but if w is a complex value, then re of w is a
real value, not thé name reférring to a real value. }

8.5.2.1. Syntax

a) REFETY MODE selection{850a} : MODE named TAG selector{713i},
of symbol{31e}, weak REFETY structured with LFIELDSETY
MODE named TAG RFIELDSETY secondary{8ic}.

{Examples: The following examples are assumed in a range
a. .
contining the declarations:

struct language = (int age, ref language father) ;
language algol := (10, (14, nil)) ; -

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

{Rule a ensures that the value of the secondary has a

~ field selected by the field-selector in the selection (see
7.1.1.e,f,g,h and the remarks below 7.1.1 and 8.5.1.2). The
use of an identifier which is the same sequence of symbols as
a field-~selector in the same range creates no ambiguity. Thus
age of algol := age is a (possibly confusing to the human)
assignation if the second occurrence of age is an integral-
identifier.}



8.5.2.2. Sementies {19 July 1968}

A selection is elaborated in the following steps:

Step 1: Its seébndary is elaborated, and ﬁhe“structured.ﬂi ‘
value which is, or is referred to by, the value of that sec-
ondary is considered ; ' ‘

Step 2: If the value of the secondary is a name, then the
value of the selection is a new instance of the name which.
refers to that field of the considered structured value se-
lected by its fiela~se1ector; otherwise, it is a new instance

. of the value which is that field itself. '

{In the examples of 8.5.2.1, age of algol is a reference-
to-integral-selection, and, by 8.5.0.1.a, a reference-to-inte-
gral-cohesion, but age of pltl. is an integral-selection and an.
integralﬁcohesion. It follows that age of algol may appear as
a destination (8.3.1.1.d,e) in an assignation but age of p11
may not. Similarly, algol is a feference~to—[language]—base
but pl1 is a [language]jbase and no assignment may be made to
pl1. (Here [language] stands for structured-with-integral-named-
[age]-and-[language ]-named-[father] and [age] stands for letter-
a-letter-g-letter-e etc.) The selection father of pll, however,
is a reference-to-[language]-selection and thus a reference-to-
[1language ]-cohesion whose value is the name possessed by algol.
It follows that the identity-relation father of plil :=: algol
possesses the value trué. If father of pl1l is used as a desti-
nation in an éssignation, there is no change in the name which
is a field of the structured value possessed by pll, but there
may well be a change in the [language] referred to by that name.
By similar reasoning and because the operators re and im pos-
sess routines (10.2.5.b,c) which deliver values whose mode is
'real' and not '"reference to real', re of z = im w is an assig-
nation, but re z := im w is not. }



8.6. Bases | | - {24 Juiy 1968}

{Bases: are denotations, e.g. 3.14, identifiers, e.g. X,
slices, e.g. xi[i] and clause-calls, e.g. sin(x). Bases are
generally elaborated first. They may be subscripted, parametr-
ized and selected from and are often used as 0pe:ands.}

8.6.0.1. Syntax

a) MOID base{81d,8204,e,f,g,821a,822a,b,c,823a,b,824a,8254,
826a,828b} : MOID slice{861a,-} ; MOID clause call{862a} ;
MOID denotation{510b,511a,512a,513a,514a,52a,5%a,54D, 55a,-},
MOID identifier{41b,-}.

{Examples:
a) x1[i,3] ; set random(x) ; 3.14 ; x }

80‘6 oOe 2 ° Semantics

An identifier is elaborated by considering a new instance
of the value, if any, possessed by its defining occurrence {4.1.
2, 7.4.2.5tep 5} ;3 its value is then the considered value.

8.6.1, Slices:

{Slices are obtained by subscripting, e.g. x1[i] or by
trimming, e.g. x1[2:n], or by a mixture of both, e.g. x2[j:n,j]
or x2[,k]. Subscripting and trimming may be done only to pri-
maries, e.g. x1 and x2 or (p | x1 | y1). The value of a slice
may be either one element of The value of its primary, e.g.
x1[i] is a real value from the row of real x1, or a subset of
the elements, e.g. x2[i] is the i-th row of the matrix x2.}

8-6'0'1 91 ® Syn'taX

a) REFETY ROWSETY ROWWSETY NONROW slice{860a} :
’ weak REFETY ROWS ROWWSETY NONROW primary{811d},
sub symbol{31e}, ROWS leaving ROWSETY indexer{b,c},
bus symbol{31e}.



8.6.1.1. continwed | {24 July 1968}

‘b)) row of ROWS leaving row of ROWSETY indexer{a,b} :
trimmer{f} option, comma symbol{3ie},
l ROWS leaving ROWSETY indexer{b,c,d,e} 3
subseript{k}, comma symbol{31e},
- ROWS leaving row of ROWSETY indexer{b, d}
¢) row of ROWS leaving EMPTY indexer{a,b,c} :
subscript{k}, comma symbol{31e},
' ROWS leaving EMPTY indexer{c}
d) row of leaving row of indexer{b} : trimmer{f} option.
e) row of leaving EMPTY inieker{b} : subseript{k}.
£)  trimmer{b,d} : actual lower bound{T1s}, up to symbol{31e},
actual upper bound{71s}, new lower bound part{g} option,
new increment part{i} option. |
g) new lower bound part{f} : at symbol{31e}, new lower bound{h}.
h) mnew lower bound{g} : strong integral unit{éle}. ‘
i) new increment part{f} : by symbol{31e}, new 1ncrement{3}
3) new increment{i} : strong integral unit{6le}.
k) subseript{b,c,e} : strong integral unit{6le}.
1)* trimscript : trimmer{f} option, subscript{k}.
m)* indexer : ROWS leaving ROWSETY indexer{b,c,d,e}.

.{Exémples: )
a) x1[i] ;3 x2[41,3] ; x2[i] ; x1[2:n] ;

b) 2:im,j ;5 1,2:n

C) 1,33

d) 2:n 3

e) i35 - o

f) 2:n ; 2:nat 0 ; 2:mat 0 by 2 ;
g) at 0 ;

h) 0 ;

i) w2 ;

i 25

k) i}

4In rule a, 'ROWS" reflects the number of trimsecripts in
the slice, 'ROWSETY' the number of these which are trimmer-op-
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tions and 'ROWWSETY" the number of 'row of' not involved in tﬁe
indexer. In the slices x2[i,3], x2[i,2:n], x2[i], these num-
vers are (2,0,0), (2,1,0) and (1,0,1} respectively.‘ Because of
rules 4 and T.1.1.s, 2:3at0 ;3 2:n ; 2:by 2 3 2: 3 :5 and :g%0
are trimmers, while rules b and d allow trimmers to be omitted.}

8.6.1.2. Semantics

A slice is elaborated in the following'steps:
Step 1: Its primary, and all constituent strict-lower-bounds,
strict-upper-bounds, new-lower-bounds and new-increments of
| its indexer are elaborated collaterally {6.3.2.a} ;
Step 2: ThHe 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 copy are
set to 1 3 '
Step 3: The trimscript following the sub~-symbol is considered,
and a pointer, "i", is set to 1 ;
Step 4: If the considered trimscript is not a subscript, then
Step 5 is taken; otherwise, letting "k" stand for its wvalue,
if d3 > O and 13 {k L uj or d; < 00and uj £ k £ 1;, then the
offset in the copy is increased by (k - 13) x dj, the i-th
quintuple is "marked", and Step 6 is taken; otherwise, the
further elaboration is undefined ;
Step 5: The values "1", "u", "1'" and "b" are determined from
the considered trimscript as follows:
if the considered trimscript {trimmer-option} contains a
strict-lower-bound (striect-upper-bound), then 1 (u) is its
value, and otherwise 1 (u) is 1j (uy); if it contains a new-
lower-bound (new-increment), then 1' (b) is its value, and
otherwise 1" (b) is 1 ; |

if now either b > 0, 1; 1 and u L uj or b < 0, uzy 21 and

u > 1j, then the offset in the copy is increased by (1 - 13)

X d3, and then 1; is replaced by 1', uj by 1' + (u + b - 1) =«

b - 1 and dy by di x b; otherwise, the further elaboration is

undefined ‘
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Step 6: If‘theéconsidered trimscript is followed by a comma- :
symbol, then the trimscript following that comma-symbol is
considered iﬁstead, i is increased by 1, and Step 4 is taken;
otherwise, all quintuples in the copy which were marked by
Step 4 are removed, and Step T is taken ;

Step 7: If the copy now contains at least one quintuple, then
the multiple value composed of the copy and those elements of
the considered value which it deseribes and whose mode is
that obtained by deleting 'slice' and the initial 'reference
to", if any, 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
that index equal to the offset in the copy is considered in-
stead 3 : -

Step 8: If the value of the primary is a name, then the value
of the slice is a new instance of the name which refers to
the considered value, and, otherwise; is a new instance of
the considered value itself.

{A trimmer restricts the possible values of a subscript
and changes 1ts notation: first, if the value of the new-incre-
ment is positive (negative), then the value of the subscript is
restricted to run from the value of the strict-lower-(upper-)
bound to the value of the strict-upper-(lower-)bound, both giv-
en in the 0ld notation; next, all restricted values of that
subscript are changed by adding the same amount to each of them,
such that the lowest (highest) value then equals the value of
the new-lower-bound. .Thus, the assignations

y1[1:n-1] := x1[2:n] ; y1[n] := x1(1] ;5 x1 := y1
effect a cyclic permutation of the elements of x1 and the assig-
nations

y1 := x1[1:n by =1] ; x1 3= y1
reverse the order of the elements of x1.}



8.6.2, Clause calls - {24 July 1968}

|

806.201 -' Syn'taX

a) MOID clause call{860a} :
firm procedure with PARAMETERS MOID primary{811d},
' actual PARAMETERS{54e,T4b} pack.

{Examples:
a) sin(x) }

8.6.,2.2. Semantics

A clause-call is elaborated in the following steps:

Step 1: Its primary is elaborated and a copy is made of {the
routine which is} its wvalue ;

Step 2: The clause-call is replaced by that copy

Step 3: That copy {which is now a closed-clause}
{6.0.2.4} ; -

Step 4: The copy as possibly modlfled by Step 3 is further modi-
fied by replacing the skip-symbols following the equals-sym-
bols following the copied formal-parameters {5.4.2.Step 2} in
the textual order by the actual-parameters of the clause-call
taken in the same order ;

Step 5: The elaboration of the copy is initiated; its value, if
any, is that of the clause-call; if this elaboration‘is com-
pleted or terminated, then the copy is replaced by the clause-
call before the elaboration of a successor is initiated.

’
is protected

{The clause-call samelson(m, (int j)real : (x1[j])) as con-
tained in the range of the declaration
broc samelson = (int n, proc(intlreal f)real :
begin long real s := long O ;
for i to n do s plus leng £(i) 4 2 ;
short long sqrt(s) end
1s elaborated by considering (Step 1) the closed clause
.(val(int n = skip, proc(int)real £ = gkip ; real :=
begin long real s := long O ;
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for i o n do s plus leng f(i) 4 2 ;

short long sqritls) end)). |
Supposing that n, s, £ and i do not occur elsewhere in the pro-
.gram, this 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 f = (int jlreal : (x1[j]) ; zeal !

:= begin long real s := long O ; -

for ¥ to n do s plug leng £(i) 4 2 ;

short long sqrt(s) end)) ,
.and thHis closed-clause is elaborated (Step 5). Note that, for
the duration of this elaboration, n possesses the same integer
as. that referied to by the name possessed by m, and f possesses
the same routine as that possessed by the routine-denotation.
(int j)zeal : (x1[j]). During the elaboration of this and its
inner nested c¢losed-clauses (9.3), the elaboratibn of £(i) it-
self involves the elaboration of the closed-clause (val(int j =
i ; zeal := (x1[3]))), and, within this inner closed-clause,
the first occurrence of j possesses the same integer as that
referred to by the name possessed by i. }




9. Extensions Co o e : '{25 July 1968}

a) An extension is the insertion of a comment between two sym-
bols or the replacement of a certain sequence of symbols, poS~
sibly satisfying certain restrictions, by another sequence of
symbols.

b) No extension'may be performed within a comment {%.0.9.b} or
row-of-character-denotation {5.3}.

¢) Some extensioms are given in the representation 1anguage,,
except that ‘ '

A, B and C stand for unitary-clauses {Chapter 8},

D for the standard-prelude {2.1.b, 10} if the extension is per-
formed outside the standard-prelude and otherwise for the
emply sequence of symbols,

E for a serial-clause {6.1.1.a},

F for a uﬁitary—clause, .

G for two or more unitary-clauses separated by comma-symbols,

H for a declarer {Ti1l}, |

I, J, K and L for identifiers {4.1},

L for zero or more long-symbols,

M for an identifier,

for an indication {4.2},

for zero or one identifiers,

for a virtual-plan {5.4.1.c},

for a choice-clause {6.4.1.c},

=

for a routine-denotation-{5.4},

for a statement {6.0.1.c},\

for a unitary-clause,

for zero or one virtual-declarers{7.1.1.b},

for a virtual-declarer, '

for a unitary-clause, and

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

&

N=EgdBE oo

di Bach 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.. . . . . {A source. of innocent merriment.
’ . Mikado, ; W.S. Gllbert

_ A comment: {3.0.9.Db} may be 1nserted between any two sym-
bols {but see 9.b}. J o

{eege, (m > m l mw | n) may be replaced by
(m >n | m g the larger of the two ¢ I n). }

9.2. Contractions f ‘ ' }g

a) ref ZI = loc B where 7 and H spe01fy the same mode {7.1.2.a}

may be replaced by HI.
{e.g., ref real x = 100 real may be replaced by rea al x and

ref bool p = loc bool := true may be replaced by bool p := true.}

b) mode N = struct may be replaced by struct N = and mode N =
union may be replaced by union N =. A | o
 {e.g., mode compl = struct(real re, im) (see also 9.2.c)
may be replaced by struct compl = (real re, im).}

c) If a given unitary-declaration (formal-parameter {5.4.1.f},
field-declarator {7.1.1.g}) and another unitary-declaration
Cformal-parameter, field declarator) following a comma-symbol
following the given unitary-declaration (formal-parameter,
field-declarator} both begin with an occurrence of the mode-
symbol, of the structure-symbol, of the union-of-—symbol, of the
priority;symbol; of the operation-symbol, of one same actual-
declarer, or of one same formal-declarer, then the second of
these occurrences may be omitted.

{e.g., real x, real y := 1.2 may be replaced by real x, ¥y
:= 1.2, but real x, real y = 1.2 may not be replaced by
real x, y = 1.2, since the first occurrence of real is an act-
unal-declarer whereas the second is a formal declarer. Note
also that mode b = bool, mode r = real may be replacedbby
mode b = bool, r = real, ete.}

_ d) A void-symbol which follows a procedure-symbol or a para-

meters—pack {7.1.1.2} may be omitted.
{e.g., proc void p := stop may be replaced by proc p :i=



‘be replaced by proc iner = (ref int, i)

9.2. continwed =~ BT ;'!” - {25 July 1968}

stop andvproc(real)void q := set random may be replaced by
proc(real) q := set random but the void-symbol in wvoid : stop
may not be omitted.}

e) If each correspondlng pair of constltuent declarers in P
and R specifies the same mode, then

proc PI = R may be written proc I = R,

op PN = R may be written op N = R, and

proc PO:=R may be written proc O := R. , :

{e.g., proc(ref int) iner = (ref int) : (i := i + 1) may
p(de= 1o+ 1),

op(ref int)int decr = (ref int idint : (i := i - 1) may be re-
placed by op deer = (ref int i)int : (i := i - 1) and |
proc(resl)int p := (real x)int : (round x), obtained from
ref proc(real)int p = loc prog(real)int := (zeal x)int : (round x)
by 9.2.a, may be replaced by proc p := (real x)int : (round x).}

9.3. Repetitive statements

a) The statement {6.0.1.c}

begin(int J := F, int K = B, L = T) ;

M: if D(K >0 ] JKL |: K <OlJ_>_I:ltrue)"’chen
int I=J 3 (W] S ; {DJ :=J +X) ; go to M)

fi

end

where J, K, L'and M do not occur in D, W or S, and where I dif-
fers from J and K, may be replaced by 7~
for I from F by B to T while W do S

and if, moreover, I does not occur in W or S, then for I from
may be replaced by irom.

b) The statement
begin(int J := P, int K = B) ;
‘M: (Ant I=J 3 (W] 83 (DI :=JF + K} 35 go toM))

end s
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where J, K anq M do not occur in D, W or S, and where I differs
from J and K, may be replaced by o

for I from F by B while W do §
and if, moreover, I does not occur in W or S, them for I from

may be replaced by from.
e¢) from 1 by may be réplaced by by.

d) by 1 to may be replaced by o, and by 1 while may be repla-
ced by while. ' ’

e) while true do may be replaced by do.

{e.g., for i from 1 by 1 to n while true do x := x + a may -
be replaced by to mdo x := x + a.; Note that to O do S and
while false do S do not cause S to be elaborated at all, whereas
do S causes S to be elaborated repeatedly until it is terminated

or interrupted.}

9.4. Contracted conditional clauses
{The flowers that bloom in the spring, Tra la,
Have nothing to do with the case.
Mikado, ‘ | . W.S. Gilbert. }

a) glgg if Q f£i fi may be replaced by elsf Q,i;'and
then if Q fi f£i may be replaced by thef Q f£fi
{e g., if p then princeton else if q then grenoble else
zandvoort fi fi may be replaced by if p then princeton elsf q
then grenoble else zandvoort fi or by (p | princeton |: q |
grenoble | zandvoort). Many more examples are given in 10.5.}

b) (int I = A ; if DI = 1 then B elsf D(I = 2 | true) then
C £ '), where I does not occur in B, C or D, may be replaced by
e A in B, C esac {or by (4| B, C)}.

O

o

c) (int I = A ; if DI = 1 then B else case(DI = 1) in G esac fi),

9
where I does not occur in C, D or G, may be replaced by




9.4, continued o {25 July 1968}

case A in G, G esac {or by (A | C, @)].

{Examples of the use of such "case" clauses are given in

11.11.w, ape.}
9.5. Complex values
(DL compl I= (A, B) ; I)

where I does not occur in D, may be replaced by (A [ B) {or vy
(A i B)}. | | |



10. Standard declsrations

a) A "standard declaration" is one of the constituent declarations of

the standar'd—'preludey {2.1.p} {; it is either an "environment enquiry"
supplying information concerning a specific property of the implementation
(2.3.¢), a "standard priority" or "standard operation", a "standard
mathematical constant or function", a "'synchronization operation" or a

"transput declaration"} .

b) A representation of the standard—pr"eludei is obtained by altering
each form in 10.1, 10.2, 10.3, 10.4 and 10.5 in the following steps:
Step 1: Each sequence of symbols between ¥ and + in a given form is
altered in the following steps:
: Stei) 1.1: If D occurs in the given sequence of symbols, then the given
| sequence is replaced by & chain of a sufficien‘b number of sequences |
separated by comma-symbols; the first new sequence is a copy of the
given sequence in which copy D is deleted; the n-th new sequence,
n>1, is a copy of the given sequence in which cépy D is replaced
by a sub-symbol followed by n-2 comma-symbols followed by a bus-
symbol 3 . |
"'Step 1.2: If, in the given sequence of symbols, as possibly modified
in Step 1.1, L Znt (L real or L compl) occurs, then that sequence
is replaced by a chain of int lengths {10.1.a} (real lengths {10.1.c})
sequences separated by comma-symbols, the n-th new sequence being a |
copy of the given sequence in which copy each occurrence of L(g}_)
has been replaced by (n-1) times Zong(long) ;
Step 2: Each occurrence of ¢ and % in a given form, as possibly
modified in Step 1, is deleted ; |
Step 3: If, in a given form, as possibly modified in Steps 1 and 2,
L int (L real or L compl, L bits or L abs, both L int and L real or
both L int and L _c_g_rgp_@_) occurs, then the form is replaced by a sequence
of int lengths {10.1.a} (real lengths {10.1.c}, bits widths {10.1.f},

the minimum of Znt lengths and real lengths) new forms; the n-th new

form is a copy of the given form in which copy each occurrence of
L(L, K, S) is replaced by (n-1) times long(long, leng, short) ;
Step U4: If P occurs in a given form, as possibly modified or made in the

Steps above, then the form is replaced by four new forms obtained by

replacing P consistently throughout the form by either - or + or x or / ;



10. continued

Step 5: If @ occurs in a given form, as possibly modified or made in
the Steps above, then the form is replaced by four new forms obtained.
by replacing @ consistently throughout the form by either minus or

plus or times or over ;

Step 6: If R occurs in a given form, as possibly mo&ified or made in the
Steps above; then the form is replaced by six new forms obtained by
replacing R consistently throughout the form by either <or < or = or
# or 2 or > ;

Step T: Each occurrence of F in any form, as possibly modified or made
in the Steps above, is replaced by a represéntation ofvthé
letter-aleph-symbol {1.2.1.n, 5.5.1.6}3

Step 8: If, in some form, as possibly modified or made in the Steps
above, %"occurs followed by the represéntation of an identifier (field-

selector, indication), then.that occurrence of % is deleted and each
occurrence of the representation of that identifier (field-selector,
indication) in any form is replaced by the representation of one same
identifier (field-selector, indication) which does not occur elsewhere
in a form, and Step 8 is taken ‘

Step 9: If a representation of a comment occurs in an&-fdrm, as possibly
modified or made in the Steps above, then this representation is
‘replaced by a representation of an actual-declarer or closed-clause
suggested by the comment ;

Step 10: If, in any form, as possibly modified or made in the Steps
above, a representation of a routine-denotation occurs whose elaboration
involves the manipulation of real.numbers, then this denotation may
be replaced by any other denotation whose elaboration has approximately
the seme effect {The degree of approximation is left undefined in this
Report (see also 2.2.3.1.c).} ;

Step 11: The standard- prelude is that declaration-prelude whose
representation is the same as the sequence of all the forms, as

possibly modified or made in the Stéps above.

{The declarations in this Chapter are intended to describe their
effect clearly. The effect mey very well be obtained by a more efficient

method., }



10.1. Environment enquiries

a) int int lengths = ¢ the nwnbér bf d‘if‘féreﬁt Zengtks of‘integers e;
- b) L int L max int = ¢ the largest L integral value ¢ 5
. ¢) int real lengths %
¢ the number of;different lengths of real numbers g 3
d) L real L max real = ¢ the largest L real value ¢ ;
e) L real L small real = ¢ the smallest L real value such that both
L1 + L small real > L1 and L1 ~ L small real < L1 ¢ ;
£) int bits widths = ‘ |
c the number of different widths of standard bit rows ¢ ;
g) int L bits width = '
‘¢ the number of bits in a standard L bit rows see L bits {10 2.6.a}.c ;
h) o op abs = (char a) int :
¢ the integral equivalent of the character 'a' ¢ ;

i) op repr = (int a) char :
e that character 'x', if it emlsts, for which abs x = a ¢ ;

10.2. Standard prlorltles and operatlons e
10 2.0, Standard priorities

a) priority minus = 1, plus = 1, times = 1, over = 1, modb = 1, prus = 1,
2:/\:3:: 4:#=4:<=5:S=5:2‘=-5a‘>=»5.’"'=6.:
=6, x=7,+=7,31=7, /=7, 4=28

v

10.2.1. Operations on boolean .operands

(bool a, b) bool : (a | true | b) ;

&)22V=

b) op A = (bool a, b) bool : (a | b | false) ;

c) op —= (bool a) bool : (a | false | true) ;

a) op = = (bool a, b) bool : ((a ADb) v (=a A= b)) ;
e) op # = (bool a, b) bool : (—(a=Db)) ;

f) op abs = (bool a) int : (a | 7| 0) ;

10.2.2, Operations on integral operands

a) op < = (L int a, b) bool : ¢ true if the value of 'a' is smaller than'
that of 'b' and false otherwise ¢ ; ’

b) op < = (L int a, b) bool : (—(b < a)) ;

¢) op == (L int a, b) bool : (a <b ADb = a);

a) _qp_.#'= (L Znt a, D) bool : (—(a =Db)) ;

&



10.2.2. continued

(1]

e) op 2 = (L int a, b) bool : (b < a);
£) op > = (L int @, b) bool : (b < a) ;
§) op - = (L int a, b) L int : -
¢ the value of 'a' minus that of 'b' ¢ ;

h) op == (Lint a) Lint : (L0 -a) 5.
i) op + = (L int a, b) Lint : (a - - b) ;
i) op * = (Lint a) Lint : (a);

k)gﬁglg_s_=@_2_'z_§_a)£y_lgjg:l(a~<£0I—ala);
1) op x = (L int a, b) L int : (L int s = L0, © :=abs b ;
while 2 2 L1 do(s =8 +a; i =% -L1) ; (b<L0 | - | 8)) ;
" m) op + = (L int a, b) L int : v |
(b #L0 | Lintq :=L0, r i=abs a ; .
while(r :=r - abs b) 2 L0 do q = q + L1 ;
(a<LOAD2LO0VazL0Ab<LO| ~q1|q)l;
n) op +: = (L int a, b) Lint : (@ ~a+ bxb);
o) op / = (L int a, b)_@_g_e_g_@_:(gg_'_e_gi_céa,d-:b; e/ d ;

p) op d = (L int a, int b) L int :
(b20 | Lintp:=1l; tobdop :=p x a p) ;

a) op leng = (L int a) long L int : ¢ the long L integral value equivalent

to the value of 'a' ¢ ;
r) op short = (long L int a) L int : ¢ the L integral value, if it exists,

equivalent to the value of 'a'.¢ ;
s) op odd = (L int a) bool : (abs a +: L2 = L1) ;
t) op sign = (Linta) int : (a>L0 | 7T |+t a<L0 | =110);

10.2.3. Operations on real operands

a) op < = (L real a, b) bool : ¢ true if the value of 'a' is
smaller than that of 'b' and false otherwise ¢ ;

b) op < = (L real a, b) bool : (—(b < al)) ;

e) op = = (L real a, b) bool : (a < b ADb < a) ;

a) op # = (L real a, b) bool : (—(a = b)) ;

e) op 2 = (L real a, b) bool : (b < a) ;

f) op > = (L real a, b) bool : (b < a) ;

g) op - = (L real a, b) L real : c the value of 'a' minus that of 'b' c
{2.2.3.1.¢} _
h) op - = (L real a) L real : (L0 - a) ;



10.2.3. continued

(L real a, b) L real : (a -vy'-,b) 3

i)g}z-l—:
3) op + = (L real a) L real : (a) ;

k) op abs = (L real a) Lreal : (a <L0 | -a | a) ; |

1) op x = (L rveal a, b) L real : ¢ the value of 'a' times that of 'b' _g_‘;
{2.2.3.1.c} o «

m) op / = (L real a, b) L real : ¢ the value of 'a' divided by that of
Bt e ; {2.2.3.1.c} |

n) op leng = (L real a) long L real : .
¢ the long L real value equivalent to the value of 'a’ ¢ ;

o) op short = (long L real a) L real : ¢ the L real value, if it
éxists, equivalent to the value of 'a' 'g. 3 | |

) op round = (L real a) L int : ¢ a L integral value, if one exists,
equivalent to a L real value differing by not more than one-half

from the value of 'a' ¢ ;

9) op sign = (L real a) dnt : (a>L0 | 1 |t a<L0 | &1 1 0) ;
r) op entier = (L real a) L int : (L int 5= L0 5
(Gsale:j=g+L1; (j<alelj-Ll) |
fedge=gdg-Li; (@>alfldgll;

10.2.4. Operations on arithmetic operands

a) op P = (L real a, L int b) L real : (L real ¢ =b; a P ec) ;
b) op P = (L int a, L real b) L real : (L real ¢ =.a; ¢ P b) ;

¢) op R = (L real a, L int b) bool : (L real ¢ =b; a R e) ;

d) op R = (L int a, L real b) bool : (L real ¢ = a; ¢ R b);
e) op A = (L real a, int b) L real : (L real p := L1 ;

toabsbdopi=pxa; (b20|pl|Ll/p));
10.2.5. Complex structures and associated operations

a) struct L compl = @_ real re, im) ;

b) op re = (L compl a) L real : (re of a) ;

c) op im = (L compl a) L real : (im.of a) ;

d) op abs = (L compl a) L real :(L sqri(re a A 2 +ima 4 2));
e) op conj = (L compl a) L compl : (re a | -ima)

£) op = = (L compl a, b) bool : (re a =re b A ima = im b) ;
g) op # = (L compl a, b) bool.: (—(a =D0b)) ;

h) op + = (L compl a) L compl : (a) ;



10.2.5. continued

(L compl a) L compl : (-rea | -ima) ;

i) op - =

i) op *+ = (L compl a, b) L compl : (re a +reb | ima +imb) ;
k) op - = (L compl a, b) L compl : (r¢ @ -reb | ima -imb) ;.
1) op x = (L compl a, b) L compl : '

(reaxryeb-imaximb |reaxinb +inaxzeb) ;
w) op / = (L compl a, b) L compl :

(5 real d = ze(b x cong b) 5 L compl n = a x cong b ;

(ren/dlimn/d) ; ', |
n)_o_g}g_?_’z_g=‘(£compl a) long L compl : (leng re a | leng im a) 5
o) op short = (long L compl a) L compl : (short re a | short im a) ; .

p) op B = (L compl a, L int b) L compl : (L compl ¢ =b; a P o) ;
Q) op P = (L compl a, L real b) L compl : (L compl ¢ =b;-aPc) ;
v) op 2= (L int a, L compl b) L compl : (L compl ¢ =a; ¢ P b) ;
s) op P = (L real a, L compl b) L compl-* (L gampl ¢ = a; ¢ P b) ;
t) op A = (L compl a, int b) L compl : (L compl p := L1 ;.

toagbs bdop i=pxag; (b20|p| Ll /p);

g

10.2.6. Bit rows and associated operations

a) mode L bits = [1 ¢ L bits width] bool ; {10.1.g}
b) op = = ([1 : Znt n] bool a, b) bool :
(for © to n dofal<] # b[<] | 1) ; true. 1 : false) ;
c) op # = (L1 bool a, b) bogl : (—(a = D)) ;
d) op vV = (L7 ¢ int nd bool a, b) [1 bool : (L7 : nl bool e ;
for i ton do (2] = al2] v BLZ] 5 e) 5 ‘
e) op A = (L7 ¢ int nl bool a, b) [1 bool : (L7 : nl bool e ;
for i to n do e[l := al<] A BI<1 5 o) ; '
) op = = (L1 bool a, b) bool : (a Vb =D>b);
g) op 2 = (L1 bool a, b) bool : (b < a) ;
n) op & = (L7 : Znt nl bool a, int b) L1 bool : (L7 : nl bool e :=a ;
to abs b do (b >0 | for ¢ from 2 to n do |
elz = 71 := o[l ; olnl := false
| for © fromn by - 1t0 2 do
elz] := e[t - 11 ; el1] := false)s ¢) ;
i) op L abs = (L bits a) L int : (L int ¢ = L0 ;
for © to L bits width do ¢ := L2 X ¢ + abs alil ; o) ;
j)gﬁcﬁz(gi@a)gw:ﬁazgowéﬁb:=a;_/§_b1$‘bsc;
for © from L bits width by - 1 to 1 do | |
(cli] := odd.b; b :=Db %+ L2); c;fj_;




10.2.7. Operations on character operands

a) op < = (char a, b) bool : (abs a < abs b) ; {10.1.h}
b) op £ = (char a, b) bool : (— (b < al)) ;

¢c) op = = (char a, b) bool : (a<b Ab<al);
d) op # = (char a, b) bool : (- (a =Db)) ;

e) op = = (char a, b) bool : (b s a) ;

f) op > = (char a, b) bool : (b < a) ;

10.2.8. String mode and associated operations

a) mode string = [1: ] char ;
b) op < = ({1 : int ml char a, [1 : int nl char D) bool :
(int £ :=1; int p=(m<n | m| n); bool ¢ ;
p<1|lnzlle:(ci=aldl =bli] |: (2 =12+ 1) 2p|e);
(e | m<n | al<] < bl£1))) ;

c) op < = (string a, b) bool : (—(b <a)) ;

d) op = = (string a, b) bool : (a <bAb<a);

e) op # = (string a, b) bool : (—(a =D0)) ;

£) op 2 = (string a, b) bool : (b < a) ;

g) op > = (string a, b) bool : (b < a) ; .
h) op B = (L7 : Znt nl char a, char b) bool : (string ¢ = b; a R ¢) ;
i) op R = (char a, [1 : int nl char b) bool : (string ¢ = a; ¢ Bb) ;

J) op + = (L1 ¢ int m] char a, [1 : int nl char b) string :
(L7 : m+ nl char ¢ ;
ell :ml :i=aq ; elm+ 7 :m+nl :=b ; c);
k) op + = (string a, char b) string : (string s =b ; a + 8) ;
1) op + = (char a, string b) string : (string s =a ; s + b) ;

{The operations defined in b, h and i imply that if abs "a” < abs "b", then
M g Mgl . Mgl < HRHo. Hggl < Mghll o gl < Hpglt o Hghll < MM Y

10.2.9. Operations combined with assignations

- a) op minus = (ref L int a, L int b) ref L int : (a i=a - b) ;

b) op minus = (ref L real a, L real b) ref L real : (a :=a - b) ;

c) op minus = (ref L compl a, L compl b) ref L compl : (a i=a - b) ;

d) op plus = (ref L int a, L int b) ref L int : (a = a + b) ;

e) op plus = (ref L real a, L real b) ref L real : (a :=a + b) ;

£) op plus = (ref L compl a, L compl b) ref L compl : (a := a + b);

g) op’ times = (ref L int a, L int b) réf L int ¢ (a =a x b) ;




10.2.9. continued

(ref L real c-z,'_I_,_wreaZ b) 'refv_La real : (a :=a x b) 3

i) op times = (ref L compl a, L compl b) ref L .gomp? * (a :=a x b) ;
j) op over = (réf_L_ int a, L int b) ref L int ¢ (a :=a +b) ;

h) op times

k) op modb = (ref L int a, L int b) ref L int : (a i=a %: b) ;
1) op over = (ref L real a, L real b) vef L real : (a :=a/ b) ;

1

‘m) op over = (ref L compl a, L compl b) ref L compl : (a-:=a / b) ;

n) op @ = (ref L real a, L int b) }’_’_e_ff'_,{e__@_z_ : (a Q(L real :=b)) ;

o) op § = (ref L compl a, L int b) ref L compl : (a Q(L compl := b)) ;
p) op @ = (ref L compl a, L real b) ref L compl : (a (L compl 1= b)) ;-
a) op plus = (ref string a, string b) ref string :(a s=a+b); '
r) op prus
s) op plus
t) op prus

(ref string a, string b) ref string : (a :=b +al) ;

(ref string a, char b) vef string : (a :=a + b) ;
(ref string a, char b) ref string : (a :=b + al) s

10.3. Standard mathematical constants é.nd functions

a) L real L pi = ¢ a L real value close to w ; see Math. of Comp.
v. 16, 71962, pp. 80-99 ¢ ; '

.

b) proc L sqrt = (L real x) L real : ¢ if x 2 0, a L real value

close to the square oot of 'x' ¢ ;
c) proc L exp = (L real x) L real : ¢ a L real value, if one exists,
close to the exponential function of 'x' ¢ ;
a) é_{*_g_g_ L in = (L real x) L real : ¢ a L real value, if one exists,
close to the natural logarithm of 'x' ¢ ;
e) proc L cos = (L real x) L real : ¢ a L real value close to the
cosine of 'z' e ;
f) proc L arccos = (L real x) L real : ¢ if abs x < L1, a L real
value close to the inverse cosine of 'x', L0 < L arccos(x) <L pi ¢ ;
g) proc L sin = (L real %) L real : ¢ a L real value close to the
sine of 'z' ¢ ;
h) proc L arcsin = (L real x) L real : ¢ if abs = < L1, a L real value
close to the inverse sine of 'z', abs L aresin(x) <L pi /L2 ¢ ;
i) proc L tan = (L real x) L real : :
¢ a L real value, if one exists, close to the tangent of 'xz' ¢ ;
J) proe L arctan = (L real x) L real :
¢ a L real value close to the inverse tangent of 'x',
.abs L arctan(z) < L pi /] L2 ¢ ;



10.3. continued

k) proc L random = L ?ealleggr ¢ the next pseudo-random L real value

' from a uniformly distributed sequence on the interval [L0, L1) ¢ ;

‘1) proc L set random = (L real x) : (¢ the next call of L random is
made to deliver the value of 'x' ¢ ; L random) ;

10. 4. Synchronization operations

a) op down = (ref int digkstra) : (do elem(if dijkstra 2 1 then

digkstra minus 1 ; 1 else ¢ if the closed-statement replacing this
comment 1s contained in a unitary-phrase which is a constituent
unitary~phrase of the smallest collateral-phrase, if any, beginning
with a parallel-symbol and containing this closed-statement, then

the elaboration of that unitary-phrase is halted {6.0.2.c} ; otherwise,
the further elaboration is undefined ¢ fi); 1 : skip) ;

b) op up = (ref int dijkstra) : elem(dijkstra plus 1 ; ¢ the elaboration
s resumed of all phrases whose elaboration is not terminated but
is halted because the name possessed by 'dijkstra' referred to a

value smaller than one c) ;

{For insight into the use of down and up, see E.W. Dijkstra,
Cooperating Sequential Processes, EWD123, Tech. Univ. Findhoven, 1965. }



10.5. Trahspﬁt déclarationé.{"So it déés!" sald Pooh.."It‘goes ind"
| "So it does!" said Piglet. "And it comes out!"
"Doesn't it?"said Eeyore. "It goes in ‘ '

. and out like anything." o ’
Winnie-the-Pooh, - : A.A. Milne.}

10.5.0. Transput’modés and stréightening
10.5.0.1. Transput modes

a) mode % simplout = union(t L int 4, ¥ L real %, + L compl %,
- bool, char, string) ;

b) mode % outtype = union(t{ D L int t, ¢ DL real %, # D bool %,
t Dchar %, D outstruct 1) ;

¢) mode % outstruct = ¢ an actual-declarer spectfying a mode um'bed
f?om {2.2.4. 1.0} all modes, except that specafbed by amrof,
which arve structured from {2.2.4.1.j} only modes from which the
mode spec1f1ed by outtzg is unlted c,

a) mode % intype = umon(# ref DL mt 5 # rej‘ DL reaZ :},
¥ ref _I_D_'ZDGOZ ts ¥ ref D char , ¥ ref D outstruct %) .;

e) mode % tamrof = struct(string F) ; {See the remarks under 5.5.1.6.}

10.5.0.2. Straightening

a) op % straightout = (outtype x) [1 simplout '+
.¢ the result of "straightem’ng" 'x! e 3

b) op % straightiﬁ = (intype x) [] ref simplout :
¢ the result of straightening 'x' ¢ ;

The result of straightening a given value is obtained in the folloﬁing

steps: | k

Step 1: If the given value is (refers to) a value from whose mode that -
specified by simplout is united, then the result is a new instance of

a multiple value composed of a descriptor consisting of an offset
1 and one qﬁintuple (1, 1, 1, 1, 1) and the (the name of the) given
given value as its only element, and Step 4 is taken;

Step 2: If the given value is (refers to) a multiple value, then, letting
n stand for the number of elements of that value, and y; for the result
of straightening its i-th element, Step 3 is taken; otherwise, letting
n stand for the number of fields of the (of the value referred to by
the) given value, and y; for the result of straightening its i-th field,

Step 3 is taken;
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10. Se 0-2 - Continued

Step 3: If the given value is not (is) a name, then, letting m; stand for
the number of elements of yi, the result is a new instance of a multiple
value composed of a descripbtor consisting of an offset 1 and one quintuple

(1, mqy+ ... +m , 1, 1, 1) and elements, the 1-th of which, where 1 =

s
my + eee +om . 2 j, is the (is the name referring to the) j-th element
of yy for k =1, see, nand j =1, oo, my.

Step 4: If the given value is not (is) & name, then the mode of the result
is 'row of" ('row of reffef'ence to') followed by the mode specified by
simplout. : ‘



10.5,1. Channels and files

aa)

bb)

ce)

©4da)

{"Channels", "backfiles" and files model the transput devices of

v

the physical machine used in the implementation.
A channel corresponds to a device, e.g. a card reader or punch,
a magnetic drum or disc, to part of a device, e.g. a piece of
core memory, the keyboard of a teleprinter, or to a number of
devices, e.g. a bank of tape units or even a set-up in nuclear
physics the results of which are collected by the computer. A
channel has certain properties (10.5.1.1.d: 10.5.1.1.n),
The transput devices of some physical machine may be seen in
more than one way as channels with properties. The choice made
in an implementation is a matter for individual taste. Some
possible choices are given in table I,
All information on a given channel is to be found in a number
of backfiles. A backfile (10.5.1.1.b) comprises a threedimensional -
array of integers (bytes of information), the book of the backfile,
indexed by page, line and char; the lower bounds of the book are all
one, the upperbounds are nonnegative integers, the maxpage, maxline
and maxchar of the backfile; furthermore, the backfile comprizes the

position of the "end of file", i.e. the page number, line number

‘and char number up to which the backfile is filled with information,

"and the "idemtification-string" of the backfile.

After the elaboration of the declaration of chainbfile (10.5.1.1.c)

backfiles form the chains of backfiles referenced by chainbfile ,; each

backfile chained to the next one by its field next.

Examples

i)

ii)

In a certain implementation, channel six is a line printer.

It has no input information, chainbfile [6] is initialized to

refer to a backfile the book of which is an integer array with
upper bounds 2000, 60 and 1hk (2000 pages of continuocus stationery),
with the end of file at position (1, 1, 1), and next equal to nil.
All elements of the book are left undefined.

Channel four is a drum, divided into 32 segments each being one
page of 256 lines of 256 bytes. It has 32 backfiles of input

information (the previous contents of the drum), so chainbfile [4]

£



properties

card reader

card punch

magnetic  tape unit line printer
reset posstible false false ’ true true true false
| set possible false false - false false false false
get possible true false  true true false - false
put possible false true false true true true
bin possible false true false true false false
max page 1 1 ) very large very large very large very large
mazx line large very large 16 large 60 60
max char ) 72 80 8k large hh 14
stand comw a 48~ or 6h—qharéétef code 6li-char code some code line-pr.che line-pr code
mazx nmb files 1 i 1 1 1 1
properties magnetic disc magnetic drum paper tape reader tape punch
reset possible true true true false false false
set possible true false true false false - false
get possible true true true true true false
put possible true true true false false true
bin possible true true true false true false
max page 200 1 1 1 1 1
max line 16 1 256 very large | very large very large
maz char 128 524288 256 80 150 4
stand cony some code some codeﬂ somé cbde 5-ﬁble coée T—holé code lathe code
| maz nmb files 10 4 32 1 1 1

TABLE I: Properties of some possible channels
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is initialized to refer to the first backfile of a chain of 32
backfiles, the last one having next equal to nil., Each of those
backfiles has an end of file at position (2, 1, 1).

iii) Channel twenty is a tape unit, it can accommodate one tape at a

ce)

time, one input tape is mounted, and another tape laid in readiness.
Here chainbfile [20] is initialized to refer to a chain of two

backfiles.
Since it is part of the standard declarations, all input is part

of the program, though not of the particular program.

A file (10.5.1.,2.a) is a structure which comprizes a reference to

a backfile, and the information necessary for the transput routines

- to work with that backfile. A backfile is associated with a file

£f)

gg)

hh)

ii)

by means of open (10.5.1.2.b) or create(10.5.1.2.e). With a given
channel a’certain maximum numberv(10.5.1.1.m) of files may be
associated at any stage of the elaboration. The association is
ended by means of scratch (10.5.1.2.u), close (10.5.1.2.8) or lock
(10.5.1.2.%).

When a file is "opened" on & channel for which <df possible is
‘false, then the first backfile is taken from the chain of bfiles
for that channel, and is made the bfile of the file, obliterating
the previous backfile, if any, of the file.

When a file is opened on a channel for which Zdf possible is true,
then the backfile is taken from the chain of backfiles for the
channel, which has the given identification string; this backfile
is made the bfile of the file.

When a file is "created" on a channel, then a backfile is
generated (8.5.) with a book of the maximum size for the channel,
the end of file at (1,1,1) and an empty string as its identification
string. |

When a file is "scratched" its association with a channel ends
and its associated backfile is obliterated.

When a file is "closed" its association with a channel ends and
its backfile is attached to the chain referenced by chainbfile
"of that channel. The identification of the backfile is made to be the

given identification string.
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33l

kk)

11) -

When a file is "locked" its association with a channel ends and
its backfile is attached to the chain referenced by lockedbfile
for that channel. The identification of the bfile is made to be
the given identification string.

A file comprizes procedures, which may be provided by the
programuer , Wﬁich are called when in tranéput certain error-
conditions occur. They are:

a) logical file ended, which is called when during input from
a file on a channel, for which set possible is false, the end
of file of its backfile is transgressed;
b) phystical file ended, which is called when the maxpage, the
maxline or the maxchar of the backfile of a file is.ﬁransgressed.
¢) disagreement, which is called when during formatted transput
a character 1s transput which does not agree with the frame
specifying it (for instance when under control of fd f
a space is read) or when the conversion fails (see 11);
d) incompatibility, which is called when during formatted transput
 an attempt is made to transput a value under control of a picture
with which it is incompatible, '

The conv of a file is used in conversion; if conv of the file
is nil, then stand conv of the channel is used as '"conversion key",’
and, otherwise, the string to which conv refers, which may be
provided by the programmer.

On output, if the character to be converted is not the same as
some element of the conversion key, then disagreement of the file
is called; otherwise, the character is converted to an integer,
viz., the lowest among the ordinal numbers of those elements of the
key which are the same as that character.

On input, if an integer to be converted is larger than the
number of elements of the conversion key, then disagreement of the
file is called; otherwise, the integer is converted to that
character in the key whose ordinal number is that integer.

The term of a file is used in reading strings of a variable number
of characters, where either the end of line or any of the characters
Of term serves as a terminator (see 5.5.7.nn and 10.5.,2.2.4d). This

terminatorstring may be provided by the programmer.
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nn)

00)

pp)

qa)

rr)

On a channel for which reset possible is true, a file may be
"reset", causing its position to be (1, 1, 1). Resetting while
writing a file on a channel for which reset possible is false
first sets the end of file at the current position.

On a channel for which set possible is true, a file may be "set",
causing its position to be the given position.

On files opened on a channel for which set possible is false,
binary and nonbinary transput may not be alternated, i.e. after
opening, creating or resetting such a file, either is‘possible, but,
once one has taken place on the file, the other may not until the
file has been reset again,
 On files opened on a channel for which set possible.is false, and
put possible and get possible both true, input and output may be
alternated, but before, after some output, any input is done, the
end of file is first set at the current position,

When in transput something happens which is left undefined, for
instance by an explicit call of undefined (10.5.1.2), this does not
imply that the elaboration is catastrophically and immediately
terminated, but only that the action which takes place is not or
cannot be described by this Report alone, and is genefally
implementation dependent. For instance, in some implementation
it may be possible to set a tape unit to any position within

the logical file, even though set possible is false.
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Example:
begin ' file f1, f&; (1 : 10000] int x; int n;
open (f1, "my input", charnel 2);
fé := f1; e now f1 and f2 can be used interchangeably ¢
val comv of f1 := flexocode; ¢ Flexocode is a string,
defined in the library declarations for this implementation;
f1 and f2 both use flexocode ¢
conv of f2 :i= giring := telexcode;
¢ now f1 and f2 use different codes ¢
reset (f1); c consequently f2 is reset too ¢
for © while —logical file ended (f1) do
(n =<3 get (f1, 2 [21));
¢ too bad if there are more than 10000 integers in the input'_a_
reset (f1);
for < to n do put (f2, x [21);
" reset (f2); close (f2, "my output');

¢ f1 <s now closed too ¢



10.5.1. 1. Channels

a) int nmb channels = ¢ an integral-clause indicating the number of
transput devices in the implementation c;
b) struct % bfile = (L,,lint book, int lpage, lline, lchar,
maxpage, maxline, maxchar, string idf, ref bfile next);
¢) U7 : nmb channels] ref bfile % chainbfile = ¢ some»appr’c;priate
initialization (see 10.5.1.dd) ¢
a) [7 : nmb chanmels] Dbool reset possible = ¢ a row-of-boolean-clause,
indicating which of the physical devices corfesponding to the
channels allow resetting {e.g. rewinding of a magnetic tapel ¢ 3
e) [7 : nmb channels] bool set possible = ¢ a row-of-boolean-clause,
tndicating which devices can be accessed at random ¢ ;
£) [7 : nmb channels] bool get' possible = ¢ a row-of-boolean-clause,
indicating which devices can be used for input ¢ ;
g) U7 : nmb channels] bool put 'possible = ¢ a row-of-boolean-clause,
indicating which devices can be used for output c ;
h) [7 : zmb channels] bool bin possible = ¢ a row-of-boolean—clause,
indicating which devices can be used for binary transput ¢ ;
i) L7 : mmb channels] bool idf possible = c a row-of‘-booliem—claus‘e R
indicating on which devices backfiles have an identification ¢;
3) [1 : nmb channels] int max page = ¢ a row-of-integral-clause,
giving the maximum wumber of pages per file for the channels ¢;
k) [7 : nmb channels] int max line = ¢ a row-of-integral-clause,
giving the maximum number of lines per page c; ‘
© 1) [7 : nmb channels] int max char = ¢ a row-of-integral-clause,
giving the maximum number of characters per line c;
‘m) [7 : nmb channels] ref string % stand conv = ¢ a row-of-reference—to-
row-of-character-clause giving the standard comversion keys for

the channels c;
n) [7 : mmb channels] int max nmb files = ¢ a row-of-integral-clause,
giving the maximum numbers of files the channels can accomodate c;
o) L7 : nmb channels] int % nmb opened files;
for 7 to nmb channels do nmb opened files [Z]:= 0;
p) L7 : mmb channels] ref bfile % lockedbfile;
for < to mmb channels do lockedbfile [1]:= nil
q) proc file available = (int channel) bool:
(nmb opened files [channell < max nmb files [channell);



10.5.1.2, Files

a) struct file = (ref bfile % bfile,
g_e_f int % page, % line, % char, % char, % forp,
ref bool % state def, % state get, % state bin, % opened,
ref string % format, conv, term,
ref proc logical file ended, physical file ended,
disagreement, incompatibility);
b) proc open = (ref bfile file, string idf, int ch):
if file available (ch)
then bfile bf := chainbfilelchl;
while bf :#: nil do
(Zdf of bf = idf vV—idf possible Lehl|T|bf = next of bf);
undefined. 1: '
file := (bfile := bf, int =1, int =1, int =1, int = ch, 1,_7_1_1,: = 0,

bool := false, bool, bool, bool := true, nil, nil, string := "',
proc := gkip, proc := gkip, proc := skip, proc := gkip);

chainbfilelch] i= next of chainbfilelchl;
nmb opened fileslchl plus 1

else undefined

icH

¢c) proc create = (ref file file, int ch):

Zf file aquailable (ch)

then bfile bf = (L1 : maxpagelehl, 1 : maxlinelehl, 1 : maxcharlchllint,
1, 1, 1, maxpagelehl, maxlinelehl, maxcharlehl,"”, nil);

file := (bfile :=Dbf, int =1, int =1, int =1, int := ch, int := 0,
bool := false, bool,. bool, bool := true, nil, nil, string := """,

proc := skip, proc := skip, proc '= skip, proc := skip);

~ nmb opened files [chl plus 1
else undefined
Is
d) proc set = (file file, int p, 1, ¢):
if set possiblelchan of filel A opened of file
then page of file := p; line of file := l; char of file := c;
check plae(file)
be_}rs_g,undefined



10.5. 1.2, continued

e) pro ¢ reset = (file file) :
if reset possiblelchan of filel A opened _Jf file

then if state def of file n — state get of file A
—get posstblelchan of file]

" then lpage of bfile of file :
| Lline of bfile of file :
lchar of bfile of file :

page of file ;
line of file 3+ °
char of file

FicR |
page of file := line of filé = char of file :=1 ;
state def of file i= false
else undefined
£) proc % check ple = (file file) _Z_?_é_o__Z_: (opened of file |:
logical file ended (file) | logical file ended of file |:
’ outside (file) | physical file ended of file);
g) proc % outside = (file file) bool: |
(line ended (file) v page ended (file) v file ended (file)).
h) proc line ended = (file file) bool: |
(opened of file | char of file > maxchar of bfile of filel;
i) proc page ended = (file file) bool:
(opened of file | line of file > maxline of bfile of f"LZe)
i) proc logical file ended = (file file) bool: (opened of file|:
set possible [char of filel A state def of file A state get of file |
int p = page of file, Zp lpage of bfile of file,
l = line of file, 1 Lline of bfile of file,
¢ = char of file, le = lchar of bfile of file; _
(p <Ip | false |:p > Ip | true |z 1 < 11 | false |: 1 > 11 | true |
e z le) | falsel;
k) proc file ended = (file file) bool:
.(opene‘d of file | page of file > max page of bfile of file)



10.5.1.2. continued 2

1) proc % get string = (file file, ref(1 : int nl char s):
if éet possiblelchan of filel A opened of file
then [1 : int ml char comv = (comw of file :=:

conv of filel;

| _{*_e_‘f_'}_@p = page of file, 1 = line of file, ¢ = char of file;

o Zf — set possiblelchan of filel thef state def of file
then (state bin of file | undefined) fi;
state def of file := state get of file := true;
state bin of file := false
for © to n do (check ple(file); book of bfile of file [p, 1, ¢l >m |

disagreement of file; slZ] := "."; ¢ plus 7 |
slzil := comv [book of bfile of file [p, 1, ¢ll; e plus 1)

else undef'ined

fis
=) proc % put string = (file file,[1 : int nl char s) :

if put possiblelchan of filel A opened of file ,

" then int ch = chan of file, p = page.of file, L = line of file ;
o string conv = (comv of file :=: nil | stand convlchl] |

conv of file) ; int space, h ; ref int ¢ = char of file ;
if — set possiblelchl thef state def of file

then (state bin of file | undefined);

(state get of file |

lpage of bfile of file := p;

Lline of bfile of file := 1l; lchar of bfile of file := c;
state get of file := false)

else state def of file := true ; etate get of file i=
state bin of file := false ; . k
(—char in string(".", space, conv) | undefine’d)f::;
for © to max pagelchl do for j to max Linelch] do
for k to max charleh] do - . L

book of bfile of filel<, Js k1 := space D

nil | stand conv [chan of filell

I

il

It s
for © to n do.(check ple (file);w ohar in string (s (2], &, conv) |

‘ disagreemént of file | book of bfile of filelp, 1, c¢li=h; c plus 1)
else undefined

fi;
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)E c char in st:mng (cha;r e, ref mt 7, L7 ¢ Znt w bool b1 char' s) ‘bool:

(for k to w do(a =slk]l | 2 =k false. A true) o '

o) proc space = ( bee ﬁle)
(char of file plus 1 ; check ple (sze))

S proc backspace = (file file) :
| (char of file minus 1 ; cheéck ple (file));
Q) proc new line = (file file) : ;

(line of file plus 1 ; char of f'zle :=1 3 check ple (fite));
r)proc new page = (file file): o

(page of file plus 1; line of file := char of file := 1; check ple(file));
s) proc close = (file file, string idf):

(opened of file | int ch = chan of file; <df of bfile o _flee 1= 1df;

next of bfile of file i= chainbfilelchl; o

chainbfileleh] := bfile := bfile o ___j;‘sze,

opened of file := false; nmb opened fileslchl minus 1);
t) proc lock = (file file, string idf):

(opened of file | int ch = chan of file; idf of bfile of file :

next of bfile of file := lockedbfilelchl; \

lockedbfilelchl := bfile := bfile of file;

opened of file := false; mmb opened fileslchl minus 1);
u) @g_c_':scratch = (file file):

(opened of file | opened of file := false;

nmb opened fileslchan of filel minus 1);
(file f) int : (opened of f | char o of f),
(file f) int : (opened of f | line of fls
(file f) int : (opened of f | page of f);

L}

idfs

v) proc char number

W) proc line number
x) proe page number



10.5.1.3. Standard channels and files

a) int stand in channel = ¢ an integral-clause such that get possible
Lstand in channell is true, idf possible [stand in channell] is false
and stand conv [stand in channel] comprizes, in some order, all
character—tokens c; |

b) int stand out channel = ¢ an integral-clause such that put possible
[stand out channell is true, idf possible [stand out channell] is false
and stand conv [stand out channell comprizes, in some order, all
character-tokens c;

¢) int stand back channel = ¢ an integral-clause such that reset possible
[stand back channell, set possible [stand back channell, get possible
[stand back channell, put possible [stand back chanrell and bin possible
(stand back channell] are true, idf possible [stand back charmell is
false and stand comv [stand back chamnell comprizes, in some. order,
all character—tokens c;

d) file % f; open (f, " stand in channel);
file stand in = f;

e) open (f, "", stand out channel);
file stand out = f;

£) open (f, ", stand back channel);
file stand back = f;

{Certain "standard files" (d, e, f) need not (and camnot) be opened

by the programmer, but are opened for him in the standard declarations;
print (10.5.2.1.a) can be used for output on stand out, read (10.5.2.2.a)

for input from stand in, and write bin (10.5.k.1.a) and read bin (10.5.4.2.a)
for transput involving stand back.}



10.5.2. Formatless transput

10.5.2.1., Formatless output -

{For formatless output, print and put can be used. The elements of the
given value of the mode specified by [] unton (outtype, proec (file))
are treated one after the other; if an element is of the mode specified
by proc (file) (i.e. a "layout procedure"”), then it is called with the

file as its parameter; otherwise, it is straightened (10.5.0.2), and

the resulting values are output on the given file one after the other,

as follows:

aa) If ﬁhe mode of the value is specified by L Znt, then first,
if there is not enough room on the line for L <nt width + 2
characters, then this room is made by giving a new line
and, if the page is full, giving a new page; then the value 1is
output as if under control of the picture ". "n(L int width - 1)z+d.
bb) If the mode of the value is specified by L real, then, first,
if there is not enough room on the line for L real width +
L expwidth + 5 characters, then this room is made; then the
value is output as if under control of the picture
", "+d.n(L real width - 1)den(L expwidth - 1)z+d.
cc) If the mode of the value is specified by L compl, then first
the real part is output as in bb; then the string possessed

n

=l

by " is output as in dd; finally, the imaginary part is
output, .

dd) If the mode of the value is specified by [] char then its
elements are written one after the other.

ee) If the mode of the value is specified by char then, first if
the line is full room is made; then the character is written.

ff) If the mode of the value is specified by bool then, if the

value is true (false) a flip (flop) is output as in ee.}

al) proc print = (L[] union (outtype, proc(file))x):
‘put (stand out, x);




10.5.2. 1. continued

' b) proec put = (ﬁé_}_é_ fiZe',w L7 : int n] union (outtype, proc(file))z):
' begin outtype ot; proc(filelpfs
. fmitendo | |
(ot ::= xl2]; pf ::= xl<] | pf(fite)|
[7 : int 1] simplout y = straightout ot;
for § 20 1 do
'(stri_@g‘ 8 3 bool b ; char e ;
(’F (L 'mt'z,, (2 ::= ylgl | _
= L int string(i, L int width + 7, 10) ;-
- sign supp zero(s, 1, L int width _4 ))) $) “ ;
(¥ (L real x ; (x ::=y[5] | s := L real string f
(2, L real width + L exp width + 4, L real width - 7, 'e.x-p mdth)
. 8ign supp 392"0(8, L real width + 5, L real width + L eacp mdth +4))) 1) ;
(% (L compl 2 ; (3 ::= yljl |
put(file, (re z, " i" im z)) ;5 end)) t) g
(boii=ylil L e = (b | MM | MM) ;5 - . ! R
(e i:= y[jl | nextple(file) ; put strmg(lee, e) ,.; end) '
| (s : = y[j] l ?ufstring(file, 8); end)
(7 : int nl ‘ghar t =", " + s; int cl = char of file;
char of file i= cl + n; (outside (file) | nextple(file)|
char of file i= ¢l); put string (file, t);
end: skip)) 1




10.5.2.], continued 2

¢) proec L int string = (L int x, int w, r) string P(r > TAp <17 |
string ¢ :=""; L int n i=abs «; L int lr = _@r'f: '
for © to w - 1 do(e prus dig char(S(n'+: Ir)) ; n over Ir) ; .
(n=_120[(x.>._[_;_<0|"+"|"-")+c))_; o ‘

d) proc L real string = (L real x, int w, ds e) string :
' (dz20Are>0ArAd+e+dsw|
Lreal g=L10 h (w-d -e-4¢) ; Lreal h =g x L.1 ;
L real y := abs x; int p = 0;
while y = g do(y tines L1 ; p plus 1) ;
(y > L0 | while y < h do(y times L10 ; p minus 1)) 3
(y+L.5xL.1hdz2gly:=h;pplus);
Ldec string((x 20|y | -y), w—-e =2, d +
Mo+ tnt string(p, e + 1, 10)) ;
e)El:'_O_gL.dec‘ string = (L real x, int w, d) string :
(abs @ <L10 A (w=d=-2) Ad=0Ad+2sw ]| gtring 8 =13
Lreal y := (abs @ + L5 x L1 +d) x L.1 4 (w - d - 2);

or 2 tow - 2 do s dig char((int e.= entier S(y times L70) K
P._._...
y minug Ke ; e)) 5

MZOI'WW’”U+d7:w—d—2]+%"#dw—d-7{y;
£) proe % dig char = (int x) char : ("07123456789abedef"a + 13) 3 |
| {In connection with 10.5.2.c, d, e, see Table II., }

' g) proc % sign supp zero = (vef string e, int 1, u)
for © from 1 + 1 to u while el<] = "0" do

(elZ] = ¢l - 7] 5 elZ - 7] := my1)
h) int L int width = (int ¢ := 1;

while L10 4 (e - 1) <L7><Lmaxmbdocp____7;c)
i) int L real width = - entier S(L In(L small real) [ L In(L10)) ;
J) ing L exp width = 1 + entier S
(Lin(Lin(L max real) / Lin(L10)) / LZn(L70))'
k) proc % nextple = (file file) : (opened of file |
(line ended(file) | new line(filel) ;
(page ended(file) | new page(filel)) ;
(logical file ended(file) | logical file ended o _f f'LZe | #
leZe ended(file) | physical file ended of file));

°



w=T
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w
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L real string

w

- TABLE II: Display of the values of
L int string, L dec string and L real string

Jrame
integer, 2 = real fixed, 3 = real floating,

complex fixed, 5 = complex floating, 6 = string,

73 type (1
. "
« 7 = integer choice, 8 = boolean)
(2] radix (2, 4, 8, 10 or 16)
(3] sign (0 = no sign frame, 1 = gign frame '+', 2 = sign frame '-')
{4] number of digits before point; if'type = 1 then w-7, else if
type = 2 or 4 then w-d-2 else if type = 3 or 5 then w-d-e-4, or,
if type = 6, then number of characters in string 4
(51 number of digits after point; if type = 2, 3, 4 or 5 then d
[61 sign of exponent; if type = 3 or 5 then as:£334 |
(7] number of digits of exponent; if t&pe = 3 or 5 then e
083, wev, [741°as (71, vuo;707] when frame(7] = b or 5 |

]

TABLE III: Significance of the elements of frame




10.5.2.2. Formatless input'

{For formatless input,.read and get can be used. The elements of the

given value of the mpde specified by [l union (intype, proc (file))

are treated one after the other; if an element is a layout procedure,

" then it is called with the file as its perameter; otherwise, it is

straightened (10.5.0.2), and to the resulting names values are assigned,

input from the given file as follows:

aa)

bb)

ce)

If the name refers to a value whose méde is specified by L int, | ;”“”":
then, first the file is searched for the first character that

is not a space (giving new lines and pages as necessary); then

the largest string is transscribed from the file that could be
input under control of some picture of the form n(k2)d or +n(kl)

", " (k2)d; this string is converted to an integer by L string int.
If the name refers to a value whose mode is specified by L .
real, then, first the file is searched for the first character
that is not a space; then the largest string is transscribed

from the file that could be input under control of a pilcture

of the form +n(k1)". "n(k2)d or n(k2)d followed by .n(k3)d

or g. possible followed by n(k4)", "en(k5)'. "+n(k6)". "n(k7)d or
n(k4) " "en(k6)" "n(k7)d; this string is converted to a real

number by L string real.

If the name refers to a value whose mode is specified by

L compl, then, first a real number is assigned to the real

dd)

ee)

part, input as in bb; then the file is searched for the first
character that is not a space; then a plus-i-times is required;
finally, a real number is input and assigned to the imaginary
part.

If the name refers to a value whose mode is specified by [] char,
then if both upper- and lowerstate of the value are one then as
many characters are read as the value has elements; otherwise,

characters are read from the line under control of the terminatorstring

‘referenced by the file (5.5.1.nn, 10.5,1.mm); the string with those

characters as its elements is then the resulting valuej

If the naﬁe refeis to aAvélué whose mode is specified by gﬁgg'
then, first, if the line is full a new line is given, and, if
Qh% page is full, a new page is given; then the character is

read from the file.



10.5.2.2. continued

££) If the name refers to a value whose mode is specified by bool
then, first the file ‘is searched for ﬁhe first character that
ig not a space; then a character is read; if this character is flip
'(f‘lop), then the resulting value is true (false); if the character’

is neither flip nor flop, then the further elaboration is undefined.}

a) proc read = ([] union (intype, proc(file))x):
get (stand in, x);
b) proc get = (file file, [7 : int wl union (intg;pe, proc(file))x):
, bégin intype it; proe(file)pf; char k;
‘ for < to w do
(<t ::=ali); pf 1:=ali] | pflfile)]
{1 : <nt 1] ref szmplout y = straightin 7,'5"
op ? = (string 8) bool :
(outside(file) | false |: get string(file, k) ;
char in string(k, loc int, s) |
751"“9 ! backSpace (file) ; i@fﬁ)

proc skip spaces = vov,d. (whzZe (nextple(lee) 7"}"_-_"') do "skip) ;

proc read dig = string:
(string t i=mn; while ? "0723456789" do t plus k; t);

proc read num = string :
(char t := (9”+—f' | k| ™"); while ? " " do skip;

 (char in stfmg (k Zoa int, ’.100723436’789" | ¢+ readdjb?g—ﬂl .

4 dzsagreement of file; "0")),
Qro  read reql = string : '

(string ¢ := (skip spaces; read mum); (?2"," | t plus ", " + read dig);

(2 Mo" |t plus "19" + read vum); t)
for § to 1 do
(ref bool bb; ref char cc; ref string ss;
(f (ref L int 42 ;5 (42 ::= yLg1 |-~ -
val i1 = L string int(read num, 10))) %) ;
(4 (ref L real ax ; (xx ::= y[j] |
val xx := L string real(read reall))) ) ;
(% .(_@jggg@_l_ 8% 3 (22 ::= y[gl | get(file, re of 23) ;
(skip spaces ; ? "|" | get(file, im of zz) | undefined))) %) }
, (Z:b_ 1=yl | skzp spages s val bb = (7Mo% | k= mn)) ;




10.5.2.2, continued 2

(ce ::= yljl | nextple(file); get string(file, ccl);:
(ss ::= yljl | ref Chool bl, bool bul char tt = ss;

(DL A bu | get string(file, ss)|

string t := "' while— (line ended(file) v ? term of file) do t plus k;
val ss = t)); ‘ .
‘end: skip end ; | K

¢) proc L string int
Lintn := L0; L int ‘lr = Kpr3 for i from 2 to w do

ni=nxlp+ K(int d = ‘char dig(zlZ]) 3 (d <»r ‘!‘d)‘) H
(073 = ™" | p fowl1] = "m0 | ) 5 |

(C7 ¢ 'mtw] char z, tnt r) L int : (r > 1 Ap < 77{

'd) proe L string real = (string z) L real :

(int e ; (char in string("1y", e, x) |
e = 11) x L10 b string int(xle + 7:1, 70)|

L string dec(xl1 :

L string dec(x))) ;
e) proc L string dec = (L1 : int w] char x) L real :

(L real r 3= LO; int p; (char in string(".", p, x) l '
[7:w-—2]chars-—x[2 p-7]+x[p+7] '
foritow ~2dor :=Lixr+

K(int d = char digtslz]) ; (d < 10 I d)) H
(73 = ™" | » |: g[7] = "" | wp) x LT 4 (W = p) |
L string dec(x + "."))) ;

t) proc % char dig = (char x) int :
(int © 5 (char in string(x, <, "0123456789abedef") | 2 = 1)) ;



10.5.3. Formatted transput
{For the si_gnificance of formats see format-denotations (5.5).}

a) proc format = (file file, tamrof tamrof):
(forp of file := 1; format of file := collection list pack
("(" + F of tamrof + ")", loc int = 1));
b) proc % collection list pack = (string s, ref int p) string:
(string t = collection(s, p);
while slpl = "," do ¢ plus "," + collection(s, p); p plus 1; t);
¢) proc % collection = (string s, ref int p) string:
(int n, q; string f = (p plus 15 insertion(s, pll;
q o= ps replicator(s, p, nl;
(slpl = "(" | string t = collection list pack(s, p)‘ ,
tondo fplus t | p i=q; f plus picture(s, p, Locl7 : 74] mt));mm
f+ 'Lnsertwn(s, p)) ; ' -
d) proc % insertion = (string s, ref int p) string ¢ .
(int q = p 3 skip insertion(s, p) ; slq : p - 11);
c % : int 1 falsel char s, fef int pl:

e) proc % skip insertion = (L7
| while(p > 1 | false |: skip align(s, p) | true l
skip lit(s, p)) do skip ;
f) proc % skip align = (string s, ref mt p) bool ¢
(int g =p 3 replicator(s, p, loc int) s
(char <n string(slpl, loe int, "y p LK" |
p plus 7 ; true | p :=q 5 false)) ;
g) proc % replicator = (string s, ref int ps B
(string ¢ := ""; while char in string
(S[p]_, Loc mt "0123456789") do (t plus slpl 5 P plus. 7)
= (¢t =" | 1| string int("+" + t, 10))) 3

n) proc % skip Lit = (string s, vef int p) bool :
(int q = p ; replicator(s, p; loc int) ;
(elp] = " | while(slp plus 11 = nnut | glp plu 73 = |

true) do skj ; true | p 1= q ;5 false)) s




10. 5.3, continued

i) proc % bicturé = (L7 : Znt m. faZse] char format ref ‘int int p,
refl] int frame) string :

begin int n ; Int po = p;

. op ? = (string s) bool :
" (skip insertion(format, p) ; p > m | Jalse |
int q = p ; replicator(format, p, n) 3
(formatipl = "s" | p plus 1) ;
(char in string(format [p] Lloc int, s
p plus 1; true | p := q; false));
p_____ intreal pattern = (refll : 71 int f?z’ame) bool :
((num mould(framel2 : 4 1) | framelll :=1 ; 1) ;
(2 ™" |: num mould(framel3 : § 1) | framefi1l := 2
(? "e" |: yum mould(framels : 7 1) | framelll := 3
false. 1 : true) ; ~
proc num mould = (refl1 : 31 int frame) bool :
((2 "o | framel1] :=n) ; (? "a" | franel3] plus n) ;
(? """ | framel2] =1 |: 2 "=" | framel2] := 2) '_,'
while 7 "z do framel3] plus n |
formatlpl = ", " v formatlpl = "i" v formatlpl= ”) ")
proc string mould = (_{*_ej_'[j int frame) bool : (?"¢" | __t_l’_}_l_% .
while ? "a" do framel4] plus n_ 3 formatlpl = ", y"fgﬁﬁat[p]_-': mym,
for < to 14 do framelZ] := 0 ; framelzl := 10; ' |
(intreal pattern(framell : 71) | (2 ™" |
framel1] plus & ; intre@l pattern(fremel8 : 14 1)) 5 end) ;
(string mould(frame) | framell] := 6 ; end)‘;ﬂ .
(? "o" | framell1l := 8 | pg__l_z_ti 1 3 framelll = 7) ;
(formatlpl = "{" | N - "
while 7 "(," do sk'z,p Z'z,t(fomat, p) ; p plus 7) 3
end:. skip insertion(format, p); format [po : p - 1]
erd ; o
{Tn connection with 10.5.3.1 see table IIT.}

r



10.5.3.1. Formatted output

a) proc outf = file file, tamrof tamrof, [1 outtype x) :
(format (file, tamrof) ; out(file, x)) ;
b) proc out = (file file, [1 : int nl outtype =) :
begtn stm,nq format = format of file ; ref int p = forp of file ;

inte

reals

compl:

jgg k ton do .
({7 ¢ int 1] szmplout y = straightout z[Kk] 3
ﬁgl:g to 1 do

(L7 : 741 int frame ; int qi=p; pzcture(fbrmut5 ps frame) ; '
(frame[ 1] | int, real, real, compl, eompZ strzng, initch,, booZ) i
($ (Lint £ 5 (2 3= yldl | . PR “
trans..edit.L int(file, %, format, q, f?ame) s end)) #), vncomp,

(f (L real z; (z y[J] I )

trans edit L reaZCfiZe, x, format, q, frame) 3 end?) $);
(¥ (Lint 235 (2 ::=ylgl | . T

trans edit L real(file, <, fbrmat, qs frame) s end)) %); incomp;

(+ (L compl 2 ; (3 ::=‘y[j] |
trans edit L compl(file, 2, format, q, frame) ; end)) %) ;
(¥ (L real x ; (x ::= y[J]l | ‘

~ trans edit L compl(file, x, format, q, frame) ; end)) %) ;

string:

| intah
bool:

Tneomp:

end:

end 3

e

(¥ (Lint 2 5 (¢ 1:= yLgl | A
trans edit L compl(file, <, format, q, f?ame) s, end?) }) Tneomp;

(L7 frame[4]] char s 3 char ¢ 3
(s ::= ylgd |: frameld] =0 | put(fite, 8) |
trans edit string(file, s, format, q., f?ame) 3 end)

(¢ ::= ylgl |
trans edit string(file, c, format, q, frame) ; end)); incomp;

(int © ; (2 ::=ylgd |

trans edit chozce(lee, i, format, q) ; end)); zncomp,
(bool b ; (b t:= yl4] |

trans edit bool(file, b, format, q) ; end)) ;
ineompatibility of file; put(file, ylgl).

do insertion(file, format, q); p plus 1))



10.5.3. 1'. con‘ti_nued

-¢) proc % trans edit L int = (file f, L int i, string format,
ref int p, [1 int fr) :
trans edit string(f, L int string(i, fri4] + 1, fr[2]) format, p, fr) ;
d) proc % trans edit L real = (file f, L real x, sf:r'mg format,
ref int p, [ int fr) : ' |
trans edit string(f, stringed L reaZ(ac, fr), format, p, fr) ;
) proc % stringed L real = (L real x, L1 int fr) string :
(frl1] = 2 | L dec string(x, frl(4] + frl5] + 2, frl51) | o
L real string(x, frl4] + frl5] + fr(71 + 4, fr051, frl71)) ; o
£) proc % trans edit L compl = (file f, L compl 3, U1 int fr) : :
trans edit string(f, (L1 : 141 int g i= fr; g. 1 minus:'2;
stringed L real(re z, gLl : 71) + "|" + sfmlnged L real
(im z, gL8 : 14 1)), format, p, fr) ; ‘
g.:) proc % trans edit string = (file f, string x, [1 : int m falsel char format,
' ref int p, [1 int frame) : -
begin int pl =1, g bool suppy string s := x;
op ? = (string s) bool : '
' (do insertion(file, format, p) ; p >m | false |
int q =p ; replicator( Format, p, 1) 3
(supp := formatlpl = "s" |’ p plus 1) ;
(char in string(format (pl, loc int, s)|
p plus 1; true | p := g false));
| p___ copy = void: (( supp | put string(f, slp11)); pl P.__ 7)
proc intreal mould = void: _
(2 ™" s gign mould(framel3l) ; int mould ;
(2 "." | copy ; int mould |: slp?l = " " | pl plus 1) ;
(7 "e" | copy ; sign mould(framel6l) ; int mould)) ;
‘proc sign mould = (int sign) : (sign =0 | p? plus 7 |
elp?] = (slp?] = "+" | (sign | "+", ", ") l nat) s
(? "z" | sign supp zero (s, pl, pl + n)l = 0);
put string(file, slpl : p7 +n:11) ;5p E_Z_L_t_s_ 7; p7p_§}_~t_§_n),
- proc int mould = void: '
(L : (2 "3" | bool zs:= true; to n do
(slp71 = "o" A zs | put string(file, ".") ;
pl plus 1. | 28 := false ; copy) 5 1) 3
(7 "a" | to n do eopy s 1)) ; |




10.5.3:. 1. continued 2

proc string mould = expr while ? "a" do to n do copy, ;
(framel1] = 6 | string mould |: intreal mould ; . '
framel1]l > 8 | p plus 1 5 copy s intreal mould)
end ; _ | o
L) proc % trans edit choice = (file f, int e, string format, ref int p) :
(e > 0 | do insertion(f, format, p) 5 p 2_____ 2; :
to ¢ - 1 do(skip lit(format, p) ; formatlpl = "," I
p plus 1 | undefined) ;
do lit(f, format, p) ;
while formatlpl # ")" do(p plus 1 ; skip lit(format, p)) ;
P p____ 1 | undefined) ; |
i) proec % trans ed'z,t' bool = (file f, bool b, string far'mav‘; _zjgf int p)
(do 'z,nsertwn(f, format, p) ; (formav’;[p + 71 = n(n |
p plus 2 ; (b | do Lit(f, format, p) ; p plus 1 5 skip zw
(format, p) | ekip lit(format, p) ; p p____7 do lit(f, for'mat, p)) |
put string(f, (b | "1" | "0"))) ; p plus 1) ;
J ) proc % do insertion = (file f, L1 : int L falsel char s, ref int pl:.
while(p > 1 | false |: do align(f, s, p) | true |- L :
do lit(f, s, p)) do skip ;
k) proe % do align = (file f, string s, ref int p) bool :
' (int q = p ; int n ; replicator(s, p, n) ;
| (slpl = "' | to n do space(f) ; 1 [:
slp] = "y | to n do backspace(f) ; 1 |:
[:
l

slpl = "p" | to n do new page(f) ;5 1
slpl = "" | to n do new line(f) ; 1
slpl = "kn | char_i_f =n;l)ip
L :pplus 1 ; true) ;

1) proc % do lit = lee £, str"mq 8, ref int p) bool
(int q =p 3 int n 3 r'eplwator(s, ps 1) 3 (s[p] = frenn .
while(slp plus 71 = """ | glp plus 71 = """ | true) do
put string(f, s[p]) s true | p 1= q ; false)) ;

= q 5 false,




10.5.3.2. Formatted input

a) proc inf= (file file, ta:mrof tamrof, [1 intype x) :
(format (file, tamrof) ; in(file, xz)) ;
b) proc in = (file file, [1 : int nl intype x) :
begin string format = format of f'?,Ze 3 _r*_gf nt p = = forp of file ;

for &k to n do. :
(L7 ¢ int Llref gimplout y = straightin xlk] ;
for § to 1 do- |
(L7 : 747 int Jrame ; 7,nt q :=p; pwture(fomat Ps frame) 3
(framel1] | int, real, real, compl compZ stmng, intch, boo7)

int: ($ (ref L int int 14 3 (i1 ::= ylgd |
trans indit L mt(f‘ile, it, format, q, frame) ; end)) %) s 'ézzcomp;

real: (¥ (ref L real wxx; (xx ::= yljl |
trans indit L real(file, mx, format, q, frame); end)) %); incomps

compl: (% (ref L compl 2z; (zz := ylJl |
trans itndit L compZ(fﬂZe 33, format, q, frame) ;

string: (ref string ss ; g_ei char cc + C f{ [43] char' tos
= ylgl | get(ftle, ss) 3 end } undefzned) H

end)) %); incomp;

(framel4] = 0 |:
trans indit stmng( f'LZe, t, format, q, frame) ;
(ss ::= yljl | val ss =t 5 end |: co ::= ylgd |

val ce = tl1] ; end)) ; <ncomp;
intch: (vef int ii; (% 1:= yldl |
trans indit choice(file, it, format, q); end)); incomp;
bool: (ref bool bb; (bb ::= yljl | '
trans indit bool(file, bb, format, q); end));
ineomp: incompatibility of file; undefined.
end: req insertion(file, format, q); p plus 7))

end;

¢ ) proc % trans indit L int =
(file f, ref L int i, string format, ref int p, [1 int fr) :
(stmlng t ; trans indit string(f, t, format, p, fr) ;
Z =L stznng int(t, fr[2]))
o) proc % trans 'mdv,z': L real = -
(fZ,Ze Fs ref_]_i_ real x, string format, ref int p, [1 int fr) :
fstring t ; trans indit string(f, t, format, p, fr) ;
x := L string real(t)) :




10.5.3.2. continued
¢ ) proc % trans indit L compl =
- (file f, ref L compl 3, string format, ref int p, [1 int fr) :
(string t ; int € ; trans indit string(f, t, format, p, fr) ;
‘2 1= (char in string("|", 1, t) | R
(L string real(tll : 1 - 11) | L string real(tli + 1-:. 11)))) ;

F) proc % trans indit string = 4
‘ (file f, ref string t, [1 : int m falsel char format,
ref int p, [1 int frame) : )
begin int n ; bool supp ; char k ; string x := "';
op ? = (string &) bool :
(req insertion(format, p) ; p >m | false |
int q =p ; replicator(format, p, n) ;
(supp := formatlpl ="s" | p plus 1) ; o
- ~ (char in string(format Cpl, Loc int, s)|’ | : ,'-
p plus 1; true | p :=q; false)); |

X

priority [/ = 83
op. ! = (string s, string c¢) string :
(char in string (k, loc int, s) | (supp | "" | k) |
- disagreement of file; c); . ' |
proc next = char: (get string (f, k); k);

proc intreal mould = void :
(2" sign mould (framel3l); int mould;
(2" |z plus "M M int mould);
(?Ve" | @ plus "yo" J "10"; sign mould (framel61); int mould));
proc sign mould = (int sign): (sign = 0 | x plus "+" |
nt g; (T 7 """ | noi=0); for £ ton + 1 while next = ", " do § = i;
x plus (sign = T | Mt J Ml | 2 o= M0 R MM
(char in string (k, loc int, "0123456789") | x plus k);
for © from § + 1 ton + 1 do x plus (newxt; "0723456789"!"0"));
proc int mould = void: (1:
(773" | int j; for © to n while next = " " do § 1= i;
@ plus "0723456789" ! "0";
for i from j + 1 to n do x plus (next; "0123456789" [ "0"); 1);
(2"d" | for i to n do x plus (next; "0123466789" J "0"); 1));
proc string mould = void: while? "a" do to n do x plus
(supp | "." | next); |
tiss (framell] = 6 | string mould | : intreal mould; framel1]l > 3 |
o intreal mould);
t =

end;




- 10.5.3.2. continued 2

g) proc % trans indit choice = :
~ (file f, ref int e, string Format, ref int int p)
(req insertion(f, format, p) ; p plus 2 5 ¢ =1 ;
while — ask Lit(f, format, p) do
(¢ plus 1 ; format[p]l = "," | p plus 1 | undefined) ;
while format[pl # ")" do(p plus 1 ; skip lit(format, p)) ;
~ p plus 1 ; req insertion(f, format_, p)) ) '
Y proe % trans indit bool = :
| (file f, ref bool b, string fomat ref int p) :
(req insertion(f, format, p) ; (format[p + 7] = "( "
p plus 2 ; (b := ask lit(f, format, p) |
p plus 7 ; skip Lit(format, p) |:
p plus 1; — ask Lit(f, foz'mat p) | undefined) I
char k ; get string(f, k) 5 b := (k= "1"| true |:
k="0"| false)) ;
E.___ 1 ; req insertion(f, format, pl) ;
i) proc % req insertion = (file f, [7 : int I falsel char s, ref 7,n1; p) :
while(p > 1| false |: do align(f, s, p) | true |- |
req 1it(f, s, p)) do skip ;. ,
3) proc % req lit = (file f, string s, ref int p) bool :
(int q = p ; int n ; replicator(s, p, n) ; |
| (s[p] = """ | int » =p ; tondolp 1= ;
while(s[p plus 1] = """ | g[p E;..._..” = M trye) do
(char k ; get stz'mg(f, k) ; k # s[p] | undefmed)) ; true |
= q 5 false)) ;

1;) "Bg’_o_c_z_ % ask 1it = (file f, string s, ref int p) bool :
' (int ¢ = char of f 3 int n ; replicator(s, p, n) ;
(slpl = "M | int » =p ; tondolp =71 ;
whize(stp B____ 7] = Hnunn ! s[p E____ 7] = o1yt l _t—r}ie-)ég’
(char k ; get string(fs k) ; k # slpl | 1)) ; true.
Z. M(SEPL 7] e ‘ s[p E_'__ 7] e fPFEIID l tme) do ___7_<_7_’2 ¢
 char of f = e ; false)) ; '




10.5.k. Binary transput

a) proc % to bin = (file f, simplout x) [1 int :

e a value of mode 'row of integral' whose lower bound is one,
and whose upper bound depends on the value of 'f' and on the
mode of the value of 'x'; furthermore, ‘
x = from bin(f, to bin(f, x)) ¢ ; 3

b) proec % from bin = (ﬁz_e_;f, €] intiy);s'zlmpl'out' :

e a value, if one exists, of a mode frbm which that specified by

stmplout is united, such that y = to bin(f, from bin(f, y)) g 3

-

H

{On some channels a more straightforward way of transput is available.
Some properties of this binary transput depend on the particular

implementationd

10.5.4,1. Binary output

a) proc write bin = (L1 outtype x) : put bin(stand back, x) ;
) proc put bin = (file file, 1 : int nl outtype ) :
if bin possiblelchan of filel A opened of file
then if — set possiblelchan of filel thef state def of file
then(state get of file vV —state bin of file | undefined)
else state def of file := state bin of file i= true 3
state get of file := false
£z s
for k o n do
(L7 : Znt 1] simplout y = straightout x[k] ;
for § to 1 do
(L7 ¢ int m] int bin = to bin(file, ylgl) s
for < to m do(next ple(file) ;
book of bfile of filelpage of lee, line of file,
char of filel := binl<l1)))
else undefined

Iz s




1045+ 4.2, -Binary input

a) proe read bin = (L] intype x) : get bin(stand back, x) ;
b) proc get bin = (file file, [1 : int nl intype x) :
Zf bin possible[chaﬁ of filel A opened of file
then if — set possible [chan o _f filel thef state def of file
then(—state get of file vV — state bin of sze | wzdefzned)
else state def of file := state bin of file =
state get of file := true
b
for k ton do
(L7 2 Znt 11 ref simplout y‘= straightin x[k] ;
for § to L do |
(L7 : int m] int bin := to bin(file, yl[jl); simplout r ;
for © to m do(next ple(file) ; '
binl<] := book of bfile of filelpage of file, line-of file,
char of filel) ;
= from bin(file, bin) ;
(f (ref L int it 5 (43 i:= ylg] |:
val it =1 | 1 | undefined)) %) ;
(% (ref L real xx ; (xx ::= y[j] |:
val 2z ::=r | 1 | undefined)) %) ;
(f (ref Lﬁggmg_.zz 3 (zz = ylgl |:
val zz =2 | 1 | undefined)) %) ;-
(ref string &8 5'(33 2= ylgd |
val ss = r 1 Z | undefined)) ;
(ref char ce ;5 (ce ::= ylgl |: val ce ss=r | 1 | undeﬁned)) 3
(ref bool bb ; (bb i:= ylgl |: val bb i:=r | L | undefined)) ;
i : skip))
else undefined |
e s '

{But Eeyore wasn't listening. He was

teking the balloon out, aﬁd putting it
back aga.:.n9 as happy as could be. ceo
Wlnn:.e-othe-Pooh . ~ A.A. Milne.}




11. Examples

11.1. Complex square root

A declaration in which compsqrt is a pchedure-with-[complexJ-Q
parameter-[complex]-identifier (Here [complex] stands for
structured-with- real-named-letter-r-letter-e-and-real-named-
letter-i-letter-m.) : - | ' |

a) proc compsqrt = (compl z) compl : c the ,squai?é root ,wh‘ose real part

1s nonnegative of the complex number z c
b) begin real % = re 3, y = im 2 ;
c). real rp = sqrt((abs x + sqri(x + 2 +y + 2))/8) ;
d) real ip = (rp =0 | 0 | y/(2 x rp)) ;
e) (20| (rp | ip) | (abs ip | (y 20 | zp | -2p)))
f) end compsqrt

[complex]-clause-calls {8.6,3} using compsqrt:
g‘) compsqrt(w)
h) compsqrt(-3.74)
i) compsqrt(-1)



11.2. Innerproductl

A declaration in which <mnerproductl is a procedure-with-integral-
parameter—and—procedure—with—integral—parameter—real—parameter—
and-procedure-with-~integral-parameter-real-parameter-real-identifier:

a) proc innerproduct] = (int n, proc(int) real x, y) yeal :
comment the innerproduct of two vectors, each with n components,
x(Z)y, y(Zl, 2 =1, ov., n, vhere x and y are arbitrary mappings
from integer to real number comment '

b) begin long real s = long 0 ;

c) for © to ndo s plus Zen_g_ (i) x leng y(i) ;

d) short s

e) end innerproduct]

Real-clause-calls {8.6.3} using innerproducﬂ
f) innerproductl(m, (int j) real : x7[jJ, (int ,_7) rea:Z y7[g])

g) innerproductl(n, nsin, ncos)
11.3 . Innerproduct?2

A declaration in which Zmmerproduct? is a procedure-with-reference-
to-row~-of-real-parameter-and-reference-to-row-of-real-parameter-

. real-identifier:

a) proc innezproducﬁ = (refl1 : int nl real a, b) real :
¢ the innerproduct of two vectors a and b with n elements ¢
b) begin long real s := long 0 ;
c) for © to n do sz__ig_ga[z] x teng bLil ;
a) short s
e) end innerproduct?2

Real-clause-calls using Zunerproduct?:

f) innerproductl(xzl, yI)
g) wnmerproductd(yalal, yal, 33)



11.4. Innerproduct3

A declaration in which <nnerproduct3 is a procedure-with-reference-
to-integral—parameter—and—integralfparameter—and—procedure-real—'
parameter-and-procedure-real-parameter-real-identifier:

a) proc innerproduct3 = (ref int <, int n, proc real xi, yi) real :
comment the innerproduct of two vectors whose n elements are the
values of the expressions xi and yi and which depend;.in general,
on the value of 1 comment

b) begin long real s := long 0 ;

c) for k to n do(i i= k ; s plus leng wi x leng yi) ;

 d) short s

e) end innarproduct3

A real-clause-call using Znnerproducts:
f) innerproauctd(j, 8, x1Ljl, yI1ld + 71)

11.5. Largest element

‘A declaration in which absmax is a procedure-with-reference-to-row-of-

row-of-real-parameter-and-reference-to-real-parameter-and-reference-
to-integral-parameter-and-reference-to-integral~parameter-identifier:

a) proc absmax = (ref(1 : int m, 1 : int nl real a,
b) ¢ result ¢ ref real y, ¢ subscripts ¢ ref int i, k) :

comment the absolute value of the element of greatest absolute value

of the m byfn matrix a 1s assigned to y, and the subscripts of this
element to < and k comment
c) begin y := -1 ;
a) for p to m do for q to n do
e) Zf abs alp, q1 > y then y := gbs ali :=p, k :=ql fi
f) end absmazx
Void-clause-calls {8.6.3} using absmax:

g) fﬂﬁﬁnax(x2, x, T, J)

' h) absmax(x2, x, loc int, loc int)



11.6. Euler summation

a) proc euler = (proc(int) real f, real eps,ijzzj_ tim) real :
comment the sum for i from 1 to infinity of F(i), computed by means
of a suitably refined euler transformation. The summation is _
terminated when the absolute values of the terms of the transformed

series are found to be less than eps tim times in succession. This

transformation is particularly efficient in the case of a slowly
convergent or divergent altermating series comment

b) begin int n =1, t; real mn, ds := eps; [1 : 161 real m ;

c) real sum = (mL1] := £(1))/2 ;

a) for ¢ from 2 while(t := (abs ds < eps | t + 1 | 1)) s tim do
e) - begin mn := f(i) ;

£)  for k ton do begin mn := ((ds := mn) +m(K1)/2 ;.

g) mlk] := ds end ; -

n) sum plus(ds := (abs mr <'abs mln] An < 76 |

) nplus 1 ;3 mlnl :=m ; mn/2 | m))

) ond ; T . . ,

k) sum

1) end euler

A clause-call using euler:
m) euler((int i) real : (odd < | =1/ | 1/2), T19=5, 2)

11.7. The norm of a vector

a) proe norm = (refl1 : int nl real a) real :
¢ the euclidean norm of the vector a with n elements ¢

b) (lLong real s := long 0 ;
c) for k to n do s plus leng alkl} & 2 ;

a) short long sqrt(s))

For a use of norm as & clause-call, see 11.8.d.



11.8. Determinant of a matrix

a) proc det = (refll : int n, 1 : int nl real a,

D) ' refll : int nl int p) real :
comment the determinant .of the square matrix a of order n by the
method of Crout with row interchanges: a is replaced by its triangular
decomposition 1 x u with all ulk, k] = 1. The vector p gives as
output the pivotal row indices; the k~th pivot is chosen in the k-th
column of ‘1 such that abs 1%, k1/row norm is maximal comment

e) b_b__e_g.r_ér_zﬂ : nl real v; real d := 1, r = -1, s, pivot ;

4)  for © to n do v[%] := norm(al<l) ;

e) for k to n do

£) begin int k1 = k - 1 ; ref int pk = p[k] ;

g) refl,] real al = af, 1 : “k7], au = all ¢ k1] ;

n) " refl] real ak = alkl, ka = al, k1, apk = a[pk].,

i) : alk = al[kl, kau = aul, k] ;

) for i fromktondo

k) ' begin ref real aitk = kal[Z] ; »
1) ifls := abs(aik minus innevproduct 2(allil, kau))[v[Z]) >.p
m) then r := s ; pk := 1 f%

n) end for © ; '

o)  wv[pkl := v[kl ; pivot := Kalpk] ;

p) for § ton do

a) begin ref real akj = akljl, apki = apk[J] ;

r) r:=akj ; akj := if § < k then apkg

s) else(apkj ~ innerproductl(alk, aul, §1))/pivot fi ;
t) Zf pk # k then apkj := -r fi

u) end for g ;

v)  d times pivot

W) end for k ;

x) d

) end det

A clause-call using det:
z) det(y2, 27)

Fa



11.9. Greatest common divisor
An example of a recursive procedure:

a) proc ged = (éﬁz a, b) int : ; _
¢ the greatest common divisor of tuo inmtegers ¢
b) (b =0 | abs a | ged(b, a +: b)) |

An expression-call using ged:
c) ged(n, 124)

11.10. Continued fraction
An example of a recursive operation:

a) op / = (L7 : int nl real a, b) real :
comment the value of a/b is that of the continued fraction
a;/(by + az/(bz + ... dn/bn)...) comment

b) (n=11al71/bL7] | al71/(bL7] + al2 & 1/DL2 : 1))

A formula using /:

c) xl/y?
{The use of recursion may often be elegant rather than efficient

as in 11.9 and 11.10. See, however, 11.11 for an example in which

recursion is of the essence.}



11.11. Formula manipulation

a) begin union form = (ref const, ref var, ref triple, ref call);

b) struct comst = (real value);

¢) struct var = (string name, real value); ,

a) struct triple = (form left operand, int operator, form right operand);
e) struct function = (ref var bound var, form body);

f) struet call = (ref function function name » form parameter) ;

g) int plus = 1, minus = 2, times = 3; by = 4, to = 5

h) const zero, one; value of zero := 0; value of one = 1I;

i) op = = (form a, ref const b) bool : o ,
(ref const ec ; (ec ::=a | val ec :=: b | false)) ;
j) op + = (form a, b) form : .

(a =zero | b |: b =2zero | a | triple := (a, plus, bl);
k) op - = (form a, b) form : (b = zero | a | triple := (a, minus, b));
1) op x = (form a, b) form : |

I

(a =zero v b =zero| zero |: a=one ['b |: b=one | al
: , triple := (a, times, b));

n) op / = (form a, b) form : o

(a = zero A— b = zero .| zero |: b =one | a | triple := (a, by, b));
n) op 4\‘= (form a, ref const b) form :

(a =ome Vb :s: zero | one |: b :=: one | a | triple := (a, to, b));
o) proe derivative of = (form e, ¢ with respect to ¢ ref var x) form :
p) begin ref const ec ; ref var ev ; ref triple et ; ref call ef ;
a) Zf ec :: e then zero

it

r) elsf ev ::= e then ev :=: x | one | zero)
s) elsf et ::= e then

t) form u = left operand of et, v = right operand of et,

u) udash = derivative of (u, ¢ with respect to ¢ x), ‘

) vdash = derivative of (v, ¢ with respect to ¢ x) ;

W) case operator of et in

x) udash + vdash, udash - vdash,

y) u x vdash + udash * v, (udash - et x vdash)/v,

z) lec :2=v| v x u + (const c; value of ¢ := value of ec = 1; c) x udash
esac
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11.11. continued

aa) elsf ef ::= e then

ab) © ref function f = function name of ef;

ac) form g = parameter of ef;

ad) ref var y = bound var of f;

ae) function fdash := (y, derivative of(body of fs y));
af) | eall := (fdash, g)) x derivative of (g, x)

eg) fI | |

ah) end derivative;

ai) proc value of = (form e) real : , '
aj)  begin ref const.ec ; ref var ev ; ref ‘!;r'}lgle et ; ref call ef;

ak) if ec ::= e then value of ec
al) _@Ef ev :i= e then value of ev
am) elsf et ::= e then
 an) real u = value of(left operand of et),
a0) v = value of (right operand of et);
ap) case operator of et in
aq) u+v, U =0, uxv, u/uv, exp(vXZn(it))~g§_g_c_
ar) elsf ef ::= e then
as) ref function f = function name of ef;
at) value of bound var of f := value of(parameter of ef);
au) value of (body of f) |
av)  ft

aw) end value of;
ax) form f, g ; var a.:= ("a", skip), b := ("b", skip), x := ("x", skip);
ay) start here: ' '
az)  read((value of a, value of b, value of z)); |
ba) fi=ma+x/ (b+x); g = (f+one)/ (f~one;
bb) print((uaiue of a, value of b, value of x,

value of (derivative of (g, ¢ with respect to ¢ x))))

be) end example



