ADAPTED : ADJUSTED ; widened ; rowed ;
hipped ; voided.

ADIC : PRIORITY ; monadic.

ADJUSTED : FITTED ; procedured ; united.
AIPHA t a3 b;c3ds;esfsgshs
i3js3k;ls;ms;n;o;p349:3;
rys;tsusvyw;;xsy s a.

ANY : KIND ; suppressible KIND ;
replicatable KIND ;
replicatable suppressible KIND.

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

BOX : LMOODSETY box.

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

CLAUSE : MOID clause.

CLOSED : closed 3 collateral ; conditional.

COERCEND : MOID FORM.

COMPIEX : structured with real field
letter r letter e and real field
letter i letter m.

DIGIT : digit FIGURE.

EIGHT : SEVEN plus one.

IMPTY : .

FEAT : firm ; weak ; soft.

FIELD : MODE field TAG.

FIEIDS : FIELD ; FIFLDS and FIELD.

FIGURE : zero ; one ; two ;3 three ; four ;
five 3 six ; seven ; eight ; nine.

FITTED : dereferenced ; deprocedured.

FIVE : FOUR plus one.

FORESE : ADIC formula ; cohesion ; base.

FORM : confrontation ; FORESE.

FOUR : THREE plus one.

INTEGRAL : LONGSEIY integral.

INTREAL : INTEGRAL ; REAL.

KIND : sign ; zero ; digit ; point ;
exponent ; complex ; string ; character.

LENGTH : letter 1 letter o letfer n
letter g.

IENGTHETY : LENGTH LENGTHETY ; EMPTY.

LETTER : letter ALPHA ; letter aleph.

IFIEIDSETY : FIEIDS and ; EMPTY.

LIST : list ; sequence.

IMODE : MCDE.

IMOOD : MOCD and.

IMOODS : IMOOD 3 LMOODS IMOCOD.

IMOODSETY : MOOD and IMOCDSETY ; EMPTY.

IMOOT : MOOD and.

LONGSETY : long LONGSETY ; EMPTY.

LOSETY : IMOCDSETY.

LOWPER : lower ; upper.

MABEL : MODE mode ; label.

MODE : MOCD 3 UNITED.

MOID : MODE 3 void.

MOOD : TYPE ; STOWED.

NINE : EIGHT plus one.

NONPROC : PLATN ; format ; procedure
with PARAMETERS MOID ; reference to
NONPROC ; structured with FIELDS ;
row of NONPRCC ; UNITED.

NONROW : NONSTOWED ; structured with
FIEIDS. )

NONSTOWED : TYPE ; UNITED.

NOTTON : ALPHA ; NOTION ALPHA.

NUMBER : one ;3 TWO ; THREE ; FOUR ;
FIVE ; SIX ; SEVEN ; EIGHT ; NINE.

PACK : pack ; package.

PARAMETTER : MODE parameter.

PARAMETERS 3

PHRASE : declaration j; CLAUSE.
PLAIN : INTREAL ; boolean ; character.
PRAM : procedure with IMODE parameter
and RMODE parameter MOID ;
procedure with RMODE parameter MOID.
PRIMITIVE : integral ; real ; boolean ;
character ; format.
PRIORITY : priority NUMBER.
PROCEDURE : procedure PARAMETY MOID.
REAL : LONGSETY real.
REFETY : reference to ; EMPTY.
RFIEIDSETY : and FIEIDS ; EMPTY.
RMODE : MODE.
RMOCDSETY : RMOODSETY and MOOD j; EMPTY.
ROWS : row of ; ROWS row of.
ROWSETY : ROWS ; EMPTY.
ROWWSETY : ROWSETY.
SEPARATOR : LIST separator ;
go on symbol ; campleter ; sequencer.
SEVEN : SIX plus one.
SIX : FIVE plus one.
SOME : serial ; unitary ; CLOSED ;
choice ; THELSE.
SORT : .strong ; FEAT.
SORTETY : SORT ; EMPTY.
STIRM : strong ; firm.
STOWED : structured with FIELDS ;
row of MCDE.
STRING : row of character ; character.
STRONGETY : strong ; EMPTY.
TAG : LETTER ; TAG LETTER ; TAG DIGIT.
THELSE : then ; else.
THREE : TWO plus one.
TWO : one plus one.
TYPE : PLAIN ; format ; PROCEDURE ;
reference to MODE.
UNITED : union of IMOODS MOCD mode.
VICTAL : VIRACT ; formal.
VIRACT : virtual ; actual.
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0. Introduction

0.1. Aims and principles of design

a) In designing the Algorithmic Language ALGOL 68, Working Group 2.1 on
ALGOL of the International Federation for Information Processing expresses
its belief in the value of a common programming language serving many people
in many countries. ‘

b) ALGOL 68 is designed to communicate algorithms, to execute them effi-
ciently on a variety of different computers, and to aid in teaching them to
students.

¢) The members of the Group, influenced by several years of experience with
ALGOL 60 and other programming languages, accepted the following as their
aims:

0.1.1. Completeness and clarity of description

The Group wishes to contribute to the solution of the problems of de-
scribing a language clearly and completely. The method adopted in this Re-
port is based upon a strict language comprizing a language core, whose de~
scription is minimized. The remainder of the language is described in terms
of this core, thereby reducing the amount of semantic description at the
cost of a heavier burden on the syntax. It is recognized, however, that this
method may be difficult for the uninitiated reader. Therefore, a companion
volume, entitled "Informal Introduction to ALGOL 68", has been prepared at
the request of the Group by C.H.Lindsey and S.G.van der Meulen, and further
companion volumes on specific aspects of the language may well follow.

0.1.2. Orthogonal design

The number of independent primitive concepts was minimized in order that
the language be easy to describe, to learn, and to implement. On the other
hand, these concepts have been applied "orthogonally" in order to maximize
the expressive power of the language, and yet without introducing deleteri-
ous superfluities.

0.1.3. Security

ALGOL 68 has been designed in such a way that nearly all syntactical and
many other errors can be detected easily before they lead to calamitous re-
sults. Furthermore, the opportunities for making such errors are greatly re-
stricted.

0.1.4. Efficiency
ALGOL 68 allows the programmer to specify progrems which can be run ef-

ficiently on present-day computers and yet do not require sophisticated and
time~consuming optimization features of a compiler; see, e.g., 11.8.



0.1.4.1. Static mode checking

The syntax of ALGOL 68 is such that no mode checking during run time is
necessary except during the elaboration of conformity relations, the use of
which is required only in those cases in which the programmer explicitly
makes use of the flexibility offered by the united mode feature.

0.1.h4.2. Static scope checking

The syntax of ALGOL 68 is such that no scope checking during run time is
necessary except in some cases in which the programmer explicitly mskes use
of the flexibility offered by the absence of syntactical scope restrictions.

0.1.4.3. Mode-independent parsing

The syntax of ALGOL 68 is such that the parsing of a program can be per-—
formed independently of the modes of its constituents. Moreover, there is an
algorithm which determines in a finite number of steps whether an arbitrary
given sequence of symbols is a proper prograem.

0.1.4.4. Independent compilation

. The syntax of ALGOL 68 is such that the main line progreams and proce-
dures can be compiled independently of one another without loss of object-
program efficiency, provided that during each such independent compilation,
specification of the mode of all nonlocal quantities is provided; see the
remarks after 2.3.c.

0.1.4.5. Loop optimization

Iterative processes are formulated in ALGOL 68 in such a way that
straightforward application of well-known optimization techniques yields
large geins during run time without excessive increase of compilation time.

0.1.4.6. Representations

Representations of ALGOL 68 symbols have been chosen so that the lan-
guage may be implemented on computers with a minimal character set. At the
same time implementers may take advantage of a larger character set, if it
is available.

0.2. Comparison with ALGOL 60

a) ALGOL 68 is a language of wider applicability and power than ALGOL 60.
Although influenced by the lessons learned from ALGOL 60, ALGOL 68 has not
been designed as an expansion of ALGOL 60 but rather as a completely new
language based on new insights into the essential, fundamental concepts of
computing and a new description technique.




0.2. continued

b) The result is that the successful features of ALGOL 60 reappear in
ALGOL 68 but as special cases of more general constructions, along with com=
pletely new features. It is, therefore, difficult to isolate differences be-
tween the two languages; however, the following sections are intended to
give insight into some of the more striking differences.

0.2.1. Values in ALGOL 68

a) Whereas ALGOL 60 has values of the types integer, real and Boolean,
ALGOL 68 features an infinity of "modes", i.e., generalizations of the con-
cept "type".

b) Each plain value is either arithmetic, i.e., of integral or real mode
and then it is of one of several lengths, or it is of boolean or character
mode.

¢) In ALGOL 60, composition of values is possible into arrays, whereas in
ALGOL 68, in addition to such "multiple" values, also "structured" values,
composed of values of possibly different modes, are defined and manipulated.
An example of a multiple value is the character array, which corresponds ap-
proximately to the ALGOL 60 string; examples of structured values are com-
Plex numbers, machine words considered as sequences of bits or of bytes, and
symbolic formulae.

d) In ALGOL 68, the concept of a "name" is introduced, i.e., a value which
is said to "refer to" another value; such a name-value pair corresponds to
the ALGOL 60 variable. However, any name may take the value position in a
name=value pair and thus chains of indirect addresses can be built up.

e) The ALGOL 60 concept of procedure body is generalized in ALGOL 68 to the
concept of "routine", which includes also the formal parameters, and which
is itself a value and therefore can be manipulated like sny other value; the
ALGOL 68 concept "format" has no ALGOL 60 counterpart.

f) 1In contrast with plain values and multiple and structured values com-
posed of plain values only, the significance of a name, routine or format or
of a multiple or structured value composed of names, routines or formats,
possibly amongst other values, is, in general, dependent on the context in
which it appears. Therefore, the use of names, routines and formats is sub-
ject to some natural restrictions related to their "scope".

0.2.2. Declarations in ALGOL 68

a) Whereas ALGOL 60 has type declarations, array declarations, switch dee—
larations and procedure declarations, ALGOL 68 features the "identity dec-
laration" whose expressive power includes all of these, and more. In fact,
the identity declaration declares not only variables, but also constants, of
any mode, and, moreover, forms the basis of a highly efficient and powerful
parameter mechanism.

b) Moreover, in ALGOL 68, a "mode declaration" permits the construction of
new modes from already existing ones. In particular, the modes of multiple
values and of structured values may be defined this way; in addition, a
union of modes may be defined for use in an identity declaration allowing
each value referred to by a given name to be any one of the uniting modes.



0.2.2. continued

¢) Finally, in ALGOL 68, a "priority declaration" and an "operation dec-
laration™ permit the introduction of new operators, the definition of their
operation and the extension or revision of the class of operands applicable
to already established operators.

0.2.3. Dynamic storage allocation in ALGOL 68

Whereas ALGOL 60 (apart from the so-called "own dynamic arrays") implies
a "stack"-oriented storage-allocation regime, sufficient to cope with a
statically (i.e., at compile time) determined number of single or multiple
values, ALGOL 68 provides, in addition, the ability to generate a dynamic-
ally (i.e., at run time) determined number of values, which ability implies
the use of additional storage—allocation techniques.

0.2.4. Collateral elaboration in ALGOL 68

Whereas, in ALGOL 60, statements are "executed consecutively", in
ALGOL 68, "phrases" are "elaborated serially" or "collaterally". This last
facility is conducive to more efficient object programs under many circum—
stances, and increases the expressive power of the language. Facilities for
parallel programming, though restricted to the essentials in view of the
none~too~advanced state of the art, have been introduced.

0.2.5. Standard declarations in ALGOL 68

The ALGOL 60 standard functions are all included in ALGOL 68 along with
many other standard declarations. Amongst these are "environment enquiries",
which make it possible to determine certain properties of an implementation,
and "transput" declarations, which make it possible, at run time, to obtain
data from and to deliver results to external media.

0.2.6. Some particular constructions in ALGOL 68

a) The ALGOL 60 concepts of block, compound statement and parenthesized ex-
pressions are unified in ALGOL 68 into "closed clause". A closed clause may
be an expression and possess a value. Similarly, the ALGOL 68 "assignation",
which is a generalization of the ALGOL 60 assignment statement, may be an
expression and, as such, also possess a value.

b) The ALGOL 60 concept of subscription is generalized to the ALGOL 68 con=
cept of "indexing", which allows the selection not only of a single element
of an array but also of subarrays with the same or any smaller dimensional-
ity and with possibly altered bounds.

c¢) ALGOL 68 provides not only the multiple values mentioned in 0.2.1.c, but
also "collateral expressions” which serve to compose these values or struc-—
tured values from other, simpler values.

d) The ALGOL 60 for statement is modified into a more concise and efficient
. "repetitive statement”.
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e) The ALGOL 60 conditional expression and conditional statement, unified
into a "conditional clause", are improved by requiring them to end with a
closing symbol whereby the two alternative clauses admit the same syntactic
possibilities. Moreover, the conditional clause is generalized into a "case
clause" which allows the efficient selection from an arbitrary number of
c¢lauses depending on the value of an integral expression or of a conformity
relation.

f£) Some less successful ALGOL 60 concepts, such as own quantities and inte=-
ger labels, have not been included in ALGOL 68, and some concepts like de-
signational expressions and switches do not appear as such in ALGOL 68, but
their expressive power is included in other, more general, constructions.

{Thue wisdom knows

At must comprise

some nonsense

as a compromise,

Lest fools should fail
to gind it wise.
Grooks, Piet Hein.}




1. Language and metalanguage
1.1. The method of description

1.1.1. The strict, extended and representation languages

a) ALGOL 68 is a language in which "programs" can be formulated for "com=
puters", i.e., "automata" or "human beings". It is defined in three stages,
the "strict language", the "extended language" and the “"representation lan-
guage". :

b) 1In the definition, the "English language" and a "formal language" are
used. For both of these languages, as also for the strict language and the
extended language, typographical and syntactic marks are used which bear no
immediate relation to those used for the representation language.

1.1.2. The syntax of the strict language

a) The strict language is defined by means of a "syntax" and "semantics".
‘This syntax is a set of "production rules" for "notions"; it is expressed in
" SIIn‘la:'l;l ﬁyﬁtag?%c Hks:: 2 1" in"tHiSHRﬁpoﬁt ” "a:: > " "b:: > n "c:: > i "d:: > ""e:: ; " "f:: > n "g" ?
i, N, ke, UL, T, fnf, o, Tpt, T, rt, UsT, LT, fuf,
"V -, W', "x"’ "y" and "Z";
"large Syn.tactic mark.s“, in this Report "A‘"’ "B"’ "C"’ "D"’ "El" “F"’ "G"’
' :'H::’ ::I"’ "J‘"’ "K", "L“’ "M"’ "N", "O"’ "P"’ "Q"’ "R", "s"’ "T"’ "U",
'V . wﬂ’ "X"’ "Y" B.nd. "Z";
other syntactic marks", in this Report "." ("point"),
("colon"), "3" ("semicolon") and '"x" ("asterisk").
{Note that these marks are in another type font than the marks in this
sentence.}

ll," ("coma") R ":ll

b) A "protonotion" is a nonempty, possibly infinite, sequence of small syn-
tactic marks; a notion is a protonotion for which there is a production
rule; a "symbol" is a protonotion ending with 'symbol®.

e) A production rule for a given notion consists of that notion, possibly
preceded by an asterisk, followed by a colon, & "list of notions" {see d},
and a point, in that order. The list of notions is said to be a "direct pro-
duction" of the given notion.

d) A 1ist of notions is a nonempty sequence of "members" separated by com-
mas; 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, or is some
other protonotion {and then the production rule of whose list of notions it
is & member is said to be & "blind alley"}.

e) A "production" of a given notion is either a direct production of that

given notion or a list of notions obtained by replacing a preductive member
in some production of the given notion by a direct production of that pro=-

ductive member.

f) A "terminal production" of a notion is a production of that notion each
of whose members is either a symbol or empty.
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{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', and contains
two members, both of which are productive. A terminsal productlon of this
same notion is

'digit zero symbol, point symbol, digit one symbol'.
The member 'digit zero symbol' is an example of a symbol, and is terminal.
The protonotion 'twas brillig and the slithy toves' 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.b,c).}

1.1.3. The syntax of the metalanguage

a) Some production rules of the strict language are given explicitly and
others are obtained with the aid of a "metalanguage" whose syntax is a set
of production rules for "metanotions".

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

e¢) A production rule for a given metanotion consists of that metanotion
followed by a colon, a "list of metanotions" {see d}, and a point, in that
order. The list of metanotions is said to be a direct production of the
given metanotion.

d) A list of metanotions is a nonempty sequence of "metamembers" separated
by blanks; a metamember is either a metanotion and is then said to be pro=
ductive, or a, possibly empty, sequence of small syntactic marks.

e) A production of a given metanotion is either a direct production of that
given metanotion or a list of metanotions obtained by replacing a productive
metamember in some production of the given metanotion by a direct productlon
of that productive metamember.

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

{In the production rule 'TAG : LEITER.', derived from 1.2.1.r, 'LETTER'
is a direct production of the metanotion 'TAG', and consists of one metamem-
ber which is productive. A perticular terminal production of the metanotion
'TAG' is 'letter x' (see 1.2.1.s,t). In the production rule 'EMPTY : .’
(1.2.1.1), the metanotion 'EMPTY' has a direct production which consists of
one empty metamember.}

1.1.4. The production rules of the metalanguage

The production rules of the metalangusge are the rules 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 of which consists of the part of that rule up to
and including the first semicolon with that semicolon replaced by a point,
and the second of which consists of a copy of that part of the rule up to
and including the colon, followed by the part of the orlglnal rule follow=
ing its first semicolon, whereupon Step 1 is taken again;
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Step 2: A number of production rules for the metanotion 'ALPHA' {1.2.1.t},
each of whose direct productions is another small syntactic mark, may be
added.

{For instance, the rule
'TAG : LETTER ; TAG LETTER ; TAG DIGIT.',
from 1.2.1.r, is replaced by the rules
'PAG : IETTER.' and 'TAG : TAG IETTER ; TAG DIGIT.',
and the second of these is replaced by
VYTAG : TAG LETTER.' and 'TAG : TAG DIGIT.',
thus resulting in three rules from the or%g%nal one.

The reader might find it helpful to read ":" as "may be a", "," as "followed
by a", and ";" as "or a".}

1.1.5. The production rules of the strict language

a) A production rule of the strict languasge is any rule obtained in the
following steps from the rules given in Chapters 2 up to 8 inclusive in the
sections whose heading is, or begins with, "Syntax":

Step 1: Identical with Step 1 of 1.1.k;

Step 2: One of the rules obtained is considered;

Step 3: If the considered rule contains one or more metanotions, then for
some terminal production of such a metanotion, a new rule is obtained by
replacing that metanotion, throughout a copy of the considered rule, by
that terminal production, whereupon this new rule is considered instead
and Step 3 is taken; otherwise, all blanks in the considered rule are re=
moved and the rule so obtained is a production rule of the strict lan-

guage.

b) A number of production rules may be added for 'indicant', 'dyadic
indicant! and 'monadic indicant' {L.2.1.b,e,f}, each of whose direct produc=-
tions is a symbol different from any symbol given in this Report, with the
restriction that no terminal production of 'indicant' is also a terminal
production of 'monadic indicant'.

¢) A number of production rules may be added for 'other comment item'
{3.0.9.¢c} and 'other string item' {5.1.4,1.b} each of whose direct produc=
tions is a symbol different from any terminal production of 'character
token' with the restrictions that no terminal production of 'other comment
item' is 'comment symbol' and no terminal production of 'other string item'
is 'quote symbol'.

{The rule

tactual LOWPER bound : strict LOWPER bound, flexible symbol option.'
derived from T.1.1.t by Step 1 and considered in Step 2 is used in Step 3 to
provide either one of the following two production rules of the strict lan-
guage:

'actuallowerbound:strictlowerbound,flexiblesymboloption.' and

'actualupperbound: strictupperbound,flexiblesymboloption. ' ;
however, to ease the burden on the reader, who may more easily ignore blanks
himgelf, some blanks will be retained in the symbols, notions and production
rules in the rest of this Report. Thus, the rules will be written in the
more readable form ‘ .

'actual lower bound : strict lower bound, flexible symbol option.' and

'actual upper bound : strict upper bound, flexible symbol option.'.
Note that .

'actual lower bound : strict upper bound, flexible symbol option.'
is not a production rule of the strict language, since the replacement of
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the metanotion 'LOWPER' by one of its productions must be consistent
throughout. . )
Since some metanotions have an infinite number of terminal productions, the
number of notions in the strict language is infinite and the number of pro-
duction rules for a given notion may be infinite; moreover, since some meta-~
notions have terminal productions of infinite length, some notions are infi=-
nitely long. For examples see 4.1.1 and 8.5.2.2., These infinities should not
worry the reader. From the sequel it follows that in any program only a fi-
nite number of notions and production rules are involved, and that although
notions of infinite length may be involved, their constitution is always de-
termined by a simple substitution process defined by a finite number of sym—
bols, viz., the program; it is this process rather than its hypothetical
outcome that matters.

Some production rules obtained from a rule containing a metanction may be
blind alleys in the sense that no production rule is given for some member
to the right of the colon even though it is not a symbol.}

1.1.6. The semantics of the striet language

a) A terminal production of a notion is considered as a linearly ordered
sequence of symbols. This order is termed the "textual order", and "follow—
ing" ("preceding") stands for "textually immediately following" ("textually
immediately preceding”) in the rest of this Report. Typographical display
features, such as blank space, change to a new line, and change to a new
page do not influence this order {but see 3.1.2.b}.

b) A sequence of symbols (A protonotion) consisting of a second sequence of
symbols {a second protonotion) preceded and/or followed by (a) nonempty se-
quence(s) of symbols (of small syntactic marks) "contains" that second se-
quence of symbols (second protonotion).

c) A "paranotion" when not in a section whose heading is, or begins with,

"Syntax", not between "apostrophe"s (" ' ") and not contained in another pa-

ranotion "denotes" some number of protonotions, its "originals". A parano-

tion is either

i) & symbol and then it denotes itself {, e.g., "begin symbol" denotes
"begin symbol"}, or

ii) a notion whose production rule does (rules do) not begin with an aster-
isk, and then it denotes itself {, e.g., "plusminus” denotes "plusminus"},
or

iii) a notion whose production rule does (rules do) begin with an asterisk,
and then it denotes any of its direct productions {, which, in this Re=~
port, always is a notion or a symbol, e.g., "trimscript" (8.6.1.1.j) de-
notes "trimmer" or "subscript"}, or

iv) a paranotion in which one or more "hyphen"s ("=") have been inserted
and then it denotes the originals of that parenotion before the inserting
{, 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 then it denotes some number of the
originals of that paranotion before the modification {, e.g.,
"trimscripts" denotes some number of "trimmer"s and/or "subscript"s and
"primaries" denotes some number of the notions denoted by "primary"}, or

vi) & paranotion whose first small syntactic mark has been replaced by the
corresponding large syntactic mark, and then it denotes the originals of
that paranotion before the modification {, e.g., "Identifiers" denotes the
notions denoted by "identifiers"}, or
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vii) a paranotion in which a terminal production of 'SORT' and/or of 'SOME'
and/or of 'MOID' has been omitted, and then it denotes the originals of
any other 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., "jump" denotes the notions denoted by "MOID jump" (8.2.7.1.c),
"declaration" denotes the notions denoted by "SOME declaration" (6.2.1.a,
7.0.1.a) and "clause" denotes the notions denoted by "SORTETY SCME MOID
clause” (6.1.1.a,6.2.1.b,¢,d,£,6.3.1.a,6.4.1.a,c,d,e,8.1.1.8), where
"SORTETY" ("SOME", "MOID") stands for any terminal production of the meta~-
notion 'SORTETY' ('SOME!', 'MOID')}.

{As an aid to the reader, paranotions, when not under Syntax or between
apostrophes, are provided with hyphens where, otherwise, they are provided
with blanks. Rules beginning with an asterisk have been included in order to
shorten the semantics.} '

d) Except as otherwise specified {f,gl, a paranotion stends for eny "occur-
rence" of any symbol denoted by it and/or of any terminal production of any
notion denoted by it considered as a terminal production of, specifically,
that notion.

e) An occurrence 0 of a terminal production of a notion N is produced by a
tree of specific productions; for this "production tree" are defined:
a "direct descendent” of N, i.e., a member of the direct production of N;
a "descendent" of N, i.e., a direct descendent of either N or a descendent
of Nj
the "offspring" of a descendent D of N, i.e., if D is a notion (symbol),
then the occurrence of the terminal production of (the occurrence of) D
{which is, or is contained in, 0}; and
a "direct comnstituent" of 0, i.e., the offspring of a direct descendent of
N. :

f) A paranotion P which is said to be a direct constituent of a paranotion
0, stands for all occurrences of symbols denoted by P or of terminal pro-
ductions of notions denoted by P which are direct constituents of occyr-
rences of terminal productions of notions stood for by Q.

A paranotion P is a descendent of a paranction Q if it is a direct con-
stituent of Q or if it is a direct constituent of a descendent of §.

A paranotion P is a "constituent" of a paranotion { if it is a descen=
dent of Q but not a descendent of a descendent R of Q where R is the same
protonotion as either P or Q.

{Hence, 1: 2 is a constituent actual-row-of-rower of the actual-declarer
[1 : 2] struct ([3 : 4] real a), but 3 : 4 is not, since it is a descendent
of the descendent actual-declarer [3 : 4] real. Also, j§ := 1 is a constitu-
ent assignation (8.3.1.1.a) of the assignation £ := j := 1, but not of the
serial-clause © :=J := 1; k := 2 nor of the assignations j := 1 and
k =1 :=j := 1. The assignation § := I is not a direct constituent of the
assignation £ := 4 := 1, but the source j := 1 is (8.3.1.1.a).}

g) A paranotion which is a direct constituent of a second paranotion is a
paranotion of that second paranotion.
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{This pefmits the abbreviation of "direct constituent of", which would

appear frequently under Semantics, to "of", "its" or even "the", e.g., in
the assignation (8.3.1.1.a) © := 1, 4. is its destination or £ is the, or a,
destination of the assignation ¢ := I, whereas ¢ is a constituent, but not

simply a, destination of the serial—clause 7T :=1; 4 = 2.}

h) In sections 2 up to 8 under "Semantics", a meaning is associated with
oceurrences of certain sequences of symbols by means of sentences in the
English language, as a series of processes (the "elaboration" of those oc-
currences of sequences of symbols as terminal productions of given notions),
each causing a specific effect. Any of these processes may be replaced by
any process which causes the same effect.

i) If an occurrence of a sequence of symbols is the offspring of a direct
descendent P of a notion N which is the only member of a direct production
of N, then its "preelaboration", possibly yielding a "prevalue" with a "pre-
mode" and a "prescope", as terminal production of N is its elaboration, pos-
sibly yielding a "value" with a "mode" and a "scope", as terminal production
of D and, except as otherwise specified {8.2}, its elaboration with value,
mode and scope as terminal production of N is its preelaboration with pre=
value, premode and prescope as terminal production of N.

{The elaboration with value, mode and scope of the reference-to-real-
confrontation (8.3.0.1.a) & := 3.14 is its preelaboration with prevalue,
premode and prescope which is its elaboration with value, mode and scope as
a reference-to-real-assignation.

The syntax of the strict language has been chosen in such a way that a
given sequence of symbols which is a terminal production of 'program' is so
by means of a unique set of productions, except, possibly, for production
rules inducing at most preelaboration, e.g., derived from rules 6.1.1.g,
6.2.1.e and 6.4.1.4 (balancing of modes) and from rule 7.1.%1.cc in combina-
tion with T7.2.1.a and T.4.1.a (order of terminal productions of 'MOOD' in a
terminal production of 'UNITED'); see also 2.3.a.}

J) A terminal production of a metanotion M is "enveloped" by a notion N if
it is contained once.in N but not in another terminal production of M con-
tained in N.

{Thus, 'reference to real' is enveloped as terminal production of 'MODE’
by 'reference to real mode identifier', but 'real' is not.}

k) If something is left "undefined" or is said to be undefined, then this
means that it is not defined by this Report alone, and that, for its defini=-
tion, information from outside this Report has to be taken into account.

1.1.7. The extended language

The extended language encompasses the strict langusge; i.e., a program
in the striet language, possibly subjected teo & number of notational changes
by virtue of "extensions" given in Chapter 9, is a ‘program in the extended
language and has the same meaning.

{Thus real % is a representation of an identity-declaration in the ex-
tended language which means the same as refz@alw =loc reqlvwhich is a repre-
sentation of that identity-declaration in the striect L language; see 9.2.a.}




1.1.8. The representation language

a) The representation language represents the extended language; i.e., a
program in the extended. language, in which all symbols are replaced by cer-
tain 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 language and has the same meaning.

b) Each version of the language in which representations are used which are
sufficiently close to the given representations to be recognized without
further elucidation is alsoc a representation language. A version of the lan-

guage in which notations or representatlons are used which are not obviously
associated with those defined here, is a "publication language or "hardware
language" {, i.e., & version of the language suited to the supposed prefer-
ence of the human or mechanical interpreter of. the languagel.

{e.g., begin, begin , '"BEGIN and 'BEGIN' (3.1.2.b) are all representa=
tions of the begin-symbol (3.1.1.e) in the representation language and some

combination of holes in a punched card may be a representation of it in some
hardware language.}

1.2. The metaproduction rules

1.2.%. Metaproduction rules of modes

a) MODE : MOOD ; UNITED.
b) MOOD : TYPE ; STOWED.
¢) TYPE : PLAIN ; format ; PROCEDURE ; reference to MODE.

d) . PLAIN : INTREAL ; boolean ; character.

e) INTREAL : INTEGRAL ; REAL. .

£) INTEGRAL : LONGSETY integral.

g) REAL : LONGSETY real.

h) LONGSETY : long LONGSETY ; EMPTY.

i) EMPIY : .

j) PROCEDURE : procedure PARAMETY MOID.

k) PARAMETY : with PARAMETERS ; EMPTY.

1) PARAMETERS : PARAMETER ; PARAMETERS and PARAMETER.

m) PARAMETER : MODE parameter.

n) MOID : MODE ; void.

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

p) FIELDS : FIELD ; FIEIDS and FIELD.

q) FIELD : MODE field TAG.

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

s) IETTER : letter ALPHA ; letter aleph.

t) ALPHA :a;b;c3dses;f3g85h
gqs;ri;ss;ti;us vy X

u) DIGIT : dlglt FIGURE.

v) FIGURE : zero ; one ; two 3 three ; four ; five ; six ; seven ; eight ;
nine.

w) UNITED : union of IMOODS MOOD mode.

x) IMOODS : IMOOD ; IMOODS IMOOD.

y) IMOOD : MOOD and.

m;ns;o;pP;s

N .
e
=
“wse
et
we

we Ve
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we we
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{The reader might find it helpful to note that a metanotion ending with
'ETY' always has 'EMPTY' as a production.}




1.2.2. Metaproduction rules associated with modes

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

b) ROWS : row of ; ROWS row of.

c) ROWSETY : ROWS ; EMPIY.

d) ROWWSETY : ROWSETY.

e) NONROW : NONSTOWED ; structured with FIELDS.

f) NONSTOWED : TYPE ; UNITED.

g) REFETY : reference to ; EMPTY.

h) NONPROC : PLAIN ; format ; procedure with PARAMETERS MOID
reference to NONPROC 3 structured with FIELDS ; row of NONPROC H
UNITED.

i) PRAM : procedure with IMODE parameter and RMODE parameter MOID ;
procedure with RMODE parameter MOID.

j) LMODE : MODE.

k) RMODE : MODE.

1) IMOOT : MOOD and.

m) IMOODSETY : MOOD and IMOODSETY ; EMPTY.

n) RMOODSETY : RMOCDSETY and MOOD ; EMPTY.

o) LOSETY : IMOODSETY.

p) BOX : IMOODSETY box. :

q) LFIFIDSETY : FIELDS and ; EMPTIY.

r) RFIELDSETY : and FIELDS ; EMPTY.

s) COMPLEX : structured w1th real field letter r letter e and real field

letter i letter m. '
t) BITS : structured with row of boolean field LENGTHETY letter aleph.
u) LENGTHETY : IENGTH LENGTHETY ; EMPTY.
v) LENGTH : letter 1 letter o letter n letter g.

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

x) STRING : row of character ; character.
y) MABEL : MODE mode ; label.

1.2.3. Metaproduction rules associated with phrases and coercion

a) PHRASE : declaration ; CLAUSE.

b) CLAUSE : MOID clause.

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

e) THELSE : then ; else.

f£) SORIETY : SORT ; EMPTY.

g) SORT : strong ; FEAT.

h) FEAT : firm ; weak ; soft.

i) STRONGETY : strong ; EMPTY.

j) STIRM : strong ; firm.

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

n) FITIED : dereferenced ; deprocedured.

1.2.4. Metaproduction rules associated with coercends

a) COERCEND : MOID FORM.

b) FORM : confrontation ; FORESE.

¢) FORESE : ADIC formula ; cchesion ; base.
d) ADIC : PRIORITY ; monadic.

e) PRIORITY : prlorlty NUMBER.

f) NUMBER : one ; TWO ; THREE ; FOUR ; FIVE ; SIX ; SEVEN ; EIGHT ; NINE.
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g) TWO : one plus one.

h) THREE : TWO plus one.
i) FOUR : THREE plus one.
j) FIVE : FOUR plus one.
k) SIX : FIVE plus one.

1) SEVEN : SIX plus one.
m) EIGHT : SEVEN plus one.
n) NINE : EIGHT plus one.

1.2.5. Other metaproduction rules

a) VICTAL : VIRACT ; formal.

b) VIRACT : virtual ; actual.

¢) LOWPER : lower ; upper.

d) ANY : KIND ; suppressible KIND ; replicatable KIND ;
replicatable suppressible XIND.

e) KIND : sign ; zero ; digit ; point ; exponent ; complex ; string ;
character.

f) NOTION : ALPHA ; NOTION ALPHA.

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

h) LIST : list ; sequence.

i) PACK : pack ; package.

{Rule f implies that all protonotions (1.1.2.b) are productions
(1.1.3.e) of the metanotion (1.1.3.b) 'NOTION'; for the use of this meta-
notion see 3.0.1.b,c,d,g,h,1i.}

{"Werk, 'sLithy' means 'Eithe. and s&imy'. ...
You see it's Like a portmanteau - there are
fwo meanings packed .up into one word."
Through the Looking-glass, Lewis Carroll.}

1.3. Pragmatics

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

{The rules under Syntax are provided with cross-references to be inter-
preted as follows. Let a "hypernotion" be either a protonotion or a sequence
of one or more metanotions, possibly preceded and/or separated and/or fol-
lowed by protonotions; then each rule consists of a hypernotion followed by
a colon followed by one or more hypernotions separated by commas or semico-
lons, and is closed by a point. By virtue of 1.1.5.a.Step 3, each hyperno-
tion eventuelly yields one or more protonotions. In each rule, a hypernotion
before (after) the colon is followed by indicators of the rules in which a
hypernotion yielding one or more protonotions also yielded by the first hy-
pernotion appears after (pefore) the colon, or by indicators of the repre-
sentations in section 3.1.1 of the symbols yielded by the first hypernotion.
Here, an indicator is, in principle, the section number followed by the let-
ter indicating the line where the rule or representation appears, with the




1.3. continued

following conventions:

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

ii) all points are omitted and 10 appears as A; e.g., "3.0.3.a" appears as
"303a" elsewhere and "3.0.10.a" appears as "304a";

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

iv) a section number which is the same as in the preceding indicator is
omitted; e.g., "821a,821v" appears as "821a,b";

V) numerous indicators of the rules 3.0.1.b up to i are replaced by more
helpful indicators; e.g., in 6.1.1.c, "chain of strong void units
separated by go on symbols{30c}" appears as "chain of strong void units{e}
separated by go on symbols{31f}"; also, indicators in section 3.0.1 are
restricted to a bare minimum;

vi) the absence of a production rule for one or more protonotions which are
not symbols and are yielded by the hypernotion appearing after the colon,
is indicated by "-"; e.g., in 8.3.0.1.a after "MODE conformity relation"
appears {832a,-} since 8.3.2.1.a yields only production rules for "boolean
conformity relation", and no other rule provides the absent productions.}

{Some of the pragmatic remarks are examples in the representation lan-
guage. In these examples, identifiers occur out &f context from their defin-
ing occurrences. Unless otherwise specified, these occurrences identify
those in the standard-prelude (2.1.b and Chapter 10) (e.g., see 10.3.k for
random end 10.3.a for pi), that in the exit (2.1.e) (viz., exit), or those
in:

int <, J, k, my, n; real a, b, x, y; bool p, q, overflow; char ¢; format Fs
bytes r; string s; bits t; compl w, z; ref real xx, yy; [1:n] real =1, y1;
LI:mm, 1:n] real x2; {1:n, 1:n] real y2; [1:n] tnt <1; [1:m, 1:n] int 12;
proc ref real @ or y = ref real : (random < .5 | = | y);

proc neos = (int 1) real : cos (2 x pit x 1 [/ n);

proc nsin = (int i) real : sin (2 x pi x 1 [ n);

proc g = (real u) regl : (avetan (W) = a + u = 1);

proc stop = go to exit;

princeton: grenoble: st pilerre de chartreuse: kootwijk: warsaw: sandvoort:
amsterdam: tirrenia: north berwick: munich: stop .}

{Merely conroborative detail, intended to
give arntistic verisimilitude to an otheruise
bald and unconvineing navative.,

Mikado, W.S. Gilbert.}




2. The computer and the program

{The programmer is concerned with particular-programs (2.1.d). These are
always contained in a program (2.1.a), which also contains the standard-
prelude, i.e., a declaration-prelude which is always the same (see Chapter
10), possibly a library-prelude, i.e., a declaration-prelude which may de-
pend upon the implementation, the exit, i.e., ;5 exit: , which enables the
programmer to end the elaboration of a program anywhere by that of the Junmp
exit, possibly a library-postlude, and the standard-postlude (10.6).}

2.1. Syntax

a) program : open symbol{31e}, standard prelude{b},
library prelude{c} option, particular program{d}, exit{e},
library postlude{f} option, standard postlude{g}, close symbol{31e}.
b) standard prelude{a} : declaration prelude{61b} sequence.
e) library prelude{a} : declaration prelude{61b} sequence.
d) particular program{a} :
label{61k} sequence option, strong CLOSED void clause{62b,63a,6ka}.
e) exit{a} : go on symbol {31f},
letter e letter x letter i letter t{l4ic}, label symbol{3le}.
f) library postlude{a} : statement interlude{61i}.
g) standard postlude{a} : strong void clause train{6ih}.

2.2. Terminology {"When | use a wond," Humpity Dumpty said, in
nathen a scornful tone, "it means just what
1 choose it to mean - neither more non Less."
Through the Looking-glass, Lewis Carvoll.}

The meaning of a program is explained in terms of a hypothetical com-
puter which performs a set of "actions" {2.2.5}, the elaboration of the
program {2.3.a}. The computer deals with a set of "objects" {2.2.1} between
which, at any given time, certain "relationships" {2.2.2} may "hold".

2.2.1. Objects

Fach object is either "external" or "internal". External objects are
occurrences of symbols or of terminal productions {1.1.2.f} of notions. In-
ternal objects sre "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 hold or cease to hold.
Each relationship is either between external objects or between an external
object and an internal object or between internal objects.

b) The relationships between external objects are: to contain {1.1.6.b}, to
ve & direct constituent of {1.1.6.e} and "to identify" {c}.




2.2.2. continued

¢) A given occurrence of a terminal production of 'MABEL identifier!'
{4.1.1.p} ('MODE mode indication' {4.2.1.b} or 'PRIORITY indication'
{4.2.1.e}, '"PRAM ADIC operator' {4.3.1.b,c}) where "MABEL" ("MODE",
"PRIORITY", "PRAM", "ADIC") stands for any terminal production of the meta-
notion 'MABEL' ('MODE', 'PRIORITY', 'PRAM', 'ADIC') may identify a "defining
occurrence" ("indication-defining occurrence", "operator-defining occur-
rence") of the same terminal production.

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

e) An external object considered as an occurrence of a terminal production
of a given notion may possess an instance of a value, termed "the" value of
the external object when it is clear which notion is meant; in general, "an
(the) instance of a (the) value" is sometimes shortened in the sequel to "a
{(the) value" when it is clear which instance is meant.

£) A mode-identifier (operator) may possess a value ({more specifically} a
"poutine” {2.2.3.4}). This relationship is caused to hold by the elaborstion
of an identity-declaration {7.k.1.a} (operation-declaration {7.5.1.a}) and
ceases to hold upon the end of the elaboration of the smallest serial-clause
{6.1.1.8} containing that declaration.

g) An externsl object other than an identifier or operator {e.g., serial-
clause (6.1.1.a)} 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 that external object is "initiated", whereupon it ceases to pos=
sess that value.

h) The relationships between internal objects are: "to be of the same mode
as", "to be equivalent to", "to be smaller than", "to be a component of" and
"to refer to". A relationship said to hold between a given value and a {(an
instance of a) second value holds between any instance of the given value
and any (that) instance of the second value.

i) An instance of & value may be of the same mode as another one; this re=
lationship is permanent {2.2.Lk.1.a}.

j) A value may be equivalent to another value {2.2.3.1.4,f} and & value may
be smaller than another wvalue {2.2.3.1.c}. If one of these relationships is
defined at all for a given pair of values, then either it does not hold, or
it does hold and is permanent.

k) An instence of a given value is a component of another one if it is a
"rield" {2.2.3.2}, "element" {2.2.3.3.a} or "subvalue" {2.2.3.3.c} of that
other one or of one of its components.

1) Any "name" {2.2.3.5}, except "mif" {2.2.3.5.a}l, refers to one instance
of another value. This relationship {may be caused to hold by an "assign-
ment" (8.3.1.2.c) of thet instance 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".




2.2.3. Values

Values are "plain values" {2.2.3.1}, "structured values" {2.2.3.2},
"multiple values" {2.2.3.3}, routines {2.2.3.4}, "formats" {2.2.3.4}, and
names {2.2.2.1, 2.2.3.5}.

2.2.3.1. Plain values

a) A plain value is either an "arithmetic value", i.e., an "integer" or a
"real number"”, or is a "truth value" or a "character".

b) An arithmetic value has a "length number", i.e., a positive integer
characterizing the degree of discrimination with which the value is kept in
the computer. The number of integers (real numbers) of given length number
that can be distinguished increases with the length number up to a certain
length number, the number of different lengths of integers (real numbers)
{10.1.a,c}, after which it is constant.

¢) For each pair of integers (real numbers) of the same length number, the
relationship "to be smaller than" is defined {10.2.3.a, 10.2.k.a}. For each
pair of integers of the same length number, a third integer of that length
number may exist, the first integer "minus" the other one {10.2.3.g}. Fi-
nally, for each pair of real numbers of the same length number, three real
numbers of that length number may exist, the first real number "minus"
("times", "divided by") the other one {10.2.4.g,1,m}; these real numbers are
obtained "in the sense of numerical analysis", i.e., by performing the oper=
ations 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 number of
that length number. Also, each integer (real number) of given length number
is equivalent to an integer (real number) whose length number is greater by
one. These equivalences permit the "widening" {8.2.5} of an integer into a
real number and the increase of the length number of an integer or real num-
ber {10.2.3.q, 10.2.h.n}. The inverse transformations are only possible on
those real numbers (arithmetic values) which are equivalent to an integer
{10.2.4.p} (a value of smaller length number {10.2.3.r, 10.2.Lk.o}).

e) A truth value is either "thwue" or "false".
f) PEach character is equivalent to a nonnegative integer of length number

one, its "integral equivalent" {10.1.j}; this relationship is defined only
to the extent that different characters have different integral equivalents.

2.2.3.2. Structured values

A structured value is composed of a number of other values, its fields,
in a given order, each of which is "selected" {8.5.2.2.8tep 2} by a specific
field-selector {7.1.1.i}.




2.2.3.3. Multiple values

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

b) The descriptor consists of an "offset”, ¢, and some number, n > 0, of
L]

"quintuples" ‘EL’ u., dif 4 ti) of integers, L = 1, ... , n; ﬁi is the

A~th "lower bound", u; the A=th "upper bound”, ¢£ the 4{-th "stride", 4, the
A=th "lower state" and ti the {=-th "upper state". If for any L, L =1, ...,
n, u, < li, then the number of elements in the multiple value is zero;

A
otherwise, it is (a, - K, + 1) x ... x (an - Ln + 1). The descriptor "de-

scribes" each element selected by ¢ + (n1 - Z,) x d, + .. # (hn - Ln) x dn
where Zi < n; < u; for each L=1, «ov , 1.

{To the name referring to a given multiple value a state of which is 7,
no multiple value can be assigned (8.3.1.2.c.Step 4) in which the bound cor=
responding to that state differs from that in the given value.}

¢) A subvalue of a given multiple value is a multiple value which is refer=
red to by the value of a slice {8.6.1.1.a} the value of whose primary refers
to the given multiple value.

d4) If each element of an instance I of a multiple value M is the same in-
stance of a value as the corresponding element of an instance J of M, then I
and J are one sasme instance of M.

2.2.3.4. Routines and formats

A routine (format) is a sequence of symbols which is the same as some
closed~-clause {6.3.1.a} (format-denotation {5.5.1.a}).

2.2.3.5. Names

a) There is one name, nif, whose scope {2.2.4.2} is the program and which
does not refer to any value; any other name is created by the elaboration of
an actual-declarer {7.1.2.4.Step 8}, a rowed~coercend {8.2.6.2.5tep T} or a
skip {8.2.7.2.a} {, and refers to precisely one instance of a value}.

b) If a given name N refers to a structured value {2.2.3.2}, then to each
of its fields there refers a name uniquely determined by N and the field-
selector selecting that field, and whose scope is that of N.

e) If a given name N refers to a multiple value M {2.2.3.3}, then to each
element of M (each multiple value composed of a descriptor and elements
which are a proper subset of the elements of M or composed of a descriptor
different from that of M and the elements of M) there refers a name unique-
ly determined by N and the index of that element (and that descriptor and
those elements), and whose scope is that of N.

d) If an instance of a name and an instance of a second name refer to one
same instance of a value, then they are instances of one same name. -



2.2.4, Modes and scopes

2.2.4.1. Modes

a) A mode is any terminal production of 'MODE' {1.2.1.a}. Each instance of
a value is of one specific mode which is a terminal production of 'MOCD'
{1.2.1.b}; furthermore, all instances of a given value V other than nil
{2.2.3.5.a} are of one same mode, the mode of V, and a "copy" of a given in-
stance I of a value V is a new instance of V which is of the same mode as I.

b) The mode of a truth value (character, format) is 'boolean' ('character',
'format'). ’

¢) The mode of an integer (& 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' followed by one or
more "portrayals" separated by 'and', one corresponding to each field taken
in the same order, each portrayal being the mode of that field followed by
'field! followed by a terminal production of 'TAG' {1.2.1.r} whose terminal
production {field-selector} selects {2.2.3.2} that field; it is "structured
from" a second mode if the mode in one of its portrayals is, or is struc-
tured from, it.

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 of 'PROCEDURE' {1.2.1.j}.

g) The mode of a name is 'reference to' followed by another mode; if the
name is not nil, then that othér mode is either the mode of the value to
which the name refers, or is united from {L.4.3.a} it. {See 7.1.2.d.Step 8.}

2.2.4.2. Scopes
a) Each value has one specific scope.

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

that of a structured (multiple) value is the smallest of the scopes of its
fields (elements, if any, and, otherwise, the program),

that of a routine or format possessed by a given denotation D {5.L.1.a,
5.5.1.a} {of a routine which is the same sequence of symbols as a given
cast-pack D or void-cast-pack-pack D {8.3.4.1.a}) is the smallest range
{4.1.1.e} containing a defining occurrence {l.1.2.a} (indication-defining
occurrence {L4.2.2.a}, operator-defining occurrence {L4.3.2.a}) of a termi-
nal production of a notion ending with 'identifier' ('indication',
‘operator'), if any, not contained in D but identified {L4.1.2.b (4.2.2.Dv,
4.3.2.b)} by some applied (indication-applied, operator-applied) occur-
rence of that terminal production contained in U, and, otherwise, the
program, and

that of a name is some {2.2.3.5, 8.5.1.2.b} range.




2.2.5. Actions {Suit the action to the wonad,
the wond to the action.
Hambet, WilLiam Shakespeare.}

a) An action is "inseparable", "serial" or "collateral'. A serial action
consists of actions which take place one after the other.

b) A collateral action consists of actions merged in time; i.e., it con-
sists of inseparable actions each of which is chosen, in a way which is left
undefined in this Report, from amongst the first of the inseparable actions
which, at that moment, according to this Report, would be the continuation
of any of the constituting actions.

c) The elaboration of any (of the closed-clause following the do-symbol
{3.1.1.h} in any) closed~clause {6.3.1.a} which is a modified copy {8.4.2}
of the actual-parameter of the operation-declaration {7.5.1.a} 10.k.d
(10.4.¢c) is an inseparable action.

{What other actions are inseparable is left undefined in this Report.}

2.3. Semantics {"1 can explain all the poems that ever were
invented - and a good many that haven't
been invented just yet.”

Through the Looking-glass,  Lewis Canroll.}

a) The elaboration of a program is the elaboration of the strong-closed-
void-clause {6.3.1.a} consisting of the same seguence of symbols.

{In this Report, the syntax says which sequences of symbols are programs
and the semantics which actions are performed by the computer when elabora=-
ting a program. Both syntax and sementics are recursive. Though certain se-
quences of symbols mey be terminal productions of 'program' in more than one
way (1.1.6.i), this syntactic ambiguity does not lead to a semantic ambigu-
ity.}

b) In ALGOL 68, a specific notation for external objects is used which, to=
gether with its recursive definition, makes it possible to handle and to
distinguish between arbitrarily long sequences of symbols, to distinguish
between arbitrarily many different values of a given mode (except 'boolean!')
and to distinguish between arbitrarily many modes, which allows arbitrarily
many objects to exist within the computer and which allows the elaboration
of a program to involve an arbitrarily large, not necessarily finite, number
of actiong. This is not meant to imply that the notation of the objects in
the computer is that used in ALGOL 68 nor that it has the same possibili-
ties. It is, on the contrary, not assumed that the computer can handle arbi-
trary amounts of presented information. It is not assumed that these two no-
tations are the same or even that a one—to-one correspondence exists between
them; in fact, the set of different notations of objects of a given category
mey be finite. It is not assumed that the speed of the computer is suffi-
cient to elaborate a given program within a preseribed lapse of time, nor
that the number of objects and relationships that can be established is suf-
ficient to elaborate it at all.




2.3. continued

c¢) A model of the hypothetical computer, using a physical machine, is said
to be an "implementation" of ALGOL 68, if it does not restriet the use of
the language in other respects than those mentioned above. Furthermore, if a
language is defined whose particular-programs are particular-programs of
ALGOL 68 and have the same meaning, then that language is said to be a sub-
language of ALGOL 68. A model is said to be an implementation of a sublan-
guage if it does not restrict the use of the sublanguage in other respects
than those mentioned above.

{A sequence of symbols which is not a program but can be turned into one
by deleting or inserting a certain number of symbols and not a smaller num-
ber could be regarded as a program with that number of syntactical errors.
Any program that can be obtained by deleting or inserting that number of
symbols may be termed a "possibly intended" program. Whether a program or
one of the possibly intended programs has the effect its author in fact in-
tended it to have, is & matter which falls outside this Report.}

{In an implementation, the particular-program may be "compiled", i.e.,
translated into an "object program" in the code of the physical machine. Un=-
der certain circumstances, it may be advantageous to compile parts of the
particular-program independently, e.g., parts which are common to several
particular-programs. If such a part contains mode-identifiers (indications,
operators) whose defining (indication-defining, operator-defining) occur-
rences (Chapter 4) are not contained in that part, then compilation into an
efficient object program may be assured by preceding the part by a chain of
formal-parameters (5.4.1.e) (mode—declarations (7.2.1.a) or priority-
declarations (7.3.1.a), captions (7.5.1.b)) containing those defining
(indication~defining, operator-defining) occurrences.}

{The definition of specific sublanguages and also the specification of
actions not definable by any program (e.g., compilation or initiation of the
elaboration), is not given in this Report. However, the definition of the
language allows, for instance, to let a special representation of the
coment-symbol different from the ones given in 3.1.1.i, viz., ¢, #, ¢o or
comment, preferably pr or pragmat, have the effect that by a comment
(3.0.9.b) beginning and ending with this special representation, the com=
puter is invited to implement some such sublanguage or ALGOL 68 itself or to
teke some such undefinable action, as may be specified by the comment (e.g.,

pr algol 68 pr, pr run pr or pr dump pr).}

{pr algol 68 pr
begin

proc pr nonrec prp = (: pl;
p

end

pr run pr pr ? pr

Report on %ie Algonithmic

Language ALGOL 68.}




3. Basic tokens and general constructions
3.0. Syntax

3.0.1. Introduction

a)x basic token : letter token{302a} ; denotation token{303a} ;
action token{30kal} ; declaration token{305a} ;
syntactic token{306a} ; sequencing token{30T7al ;
hip token{308a} ; extra token{309a} ; special token{30Aa}.
b) NOTION option : NOTION ; EMPTY.
¢) chain of NOTIONs separated by SEPARATORs{c,d} : NOTION ;
NOTION, SEPARATOR{e,f,31f,61j,1},
chain of NOTIONs separated by SEPARATORs{c}.
d) NOTION LIST{g} : chain of NOTIONs separated by LIST separators{c,e,f}.
e) list separator{c,d,g} : comma symbol{31le}.
f) sequence separator{c,d,g} : EMPTY.
g) NOTION LIST proper : NOTION, LIST separator{e,f}, NOTION LIST{d}.
h) NOTION pack : open symbol{31e}, NOTION, close symbol{31e}.
i) NOTION package : begin symbol{31e}, NOTION, end symbol{31e}.

a) a; 0;+;3int 32f 3. 3 nil ; for; "

b) 0 ; ; (integral-part-options)

e) 0,1,2 ; (a chain-of-strong-integral-units-separated-by-list-separators)
dg 03 0, 1, 2 ; (strong-integral-unit-lists)

e s 3

g) 1, 2, 3 ; (a strong-integral-unit-list-proper)
h) (1, 2, 3) ; (a strong~integral-unit-1list-proper-pack)
i) begin x := 3.14; y := 2.72 end (a strong-serial-void-clause-package) }

3.0.2. Letter tokens

a)x letter token : LETTER{b}.
b) IEI'I‘ER{309d,Mb,c,d,512h,55h,i,o,q,552b,e,f,553f,551&a,555b,556c,5570,
713} < LETTER symbol{31a}.

{Examples:
a) a ; (see 1.1.h.5tep 2)}

{Ietter-tokens either are, or are constituents of, identifiers
(k.1.1.a), field-selectors (7.1.1.i), real-denotations (5.1.2.1.a), format-
denotations (5.5.1.a) and string-items (5.3.1.4).}

3.0.3. Denotation tokens

a)* denotation token : number token{b} ; true symbol{31b} ;
false symbol{31b} ; formatter symbol{31b} ; flipflop{e} ;
space symbol{31b}.

b) number token{309d} : digit token{c} ; point symbol{31b} ;
times ten to the power symbol{31b}.

¢) digit token{b,511a} : DIGIT{d}.

d4) DIGIT{c,41d4,552c} : DIGIT symbol{31b}.

e) flipflop{309d,52c} : flip symbol{31b} ; flop symbol{31b}.



3.0.3. continued

{Examples:
a) 1 ; true ; false 3 ¢ 51 3 + 3
) 13 .3 103
e) 1
a) 1
e) 1301}

{Denctation~tokens are, or are constituents of, denotations (5.0.1.a).
Some denotation-tokens may, by themselves, be denotations, e.g., the digit-
token 1, whereas others, e.g., the formatter-symbol §, serve only to con-
struct denctations.}

3.0.4. Action tokens

a)* action token : operator token{b} ; equals symbol{31lc} ;
times symbol{3tc} ; confrontation token{d}.
b) operator token{l2e,f} : minus and becames symbol{31c} ;
plus and becomes symbol{31c} ; times and becomes symbol{31c} ;
divided by and becomes symbol{31c} ; over and becomes symbol{3le} ;
modulo and becomes symbol{3iec} ; prus and becames symbol{31c} j
or synmbol{31c} ; and symbol{3lc} ; differs from symbol{31c} ;
is less than symbol{31c} ; is at most symbol{3ic} ;
is at least symbol{3lc} ; is greater than symbol{3ic} ;
plusminus{c} ; divided by symbol{3ic} ; over symbol{3le} ;
modulo symbol{31c} ; th element of symbol{31c} ;
lower bound of symbol{31c} 3 upper bound of symbol{3ic}l ;
lower state of symbol{31c} ; upper state of symbol{31lc} ;
plus i times symbol{31e} ; not symbol{3tc} ; down symbol{31c} ;
up symbol{31c} ; absolute value of symbol{31c} ; binal symbol{31c} ;
representation of symbol{31c} ; lengthen symbol{31c} ;
shorten symbol{31c} ; odd symbol{31e} ; sign symbol{3lc} ;
round symbol{3ic} ; real part of symbol{31c} ;
imaginary part of symbol{31c} ; conjugate of symbol{31c} ;
booleans to bits symbol{31c} ; characters to bytes symbol{31c}.
¢) plusminus{b,5%2i,55p} : plus symbol{3ic} ; minus symbol{3lc}.
a)* confrontation token : becomes symbol{31c} ; conforms to symbol{3lc} ;
conforms to and becames symbol{3le} ; is symbol{31c} ;
is not symbol{31c} ; cast of symbol{3ic}.

{Examples:

a)* + 3 =3 x5 1=

b) mim oy b= oy oxim g fi= g 1= g b= D 3V 3 A ¥ <3S 525>
+3 /3% 3% 303037 505 050 3= 5+ 354 5abs; bin; repr ;

Zegg;short;_o_c}_d;;si@;round;g;_@;conj;_E_E—_Ig_;ctb;
c) + 3 -
d) =3 1t 3 1:= o3 =3 ifr o3 o}

{Operator-tokens are constituents of formulas (8.Lk.1.a). Confrontation-
tokens are comstituents of confrontations (8.3.0.1.a).}



3.0.5. Declaration tokens

a)x declaration token : PRIMITIVE symbol{31d} ; long symbol{31d} ;
structure symbol{31d} ; reference to symbol{31d} ;
flexible symbol{31d} ; either symbol{31d} ; procedure symbol{31d} ;
union of symbol{31d} ; mode symbol{314} ; coamplex symbol{31d} ;
bits symbol{31d4} ; bytes symbol{31d} ; string symbol{31d} ;
sema symbol{31d} ; file symbol{314} ; priority symbol{31d} ;
local symbol{31d} ; heap symbol{31d} ; operation symbol{31d}.

- {Examples:

a) int ; long 3 struct ; ref ; flex ; either ; proe 3 union ; mode ;
compl 3 bits ; bytes ; string ; sema ;3 file ; priority ; loc ; heap ;
op }

{Declaration-tokens either are, or are constituents of, declarers

{(7.1.1.2), which specify modes (2.2.4), or of declarations (7.2.1.a,
7.3.1.a, T.b.1.a, 7.5.1.a).}

3.0.6. Syntactic tokens

a)* syntactic token : open symbol{31e} ; close symbol{3lel} ;
begin symbol{31e} ; end symbol{31e} ; comma symbol{3te} ;
parallel symbol{31e} ; sub symbol{31e} ; bus symbol{31le} ;
up to symbol{31e} ; at symbol{37le} ; if symbol{31le} ;
THELSE symbol{31e} ; fi symbol{31e} ; of symbol{31e} ;
label symbol{31el.

{Examples:
a) (3 ) sbegin send 5, spar 5 L 3 15 : 3@ 3 2f 5 then 5 ft 5 0f 5 ¢}

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

3.0.7. Sequencing tokens

a)* sequencing token : go on symbol{31f} ; completion symbol{31f} ;
go to symbol{31f}.

{Examples:
a) 53 . 3goto}

{Sequencing-tokens are constituents of clauses, in which they specify
the order of elaboration (6.1.1.b,c,j,1, 8.2.T.1.c).}
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.b,d).}




3.0.9. Extra tokens and comments

a)* extra token : for symbol{31h} ; fram symbol{31h} ; by symbol{31h} ;
to symbol{31h} ; while symbol{31h} ; do symbol{31h} ;
THELSE if symbol{31h}.

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

¢) coment item{b} : character token{d} ; other comment item{1.1.5.c}.

d4) character token{c,514b} : LETTER{302b} ; number token{303b} ;
£1ipflop{303e} ; plus i times symbol{31c} ; open symbol{3le} ;
close symbol{31e} ; cama symbol{31le} ; space symbol{31b}.

{Examples: ' :
a)]é‘_o_r'_;from;b_y_;to;while;io_;thef;
b) with respect to ¢ ;
el w3 ?;

d) a3 13213523 (5) 5551

3.0.10. Special tokens
a)* special token : quote symbol{31i} ; comment symbol{31i} ;
indicant{1.1.5.b} ; dyadic indicant{1.1.5.b} ;
monadic indicant{1.1.5.b}.
{Examples:
a) " ;.¢ ; primitive 3 7 ; !}
3.1. Symbols

3.1.1. Representations

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{302b} )
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} r
letter £ symbol{302b} f letter s symbol{302b} 8
letter g symbol{302b} g letter t symbol{302b} t
letter h symbol{302b} h letter u symbol{302b} u
letter 1 symbol{302b} i letter v symbol{302b} v
letter j symbol{302b} J letter w symbol{302b} w
letter k symbol{302b} k letter x symbol{302b} x
letter 1 symbol{302b} A letter y symbol{302b} Y
letter m symbol{302b} m letter z symbol{302b} 2

{No representation for 'letter aleph symbol' is provided and the pro-
grammer cannot provide one himself; see 1.1.L.Step 2, 3.1.2.c.}




3.1.1. continued

b) Denotation tokens
symbol

digit zero symbol{3034}
digit one symbol{303d4,73b}
digit two symbol{303d,73c}
digit three symbol{303d,73d}
digit four symbol{303d,T3e}
digit five symbol{303d,73f}
digit six symbol{303d,73g}
digit seven symbol{303d4,73h}
digit eight symbol{303d,73i}
digit nine symbol{303d,73j}
point symbol{303b,512d4,553c}

times ten to the power symbol{303b,512h}

true symbol{513a}
false symbol{513a}
formatter symbol{55a}
flip symbol{303e}
flop symbol{303e}
space symbol{3094}

¢) Action tokens
symbol

minus and becomes symbol{304b}
plus and becomes symbol{304b}
times and becomes symbol{30kb}
divided by and becomes symbol{304b}
over and becomes synbol{304b}
modulo and becomes symbol{304b}
prus and becomes symbol{30kb}
or symbol{30Ub}

and symbol{304b}

differs from symbol{304b}

is less than symbol{30kb}

is at most symbol{30kb}

is at least symbol{30Lb}

is greater than symbol{304b}
divided by symbol{30kb}

over symbol{30Lb}

modulo symbol{30kb}

th element of symbol{30Lb}
lower bound of symbol{30Lb}
upper bound of symbol{30kb}
lower state of symbol{30kb}
upper state of symbol{30Lkb}
plus i times symbol{304b,3004}
not symbol{30kb}

down symbol{30kb}

up symbol{30k4b}

absolute value of symbol{304b}
binal symbol{304b}

representation
0

1

2

3

4

5

é

7

8

9

10

true

alse

¢

1

9
representation
== minus
+:= plus

x:=  {imes
/:= div

= overb
t::= modb

+=: prus

v or

A & and
* - = 7ne
< It
< <= le
> >= ge
> gt
/

>l =g
i :

Q
<
)
B

l:w.
Q
Ly

>

3
3

1§



3.1.1. continued 2

symbol

representation of symbol{30kb}
lengthen symbol{304b}

shorten symbol{304b}

odd symbol{30kb}

sign symbol{ 3041}

round symbol{304b}

real part of symbol{304b}
imaginary part of symbol{304b} .
conjugate of symbol {304b}
booleans to bits symbol{30kb}
characters to bytes symbol{30kb}
plus symbol{30kec}

minus symbol{ 304c}

equals symbol{42e,72a,73a,Tka,T5a}
times symbol{l2e}

becames symbol{831a}

conforms to symbol{832b}
conforms to and becames symbol{832b}
is symbol{ 833b} ‘

is not symbol{ 833b}

cast of symbol{83k4a}

d) Declarastion tokens
symbol

integral symbol{T1c}
real symbol{Tilc}

boolean symbol{Tlc}
character symbol{Tlc}
format symbol{Tiec}

long symbol{li2c,e,f,510b,52b,714}
structure symbol{Tle}
reference to symbol{T1l,m,n}
flexible symbol{T1t,v}
either symbol{Tiv}
procedure symbol{T1w}
union of symbol{Tlcec,ii}
mode symbol{T2a}

camplex symbol{42c}

bits symbol{k2e}

bytes symbol{li2c}

string symbol{l2c}

sema symbol{l2c}

file symbol{L2c}
priority symbol{T3a}
local symbol{851b}

heap symbol{851c}
operation symbol{75b}

representation

repr

K

short

=

1
round

jglste

S
o

-xlll+|

. _.’;_.'. o .'

i
]
{3l
R
o

Zant is not

representation

int

real
00

char
Format

J

gtruct




3.1.1. continued 3

e) Syntactic tokens

symbol

open symbol{2ea,30h,3094,54b,554b}
close symbol{2a,30h,309d,54p, Sshb}

begin symbol{30i}
end symbol{30i}

comma symbol{30e,309d,54d,554b,62¢,8,71f,q0,28,861b,c}

parallel symbol{62b}
sub symbol{T1o,p,861a}
bus symbol{T71o,p,861a}
up to symbol{T1ir,861f}
at symbol{861g}

if symbol{é6ka}

then symbol{6le}

else symbol{6le}

i symbol{6ka}

of symbol{852a}

label symbol{2e,61k}

f) Sequencing tokens

symbol

go on synbol{2e,30c,54d,61b,c,j}

campletion symbol{611}
go to symbol{827c}

g) Hip tokens
symbol

skip symbol{827b}
nil symbol{827b}

h) Extra tokens
symbol

for symbol{9.3.a,b}
from symbol{9.3.a,b,c}
by symbol{g.3.a,b,c}
to symbol{9.3.a,c}
while symbol{9.3.a,b,c}
do symbol{9.3.a,b,c}
then if symbol{9.k.b}
else if symbol{9.k4.b,c}

i) Special tokens
symbol

quote symbol{51ka,c,53b}
cament symbol{309b}

representation

representation

s .5
exit

goto go to

representation

representation

for
fI‘Oﬂl
By
to
while

do

3

representation

" quote

¢ # co comment



3.1.2. Remarks

a) Where more than one representation of a symbol is given, any one of them
may be chosen.

{However, discretion should be exercised, since the text

(a >b then b | a esae ,
though acceptable to an automaton, would be more intelligible to a human in
either of the two representations ’

(a>b | bl a)
or :

if a > b then b else a ft .
Also, some representations mey not be available in a given implementation.}

b) A representation which is a sequence of underlined or bold-faced marks
or a sequence of marks preceded by a "bold-face shift" {, e.g., apostrophe,}
and ending on a "light-face shift" {, e.g., any mark different from the re-
presentation of a letter or digit,} or a sequence of marks between apostro-
phes is different from the sequence of those marks when not underlined,
bold-faced, preceded by a bold-face shift and ending on a light—face shift
or between apostrophes.

c) Representations of other terminal productions of 'letter token'
{1.1.4.5tep 2}, 'indicant', 'dyadic indicant', 'monadic indicant' {1.1.5.b},
‘other comment item' and 'other string item' {1.1.5.c} may be added, pro-
vided that no sequence of representations of symbols can be confused with
any other such sequence.

{e.g., doif are representations of a do-symbol followed by .an if-symbol,
whereas doif might be an ill-chosen representation of an indicant.}

d) The fact that representations of the terminal productions of 'letter
token' as given in 3.1.1.a are usually spoken of as small letters is not
meant to imply that the so-called corresponding capital letters could not
serve equally well as representations. On the other hand, if both a small
letter and the corresponding capital letter occur, then one of them is the
representation of another terminal production of 'letter token'
{1.1.h.8tep 2}.

{For certain different symbols, one same or nearly the same representa-
tion is given; e.g., for the cast-of-symbol, up~to-symbol and label=-symbol
respectively, the representations ":", ":" and ":", and, moreover, for all
of them the representation ".." is given. It follows uniquely from the syn—
tax which of these three symbols is represented by an occurrence of any mark
similar to one of these representations outside comments and row-of-
character-denotations. Also, some of the given representations appear to be
"composite"; e.g., the representation ":=" of the becomes-symbol appears to
consist of ":", the representation of the cast-of-symbol, ete., and "="_ the
representation of the equals-symbol, and the representation ".." of the
cast-of-symbol, etc., appears to consist of "." and ", ", each of which might
be the representation of a point-symbol or completion symbol. It follows
from the syntax that ":=" can occur outside comments and row-of-character-
denotations as representation of the becomes-symbol only (since "=" cannot
occur as representation of a monadic-operator). Similarly, the other given
composite representations do not ceuse ambiguity.}



4, Identification and the context conditions

{A proper program is a program satisfying the context conditions, e.g.,
if (real x; x := 1) is contained in a proper program, then the second occur-—
rence of x is a reference-to-real-mode-identifier not solely because of some
production rule (though this might be possible with a more elaborate syntax)
but also because it identifies the first occurrence according to one of the
context conditions. This chapter describes the methods of identification and
contains other context conditions which prevent such undesirable construc—
tions as mode a = g.}

L.1. Identifiers

{Identifiers are sequences of letter-tokens and/or digit-tokens in which
the first is a letter-token, e.g., x1. Mode-identifiers are made to possess
values by the elaboration of identity-declarations (T.4.1.a). Some mode-
identifiers possessing values which are not names might, in other languages,
be termed constants, e.g., m in ¢nt m = 4096. Mode-identifiers possessing
names which refer to such values might be termed variables and those posses=
sing names which refer to names might be termed pointers. Such terminology
is not used in this Report. Here, all mode-identifiers possess values, which
are, or are not, names.}

4.1.1. Syntax

a)* identifier : MABEL identifier{b}.

b) MABEL identifier{ske,61k,827c,860a} : TAG{c,d,302b}.

c¢) TAG LETTER{b,c,d,21e,71j} : TAG{c,d,302b}, LETTER{302b}.

d) TAG DIGIT{b,c,d,71j} : TAG{¢,d,302b}, DIGIT{303d}.

e)* range : program{2a} ; SORIETY serial CLAUSE{61a} ;
procedure with PARAMETERS MOID denotation{sib}.

{Examples:
b) ® ; xx 3 xl ; amsterdam}

{Rule b together with 1.2.1.r and 1.2.2.y gives rise to an infinity of
production rules of the strict language, one for each pair of terminal pro-
ductions of 'MABEL' and 'TAG'. For example,

'real mode identifier : letter a letter b.!
is one such a production rule. From rules c¢ and 3.0.2.b, one obtains
tletter 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 'real mode identifier'. For additional insight
into the function of rules c¢ and d, see T.1.1.] and 8.5.2.1.a.}

4.1.2. Identification of identifiers
{The method of identification of identifiers is first to distinguish be-

tween defining and applied occurrences and then to discover which defining
occurrence is identified by a given applied occurrence.}



k.,1.2. continued

a) A given occurrence of a terminal production of 'MABEL identifier' where
"MABFEL" stands for any terminal production of the metanotion 'MABEL' is a
defining occurrence if it follows a formal-declarer {7.1.1.b}, or if it is
contained in a label {6.1.1.k}; otherwise, it is an "applied occurrence".

b) If a given occurrence of a terminal production of 'MABEL identifier’
(see &) is an applied occurrence, then it may identify a defining occurrence
of the same terminal production found by the following steps:

Step 1: The given occurrence is termed the "home" and Step 2 is taken;

Step 2: If there exists a smallest range containing the home, then this
range, with the exclusion of all ranges contained within it, is termed the
home and Step 3 is taken {; otherwise, there is no defining occurrence
which the given occurrence identifies; see h.k.1.b};

Step 3: If the home contains a defining occurrence of the same terminal pro=
duction of 'MABEL identifier', then the given occurrence identifies it
otherwise, Step 2 is taken.

{In the closed-clause (string s := "abe"; & [3] * "d"), the first occur-
rence of & is a defining occurrence of a terminal production of 'reference
to row of character mode identifier'. The second occurrence of g identifies
the first and, in order to satisfy the identification condition (k.lk.1.a),
is also a terminal production of 'reference to row of character mode
identifier'. Identifiers have no inherent meaning.}

4.2. Indications

{Indications are used for modes, priorities and operators. Some repre-
sentations of indications chosen in this Report are sequences of bold-faced
or underlined letters, e.g., compl and plus, but no production rule deter-
mines this sequence. The programmer may also create his own Indications,
provided that they cannotbe confused with another symbol (1.1.5.p,3.1.2.¢).}

k.2.1. Syntax

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

b) MODE mode indication{T1b,ii,72a} : mode standard{e} ; indicant{1.1.5.b}.

c¢) mode standard{b} : .
string symbol{31d} ; sema symbol{31d4} ; file symbol{31d} ;
long symbol{31d} sequence option, complex symbol{31d} ;
long symbol{31d} sequence option, bits symbol{31d} ;
long symbol{31d} sequence option, bytes symbol{31d}.

d)* dyadic indication : PRIORITY indication{el.

e) PRIORITY indication{43v,73a} : dyadic indicant{1.1.5.b} ;
long symbol{31d} sequence option, operator token{304b} ;
long symbol{31d} sequence option, equals symbol{31c} ;
long symbol{31d} sequence option, times symbol{3lc}.

£) monadic indication{k3e} : monadic indicant{1.1.5.b} ;
long symbol{31d} sequence option, operator token{30kbl}.

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

{Examples:
b) compl 3 primitive ;
c) string ; sema ; file ; long compl ; bits ; long bytes ;
e) 73+ ;=3 %

f) !;+;Zom§_7;“]3}




L.2.2. Identification of indications

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

a) A given occurrence of a terminal production of 'MODE mode indication’
('PRIORITY indication') where "MODE" ("PRIORITY") stands for any terminal
production of the metanotion 'MODE' ('PRIORTTY') is an indication-defining
occurrence if it precedes the equals-symbol of a mode-declaration {7.2.1.a}
(priority-declaration {7.3.1.a}); otherwise, it is an "indication-applied
occurrence”.

b) If a given occurrence of a terminal production of 'MODE mode indication'

("PRICRITY indication') (see a) is an indication-applied occurrence, then it

may identify an 1nd1catlon-def1n1ng occurrence of the same terminal produc-

tion found by using the steps of L4.1.2.b with Step 3 replaced by:

"Step 3: If the home contains an indication-defining occurrence of the same
terminal production of 'MODE mode indication' ('PRICRITY indication'),
then the given occurrence identifies it; otherwise, Step 2 is teken.”

{Indications have no inherent meaning. A terminal production of 'monadic
indication' has no indication-defining occurrence.}

4.3. Operators

{Operators are either monadic-operators, i.e., require a right operand
only, or are dyadic—operators, i.e.,require both a left and a right operand,
e.g., abs and / in gbs x and x / y. Operators are made to possess routines
by the elaboration of operation-declarations (7.5.1.a). Operators are iden=
tified by observing the modes of their operands, e.g., x + Y, & + 1, 1 + x,
1 + J each involves a different operator, see 10.2.k.i, 10.2.5.a, 10.2.5.b
and 10.2.3.i. Though the mode enveloped by the original of an operator con-
tains the mode of the value, if any, delivered by its routine, this mode is
not involved in the identification process.}

4.3.1. Syntax

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

b) procedure with IMODE parameter and RMODE parameter MOID PRICRITY
operator{75b,84b} : PRIORITY indication{lze}.

e¢) procedure with RMODE parameter MOID monadlc operator{75b,84g} :
monadic indication{h2f}.

d)* dyadic operator : procedure with IMODE parameter and RMODE parameter
MOID PRIORITY operator{b}.

e)x monadic operator :procedure with RMODE parameter MOID monadic operatoric}.

{Examples:
b) +;
c) abs }

4.3.2. Identification of operators

{The identification of operators is similar to that of identifiers and
indications, except that different occurrences of one same terminal produc-
tion of 'ADIC indication' may be occurrences of more than one terminal pro-
duction of 'PRAM ADIC operator' and, therefore, the modes of the operands
nmust be considered.}



4.3.2. continued

a) A given occurrence of a terminal production of 'PRAM ADIC operator’
where "PRAM" ("ADIC") stands for any terminal production of the metanotion
'PRAM' ('ADIC') is an operator—defining occurrence if it precedes the
equals-symbol of an Operatlon-declaratlon {7.5.1.a}; otherwise, it is an
"operator—applied occurrence”.

b) If a given {operator-applied} occurrence of a terminal production of
'PRAM ADIC coperator' (see a) is the operator of a formula F {8.4.1.a}, then
it may identify an operator—defining occurrence of the same terminal produc-
tion found by using the steps of L4.1.2.b, with Step 3 replaced by:

"Step 3: If the home contains an operator—defining occurrence 0 {, in an
operation-declaration (7.5.1.a,b),} of a terminal production T of 'FRAM
ADIC operator' which is the same terminal production of 'ADIC indication’
as the given occurrence, and which {, the identifications of all descen-
dent identifiers, indications and operators of the operand(s) of F having
been made,} is such that some formula exists which is the same sequence
of symbols as F, whose operator is an occurrence of T and which is such
that the original of each descendent identifier, indication and operator
of its operand(s) is the same notion as the original of the corresponding
identifier, indication and operator contained in F{, which,if the program
is a proper program, is uniquely determined by virtue of L.k.1.a}, then’
the given occurrence identifies 0; otherwise, Step 2 is taken."

{Operators have no inherent meaning; an operator-defining occurrence is
made to possess & routine (2.2.3.4) by the elaboration of an operation—
declaration (7.5.1.a).

A given indication may be both a dyadic-indication and a dyadic-
operator. As a dyadic-indication, it identifies its indication-defining
oceurrence. As a dyadic-operator, it may identify an operator-defining
occurrence, which possesses a routine. Since the indication preceding the
equals-symbol of an operation~declaration is an indication-application and
an operator—~definition (but not an operator-appllcatlon), it follows that
the set of those occurrences which identify a given dyadic-operator is a
subset of those occurrences which identify the same dyadic-indication.

In the closed-clause

begin real x, y = 1.5; Qrzortty min = 6;

_Q_mtn = (real a, b) real : (a > Shibla);x:=y giy_pi / 2 end ,
the first occurrence of mzn is an 1nd1cat10n-def1n1ng priority-SIX-
indication. The second occurrence of mzn is indication—applied and identi=
fies the first occurrence (4.2.2), whereas, at the same textual position,
min is also operator-defined as a [prrrl-priority-SIX-operator, where

"prrrl" stands for "procedure—w1th—real—parameter-and—real—parameter—re
The third occurrence of mzn is indication=-applied and, as such, identifies
the first occurrence, whereas, at the same textual p051t10n, min is also
operator-applied, and, as such, identifies the second occurrence; this mekes
it, because of the identification condition (L.k.l1.a), a [prrr]—prlorlty-
SIX-operator. This identification of the dyadic-operator is made because:
i) min occurs in an operation-declaration,

ii) ‘the base Yy can be flrmly coerced to the mode specified by real,

iii) the formula pZ / 2 is a priori of the mode specified by real,

iv) min is thus, because of the identification condition, a Lprrr]—
prlorlty—SIX-operator.

If the first three conditions were not satisfied, then the search for an

other defining occurrence would be continued in the same range, or failing

that, in a surrounding range.}



4.4, Context conditions

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 individual taste. If one
chooses only proper pPrograms, then one may consider the context conditions
as syntax which is not written as production rules.}

k.h.1. The identification conditions

a) In a proper program, a defining (indication~defining, operator-defining)
oceurrence of a terminal production of a notion ending with 'identifier!
(*indication', 'operator') and each applied (indication-epplied, operator-
applied) occurrence identifying it are occurrences of one same terminal pro-
duction of & notion ending with 'identifier' ('indication', 'operator').

b) No proper program contains an applied (indication-applied, operator=
applied) occurrence of a terminal production of a notion ending with
tidentifier' ('indication', ‘'operator') which does not identify a defining
(indication~defining, operator—defining) occurrence.

c¢) No proper program contains an indication which as an operator-applied
occurrence identifies an operator-defining occurrence which as an indica-
tion-applied occurrence identifies an indication-defining occurrence differ-
ent from the one identified by the given indication as an indication-applied
occurrence.

{Condition c makes a program under certain circumstances improper inde-

pendent of its elaboration. Without condition e, a program containing
(priority ? = 2; op ? = (real a, b) : gkip;

(random < 0.5 | priority ? = 2; 0.1 ? 0.2))
would be improper if, during the elaboration of this clause, the value of
vandom < 0.5 turns out to be faue. Then, the presence of an indication—
defining occurrence of ? in the serial-clause priority ? = 2; 0.1 ? 0.2
causes its protection (6.4.2.a, 6.1.2.a, 6.0.2.d) to replace both occur=
rences of ? by another indication and thereby deprives the last occurrence
of its operator-defining occurrence, which violates condition b. However,
condition ¢ mekes the program improper immediately since the fourth occur-
rence of ? identifies the third as its indication—defining occurrence and
the second as its operator-defining occurrence which itself identifies the
first occurrence as its indication-defining occurrence.}

4.L4.2. The uniqueness conditions

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} containing two defining (indica-
tion-~defining) occurrences of a given terminal production of a notion ending
with 'identifier' ('indication').



4.4.2. continued

{e.g., none of the closed-clauses (6.4.1.a)
(real x; real x; sin (3.14)) ,
(real y; int y; sin (3.14)) ,
(real p; p: go_to ps; sin (3.14)) ,
(mode a = real; mode a = real; sin (8.14)) , or
(priority b = &; priority b = 6; sin (3.14))

is contained in a proper program.}

¢) No proper program contains a reach conteining two operation-declarations
the operators of whose captions are the same terminal productions of a no-
tion ending with 'indication' and all of whose correspondent constituent
virtual-parameters {7.5.1.b, T.1.1.x, 5.k.1.c, T.1.1.y} are virtual-
declarers specifying modes loosely related to one ancther {L.h.3.c}.

{e.g., neither the closed-clause

(op max = (int a, tnt b) int : (@ >Db | a | b);

op max = (int a, int b) real : (a > b | a | b); sin (3.14))
nor

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

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

is contained in any proper program, but

(op max = (int a, int b) real : (a > b | a | b);
op max = (real a, real b) real : (a >b | a | b); sin (3.14))
may be.}

{In the pragmatic remarks in the sequel, "in the reach of (the
c}eclaratlon)" stands for "in a context where all identifications are made as
in a reach containing (the declaration)".}

4. 4.3, The mode conditions

a) A mode M is "strongly coerced from" ("firmly coerced from") a mode N if
the notion 'N base' is a production of the notion 'strong M base' ('firm M
base') {see 8.2}; M is "united from" N if M is 'union of IMOCDSETY N
RMOODSETY mode' where "ILMOODSETY" ("RMOODSETY") stands for any terminal pro-
duction of the metanotion 'LMOCDSETY' ('RMOCDSETY').

{e.g., the mode specified by real is firmly coerced from the mode speci-
fied 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); the mode specified by
union (int, real) is united from those specified by int and real.}

b) Two modes are "related" to one another if they are both firmly coerced
{a} from one same mode. {A mode is related to itself.}

¢) Two modes are "loosely related" if they either are related or are firmly
coerced from 'row of IMODE' and 'row of RMODE' where "LMODE" and "RMODE"
stand for different loosely related modes.

{e.g., the modes specified by proc regl and ref real are related and,
hence, loosely related and those specified by [] real and by [] ref real are
loosely related but not related.}

d) No proper program contains a declarer {7.1.1.a} specifying a mode united
from {a} two modes related {b} to one another, nor does it contain two
declarers specifying modes united from two modes P and Q in which P and Q
are in a different order.



h.L4.3. continued

{e.g., the declarer union (real, ref real) is not contained in any prop-
er program, and union (int, real) and union (real, int) may be, but then
specify the same mode; see the remarks at the end of T.1.1.}

e) No proper program contains a declarer {7.1.1.a} the field-selectors
{7.1.1.1} of two of whose constituent field-declarators {7.1.1.g} are the
same sequence of symbols.

{e.g., the declarer struct (int %, bool %) is not contained in any prop-
er program, but struct (int €, struct (int %, bool j) j) may be.}

4.4, 4, The declaration condition

a) A mode-indication {4.2.1.b} contained in a declarer {7.1.1.a}l is

"shielded by that declarer if

i) it is, or is contained in, a virtual-declarer {7.1.1.b} following a
reference-to-symbol {3.1.1.4} in a field-declarator {7.1.1.g}, or

ii) it is, or is contained in, a Virtual-declarer contained in a field-
declarator contained in a virtual-declarer following a reference-to-
symbol, or

iii) it is, or is contained in, a virtual-parameter {7.1.1.y}, or

iv) it is, or is contained in, a virtual-declarer following a virtual-
parameters-pack {5.4.1.f}, or

v) it is, or identifies, an indication-defining occurrence contained in

that declarer. :

{e.g., person is shielded in struct (int age, ref person father), but
not in struct (int age, person uncle) and a is shielded in proc (a) a, but
not in unton (int, [1a).}

b) An actual-declarer D {7.1.1.b} may "show" a mode-indication M {k.2.1.p};

this is determined in the following steps:

Step 1: A copy is made of D; the copy is protected; each mode-indication is
said not to have been "encountered";

Step 2: If the copy is, or contains and does not shield {a}, a mode-
indication which is the same terminel production as M, then D shows M;
otherwise, Step 3 is taken;

Step 3: If the copy is, or contains and does not shield, a not yet encoun~
tered mode-indication 0, then 0 and all mode-indications consisting of the
same sequence of symbols are said to have been encountered, 0 is replaced
by a copy of the protected actual-declarer of that mode~declaration whose
mode-indication is the indication=-defining occurrence identified by 0, and
Step 2 is taken; otherwise, D does not show M.

{e.g., in the declaration
mode a = [1 : 21 b, b = unton (ref d, ref real), d = struct (ref e e),
e = proc (int) a ,
the mode-indications shown by [I : 2] b are b and d.}

c) No proper program contains a mode-declaration {7.2.1.a} whose mode-
indication is shown by its actual-declarer.
{e.g., none of the declarations

mode g.; a
mode b =e, e =[1:10]1Db,
mode d = 11 : 2] ref union (proc (d) d, proc d) ,

mode parson = struct (int age, parson uncle)
is contained in any proper program.}




5. Denotations

{Denotations, e.g., 3.14 or "abe", are terminal productions of notions
whose value is independent of the elaboration of the program. In other lan-
guages, they are sometimes termed "literals" or "constants".}

5.0.1. Syntax

a)* denotation : PLAIN denotation{510b,511a,512a,513a,51k4al} ;
BITS denotation{52b} ; row of character denotation{s53b} ;
procedure with PARAMETERS MOID denotation{5ib} ;
format denotation{55a}l.

{Examples:
a) 3.14 ; 10 1 3 "algol.report" ; ((bool a) int : (a | 1 | 0)) ; $5d8}

5.0.2. Semantics

.Each denotation possesses a new instance of one same value whose mode
is that enveloped {1.1.6.j} by its original {1.1.6.c}; its elaboration in-
volves no action.

{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 values, truth values and
characters, e.g., 1, 3.14, true and "a".}

5.1.0.1. Syntax

a)* plain denotation : PLAIN denotation{510b,511a,512a,513a,51k4a}.
b) long INTREAL denotation{860a} :
long symbol{31d}, INTREAL denotation{511a,512a}.

{Examples:
b) Zong 0 3 long long 3.1415926535 8979323846 2643383279 6028841971 69399}

5.1.0.2. Semantics

a) A plain-denotation possesses a plain value {2.2.3.1}, but plain values
possessed by different plain-denotations are not necessarily different
{e.g., 123.4 and 1.234e+2}.

b) The value of a denotation consisting of a number {, possibly zero,} of
long-synmbols followed by an integral-denobation (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.d4})
of length number one more than that number of long-symbols {; otherwise, the
value is undefined}.



5.1.1. Integral denotations

5.1.1.1. Syntax
a) integral denotation{510b,512¢,d,f,i,55¢,860a} : digit token{303c}sequence.

{Examples:
a) 0 ; 4096 ; 00123 (Note that -1 is not an integral-denctation.)}

5.1.1.2. Semantics

The & priori value of an integral-denotation is the integer 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

5.1.2.1. Syntax

a) real denotation{510b,860a} :
variable point numeral{b} ; floating point numeral{e}.
b) variable pointnumeral{a,f} : integral part{c} option, fractional part{d}.
c) integral part{b} : integral denotation{511a}.
d) fractional part{b} : point symbol{31b}, integral denotation{511a}.
e) floating point numeral{al : stagnant part{f}, exponent part{g}.
f) stagnant part{e} : integral denotation{511a} ;variable point numeral{bv}.
g) exponent part{e} : times ten to the power choice{h}, power of ten{i}.
h) times ten to the power choice{g} :
times ten to the power symbol{31b} ; letter e{302v}.
i) power of ten{g} : plusminus{304c} option, integral denotation{511a}.

{Examples:
a) 0.000123 ; 1.23e-4 ; b) .123 ; 0.123 ;
c) 123 ; a) .123 ;
e) 1.23e-4 ; - £) 1 1.23 ;
g) e-4; h) 103

i) 3 3 +45 3 -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 10 as many times as there are digit-tokens
in the fractional-part.

b) The a priori velue of a variable-point-numeral is the sum in the sense
of numerical analysis of 0, the a priori value of its integral-part, if any,
and that of its fractional-part {. See also 5.1.0.2.b}.

c) The a priori value of an exponent-part is 10 raised to the a priori
value of the integral-denotation of its power-of-ten if that power-of-ten
does not begin with a minus-symbol; otherwise, it is 1/10 raised to the

a priori value of that integral-denotation.

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



5.1.3. Boolean denotations

5.1.3.1. Syntax

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

a) true ; false }

5.1.3.2. Semantics

The value of a true-symbol (false-symbol) is tuue (false).

5.1.4. Character denotations

{Character-denotations consist of a string-item between two guote-
symbols, e.g., "a". To indicate a quote, a double quote-symbol is used for
the string~item: """, Since the syntax nowhere allows character- or string-
denotations to follow one another, ambiguities do not arise.}

5.1.4.1. Syntex

a) character denotation{55j,k,860a} :

quote symbol{31i}, string item{b}, quote symbol{31i}.
b) string item{a,53b} :

character token{309d} ; quote image{c} ; other string item{1.1.5.c}.
¢) quote image{b} : quote symbol{31i}, quote symbol{31il}.

{Examples:
n,n P
a) "a" ;
b) a; "7
c) nn }

5.1.4.2. Semantics

a) Each string-item possesses a unique character. {The character possessed
by a quote~image (space-symbol, digit-zero, digit-token, point-symbol,
times—ten-to-the-power-choice, plus-i-times-symbol, plus-symbol) may be
termed a quote (space, zero, digit, point, times ten to the power, plus i
times, plus).}

b) The value of a character-denotation is a new instance of the character
possessed by its string-item.

5.2. Bits denotations

{There are two kinds of denotations of structured or multiple values,
viz., bits-denotations, e.g., 1 0 1 1, and string-denotations, e.g., "abe”.
These denotations differ in that a string-denotation conteins zero or two or
more string-items but a bits-denotation mey contain one or more flipflops.

{See also character-denctations 5.1.4.)}



5.2.1. Syntax

a)* bits denotation :“BITS denctationi{b,c}.
b) structured with row of boolean field LENGTH LENGTHETY letter aleph
denotation{v,860a} : long symbol{31d}, structured with row of boolean
field LENGTHETY letter aleph denotation{b,c}.
¢) structured with row of boolean field letter aleph denotation{b,860a} :
£1ipflop{303el sequence.

{Examples:
b) long 1011 ;
) T011)

5.2.2. Semantics

Let M stand for the number of flipflops in the bits—-denotation and n for
the value of L bits width {10.1.g}, L standing for as many times long as
there are long-symbols in the bits-denctation; if m < n, then the value of
the bits-denotation is a structured value with one field selected by a
field-selector which is the same sequence of symbols as L followed by
letter-aleph, that field being a multiple value {2.2.3.3} whose descriptor
has an offset | and one quintuple (71,n,1,7,7) and whose element with index j
is a new instance of false for § = 1, ... , n-m, and for § = n -m+ 1,
we. , N is a new instance of twe (false) if the 4-th constituent flipflop
(L = § + m - n) of the bits~denotation is a flip-symbol (flop-symbol).

5.3. String denotations

5.3.1. Syntax

a)* string denotation : row of character denotation{bv}.
b) row of character denotation{55j,k,860a} : quote symbol{31i},
string item{514b} sequence proper option, quote symbol{31i}.

{Examples:
'b) mnn ; l'abc" ; """a.:-+.—b"”Lis:_a;formuza"}

5.3.2. Semantics !

The value of a string-denctation is a multiple value {2.2.3.3} whose de-
scriptor consists of an offset ! and one quintuple (1,n,1,1,7), where n
stands for the number of string-items contained in the string-denotation;
for 4 = 1,..., n, the element with index 4 of that multiple value is a.mew
instance of the character possessed by the {-th constituent string-item of
the string-denctation.

{The construction "a"” is a character-denotation, not a string-denotation.
However, in all strong positions, e.g., string s := "a”, it can be rowed to
a multiple value (8.2.6). Elsewhere, where & multiple value is required, a
cast (8.3.4.1.a) may be used, e.g., unton (int, string) is := string : "a".
The "string", i.e., value of mode 'row of character', possessed by
g, +.b"". 15, a. formula” may well be presented informally as follows:

"a + b" is a formula.} ‘




5.4, Routine denotations

{A routine-denotation, e.g., ((real a, b) regl : (a>b | b | al), al-
ways has a formal-parameters-pack, e.g., (real a, b) To the right of this
formal-parameters~pack stands a cast , e.g., real (a>b | b | a), whose
virtual-declarer specifies the mode of the value, if eny, delivered by the
elaboration of the routine, e.g., real. The whole is enclosed between an
open-symbol and a close-symbol, but these may often be omitted, see the ex-
tension 9.2.d. It is essential that, in general, a routine-denotation be
closed, for, otherwise, denotations like (int sintzoff) : (int branquart)
lewt (wodom) could also be calls, or formulas like (int a) int : 1 +2 + §
would be ambiguous if + is also declared as an operator accepting a routine
as left operand.}

5.4.1. Syntax

a)* routine denotation : procedure with PARAMETERS MOID denotation{b}.

b) procedure with PARAMETERS MOID denotation{860a} : open symbol{31e},
formal PARAMETERS{c,e} pack, MOID cast{83ka} > close symbol{3le}.

¢) VICTAL PARAMETERS and PARAMETER{b,c,71x,862a} :

' VICTAL PARAMETERS{c,e,T1y,T4¥b}, gomma{d}, VICTAL PARAMETER{e,T1y,Tlb}.

d) gomma{c} : go on symbol{31f} ; comma symbol{3le}.

e) formal MODE parameter{b, c,Tb,a}
formal MODE declarer{Tib}, MODE mode identifier{liib}.

£)* VICTAL parameters pack : VICTAL PARAMETERS{c,e,T1y,T4b} pack.

{Examples:
b) ((bool a, b) bool : (a | b | falsel)) ;
cg [T :Treal a; [1 : T al real b 3
d) 5 55 3
e) bool a }

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: An equals—-symbol followed by a skip-symbol is inserted in the copy
following the last identifier in each copied constituent formal-parameter
of the formal-parameters-pack of the routine-denotation; 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 cast of the routine-denotation is a void-cast, then an open-
symbol is inserted in the copy preceding, and a close~symbol following
that cast; the copy, thus modified, is the routine possessed by the
routlne-denotatlon.

{The routine possessed by pl after the elaboration of the identity—
declaration (7.4.1.a) proc pl = (int a, b) real : (a > b | zx | yy) is
(int a =~, int b =~; real : (@ > D | ax | “yy)) and that possessed by p2
after the elaboration of proc p2 = (real a; real b) : (a > b | stop) is
(real a = ~; reql b = (: (a >b | stop))). A routine is the same sequence
of symbols as some closed—clause (6.3.1.a). For the use of routines, see 8.k
(formulas), 8.2.2 (deprocedured-coercends) and 8.6.2 (calls).}




5.5. Format denotations

5.5.1. Syntax

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

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

c) picture{b} : MODE pattern{552a,553a,55k4a,555a,556b,55Tb,~} option, -
insertion{d} option.

d) insertion{v,c,m,552b,f,554a,557b} :
literal{j} option, insert{e} sequence ; literal{j}.

e) insert{d} : replicator{f}, alignment{i}, literal{j} option.

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

g) replication{f,k,55Tb} :
dynamic replication{n} ; integral denctation{511a}.

h) dynamic replication{g} :
letter n{302b}, strong CLOSED integral clause{63a,640a,~}.

i) aligrment{e} : letter k{302b} ; letter x{302b} ; letter y{302v} ;
letter 1{302b} ; letter p{302b}. ,

j) literal{d,e,552f,554b} : replicator{f}, STRING denotation{51k4a,53b},
replicated literal{k} sequence option.

k) replicated literal{j} : replication{g}, STRING denotation{51k4a,53b}.

{Examples:
a) $p"table.of"c10a,n(1lim=1) (16x3zd, 3x3(2x+. 12de+2d"+jx"si+. 10de+2d)l)p¢ ;
b) p"table.of'z10a ; 3x3(2x+.12de+2d"+jx"si+.10de+2d)1 ;
c) 1l20ke("mon", "tues”, "wednes", "thurs", "fri", "satur”, "sun") "day” 3 p ;
d) p'table.of"z ;3 "day" 3
e) p'table.of" ;
g) n(lim=-1) ; 10 ;
h) n(lim-1) ;
J) Mgx" s
k) 20"}

1) sign mould{552a,553a,d,e} :
loose replicatable zero frame{ml, sign frame{pl ; loose sign frame{m}.
m) loose ANY fl"am.e{1,552d,553b,d,555&,556b,557b} o
insertion{d} option, ANY frame{n,p,q,55Tc}.
n) replicatable ANY frame{m} : replicator{f}, ANY frame{o,q}.
o) zero frame{n,552e} : letter z{302b}.
p) sign frame{l,m} : plusminus{30kc}.
q) suppressible ANY frame{m,n,557b} :
letter s{302b} option, ANY frame{552e,553c,f,555b,556c}.
r)x frame : ANY frame{n,O,p,qs552€,553c,f,555b,5566,55TC}-

{Bxamples:
1) "="12z+ ; 2x+
m) "="12z
n) 12z ;
q) 87 3 10a }

{aa) Three ways of "transput" (i.e., "input" and "output") are provided by
the standard-prelude, viz., formatless transput (10.5.2), formatted transput
{10.5.3) and binary transput (10.5.4). Formats are used by the formatted-
transput routines to control input from and output to a "file" (10.5.1). No
section on semantics of format-denotations is given, since this is entirely
dealt with by the standard-prelude.



. 5.5.1. continued

bb) A format may be associated with a file by a call of format (10.5.3.a),
outf (10.5.3.1.a) or inf (10.5.3.2.a), which causes a transformat to be
elaborated (5.5.8.1.a), the collection-list of the format-denotation consid-
ered in 5.5.8.2.b.Step 2 to be unfolded (cc), the result to be the current
picture~list of the file and its first constituent picture to be the current
picture of the file (; e.g., after the call format (f1, $pt,3(3d.d)1¢), the
current picture-list of the file fI1 is pt, 3d.d, 3d.d, 3d.dl snd the current
picture is pt).

cc) The result of unfolding a collection-list (10.5.3.b) is a picture-list
obtained as follows:

a) if the collection-list is a picture, then the result consists of that
picture;

b) if the collection-list is a collection but not a picture, then the re-
sult consists of the first insertion-option of the collection, followed
by as many copies of the result of unfolding the collection-list of its
collection-list-pack as is the value of its replicator, separated by
comma-symbols , - followed by its last insertion-option (; e.g., the result
of unfolding 3k"ab”2(10a)l is 3k"ab"10a, 10al);-

¢) 1if the collection-list is a collection~list-proper, then the result con~
sists of the result of unfolding the collection of that collection-list-
proper followed by a comma-symbol, followed by the result of unfolding
its collection-list (3 e.g., the result of unfolding 10a,pn(<)(d.2d)"."
is 10a, p".'" when the value of 7 is 0).

dd) When one of the formatted-transput routines outf (10.5.3.1.a), out
(10.5.3.1.b), inf (10.5.3.2.a) or Zn (10.5.3.2.b) is called, then transput
takes place in the following steps:

Step 1: The values to be transput are elaborated collaterally and the result
is "straightened" (10.5.0.2) into a series of values, the first of which,
if any, is made to be the current value;

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

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

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

Step 5: The next value, if any, is made to be the current value, the next
picture, if any, is made to be the current picture and Step 2 is taken.

‘ee) The value of the empty replicator is T; the value of a replication
which is an integral-denotation is the value of that denotation; the value
of a dynamic-replication is the value of its integral-clause if that value
is positive, and 0 otherwise.

ff) 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 (10.5.1.1.k,1,m) some character is "present", depending on
the contents of the file and on its "conversion key" (10.5.1.11).



5.5.1. continued 2

geg) An insertion is performed by performing its constituent aligrments
and, on output (input), "writing" ("expecting") its constituent literals one
after the other.

hh) Performing an alignment affects the position of the file as follows,

vhere n stands for the value of the preceding replicator:

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

b) letber-x causes the char number to be incremented by n (10.5.1.2.0);

¢) letter-y causes the char number to be decremented by n (10.5.1.2.p);

d) letter-l1 causes the line number tc be incremented by n and the char num—
ber to be reset to 1 (10.5.1.2.q9);

e) letter-p causes the page number to be incremented by % and both the line
number and the char number to be reset to 1 (10.5.1.2.r).

ii) A literal is written by writing the characters (strings) possessed by
its constituent (row-of-)character-denotations each as many times as is the
value of the preceding replicator; a string is written by writing its ele-
ments one after the other; a character is written by causing the character
to be present at the current position of the file, thereby obliterating the
character that was present, and then incrementing the cher number by 7. A
literal is expected by expecting the characters (strings) possessed by its
constituent (row-of-)character-denotations each as many times as is the
value of the preceding replicator; a string is expected by expecting its el-
ements one after the other; a character is expected by incrementing the char
number by 1 if the character is present at the current position of the file;
otherwise, the further elaboration is undefined.

j3) When a string whose number of characters is given is "read", then that
number of characters are read and the result is a string whose elements are
those characters; when a string is read under control of a given "termina~
tor-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 ele-
ment 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 ineremented by 1.

kk) The mode specified by a picture is that enveloped by the original of
its pattern, if any. The number of characters specified by a picture is the
sum of the numbers specified by its constituent frames and the number speci-
fied by a frame is equal to the value of its preceding replicator, if any,
and |1 otherwise.

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

Step 1: The value is converted by an appropriste output routine (10.5.2.1.c,
d,e) to a string of as many characters as specified by the picture (; if
the pattern of the picture is an integral-pattern, then this conversion
tekes place to a base equal to the value of the integral-denotation which
is the same sequence of symbols as its constituent radix, if any, and base
10 otherwise); if this number of characters is not sufficient, then vqlue
error of the file is called, & routine which may be provided by the pro-
grammer (10.5.71.kk);

Step 2: In those parts, if any, of the string specified by a sign-mould, a
character specified by the sign-frame will be used to indicate the sign,
viz., if the sign-frame is a minus-symbol and the value is nonnegative,
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" then a space, and, otherwise, the character specified by the sign-frame;
this character is shifted in that part of the string specified by the
sign-mould as far to the right as possible across all leading zeroces, and
those zeroes are replaced by spaces (; e.g., under the sign-mould 4z+ ,
the string possessed by "+0003" becomes that possessed by "...+3"); if the
picture does not contain a sign-mould and the value is negative, then
value errvor of the file is called;

Step 3: Leading zeroes in those parts of the string specified by any remain-
ing zero-frames are replaced by spaces (; e.g., under the picture zdzded,
the integer 180168 becomes the string possessed by "18.168";

Step L4: For all frames occurring in the picture, first the preceding
insertion, if any, is performed, and next, if the frame is not "sup-
pressed" (, i.e., preceded by letter-s), then that part of the string
specified by the frame is written; finally, the insertion, if any, follow—
ing the last constituent frame is performed (; e.g., editing under the
picture zd"-"zd"-19"2d, the integer 180168 causes the string possessed by
"18-,1-1968" to be written).

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

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

Step 2: Those parts, if any, of the string specified by a sign-mould must
contain a character, specified by the sign-frame, to indicate the sign
(; see 11.Step 2); if those parts contain such a character, with only
spaces appearing in front of it and no leading zeroes appearing after it,
then those leading spaces, if any, are deleted; otherwise, char error
is called with & plus; if this character is a space, and the sign-frame
is a minus-symbol, then it is replaced by & plus (; e.g., if in Step 1 un~
der control of 3z-d, the string possessed by "...39" is obtained, then in
Step 2 that possessed by +39" is obtained);

Step 3: Leading spaces in those parts of the string specified by any remain-
ing zero-frames are replaced by zeroes;

Step 4: The string is converted by an appropriate input routine (10.5.2.2.c,
d,e) into a value of the given mode, if possible, and, otherwise, value
error of the file is called (; e.g., if the value of maxint (10.1.b) is
10000, then under +5d it is possible to input +10000, but not +10007).

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

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

b) on input, there exists some mode which is the mode specified by the
picture preceded by 'reference to' followed by zero or more times
'long', such that that mode is strongly coerced from the given mode.
(A value of mode 'reference to long integral' is on output compatible
with a picture that specifies the mode 'real', but not on input.)
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o0o) Formats have a complementary meaning on input and output, i.e., a
given value which is not a string with one or two flexible bounds, which has
been output successfully to the file, under control of a certain picture,
starting from a certain position, can be successfully input again from that
file under control of the same picture, starting at the same position, pro-
vided that the contents of the file are not changed in between; if the pic~-
ture does not contain a letter-k or letter-~y as alignment, and the picture
does not contain any digit-frames or character-frames preceded by letter-s,
then the second value, obtained on input, is equal (approximately equal) to
the given value if this is a string, integer or truth value (is a real num~
ber); output of this second value to the file has the same effect on the
contents of the file as output of the given value under control of the same
given picture and starting from one same position.

pp) If a value is transput under control of a picture whose constituent
pattern is not an integral-choice-pattern (5.5.2.f), boolean-pattern
(5.5.4.a) or string-pattern (5.5.7.b), then on output (input) it is edited
(indited) under control of the picture.}

5.5.2. Syntax of integral patterns

a) integral pattern{55e} : radix mould{b} option, sign mould{551} option,
integral mould{d} ; integral choice pattern{f}.

b) radix mould{a} : insertion{55d4} option, radix{c}, letter r{302b}.

e) radix{b} : digit two{303d} ; digit four{3034} ; digit eight{3034} ;
digit one{303d}, digit zero{3034} ; digit one{303d}, digit six{3034}.

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

e) digit frame{55q} : zero frame{550} ; letter d{302b}.

£) dintegral choice pattern{a} :
insertion{55d} option, letter c{302b}, literal{s5j} list pack.

{Examples:
a) 2réd30sd ; 12z+d ;3 zd"-"=zd"-19"24 ,
L20ke ("mon", "tues", "wednes", "thurs", "fri", "satur”, "sun")
b) 2r ;
e) 2348 10 ; 16
d) =zd"-"zd"-19"2d ;
£) 120ke("mon", "tues", "wednes", "thurs", "fri", "satur", "sun") }

{If a given value is transput under control of a picture whose constitu-
ent pattern is an integral-choice-pattern, then the insertion, if any, pre-
ceding the letter-c is performed, and,

a) on output, letting n stand for the integer 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;

b) on input, one of the constituent literals of the constituent literal-
list-pack is expected on the file; if the L~th constituent literal is
the first one present, then the value is {; if none of these literals is
present, then the further elaboration is undefined;

¢) finally, the insertion, if any, following the pattern is performed.}



5.5.3. Syntax of real patterns

a)

b)

a)
b)
da)
e)

real pattern{55c¢,556b} : sign mould{551} option, real mould{b} ;
floating point mould{d}.

real mould{a,e} : integral mould{s5524},
loose suppressible point frame{55m}, integral mould{552d4} option ;
loose suppressible point frame{55m}, integral mould{552d}.

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

floating point mould{a} : stagnant mould{e}, loose suppressible exponent
frame{55m}, sign mould{551} option, integral mould{5524}.

stagnant mould{d} : sign mould{551} option, INTREAL mould{bv,552d4,~}.

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

{Examples:

+.12d 3 +d.11lde+2d ;
d.11d 3 .12d 3

+d. 11de+2d

+d.11d }

5.5.k4, Syntax of boolean patterns

a)

b)

a)
b)

boolean pattern{55c} : insertion{55d4} optiocn, letter b{302b},
boolean choice mould{b} option.

boolean choice mould{a} : open symbol{3ie}, literal{55j},
comma symbol{31e}, literal{55j}, close symbol{3le}.

{Examples:
L'result'14xb 3 b("", "error") ;
(""’ Ilez,roz,") }

{If the boolean-pattern does not contain a choice-mould, then the effect

of using the pattern is the same as if the letter-b were followed by
("1","g"), If a given value is transput under control of a picture whose
constituent pattern is a boolean-pattern, then the insertion, if any, pre-
ceding the letter-b is performed, and,

a)

b)

c)

5.5.

b)

a)

on output, if the truth value to be output is £rue, then the first con-
stituent literal of the constituent choice-mould is written, and, other=—
wise, the second;

on input, one of the constituent literals of the constituent choice-
mould is expected on the file; if the first literal is present, then the
value tuwe is found; otherwise, if the second literal is present, then
the value false is found; otherwise, the further elaboration is unde=-
fined;

finally, the insertion, if any, following the pattern is performed.}

5. Syntax of character patterns

character pattern{55c} : loose suppressible character frame{55m}.
character frame{55q} : letter a{302b}.

{Example:
". Ila }



5.5.6. Syntax of complex patterns

a)* complex pattern : COMPLEX pattern{b}.
b) COMPLEX pattern{s55c} : real pattern{553a}l,

loose suppressible complex frame{55m}, real pattern{553a}.
e} complex frame{55q} : letter i{302b}.

.{Example:
b) 2x+.12de+2d"+j "si+.10de+2d }
5.5.7. Syntax of string patterns

a)* string pattern : row of character pattern{b}.
b) row of character pattern{55c} : loose string frame{55m} ;

lcose replicatable suppressible character frame{55m} sequence proper ;

insertion{55d4} option, replication{55g},
suppressible character frame{55q}.
c) string frame{55m} : letter t{302b}.

{Examples:
b) 1t ; Sa3saba ; p'"table.of"sl0a (Note that a is a character-pattern,
whereas Ia is a string pattern for a string with one element.) }

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

ent pattern is a string-pattern, then, if the pattern is a loose-string-
frame, then

a) ‘the constituent insertion, if any, is performed;

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

¢) on input, if the string has fixed bounds, then that number of characters

are read; otherwise, a string is read under control of the terminator-—
string of the file (10.5.1.mm);
d) finally, the insertion, if any, following the pattern is performed;
otherwise,
a) on output, the given string, which must have as many elements as the
number of characters specified by the picture, is edited;
b) on input, the string is indited.}

5.5.8. Transformats

{Transformats are execlusively used as actual-parameters of formatted-
transput routines; for reasons of efficiency, the programmer has deliber-
ately been made uneble to use them elsewhere by the choice of the field-
selector, which contains letter-aleph for which no representation is pro-
vided. Although transformats are not denotations at all, they are handled
here because of their close connection to formats.}

5.5.8.1. Syntax

a) structured with row of character field letter aleph digit one
transformat{7he} : firm format unit{61el.

{Example:
a) (x 20| $§5d¢ | g5d"="g) }



5.5.8.2. 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.i};

Step 2: A format-denotation is considered which is the same sequence of sym=
bols as the format obtained in Step 1;

Step 3: All constituent dynamic-replications {5.5.1.h} of the considered
format-denotation are elaborated collaterally {6.2.2.a}, where the elabo-
ration of a dynamic-replication is that of its integral-clause;

Step 4: Bach of those dynamic-replications is replaced by an integral-
denotation {5.1.1.1.a} which possesses the same value as that dynamic-
replication if that value is positive, and, otherwise, by a digit-zero;
furthermore, every replicator which is empty is replaced by a digit-one;

Step 5: That string-denotation {5.3.1.a} (character-denotation {5.1.k.1.a})
is considered which is obtained by replacing in the considered format-
denotation as modified in Step 4 each constituent quote-symbol by a quote-
image {5.1.k.1.c} and the first and the last constituent formatter-symbol
by a quote-symbol;

Step 6: A new instance of the value of the considered string-denotation (of
a multiple value composed of the value of the considered character-
denotation as its {only} element and of a descriptor consisting of an off-
set 1 and one quintuple (1,7,1,7,1}) is made to be the {only} field of a
nev instance of a structured value {2.2.3.2} whose mode is that enveloped
{1.1.6.3} by the original {1.1.6.c} of the transformat;

Step 7:6The transformat is made to possess the structured value obtained in
Step 6.



6. Phrases

{A phrase is a declaration or a clause. Declarations may be unitary,
e.g., real £, or collateral, e.g., real %, y. Clauses may be unitary, e.g.,
x := 1, collateral, e.g., (¢ := 1, y := 2}, closed, e.g., (x + yJ), or condi~
tional, e.g., f & > 0 then x else 0 fi (which may be written (x>0[x{0)).
Most clauses will be of a certain "sort", i.e., strong, weak, firm or soft,
wuich 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)*x SOME phrase :

SORTETY SOME PHRASE{61a,62a,b,c,d,f,63a,6ka,c,d,e,70a,81a,~}.
b)* SOME expression :

SORTETY SOME MODE clause{61a,62b,c,d,f,63a,6ka,c,d,e,81a}.
c)* SOME statement : strong SOME void clause{61a,62b,63a,6ka,c,e,81a}.

{The rules b and ¢ are not actually used in this Report but serve to
help the reader, who may know some such constructions in other languages un-—
der those appellations. For an informal introduction into ALGOL 68 (0.1.1)
also the following rules may be helpful:

d)* MODE constant : MODE FORM{830sa.,84b,g,850a,860a}.
e)* MODE variable : reference to MODE FORM{830a,8k4b,g,850a,860a}.
£)* procedure : REFETY PROCEDURE FORM{830a,8lb,g,850a,860a}.
g)* structure display :
strong collateral structured with FIELDS and FIELD clause{62f}.
h)* row display : SORIFTY collateral row of MODE clause{62¢,d,-}.}

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", then the elaboration of that unitary-phrase is initiated.

b) The elaboration of a phrase may be interrupted by an action {e.g.,
"overflow"} not specified by the phrase but taken by the computer if its
limitations {2.3.b} do not permit satisfactory elaboration. {Whether, after
an interruption, the elaboration of the phrase is resumed, the elaboration
of some unitary-phrase is initiated or the elaboration of the program ends,
is left undefined in this Report.}

¢) The elaboration of a phrase may be halted {10.4.c}, i.e., no further ac-
tions constituting the elaboration of that phrase take place until the elab-
oration of the phrase is resumed {10.4.d}, if at all.




6.0.2. continued

d) A given {serial-}clause is "protected" in the following steps:

Step 1: If the given clause contains a defining occurrence {k.1.2.a} (an in-
dication-defining occurrence {4.2.2.a}) of a terminal production of a no-
tion ending with 'identifier' ('indication') which also occurs outside it,
then that defining (indication-defining) occurrence and all occurrences
identifying it are replaced by occurrences of one same terminal production
of that notion which does not occur in the program and Step 1 is taken;
otherwise, Step 2 is taken;

Step 2: If the given clause as possibly modified in Step 1, 2 or 4 con~-
tains an operator-defining occurrence {L.3.2.a} of a terminal production
of a notion ending with 'indication' which also occurs outside it, then
that operator-defining occurrence and all occurrences identifying it are
replaced by occurrences of one same new terminal production of that notion
which does not occur in the program and Step 3 is taken; otherwise, the
protection of the given clause is accomplished;

Step 3: If the indication is a dyadic-indication, then Step U4 is ta.ken,
otherwise, Step 2 is taken;

Step 4: A copy is made of the priority~declaration containing the indication
which, before the replacement in Step 2, was identified by that operator-—
defining occurrence; that indication in the copy is replaced by an occur-
rence of the new terminal production; the given clause is modified by in~
serting before it the thus modified copy of the priority-declaration fol-
lowed by a go-on-symbol, and Step 2 is taken.

{Clauses are protected in order to allow unhampered definitions of iden—
tifiers, indications and operators within ranges and to permit a meaningful
call, within a range, of a procedure declared outside it.}

{What's 4in a name? that which we call a hose
By any othen name would smell as sweet.
Romeo and Juliet, Wikliam Shakespeare.}

6.1. Serial clauses

{Serial-clauses are built from unitary-clauses and declarations with the
help of go-on-symbols (; ), completlon-symbols (. or exit) and labels, e.g.,
(x > 0 | z =1 l 1) y. L: y + 1, where the value of the clause is that of
Y, if & > 0 and that of y + 1 otherwise. A serial-clause may begin with
declaration-preludes, e.g., tnt n := I; in int n := I; x := y + n. Labels
mey occur in only three syntactic positions within serial-clauses: after a
completion-synbol (here a label is obligatory, e.g., .l:), in a sequencer
(e.g., ;1:), or at the beginning of a clause-train (i.e., one or more
unitary-clauses separated by sequencers, e.g., L: & := 1; y := 1).

A declaration-prelude may begin with void-clauses (statements), e.g., in or-
der to supply a multiple value as in [1:n] regl xl; for 7 to n do xI [Z] :=
© x 3 real y; ; however, these void-clauses may not be labelled. A declara-
tion-prelude always ends with a go-on-symbol. The modes of some serial-
clauses must be balanced (6.1.1.g). For remarks concerning the balancing of
modes see 6.4.1.}




6.1.1. Syntax

a) SORTETY serial CLAUSE{63a,64b,e} : declaration prelude{b} sequence
option, suite of SORTEIY CLAUSE trains{f,g}.
b) declaration prelude{a,2b,c} :
statement prelude{c} option, single declaration{d}, go on symbol{31f}.
c) statement prelude{db} : chain of strong void units{e} separated by
go on symbols{31f}, go on symbol{31f}.
d) single declaration{b} :
unitary declaration{70a} ; collateral declaration{62a}.
e) SORTETY MOID unit{c,i,558a,62b,c,e,h,T4b,831¢,834a}
SORTETY unitary MOID clause{81al.
f£) suite of STRONGETY CLAUSE trains{a,g} :
chain of STRONGETY CLAUSE trains{h} separated by completers{l}.
g) suite of FEAT CLAUSE trains{a,g} : FEAT CLAUSE train{h} ; .
FEAT CLAUSE train{n}, completer{l}, suite of strong CLAUSE trains{f} ;
strong CLAUSE train{h}, completer{l}, suite of FEAT CLAUSE trains{g}.
h) SORTETY MOID clause train{f,g.2g} : label{k} sequence option,
statement interlude{il} option, SORTETY MOID unit{e}.
i) statement interlude{h,2f} : .
chain of strong void units{e} separated by sequencersi{j}, sequencer{j}.
j) sequencer{i,30c} : go on symbol{31f}, label{k} sequence option.
k) 1label{h,j,1,24} : label identifier{41b}, label symbol{31el.
1) completer{f,g,30c} : completion symbol{31f}, label{k}.

{Examples: :
a) real a :=0; 11: 12: ¢ :=a+1; (p | 18); (x>0 | 13 | @ :=1 - a);
false. 13: y =y + 1; true ;
b) real a := 0; 3 read (n); [1:n] real x1, y1; ;3
e) read (n); ;
d) real a := 0 3 [1:n] real x1, y1 ;

e) false ;

£) T1: 12: xw:=a+1; (p | 13); (x>0 | 18 | ® := 1 - x); false.
13: y =y + 1; true 3

h) 11: 12: =z :=a-i-1' (p | 13); (x>0 | 18 | @ :=1-x); false ;

i) zi=a+1; (p | 13); (x>0 | 13 | x:=1=-a); ;
J) s 55 14 15:

k) 14: 3

1) . 13: }

6.1.2. Semantics

a) The elaboration of & serial-clause is initiated by protecting {6.0.2.4}
i@ and then initiating the elaboration of its textually first constituent
single-declaration or unitary-clause. :

b) The completion of the elaboration of a single-declaration or unitary-
clause preceding a go-on-symbol followed (not followed) by a label-sequence
initiates the elaboration of the unitary-clause following that label-
sequenc):e (the single-declaration or unitary-clause following that go-on-
symbol).

e¢) The elaboration of a serial-clause is

interrupted (halted, resumed) upon the interruption (halting, resump-
tion) of the elaboration of a constituent single-declaration or unitary-
clause;

terminated upon the termination of the elaboration of a constituent
single-declaration or unitary-clause appointing a successor outside the
serial-clause, and that successor {8.2.7.2.b.Step 1} is appointed the suc-
cessor of the serial-clause.



6.1.2. continued

d) The elaboration 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 preceding a completer.

e) The value of a serial-clause is the value of that constituent unitary-
clause the completion of whose elaboration completed the elaboration of the
serial-clause provided that the scope {2.2.L4.2} of that value is larger than
the serial-clause {; otherwise, the value of the serial-clause is unde-
fined}.

{Iny := (x := 1.2; 3.4), the value of the serial-clause x := I.25 3.4
is the real number possessed by 3.4. In ax := (real r := 0.I; r), the value
of the serial-clasuse real r := 0.1; ¥ is 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 regl r := 0.1; r possesses a real number.}

6.2 Collateral phrases

{Collateral-phrases contain two or more unitary-phrases separated by
comma-symbols (,) and, in the case of collateral-clauses, are enclosed be=
tween an open-symbol (() and a close-symbol ()) or between a begin-symbol
(begin) end an end-symbol (end), e.g., (x := 1, y := 2) or real x, real y
(usually real x, Y, see 9.2.¢). The values of collateral-clauses which are
not statements (void-clauses) are either multiple or structured values,
e.g.» (1.2, 3.4) in [] real x1 = (1.2, 3.4) and in compl z := (1.2, 3.4).
Here, the collateral-clause (1.2, 3.4) obtains the mode 'T'OW of real' or the
mode which is the terminal production of 'COMPLEX'. Collateral-clauses whose
value is structured must contain at least two fields, for, otherwise, in the
reach of the declarations struct m = (ref m m); m nobuo, yoneda, the assig-

nation nobuo := (yoneda) would be syntactically ambiguous. In the reach of
the declarations struct r = (real a); r r, the construction r := (3.14) is
not an assignation, but a of r := 8.14 is. It is possible to present a
single value or no value at all as a multiple value, e.g., [] real x1 = ;
[1 :61] real yl := 3, but this involves a coercion known as rowing; see
8.2.6.}

6.2.1. Syntax

a) collateral declaration{61d} : unitary declaration{70a} list proper.
b) strong collateral void clause{2d,81d} :
parallel symbol{31e} option, strong void unit{61le} list proper PACK.
¢) STRONGETY collateral row of MODE clause{81d} :
STRONGETY MODE unit{61e} list proper PACK.
a) firm collateral row of MODE clause{81d} : firm MODE balance{e} PACK.
e) firm MODE balance{d,e} :
firm MODE unit{61e}, camma symbol{3le}, strong MODE unit{6le} list ;
strong MODE unit{61e}, comma symbol{3le}, firm MODE unit{6le} ;
strong MODE unit{61e}, comma symbol{31e}, firm MODE balance{e}.
£) strong collateral structured with FIEIDS and FIELD clause{814} :
strong structured with FIEIDS and FIELD structure{g} PACK.
g) strong structured with FIELDS and FIELD structure{f,g} :
strong structured with FIEIDS structure{g,h}, comma symbol{31e},
strong structured with FIELD structure{n}.
h) strong structured with MODE field TAG structure{g} :
strong MODE unit{6tel.



6.2.1. continued

{Examples:

a) real x, real y ; (and by 9.2.c) real =, y ;

b) (x =1,y :=2, z := 3) 3

e) (x, n) ;

d) (1.2, 3, 4) (in (1.2, 3, 4) + x1, supposing + has been declared also

for 'row of real!') ;

e) 1.2, 3, ¢ (in (1.2, 3, 4) + x1) 3 1, 2.3 (in (1, 2.3) + x1) ;
1, 2.3, 4 (in (1, 2.3, 4) + x1) ;

£} (1, 2.3) (in 3 := (1, 2.3)) 3

g) 1, 2.3 ;

h) 1}

6.2.2. Semantics

a) If constituents of an occurrence of a terminal production of a notion
are "elaborated collaterally", then this elaboration is the collateral ac-
tion {2.2.5} consisting of the {merged} elaborations of these constituents,
and is

initiated by initiating the eleboration of each of these constituents,

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

completed upon the completion of the elaboration of all of these con-
stituents, and

terminated upon the termination of the elaboration of any of these con-
stituents, and if that constituent appoints a successor, then this is the
successor of the occurrence.

b) A collateral-declaration is elaborated by elaborating its constituent
unitary-declarations collaterally {al.

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

Step 1: Its constituent units are elaborated collaterally {a}l;

Step 2: If the terminal production of the metanotion 'MOID' enveloped
{1.1.6.j} by the original {1.1.6.c} of the collateral-clause is a mode,
then this mode is considered and Step 3 is taken; otherwise, {it is 'void!'
and} the elaboration of the collateral-clause is complete;

Step 3: If one of the values of the units obtained in Step 1 is a naume
{2.2.3.5} which refers to & component of a multiple value having one or
more states {2.2.3.3} equal to 0, then the further elaboration is undefin-
ed; otherwise, Step 4 is taken;

Step 4: If the considered mode begins with 'row of', then Step 5 is taken;
otherwise, new instances of the values obtained in Step 1 are made, in the
given order, to be the fields of a new instance of a structured value
{2.2.3.2}; this structured value is considered and Step 7 is taken;

Step 5: Let m stand for the number of constituent units in the collateral-
clause; if the considered mode begins with 'row of row of', then Step 6 is
taken; otherwise, a new instance of a multiple value is created whose ele-
ment with index 4 is a new instance of the value of the {-th constituent
unit, and whose descriptor consists of an offset | and one quintuple
{(1,m,1,1,1); this multiple value is considered and Step T is taken;
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Step 6: If not all corresponding upper (lower) bounds of the multiple values
obtained in Step 1 are equal, then the further elaboration is undefined;
otherwise, the elements with indices {£ - 1) x 1 + §, § =1, ... , nof
the new value, where 4 stands for the number of elements in one of those
values, are nev instances of the elements, taken in the order of ascending
indices, of the value of the {~th constituent unit and the descriptor of
the new value is a copy of the descriptor of the value of one of the con-
stituent units into which an additional quintuple (1,m,7,71,1) has been in-
serted before the old first quintuple, the offset has been set to 1, dn

hes been set to 1, and for L = n, n- 1, ... , Z, the stride di _ 1 has
been set to (qé - LL + 1) % di; this new multiple value is considered end

Step 7 is taken;
Step 7: The value of the collateral-clause is the considered value; its mode
is the considered mode.

6.3. Closed clauses

{Closed-clauses are generally used to construct primaries (8.1.1.d) from
serial-clauses, e.g., (x + y) in {x + y) x a. The question of identifica-
tion (Chapter 4) and protection (6.0.2.d) may arise in closed-clauses, be-
cause a serial-clause is a range (4.1.1.e) and it may begin with a
declaration-prelude (6.1.1.a).} .

6.3.1. Syntax
a) SORTEIY closed CLAUSE{24,55h,81d} : SORTEIY serial CLAUSE{61a} PACK.

{Exemples:
a) begin i =< +1; jg =g +1end; (x+y)}

6.3.2. Semantics

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

6.4. Conditional clauses

{Conditional-clauses allow the programmer to choose one out of a pair of
clauses, depending on the value (which is of mode 'booléan') of a condition,
e.g.s (x>0 | x | 0). Here, & > 0 is the condition. If its value is frue,
then x, and, otherwise, 0 is chosen. Conditional=-clauses are generalized in
the extensions 9.4, e.g., 2f @ > 0 then x elsf x < -1 then-x - 1 else 0 fi,
which has the same effect as (x > 0 | z | (x < =1 |-« - 1 | 0)). Unlike
similar comstructions in other languages, conditional-clauses are always en-
closed between an if-symbol, represented by (, by Zf or by case, and a fi-
symbol, represented by J, by f£ or by esac. This enclosure allows both parts
of the choice-clause and the condition to contain serial-clauses.}




6.4.1. Syntax

a) SORTETY conditional CLAUSE{2d,55h,81d} : if symbol{31e}, conditi
SORTETY choice CLAUSE{c,d}, fi symbol{31e}.ymb ’ tlonind,
b) condition{a} : strong serial boolean clause{61a}.
¢) STRONGETY choice CLAUSE{a} :
STRONGETY then CLAUSE{e}, STRONGETY else CLAUSE{e}.
d) FEAT choice CLAUSE{a} :
FEAT then CLAUSE{el}, strong else CLAUSE{e} ;
strong then CLAUSE{e}, FEAT else CLAUSE{e}.
e) SORTETY THELSE CLAUSE{c,d} :
THELSE symbol{31e}, SORIETY serial CLAUSE{61a}.

{Examples: '
a) (x>0 | x| 0); if overflow then exit fi (see 9.h.a) ;
b) x> 0 ; overflow ;
e) |z | 0; then exit ;
a) lz|o(in(x>0|x|0) +y);
e) |x; | 0; then exit }

{Rule d illustrates why modes should be balanced (see also 6.1.1.g and
6.2.1.e). Thus, if a choice~clause is, say, firm, then at least one of its
two constituent clauses must be firm, while the other may be strong. For ex-
ample, in (p |z | v) + (p | ~ | y), the conditional-clause (p | = | ~) is
balanced by meking | x firm and | ~ strong, whereas (p | ~ | y) is balanced
by meking | ~ strong and | y firm. The example (p | ~ | ~) + y illustrates
:@?? 20? both may be strong, for otherwise the operator + could not be iden-

ified.

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 fwe (gafse) then the serial-
clause of the then-clause (else-clause) of its choice-clause is consid-
ered; .

Step 3: The considered clause is elaborated;

Step 4: The value, if any, of the conditional-clause, then is that of the

clause elaborated in Step 3.

b) The elaboration of a conditional-clause is

interrupted {halted, resumed) upon the interruption (halting, resump-
tion) of the elaboration of its condition or the considered clause;

completed upon the completion of the elaboration of the considered
clauses
terminated upon the termination of the elaboration of its condition or
the considered clause, and if one of these appoints & successor, then this
is the successor of the conditiocnal-clause.



7. Unitary declarations

{Unitary-declarations provide the indication-defining occurrences of
mode~-indications, e.g., string in mode string = [1 : 0 flexl char, and of
dyadic-indications, e.g., v in priority V = 2, the defining occurrences of
mode-identifiers, e.g., ¢ in reql x, and the operator-defining occurrences
of operators, e.g., abs in op abg = (int a) int : (a <0 | -a | a).

Declarations oceur in declaration-preiudes (6.1.1.b).}

T7.0.1. Syntax

a) unitary declaration{61d,62a} :
mode declaration{72a} ; priority declaration{73a} ;
identity declaration{7hal ; operation declaration{T5a}.

{Examples:
a) mode string = [1 : 0 flex] char ; priority vV = 2 ;
int m = 4096 ; op * = (real a, b) int : round a * round b }

7.0.2. Semantics

A mode-identifier (operator) which was caused to possess a value by the
elaboration of a declaration containing the defining (operator-defining) oc-
currence of that mode-identifier (operator) is caused to possess an unde-
fined value upon termination or completion of the elaboration of the small-
est range {L4.1.1.e} containing that declaration.

T.1. Declarers

{Declarers are built from the symbols int, real, bool, char and format,
with the assistance of certain other symbols as, e.g., long, ref, [, 1,
gtruct, union and proe. A declarer specifies a mode, e.g., real specifies
the mode 'real'. A declarer is either a declarator or a mode-indication,
e.g., compl is a mode-indication and not a declarator. Declarers are clas-
sified as actual, formal or virtual depending on the kind of lower- and
upper-bounds which are permitted. Formal-declarers have the greatest free-
dom in this respect; e.g., L1 : nl real, [1 : n flex] real, [1 : flexl real,
[1 : n either] real, [1 : either] real and L] real may all be formal, but
only the first two may be actual and only the last one may be virtual.}

T.1.1. Syntax

a)* declarer : VICTAL MODE declarer{b}.

b) VICTAL MODE declarer{h,k,l,m,0,0,P,X,¥,88,3j,54e,T72a,834a,851b,c} :
VICTAL MODE declarator{c,d,e,l,m,n,0,p,W,ccl ;
MODE mode indication{i2b}.

¢) VICTAL PRIMITIVE declarator{b,d} : PRIMITIVE symbol{31d}.

d) VICTAL long INTREAL declaratori{b,d} :
long symbol{31d}, VICTAL INTREAL declarator{c,d}.
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{Examples:
b) real ; bits ;
c¢) int 3 real 3 bool 3 char ; format ;

d) TZong int 3 long long real }

e) VICTAL structured with FIELDS declarator{b} :

structure symbol{31d4}, VICTAL FIEIDS declarator{f, h, -k} pack.
f) VICTAL FIFIDS and FIELD declarator{e,f} :

VICTAL FIFLIDS declarator{f,h,k}, comma symbol{31e},

VICTAL FIELD declarator{h,k}.

g)* field declarator : VICTAL FIELD declarator{h,k}.
h) VICTAL STOWED field TAG declarator{e,f} :

VICTAL STOWED declarer{b}, STOWED field TAG selector{j}.
i)* field selector : FIFEID selector{j}.
j) MODE field TAG selector{h,k,852a} : TAG{302b,41c,d}.
k) VICTAL NONSTOWED field TAG declarator{e,f}

virtual NONSTOWED declarer{b}, NONSTOWED fleld TAG selector{a}

{Examples:
e) struct (string title, L1 : n] ref string pages, int price) ;
£) string title, L1 : nl ref string pages, int price ;
h) [1 : nl ref string pages ;
j) title ;
k) int price }

{Rules h and k, together with 1.2.1.r,s,t,u,v and 4.1.1.c,d lead to an
infinity of productlon rules of the strict lenguage, thereby enabling the
syntax to "transfer" the field-selectors (i) into the mode of structured
values, and meking it ungrammatical to use an "unknown" field-selector in a
selection (8 5.2). Concerning the occurrence of a given field-selector more
than once in a declarer, see 4.L4.3, which implies that struct (real x, int x)
is not a (correct) declarer, whereas struct (realx, struct ('Lntx, bool p) p)
is. Notice, however, that the use of a given fleld-selector in two different
declarers within a given reach does not cause ambiguity. Thus, mode cell =
struct (string name, ref cell next) and mode link = struct (ggj: Link next,
ref cell value) may both occur in the same reach.}

1) VIRACT reference to MODE declarator{b} :
reference to symbol{31d4}, virtual MODE declarer{b}.
m) formal reference to STOWED declarator{b} :
reference to symbol{31d}, formal STOWED declarer{b}.
n) formal reference to NONSTOWED declarator{b} :
reference to symbol{31d}, virtual NONSTOWED declarer{b}.

{Examples:
1) ref (1 real ;
m) ref [1 ]real s ref L1 : either, 1 : flex] real ;

n) ref ref [1 real } .

{Rules 1, m and n imply that,. for instance, ref [1 : either] real x may
be a formal-parameter (5.4.1.e), whereas ref ref [1 : either] real x may
not.}
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o) VICTAL ROWS structured with FIELDS declarator{b} :
sub symbol{31e}, VICTAL ROWS rower{q,r}, bus symbol{3lel,
VICTAL structured with FIELDS declarer{bv}.
p) VICTAL ROWS NONSTOWED declarator{b} :
sub symbol{31e}, VICTAL ROWS rower{q,r}, bus symbol{3ie},
virtual NONSTOWED declarer{bv}.
q) VICTAL row of ROWS rower{o,p,q} :
VICTAL row of rower{r}, comma symbol{31e} VICTAL ROWS rower{q,r}.
r) VICTAL row of rower'{o,p,q}
VICTAL lower bound{s,t,v}, up to symbol{31e}, VICTAL upper bound{s,t,v}.
s) virtual LOWPER bound{r} : EMPTY.
t) actual LOWPER bound{r} :
strict LOWPER bound{u}, flexible symbol{31d} option.
u) strict LOWPER bound{t,v,861f} : strong integral tertiary{81b}.
v) formal LOWPER bound{r}:
strict LOWPER bound{u} option, flexible symbol{31d} option ;
strict LOWPER bound{u} option, either symbol{31d}

{Examples:
"0) [1 : ml struct (L1 : nl real a, int b) ;
p) : m, : I ref [1 real ;

Q) 1 m, )
r) 1:

t) mm fZex 3
u) m;

v) m : s m flex 3 flex 3 m either ; either }

{The flexible-symbol, either-symbol, strict-lower-bound and strict-
upper-bound contained in a formal-declarer serve to prescribe states and
bounds of the multlple value possessed by the corresponding actual-parameter.
The flexible-symbol in ref [1 : flex] char s = t prescribes that a name re-
ferring to a multiple value with upper - state 0 (i.e., the upper bound may
vary) will be possessed by s; in ref [1 : n either] char s = t, the either-
symbol allows that upper state to be either 0 or 7 (i.e., the upper bound
may be variable or fixed) and the absence of both flexible-symbol andeither-
symbol in ref [1 : n] char 8 = t prescribes that that upper state is 1
(i.e., the upper bound must be fixed). Independently, the strict-upper-bound
n in ref [1 : n either] char & = t or in ref [1 : nl char s = t prescribes
that a name referrlng to & m mult:l.ple value whose upper "bound equals the value
of n will be possessed by &; if, in the first example, the upper state is 0,
then that upper bound may well be changed later on by an assignment. The ab-
sence of a strict-upper-bound in ref [1 : flex] char s = t does not restrict
the upper bound in that way. Similar remarks apply to strict-lower-bounds.
The flexible-symbol, strict-lower-bound and strict~upper-bound serve & simi-
lar role in generators (8.5).}

w) VICTAL PROCEDURE declarator{v} :

procedure symbol{314}, virtual PROCEDURE plan{x,aa}.
x) virtual procedure with PARAMETERS MOID plan{w,75b} :

virtual PARAMETERS{y,5l4c} pack, virtual MOID declarer{b,z}.
y) virtual MODE parameter{x,Skc} : virtual MODE declarer{b}.
z) virtual void declarer{x,aa,834a} : EMPTY.
aa) virtual procedure MOID plan{w} : virtual MOID declarer{b,z}.
bb)*parameters pack : VICTAL PARAMETERS{y,5kc,e,Thb} pack.
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{Examples:
w) proe ; proec (real, int) 3 proe bool ; proc (real) bool ;
x) (real, int) ; (real) bool ;

y) real ;
aa) _357

cc) VICTAL union of IMOODS MOOD mode declarator{b} :
union of symbol{31d}, IMOODS MOCD and cpen box{dd} pack.
dd) LOSETY IMOOD open BOX{cc,ee} : LOSEIY closed IMOOD end BOX{ee,ff}.
ee) LOSETY closed IMOODSETY IMOOD end BOX{dd,ee,ff} :
IOSETY closed IMOODSETY IMOOD IMOOD end BOX{ee f£r}
LOSETY open IMOCDSETY IMOOD BOX{dd.gg}l.
£f) LOSETY closed LMOODSETY IMOOD end IMOOT BOX{dd,ee,ff} :
TIOSETY closed IMOODSETY IMOOT IMOOD end BOX{ee,ff}.
gg) open IMOODS IMOOD BOX{ee,gg,ii} : IMOODS IMOOD BOX{ii} H
open IMOODS box{gg.hhl, camna symbol{31e}, IMOOD BOX{ii,jj}.
hh) open IMOOD box{gg} : IMOOD box{jj}.
ii) IMOODS MOOD and box{gg} : union of IMOODS MOODmode mode indication{i2b} ;
union of symbol{31d}, open IMOODS MOOD and box{gg} pack.
Jjj) MOOD and box{gg,hh} : virtual MOCD declarer{b}.

{Examples:
ce) unwn (real, union (int, bool), union (real, int)) ;
unton (rit, unton (bool, reall) (1n the reach of union ri = (real, int))}

{Let "b" stand for 'boolean', "{" for 'integral', "a" for 'real', "+"
for 'and' and "[bin)" for any of the six protonotions 'brita', 'biati?,
Yitbint, 'Atn+b', 'n+b+i' and '"a+i+b'. Both examples are then examples of a
virtual-, actual=- or formal-union-of-(bin)-mode-declarator. The choice for
(bir) is left undefined and is semantically irrelevant, but if one chooses
some canonical ordering of all modes involved in a program, then the rules
cc up to jj and 8.2.4.1.2,b,c,d do not cause any ambiguity (1.1.6.i,4.4.3.4).
The production mechanism of the rules cc up to jj is such that rule eel re=-
peats, rule ff commutes and rule gg associates modes, whereas rule dd closes
and rule ee2 opens the box. Let "#" stand for 'box!', "(" for 'closed', ")"
for ‘end', "{}" for 'open' and "," for ', cama Symbcl » then the production
of the flrst exa.mple from 'ac’cual union of integral and real and boolean
mode declarator' is suggested by:

cc Atntb+{)#  eel i+ (n+nt)b+#t  FE (nrd+)bin+t ee2 [)atitbtn+i+t

dd L+n+(b+)# £f 4+ [atbtnt)# eel (a+iti+)b+n+#  ggd ()a+i+b+# nei+#
ee2 Ltnt{}b+f  ee2 L+()atbint#  £f (n+ri+rbtit)n+f  gg2 (|a+# (+b+# nii+#
dd A4+ (n+)b+# ad [A+)arbinrd £ (ard+binti+)# hh  at# (+b+E nti+#})

T.1.2. Semantics

a) A given declarer specifies the mode enveloped {1.1.6.j} by its original
{1.1.6.c}.

b) A given declarer is protected by protecting all its constituent serial-
clauses.

¢) A given declarer is "developed" in the following steps:
Step 1: It is protected;
Step 2: If it is, or contains and does not shield, a mode-indication which
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is an actual-declarer or formal-declarer, then that indication is replaced
by a copy of the protected actual-declarer of that mode-declaration {7.2}
whose mode-indication is its indication—defining occurrence {4.2.2.a}, and
Step 2 is taken; otherwise, the development of the declarer has been ac-
complished.
{A declarer is developed during the elaboration of an actual-declarer
(a) or identity-declaration (7.4.2.Step 1).}

d) A {virtual- or actual-} declarer D specifying the mode M is elaborated

in the following steps:

Step 1: If D is a virtual-declarer, then a new instance V of some value of
some mode N {not beginning with 'union of' and} such that M is, or is
united from, N is chosen and Step 8 is taken; otherwise, D is developed
and Step 2 is taken; - i

Step 2: If D now begins with a structure-symbol, then Step It is taken;
otherwise, if D now begins with a sub-symbol, then Step 5 is taken; other=
wise, if D now begins with a union-of-symbol, then Step 3 is taken; other-—
wise, a new instance V of some value of the mode M is chosen and Step 8 is
takens

Step 3: Some mode N is chosen which does not begin with 'union of' and from
which M is united {4.L4.3.a}; a new instence V of some value of the mode N
is chosen and Step 8 is taken;

Step b: A1l constituent declarers of D are elaborated collaterally
{6.2.2.a}; the values referred to by the values {neames} of these declarers
are made, in the given order, to be the fields of a new instance V of a
structured value of the mode M, and Step 8 is taken;

Step 5: All constituent boundscripts {8.6.1.1.1} of D are elaborated collat-
erally; '

Step 6: A descriptor {2.2.3.3} Q is established consisting of an offset 1
and as many quintuples, say n, as there are comstituent actual-row-of-
rowers in D3 for L = 1, «v. , R, Zi (ui) is set equal to the value of the

constituent strict-lower-bound (strict-upper-bound) of the {-th of these
actual-row-of -rowers; if the flexible-symbol=-cption of the actual-lower-
bound (actual-upper-bound) of the £=~th of these actual-row-of-rowers is a
flexible-symbol, then 4, (ii) is set to 0; otherwise, 4; (ti) is set to 1;

next, du is set to 1, end for L = n, n - 1, ... , 2, the stride di ~qis
set to (ui - bt 1) x dis

Step 7: Q is made to be the descriptor of a new instance V of a multiple
value of the mode M, whose elements are obtained as follows: the last con-
stituent declarer of D is elaborated collaterally a number of times and
the elements are copies of values referred to by {some of thel resulting
names

Step 8: A name {2.2.3.5} different from all other names and whose mode is
rpeference to' followed by M, is created and made to refer to V; this name
is the value of D.

T.2. Mode declarations

{Mode~declarations provide the indication-defining occurrences of mode-
indications, which act as abbreviations for declarers built from some basic-
tokens, e.g., mode string = [1 : 0 flex] char, or from other 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 abbrevia-
tion, but it is essential to the declaration.}




T.2.1. Syntax

a) mode declaration{70a} : mode symbol{31d}, MODE mode indication{i2b},
equals symbol{31c}, actual MODE declarer{71v}.

{Examples:
a) mode string = [1 : 0 flex] char ; struct compl = (real re, im) ;
union primitive = (int, real, bool, char, format) (see 9.2.b,c)}

T.2.2. Semantics

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

T.3. Priority declarations

{Priority declarations provide the indication-defining occurrences of
dyadic-indications, e.g., o in priority o = 6, which may then be used in the
declaration of dyadic operations. Priorities from 1 to 9 are available.
Since monadic-operators have effectively only one priority level (8.k.1.g),
which is higher than that of all dyadic-operators, monadic—indications do
not occur in priority-declarations.}

T.3.1. Syntax

a) priority declaration{T0a} :
priority symbol{31d}, priority NUMBER indication{k2e},
equals symbol{31c}, NUMBER token{b,c,d,e,f,g,h,i,j}.
b) one token{a} : digit one symbol{31b}.
c) TWO token{a} : digit two symbol{31b}.
d) THREE token{a} : digit three symbol{31b}.
e) FOUR token{a} : digit four symbol{31b}.
f) FIVE token{a} : digit five symbol{31p}.
g) SIX token{a} : digit six symbol{31b}.
h) SEVEN token{a} : digit seven symbol{31b}.
i) EIGHT token{a} : Qigit eight symbol{31bl.
j) NINE token{a} : digit nine symbol{31b}.

{Example:
a) priority + =6}
T.3.2. Semantics
The elaboration of a priority-declaration involves no action.

{For a summary of the standard priority-declarations, see the remarks in
8.4.2.}



T.4. Identity declarations

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

T.4.1. Syntax

a) identity declaration{70a} : formal MODE parameter{Sle},
equals symbol{31e}, actual MODE parameter{b}.

b) actual MODE parameter{a,Skc,75a,862a} : '
strong MODE unit{61e} ; MODE transformat{558a,-}.

{Examples:
a) real e = 2.718281828459045 ; tnt e =abs © 3 real d = re (3 x eonj z) ;
ref [,] real al =a [, : k1 ; ref real xlk = x1 [K] ; compl unit = 1 ;
roc int time = clock * cches 5
EThe following declarations are given first without, and then with, the
extensions of 9.2)
ref real x = loc real ; real x ;
vef int eum = Loc int := 0 ; int sum = 0 ;
ggf Teither : either, either : either] real a = loe [1 +my 1 : nl real
=22 3 [1 :my I : nlreal a i=ad ;
proc (real) real vers = ((real x) real : 1 - cos (z))
proc vers = (real x) real : 1 - cos Oz) 5
ref proc (int) int q = Loc proc (znt) int = ((int ) int : abs 2) ;
roc q := (int 1) int : abs z
b) abs © ; loa real ; Loe - znt 1= 0 3 $+d.11de+2d¢ }

we

T.4.2. Semantics

An identity~declaration is elaborated in the following steps:

Step 1: The formal-declarer U of its formal-parameter F is developed
{7.1.2.c};

Step 2: Its actual-parameter A and all boundscripts contained in D, as pos-
sibly modified in Step 1, but not contained in any boundscript contained
in D, are elaborated collaterally {6.2.2.a};

Step 3: If the value V of A is a name which refers to a component {2.2.2.k}
of a multiple value having one or more states equal to 0, then the further
elaborastion is undefined; otherwise, if V is a name other than nif, then
the value to which V refers, or otherwise V itself, is termed W;

Step 4: If W is not a structured value or multiple value, then Step T is
taken; otherwise, if V is not a name, then Step 6 is taken;

Step 5: For each flexible-symbol-cption S contained in P, as possibly modi-
fied in Step 1, but not contained in any boundscript contained in D, {the
corresponding state is checked, i.e.,} if S is a flexible-symbol (empty)
and the corresponding state in W is 1 (0), then the further elaboration is
undefined; otherwise, Step 6 is taken;

Step 6: For each boundsceript contained in-?, as possibly modified in Step 1,
but not contained in any boundscript contained in U and not followed by a
flexible-symbol, {the corresponding bound is checked, i.e.,} if its value
is not the same as the corresponding bound, if any, in W, then the further
elaboration is undefined; otherwise, Step T is taken;



T.4.2. continued

Step T: The identifier of F is made to possess V.

{According to Step 6, the elaboration of the declaration
{21 : 2] real 21 = (1.2, 3.4, 5.8)
is undefined and according to Step 5 the elaboration of the declaration
ref [1 : flex] real x1 = [1 : 2] real := (1.2, 3.4)
is undefined. The elaboration of the declaration
[1 : flex] real =1 = (1.2, 3.4)
is well defined, but its effect is also obtained by the elaboration of the
less confusing declaration
(] real 1 = (1.2, 3.4).}

T.5. Operation declarations

{Operation-declarations provide the operator-defining occurrences of
operators, e.g., op vV = (real a, b) real : (random < .5 | a | b), which con-
tains an operator-defining occurrence of v as a dyadic-operator. Unlike
identity-declarations of which no two for the same identifier may occur in
a reach (4.4.2.b), more than one operation-declaration involving the same
adic-indication may occur in the same reach, see 10.2.3.i, 10.2.4.i, ete.}

T.5.1. Syntax

a) operation declaration{70a} :

PRAM caption{b}, equals symbol{31ec}, actual PRAM parameter{Tib}.
b) PRAM caption{a} : operation symbol{31d},

virtual PRAM plan{T1x}, PRAM ADIC operator{i3b,c,-}.

{Examples:
a) op A= (bool a, b) bool : (a | b | false) ;
op abs = (real a) real : (a <0 | —a | a) (see 9.2.d,e) ;

b) op (bool, bool) bool A 3 op (real) real abs }

T.5.2. Semantics

An operation-declaration is elaborated in the following steps:
Step 1: Its actual-parameter is elaborated;
Step 2: The operator of its caption is made to possess the {routine which
is thel value obtained in Step 1.

{The formula (8.4.1) p A g, where A identifies the operator-defining

occurrence of A in the operation-declaration

op A = (bool john, proc bool mecarthy) bool : (john | mccarthy | false),
possesses the seme value as it would if A identified the operator~defining
occurrence of A in the operation—-declaration

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




8. Unitary clauses

{Unitary-clauses may occur as actual-parameters, e.g., £ in gin (xz), as
sources in assignations, e.g., ¥ in x := y, in casts, especially in routine-
denotations, e.g., ¢ +:= 1 in ((ref int 7) int : € +:= 1), or may be used to
construct serial-clauses or collateral-clauses, e.g., & := 1 in (x := I3
y :=2) or in (z := 1, y := 2). Unitary-clauses either are closed, collat-
eral or conditional, or are coercends. There are four kinds of coercends:
confrontations, e.g., x := I, formulas, e.g., & + 1, cohesions, e.g., next
of cell, and bases, e.g., x. These coercends and the closed-, collateral~-
and conditional~classes are grouped into the following four classes, each
class being a subclass of the next: primaries, which may be subscripted and
parametrized, e.g., I and sin in xl [Z] and sin (x); secondaries, from
which fields may be selected, e.g., 3 in re of z; tertiaries, which mey
be operands, or may be destinations in assignations, or may occur in
identity- or conformity-relations, e.g., ® inx + 1 or inx := 1 or in
& :=: yy or in & ::= Zr, or may be boundscripts, e.g., m, 0 and n in
x2 [:m @ 0, nl, and, finally, unitary-clauses, which is the largest class.
Thus, r of 8 (7) means that & is first called or subscripted, whereas
(r of 8) (i) means that the field is selected first. Also, r of & + t means
that the field is selected from & before elaborating the routine possessed
by +, while to force the elaboration of + first, one must write

r of (s + t).}

8.1.1. Syntax

a) SORTETY unitary MOID clause{61e} : SORTETY MOID tertiary{b}l ;
SORTETY MOID confrontation{820d,e,f,g,830a,~}.
b) SORTEIY MOID tertiary{a,71u,831b,8322,8332,861h,i} :
SORTETY MOID secondary{c} ; SORTETY MOID ADIC formula{820d,e,f,g,84b,gl.
¢) SORTETY MOID secondary{b,84f,852a} : SORTETY MOID primary{dl ;
SORTETY MOID cohesion{8204,e,f,g,850a}.
d4) SORTETY MOID primary{c,861a,862a} : SORTETY MOID base{820d,e,f,g,860a,b} ;
SORTETY CLOSED MOID clause{62b,c,d,f,63a,6ka,~}.

{Examples:
a) & 32 =13
) 3 x+1;
e) x 3 real ;
a) @« 5 (x+ 1)}

8.2. Coercends

{Coercends are of four kinds: bases, e.g., x, cohesions, e.g., re of z,
formulas, e.g., ¢ + y and confrontations, e.g., & := 1. These are collect—
ively congsidered as coercends because it is in their production rules that
the basic coercions appear.

In current programming languages certain implicit changes of type are
described, usually in the semantics. Thus x := I may mean that the integral
value of I yields an equivalent real value which is then assigned to the
name possessed by x. In ALGOL 68, such implicit changes of mode are known as
coercions, and are reflected in the syntax. Certain coercions availsble in
other languages, such as that in © := x, are not permitted. One must write
71 := round x or i := entier x, for in this situation it is felt advissble



8.2. continued

for the programmer to state the coercion explicitly. Apart from this, all
the coercions which the programmer might reasonably expect are supplied.

There are eight basic coercions. They are: dereferencing, deproceduring,
proceduring, uniting, widening, rowing, 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 proe real p = x + 3.14, the formula
x + 3.14, whose a priori mode is 'real', is procedured to 'procedure real';
in union (int, real) ir := 1, the base 1, whose a priori mode is 'integral',
is united to 'union of integral and real mode'; in x := 1, the base 1, whose
a priori mode is 'integral', is widened to 'real'; in string s := "a', the
base "a", whose a priori mode is 'character', is rowed to 'row of character';
in x := skip, the skip skip, which has no a priori mode, is hipped to 'real'
and in (x := I; y := 2J),the confrontation # := 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: "syntac-
tic position", a priori mode and a posteriori mode (, i.e., the modes before
and after coercion). There are four sorts of syntactic position. They are:
"strong" positions, i.e., actual-parameters, e.g., £ in gin (x), sources,
e.g., & in y := x, conditions, e.g., x > 0 in (x > 0 | = | 0), subscripts,
e.g., T in x1 {Z]1, ete.; "firm" positions, i.e., operands, e.g., & in & + ¥y,
transformats, e.g., $5d¢, and certain primaries, e.g., 8in in sin (x);
"week" positions, i.e., certain primaries, e.g., ®I in xl [Z], and certain
secondaries, e.g., 2 in re of z; and "soft" positions, i.e., destinations,
e.g., £ in & := y, and some other tertiaries, e.g., xx in xx :=: x.

Strong positions are so termed because the a posteriori mode is dictated
entirely by the context. Such positions lead to the possibility of any of
the eight basic coercions. Firm positions are, e.g., operands, in which wid~
ening, rowing, hipping and voiding must be exeluded, since, otherwise, the
identification of the operations involved in Z + j, x + y (, supposing + to
be declared also for 'row of real'), ¢ + skip and Z + algol could not be
properly made. In the weak positions, only deproceduring and dereferencing
are permitted, and special care must be taken that dereferencing removes a
'reference to' only if followed by 'reference to'. The xl1 in x1 [Z] := 1
demonstrates the necessity for this look—ahead. In the soft positions, the a
posteriori mode is the a priori mode except for the removal of zero or more
times 'procedure’. Thus in soft positions only deproceduring is performed.

In the productions of & notion, the sort (strong, firm, weak, soft) of
position is passed on, or modified during balancing (to strong), and leads
to basic coercions which appear in the production rules for coercends; more-
over, the coercion must be completely expended in these rules. For example,
Y in & := y is a real-source and, therefore, a strong-real-unit (8.3.1.1.¢);
the sort 'strong' is passed through the productions of 'strong real unit®
until a 'strong real base' is reached (8.1.1.d); this is then produced to
'strongly dereferenced to real base' (8.2.0.1.4), next to 'reference to real
t(aaseé' (8.251.1.9.) and finally to 'reference to real mode identifier’

8.6.0.1.a).}




8.2.0.1. Syntax

a)* coercend : SORT COERCEND{d,e,f,g} ; SORTly ADAPTED to COERCEND{821a,b,
822a,b,c¢,823a,824a,825a,b,¢,d,826a,827a,828a,b,~}.
b)* SORT coercend : SORT COERCEND{d.e,f,g}.
c)* ADAPTED coercend : SORTly ADAPTED to COERCEND{821a,b,822a,b,c,823a,82ka,
825a,b,c,4,826a,827a,828a,b,-}.
d) strong COERCEND{81a,b,c,d} : COERCEND{830a,84b,g,850a,860a,b,~} ;
strongly ADAPTED to COERCEND{821a,822a,823a,824a,825a,b,c,d,826a,827a,
828a,b,~1.
e} firm COERCEND{81a,b,c,d,84d,f} : COERCEND{830s,84b,g,850a,860a,b,~} ;
firmly ADJUSTED to COERCEND{821a,822e,823a,824a,~}.
f) weak COERCEND{81a,b,c,d} : COERCEND{830a,84b,g,850a,860a,b,-} 3
weakly FITTED to COERCEND{821b,822b,-}.
g) soft COERCEND{81a,b,c,d} : COERCEND{830a,84b,g,850a,860a,b,-} ;
sof'ttly deprocedured to COERCEND{822c}.

{Examples:
d) 3.14 (inx := 3.14) 3 y (in & = y) ;
e) 3.14 ; x (in 3.14 + ) ; sin (in sin (x)) ;
f) I (in «1 [Z]) ; 23 (in re of 2z in the reach of ref compl zz) ;
g) 2 (inz :=1) ;xory (inxory := 3.14) }

8.2.1. Dereferenced coercends

{Coercends are dereferenced when it is required that an initial
'reference to' should be removed from the a priori mode; e.g., in x := y,
the a priori mode of y is 'reference to real' but the a posteriori mode re-
quired in this strong position is 'real'. Here, y possesses & name which re-
fers to a real number and it is that real number which is assigned to (the
name possessed by) &, not that name (possessed by y).}

8.2.1.1. Syntax

a) STIRMly dereferenced to MODE FORM{a,820d4,e,822a,b,8232,824b,4,825a,b,c,
d,826a} : reference to MODE FORM{830a,84b,g,850a,860a} ;
STIRMly FITTED to reference to MOBE FORM{a,822a}.
b) weakly dereferenced to reference to MODE FORM{b,820f} :
reference to reference to MODE FORM{830a,84b,g,850a,860a} ;
weakly FITTED to reference to reference to MODE FORM{b,822v}.

{Examples:
a) y(inxz =y orinaxc+y) 3 yy (inx := yy or inx + yy) ;
b) raxl (in rxl [Z] in the reach of ref [] real rxl) }

8.2.1.2. Semantics

A dereferenced-coercend is elaborated in the following steps:
Step 1: It is preelaborated {1.1.6.i};
Step 2: If the value obtained in Step 1 is not nif, then the value of the
dereferenced-coercend is a copy of the value referred to by the value
{neme} obtained in Step1; otherwise, the further elaboration is undefined.



8.2.1.2. continued

{Weak dereferencing must look ahead so that it does not remove a
'reference to' which precedes a mode which does not begin with 'reference
to'. For example, in 21 [£] := y, the primary xI should not be dereferenced,
for xI [<] must possess & name. In xI [£] + y, the x1 is not dereferenced
but the base zI [£] is.}

8.2.2. Deprocedured coercends

{Coercends are deprocedured when it is required that an initial
'procedure’ should be removed from the a priori mode; e.g., in x := random,
the a priori mode of random is 'procedure real' but the a posteriori mode
required in this strong position is 'real'. Here, the routine possessed by
random is elaborated and the real number yielded is assigned to (the name
possessed by) x.}

8.2.2.1. Syntax

a) STIRMly deprocedured to MOID FORM{a,b,820d,e,821a,824b,d,825a,b,c,d,
826s.,828b} : procedure MOID FORM{830a,84b,g,850a,860a} }
STIRMly FITTED to procedure MOID FORM{a,821a}.
b) weakly deprocedured to MODE FORM{820f,821b} :
procedure MODE FORM{830a,84b,g,850a,860a} ;.
firmly FITTED to procedure MODE FORM{a,821a}.
e) softly deprocedured to MODE FORM{c,820g} :
procedure MODE FORM{830a,84b,g,850a,860a} ;
softly deprocedured to procedure MODE FORM{c}.

{Examples:
a) random (in x := random or in x + random) ;
b) rz (in re of rz in the reach of proc compl rz= compl : (random, random)) ;
e) zory (inxory :=1)}

8.2.2.2. Semantics

A deprocedured-coercend is elaborated in the following steps:

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

Step 2: The deprocedured-coercend is replaced by a closed~clause which is a
copy of {the routine which is} its prevalue obtained in Step 1, and the
elaboration of that closed-clause is initiated; the value yielded, if any,
is that of the deprocedured-coercend and if this elaboration is completed
or terminated, then the closed-clause is replaced by the deprocedured-
coercend before the elaboration of a successor is initiated.

{See also calls, 8.6.2.}



8.2.3. Procedured coercends

{Coercends are procedured when it is required that an initial
‘procedure' should be placed before the a priori mode (i.e., they should be
turned into procedures without parameters), e.g., £ := 1 in proc real p :=
x := 1. Here, 1 is not assigned to x, but that routine which assigns I to x
is assigned to p. Notice, that proc p := x := 1 is syntactically incorrect,
since £ := 1 must first be voided before it can be procedured to the mode
tprocedure void'; the way to achieve this is by using a void-cast-pack:
proc p := (: & := 1). For the coercion in proc stop = exit see 8.2.7.}

8.2.3.1. Syntax

a) STIRMly procedured to procedure MOID FORM{e,820d,e,824b,826a} :
MOID FORM{830a,84b,g,850a,860a,b,=} ;
STIRMly dereferenced to MOID FORM{821a,=} ;
STIRMly procedured to MOID FORM{a,-1 ;
STIRMly united to MOID FORM{82ka,-} ;
STIRMly widened to MOID FORM{825a,b,c,d,~} }
STIRMly rowed to MOID FORM{826a,-1}.

{Examples:
a) 3.14 (in proc real p := 3.14) ; x (in proc real p = x)
3.14 (in proe proec real p := 3.14) ;
1 (in proc union (imt, real) p := 1) ;
1 (in proc real p := 1) ; 1 (inproe [1int p := 1) }

8.2.3.2. Semantics

A procedured-coercend is elaborated in the following steps:

Step 1: A copy is made of it {itself, not its value}; if the mode enveloped
by the original of the procedured-coercend is 'procedure' followed by a
second mode {not by 'void'l}, then the second mode is considered; other-
wise, Step 3 is taken;

Step 2: A virtual-declarer, which, if it occurred in the smallest reach con-
taining the procedured-coercend, would specify the considered mode, fol-
lowed by a cast—of-symbol is placed before the copy;

Step 3: An open-symbol is placed before and a close-gymbol is placed after
the copy as possibly modified in Step 2; the thus modified copy is the
{routine which is the} value of the procedured-coercend.

{The elaboration of the strong-procedure-real-base (p | x1 | y1) [Z]
yields the routine (real : (p | 1 | y1) [2]), vhereas that of the strong-
conditional-procedure-real-clause (p | x1[Z] | y1[<1) yields either the
routine (real : xz1[<1]) or the routine (real : yll[<1) depending on the value
of p; similarly, the elaboration of the firm-procedure-real-confrontation
2 := (g :=a + 1; y) yields the routine (real : x ;= (a :=a + 1; y)),
whereas that of the firm-closed-procedure-real-clause (a :=a + 15 x :
yields, apart from a change in the value of a, the routine (real : x :
as last example, the elaboration of the strong-procedure-void-base
(: £ := 1 + 1) yields the routine ((: £ := 7 + 1)).}



8.2.4. United coercends

{Coercends are united when it is required that the a prlorl mode should
be changed to a mode united from (4.4.3.a) it, e.g., in union ( int, real) ir
= 2, the base 2 is of the a priori mode 'integral', but the source of this

asmgnatmn requires the mode 'union of integral and real mode'.}

8.2.4.1. Syntax

a) STIRMly united to union of IMOODS MOOD mode FORM{820d,e,823a,826a} :

one out of IMOODS MOOD mode FORM{b} ;
some of IMOODS MOOD and but not FORM{c}.
) one out of IMOODSETY MOOD RMOODSETY mode FORM{a} :
MOOD FORM{830a.,84b,g,850a,860a} ;
firmly FITTED to MOOD FORM{821a,822a} 3
firmly procedured to MOOD FORM{823a,-}.
c) some of IMOODSETY MOOD and RMOODSETY but not IOSETY FORM{a,c} :

some of IMOODSETY and MOOD RMOODSETY but not LOSETY FORM{c,d,-} ;
some of LMOODSETY RMOODSETY but not MOOD and LOSETY FORM{c,d,~}.

d) some of and IMOOD MOOD RMOODSEIY but not IMOOT LOSETY FORM{c}

union of IMOCD MOOD RMOODSETY mode FORM{830s,84b,g,850a, 860a}

firmly FITTED to union of IMOOD MOOD RMOCDSETY mode FORM{821a, 8229.}

{Examples:
a) 23 ir ;
b) 2 3 7 3 true 3

4) »i 3 <r (&ll in (umon ir = (int, real); irir:=2;ir ri = (p l 7| x);

unton ( 'w, proc bool) irb := ri; irb i= ir;irb :

= true)) }

{In uniting, 'strong' leads to 'firm' in order that unions like that in-

volved in union (int, real) <r := 1 should not cause ambiguities.

In this

example, if the base 1 is widened, then it cannot be united, i.e., in the
order of productions in the syntax, uniting cannot be followed by widening.}

8.2.5. Widened coercends

{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., I in
2 := 1, or from 'BITS' to 'row of boolean' or from 'BYTES' to 'row of

character'.}

8.2.5.1. Syntax

a) strongly widened to LONGSETY real FORM{b,820d,823a,826a} :
LONGSETY integral FORM{830a,84b,g,850a,860a} H
strongly FITTED to LONGSETY integral FORM{821a,822a}.

b) strongly widened to structured with REAL field letter r letter e

and REAL field letter i letter m FORM{8204,823a,826a} :
REAL FORM{830a,84b,g,850a,860a} ;
strongly FITTED to REAL FORM{821a,822a} ;
strongly widened to REAL FORM{al.

¢) strongly widened to row of boolean FORM{820d,823a,826a} :
BITS FORM{830a,84b,g,850a,860a} ;
strongly FITTED to BITS FORM{821a,822a}.



8.2.5.1. continued

d4) strongly widened to row of character FORM{8204,823a,826a} :
BYTES FORM{830a,84b,g,850a,860a}
strongly FITTED to BYTES FORM{821a,822a}.

{Exanples:
a) 1 {inx :=1) 342 (inx :=1) 3
v) 3.14 (in 2 = 3.14) 3 x (inz :=x) 3 1
e) 101 ;¢ (inl1 : 81 bool b1 :=(p | 101
a)” ctb ™ bc" 3 (in s := (p | eth "abe" T 7))

n——e

8.2.5.2. Semantics

A widened-coercend is elaborated in the following steps:

Step 1: It is preelaborated {1.1.6.i} and the value yielded is considered;

Step 2: If the considered value is an integer, then the real number equiva-
lent to it {2.2.3.1.d} is considered instead; otherwise, if the considered
value is a real number, then the structured {complex (10.2.7)} value com-
posed of two fields, which are the considered value and the real number {
of the same length number as that of the considered value and which are
selected by letter-r-letter—e and letter-i-letter-m respectively is con-
sidered instead; otherwise, {the considered value is a structured value
with one field and} the field of the considered value is considered in-
stead;

Step 3: The value of the widened-coercend is a new instance of the consider-
ed value; its mode is that enveloped by the original of the widened-
coercend.

{Widening may not be done in firm positions, for, otherwise, & =7 + 1
might be ambiguous.}

8.2.6. Rowed coercends

{Coercends are rowed when it is required that 'row of' should be placed
either before the a priori mode or after an initial 'reference to' of the a
priori mode; e.g., in [1 : 1] real al := 3.14, the a priori mode of the base
3,14 is 'real' but the a posteriori mode required in this strong position is
'row of real', whereas in ref [I1 :] real a2 = x, the a priori mode of the
base x is 'reference to real' but the a posteriori mode required is 'refer-
ence to row of real'. Here, the value to vwhich & refers, is turned into a
multiple value with a descriptor. Note that the value of a2 [I] :=: x is
twe.}

8.2.6.1. Syntax

a) strongly rowed to REFETY row of MODE FORM{a,8204,823a} :
REFETY MODE FORM{830a,84b,g,850a,860a} ;
strongly ADJUSTED to REFETY MODE.FCORM{821a,822a,823a,82ka,=} ;
strongly widened to REFETY MCDE FORM{825a,b,c,d,~} ;
strongly rowed to REFETY MODE FORM{a,-} ;
REFETY row of MODE FORM vacuum{b,-}.
b) row of NONROW base vacuum{a} : EMPTY.




8.2.6.1. continued

{Examples:
a) 3.1¢4 (in [1 : 1] real 1 := 3.14) ; y (in ref [1 : 11 real x1 = y) ;
3.14 (in [1 : 1] proc real p := 3.14) ;
3.14 (in [1 : 1] co@gl 2zl := 3.14) ;
3.14 (in [1 : 1, 1 : 1] real x2 := 3.14) ;
y {in ggf [1:1,7 : 11 real 2 = y) ;
(the EMPLY following := in L1 : 01 real := ) }

8.2.6.2. Semantics

A rowed-coercend is elaborated in the following steps:

Step 1: The mode enveloped by the original of the rowed-coercend is consid-
ered; if that mode begins with 'row of row of' or if the rowed-coercend is
not empty, then it is preelaborated {1.1.6.i}, the value obtained and its
scope are considered and Step 3 is taken;

Step 2: A new instance of a multiple value {2.2.3.3} composed of zero ele-
ments and a descrlptor consisting of an offset | and one quintuple
{1,0,1,1,1] is considered and Step 7 is taken;

Step 3: If the considered mode does not begin with 'reference to', then Step
5 is taken; otherwise, if the considered value is not nif, then Step U4 is
taken; otherwise, the eleboration of the rowed-coercend is complete, its
value is a new instance of nif whose mode is the considered mode;

Step 4: That instance of the value to which the {name which is the} consid-
ered value refers is considered instead; if the considered value is a mul-
tiple value having one or more states equal to 0, or if it is a component
{2.2.2.k} of such a multiple value, then the further elaboration is unde-
fined; otherwise, Step 5 is taken;

Step 5: If the considered value is a multiple value, then Step 6 is taken;
otherwise, the instance of a multiple value composed of the considered
value as only element and of a descriptor consisting of an offset | and
one quintuple (1,1,1,7,1) is considered instead, and Step 7 is taken;

Step 6: Let d stand for (u, - Zl + 1) x d,; the instance of a new multiple

value, composed of the elements of the considered value and of a descrip=
tor which is a copy of the descriptor of the considered value into which
the additional quintuple (1,7,d,1,7) is inserted before the first quintu-
ple, and in which all states have been set to 1, is considered instead;

Step T: If the considered mode does not begin with 'reference to', then the
value of the rowed-coercend is the considered value; otherwise, a name N
is made to refer to the considered value {whose scope is the prescope ob=
tained in Step 1, and} whose mode is ‘the considered mode; this name N is
the value of the rowed-coercend.

8.2.7. Hipped coercends

{Coercends are hipped when they are skips, jumps or nihils. Though there
is no a priori mode, whatever mode is required by the context, is adopted;
e.g., in real x = gkip, the base, skip, which has no a priori méde, is hip-
ped to 'real'. Since hipped-coercends are so very accommodating, no other
coercions may follow them (in the elaboration order); otherwise, ambiguities
mlght appear. Consider, for example, the several meanings of the assignation
union (int, real, bool, char) u := skip, supposing uniting could follow hip-
ping.}




8.2.7.1. Syntax

a) strongly hipped to MOID base{8204} :
MOID skip{b} ; MOID jump{c} ; MOID nihil{d,-}.
b) MOID skip{a} : skip symbol{31g}.
c) MNOID jump{a} : go to symbol{31f} option, label identifier{liv}.
d) reference to MODE nihil{a} : nil symbol{31g}.

{Examples:
a) skip ; go to grenoble ; nil ;
b) skip ;
e) go to grenoble ; st pierre de chartreuse ;
d) nil}

8.2.7.2. Semantics

a) A skip is elaborated in the following steps:

Step 1: If the terminal production of the metanotion 'MOID' enveloped
{1.1.6.3} by the original {1.1.6.c} of the skip is a mode, then this mode
is considered and Step 2 is taken; otherwise, {it is 'void' and} the elab-
oration of the skip is complete; .

Step 2: If the considered mode begins with 'union of', then some mode from
which it is united {4.4.3.a} is considered instead;

Step 3: The value of the skip is a new instance of some value of the consid~
ered mode and whose scope is the program.

b) A jump is elaborated in the following steps:

Step 1: If the original of the jump envelops a mode which is 'procedureMOID'
where "MOID" stands for any terminal production of the metanotion 'MOID',
then this mode is considered and Step 2 is taken; otherwise, the elabora-
tion of the jump is terminated and it appcints as its successor the
unitary-clause following the label-sequence or the campleter containing
the defining occurrence {in a label (4.1.2)} identified by the label-
identifier of the jump;

Step 2: A copy is made of the jump and an open-symbol followed by a cast—of-
symbol is placed before and a close-symbol is placed after the copy; if
the considered mode is not 'procedure void', then the initial 'procedure!
is deleted from it and a virtual-declarer, which, if it occurred in the
smallest reach containing the jump, would specify the mode so obtained, is
inserted between the open-symbol and the cast-of-symbol in the copy;
otherwise, an open-symbol is placed before and a close-symbol is placed
after the thus modified copy;

Step 3: The value of the jump is the routine consisting of the same sequence
of symbols as the copy as modified in Step 2 and whose mode is that envel-
oped by the original of the jump.

¢) The elaboration of a nihil involves no action; its value is a new in-
stance of nil {2.2.3.5.a} vwhose mode is that enveloped by the original of
the nihil.

{Skips play a role in the semantics of routine-denctations (5.4.2.Step2)
and calls (8.6.2.2.5tep 4). Moreover, they are usefull in a number of pro=
gramming situations, like e.g.,

supplying an actual-parameter (7.4.1.b) whose value is irrelevant or is to




8.2.7.2. continued

be calculated later; e.g., f (3, ~) where f does not use its second

actual-parameter if the value of the first actual-parameter is positive;

see also 11.11.ar;

supplying a constituent unit of a collateral-clause (6.2.1.b,c,d,f), e.g.,
(1 : 4] real x1 := (3.14, skip, 1.68, skip);

as a dummy statement (6.0.1.c) in those rare situations where the use of a
campleter is inappropriate, e.g., I: skip) in 10.k.c. See also 9.lh.a.

A jump is useful as a clause to terminate the elaboration of another
clause when certain requirements are not met, e.g., go_to exit in
Y :=1if © 2 0 then sqrt (x) else go to exit fi . '

If el, e2 and e3 are label-identifiers, then the reader might recognize
the effect of the declaration [] proc switch =(el, e2, e3) and the statement
switeh [1]; however, the declaration [1 : 3 flex] proc switch :=(el, e2, e3)
is perheps more powerful, since assignations like switeh (2] := el and
switeh := (el, e2, e3, e4) are possible.

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

8.2.8. Voided coercends

{Coercends are voided when it is required that their values (and there=-
fore modes) should be ignored, e.g., in (x := I; y := 2), the confrontation
x := 1, whose a priori mode is 'reference to real', is voided {see 6.1.1.i).
Confrontations must be treated differently from the other coercends in order
that, e.g., in (proc p; p := stop; p), the confrontation p := stop does not
involve the elaboration of the routine possessed by etop, but in the last
occurrence of p, that routine is elaborated.}

8.2.8.1. Syntax

a) strongly voided to void confrontation{820d4} : MODE confrontation{830a}.
b) strongly voided to void FORESE{8204} :

NONPROC FORESE{84b,g,850a,860a} ;

strongly deprocedured to NONPROC FORESE{822a}.

{Examples:
a) @ :=1 (in (x = 1; y :=2)) ;
b) = ; random (in (x; random; skip)) }

{The value obtained by elaborating (i.e., preelaborating 1.1.6.i) a
voided—-coercend is discarded.}

{In the reach of the declaration [] proc switeh = (el, e2, e3) and the
clause~train el: e2: e3: stop, the construction switeh; stop is not a
serial-clause because switeh is not a strong-void-unit. In fact, switch can
not 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 elaboration of
switeh [2]; skip will involve a jump to the label e2:.} '



8.3. Confrontations

8.3.0.1. Syntax

a) MODE confrontation{81a,8204,e,f,g,821a,b,822a,b,c,8232,824b,d,825a,b,¢,
d,826a,828a} : MODE assignation{831a,~} ; MODE conformity relation
{832a,~} ; MCDE identity relation{833a,-} ; MODE cast{83ka}.

{Examples:
a) x :=3.14 ; ec ::=a (see 11.11.1) ; axw :=: xory ; [1real : 1}

8.3.1. Assignations

{In assignations, e.g., « := .14, (an instance of) a value is assigned
to a name. In 2 := 3.14, the value possessed by the source 3.14 is assigned
to the (name which is the) value possessed by x.}

8.3.1.1. Syntax

a) reference to MODE assignation{830a} : reference to MODE destination{b},
becomes symbol{31c}, MODE sourcelc]}.

b) reference to MODE destination{a} : soft reference to MODE tertiary{81b}.

c¢) MODE source{a} : strong MODE unit{61e}.

{Examples:
a) x :=1 ; loc real := 3.14 ;
b) =z ; loc real ;
e) 1 ; 3.147

8.3.1.2. Semantics

a) When a given instance of a value is "superseded" by another instance of
a value, then the name which refers to the given instance is caused to refer
to that other instance, and, moreover, each name which refers to an instance
of a structured or multiple value of which the given instance is a component
{2.2.2.k} is caused to refer to the instance of the structured or multiple
velue which is established by replacing that component by that other in-
stance.

b) When a field (an element) of a given structured (multiple) value is su—
perseded by another instance of a value, then the mode of the thereby estab—
lished structured (multiple) value is that of the given value.

¢) An instance of a value is assigned to a name in the following steps:

Step 1: If the given value does-not refer to a component of & multiple value
having one or more states equal to 0 {2.2.3.3.b}, if the scope of the
given name is not larger than the scope of the given value {2.2.4.2} and
if the given name is not nif, then Step 2 is taken; otherwise, the further
elaboration is undefined;

Step 2: The instance of the value referred to by the given neme is consid-
ered; if the mode of the given name begins with 'reference to structured
with' or with 'reference to row of', then Step 3 is taken; otherwise, the
considered instance is superseded {a} by & copy of the given instance and
the assignment has been accomplished;
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Step 3: If the considered value is a structured value, then Step 5 is taken;
otherwise, epplying the notation of 2.2.3.3.p to its descriptor, if for
some £, L =1, oo , Ny & i 1 (t = 1) and Z (u ) is not equal to the

corresponding bound in the descrlptor of the given value, then the further
elaboration is undefined;
Step 4: If some 4, = 0 or ;L = (, then, first, a new instance of a multiple

value M is created whose descriptor is a copy of the descriptor of the
given value modified by setting its states to the corresponding states in
the descriptor of the considered value, and whose elements are copies of
elements, if any, of the considered value, and, otherwise, are new instan-
ces of values whose mode is, or is a mode from which is united, the mode
obtained by deleting all initial 'row of's from the mode of the considered
value; next, M is made to be referred to by the given name and is consid-
ered instead;

Step 5: Each field (element, if any,) of the given value is assigned {in an
order which is left undefined} to the name referring to the corresponding
field (element, if any,) of the considered value and the assignment has
been accomplished.

d) An assignation is elaborated in the following steps:

Step 1: Its destination and source are elaborated collaterally {6.2.2.a};

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

Step 3: The value of the assignation is the value of its destination.

{Observe that (z, 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.
¢,d,f) does not begin with 'reference to'! but w1th 'row of' or 'structured
Wlth' }

8.3.2. Conformity relations

{The purpose of conformity-relations is to ensble the programmer to find
out the current mode of an instance of a value if the context permits this
mode to be one of a number of given modes. See, for example, 11.11.1i,q,¥,ah.
Conformity-relations are thus used in conjunction with unions.}

{1 would to God they would either conform,
on be mone wise, and not be catched!
Diany, 7 Aug. 1664, Samuel Pepys.}

8.3.2.1. Syntax

a) boolean conformity relation{830a} :
soft reference to IMODE tertiary{8ib}, conformity relator{vl,
RMODE tertiary{81b}.
b) conformity relator{a} :
conforms to symbol{3ic} ; conforms to and becomes symbol{31c}.

{Examples:
a) int :: irb ; ec ::= a (see 11.11.1)
b) i3 ::= 1}



8.3.2.2. Semantics

A conformity-relation is elaborated in the following steps:

Step 1: Its textually last tertiary is elaborated and the value yielded is
considered;

Step 2: If the mode enveloped by the original of its textually first
tertiary 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 frue 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 elabora-
tion is complete and the value of the conformity-relation is gatlse;

Step 4: If its conformity-relator is a conforms-to-and-becomes-symbol, then
its textually first tertiary is elaborated and the considered value is
assigned {8.3.1.2.c} to the value of that tertiary.

{Although not suggested by the wording of Step 2, the, possibly, most
obvious applications of conformity-relations are those in which 'RMODE' in
8.3.2.1.a begins with 'union of' whereas 'LMODE' does not. Then, the mode of
the considered value (Step 1) is not 'RMODE' (which is united from it) and
the conformity-relation serves to ask whether this mode is 'IMODE' and, if
so and if the conformity-relator is a conforms-to-and-becomes-symbol, to as-
sign this value to a name whose mode does not begin with 'reference to union
of' and, thereby, make this value easily available elsewhere. Several appli-
cations, partly disguised by the application of the extensions 9.4 are given
in 11.11.

Observe that if the considered value is an integer and the mode of the
textually first tertiary is 'reference to' followed by a mode which is, or
is united from, the mode 'real' but not from 'integral', then the value of
the conformity-relation is g§alse. Thus, no automatic widening from 'inte-
gral' to 'real' takes place. For example, in union (real, bool) rb; rb::=1,
no value is assigned to rb, but in rb ::= 1.0, the assignment takes place.
Rule 8.3.2.1.a is the only rule in the syntax where a notion other than a
coercend produces uncoerced clauses, i.e., those produced from 'RMODE
tertiary'.}

8.3.3. Identity relations

{Identity-relations may be used to ask whether two names of the same
mode are the same; e.g., in the reach of the declarations struct cons =
(}gﬁ cong car, cdr); union cong = .(cons, string); cons cell := (cong :=
abe', nil), the identity-relation cdr of cell :=: nil possesses the value
false because the value of édr of cell is the name referring to the second
field of the structured value referred to by the value of cell and, hence,
is not nil, but the value of (ref cong : edr of cell) :=: nil is true.}

8.3.3.1. Syntax

a) boolean identity relation{830a} :
soft reference to MODE tertiary{81b}, identity relator{b},
strong reference to MODE tertiary{81b} ;
strong reference to MODE tertiary{8ib}, identity relator{bv},
soft reference to MODE tertiary{81b}.
b) identity relator{a} : is symbol{31el ; is not symbol{3ic}.



8.3.3.1. continued

{Examples:
a) xory :=:x ; &x =1 X
b) = ; :$: }

('3

8.3.3.2. Semantics

An identity~relation is elaborated in the following Steps:

Step 1: Its tertiaries are elaborated collaterally {6.2.2.a};
Step 2: If its identity-relator is an is-symbol (is-not-symbol), then the
value of the identity-relation is fnwue (false) if the {names which are
thel values obtained in Step 1 are the same and false (fwe) otherwise.

{Assuming the assignation xx := yy := & to have been elaborated, 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 (ref real real : xx) :=:

(ref real : yy) possesses the va.lue faue. The value of the identity-relation
xx :=: x or y has a probability 1 of being tuue because the value possessed
by xx (effectively that of ref real : xx here, because of coercion) is the
name possessed by ¥, and the routine possessed by x or y (see 1.3), when
elaborated, yields either the name possessed by & or, with equal probabil=-
ity, the name possessed by y.

In the identity-relation, the programmer is usually asking a specific
guestion concerning memes and thus the level of reference is of crucial im~
portance. Thus at least one of the tertiaries of en identity-relation must
be soft, i.e., must involve only deproceduring and certainly no derefer-
encing. The construction case 7 'm x, xx, & or Yy, nil esgac :=: cage J uz Ys
skip, x or y, re _f F out Yy esac is an example of a delicately balanced
identity-relation in which the mode is 'referénce 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.
Alsc $2d3d$ :=: $5d¢ is not an identity-relation, whereas $2d3d¢ = $5d¢ is a
formula, but involves an operation which is not included in the standard
prelude.}

8.3.hk. Casts

{Casts may be used to provide a strong position for a unitary-clause in
& position which is not strong, e.g., ref real : xx in (ref real : xx) :
They play a role in routine-denotations (5. k.1.a), e.g., real : a + 1 in
((znt a) real : a + 1) and procedured—coercends (8.2.3.1. aF, e.g., : (1: 1)
in proc busy = (: (1: 1)). A void-cast is not a clause but is a constituent
of a void-cast-pack and of some routine-denctations and thus of bases.}

8.3.4.1. Syntax

a) MOID cast{54b,830a,860b} : virtual MOID declarer{T1b,zl,
cast of symbol{31b}, strong MOID unit{6le}.

{Examples:
a) [Jreal : 1 3 : & := 3.14 }

8.3.4.2. Semanties

The elaboration (value, if any,) of a cast is that of its unit.




8.4. Formulas

{Formulas are either dyadic-formulas, e.g., & + 7, or monadic-formulas,
e.g., abs x. A formula contains at least one operand and at least one
operator. The order of elaboration of a formula is determined by the priori-
ty of its operators; monadic-formulas are elaborated first and then the
dyadic-formulas from the highest to the lowest priority.}

8.4.1. Syntax

a)* SORTETY formula : SORTETY MOID ADIC formula{b,g,820d4,e,f,g8}.
b) MOID PRIORITY formula{81v,8204,e,f,g,821a,b,822a,b,c,823a,824b,d4,825a,b,
¢,d,826a,828b} : LMODE PRIORITY operand{dl,
procedure with LMODE parameter and RMODE parameter MOID PRIORITY
operator{43b}, RMODE PRICRITTY plus one operand{d,e}.
¢)* operand : MODE ADIC operand{d,f}.
d) MODE PRIORITY operand{b,d} : firm MODE PRIORITY formula{820e} ;
MODE PRIORITY plus one operand{d,e}.
e) MODE priority NINE plus one operand{b,d} : MODE monadic operand{f}.
£) MODE monadic operand{e,g} : firm MODE monadic formula{820e} ;
firm MODE secondary{8icl.
g) MOID monadic formula{81v,820d,e,f,g,821a,b,822a,b,¢c,823a,824b,d,825a,b,
¢,d,826a,828b} :
procedure with RMODE parameter MOID monadic operator{43c},
RMODE monadic operand{f}. ' ,
h)* dyadic formula : MOID PRIORITY formula{b}.

{Examples:
b) x+axxy;
d) zxy ;x;
e) = 3 .
£) abs x ; age of algol ;
g) -absreszl}

8.4.2. Semantics

A formula is elaborated in the following steps:

Step 1: The formula is replaced by a closed-clause which is a copy of the
routine possessed by the operator-defining occurrence identified by its
operator {7.5.2, 4.3.2.b};

Steg 2: The constituent serial-clause of the closed-clause is protected
{6.0.2.4}; '

Step 3: The skip-symbol {5.4.2.5tep 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 formula is a dyadic-
formula, then the skip-symbol following the equals-symbol following its
textually second copied formal-parameter is replaced by a copy of the
textually second operand of the formula;

Step 4: The closed-clause as modified in Steps 2 and 3 is replaced by a
closed-clause consisting of the same sequence of symbols; the elaboration
of this closed-clause is initiated; its value, if any, is then that of the
formula and if this elaboration is completed or terminated, then this
closed-clause is replaced by the foimula before the elaboration of a suc-
cessor is initiated.




8.4.2. continued
{The following table summarises the priorities of the operators declared
in the standard priorities (10.2.0).
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Observe that a 4+ b is not precisely the same as aP in usual notation;
indeed, the value of (-1 4+ 2 + 4 = §) and that of (¢ ~ 1 + 2 = 3) both are
twe, since the first minus-symbol is e monadic-operator, whereas the second
is a dyadic-operator. Although the syntax determines the order in which
formilas are eleborated, parentheses may well be used to improve readabil-
ity; e.g., (@ Ab) vV (Ta A b) instead of a A b VT a A Tb.

In the formula & + 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 7. Since x is also a primary, and
therefore a firm-priority-SIX-operand; x + y x 2 is a priority~-SIX-formula.
The effect of 2 + y x 2 is thus the same as that of © + (y x 2).}

8.5. Cohesions

{Cohesions are of two kinds: generators, e.g., gtring, or selections,
e.g., re of 2. Cohesions are distinct from bases in order that constructions
1like g of b [Z] may be parsed without knowing the mode of ¢ and b. Cohesions
may not be subscripted or parametrized, but they may be selected from, e.g.,
father of algol in father of father of algol.}

8.5.0.1. Syntax

a) MODE cohesion{81¢,820d,e,f.g,821a,b,822a,b,¢,8232,824v,4,825a,b,c,d,
826a,828b} : MODE generator{851a} ; MODE selection{852a}.

{Examples: .
a) real (in xx := real := 3.14) ; re of 2 }
8.5.1. Generators {And as Ldmagination bodies forth
The goums of things unknown, the poet's pen
Tutns them £o shapes, and gives Lo airy nothing
A Local habitation and a name.
A Midsummer-night's Dream, William Shakespeare.}
{The elaboration of & generator, e.g., real in ax := reql := 3.14 or

loc real in ref real x =.loc real (usually written real x by extension
9.2.a), involves the creation of a name, i.e., the reservation of storage.
The use of a local-generator implies (with most implementations) the reser—
vation of storage in a run-time stack, whereas global-generators imply the
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reservation of storage in another region, termed the "heap", in which gar-
bage—collection techniques may be used for storage retrieval. Since this is
usually less efficient, global-generators should be avoided where possible.
The temptation to use global-generators unnecessarily, is reduced by the ex-
tensions 9.2.a, which allow the greatest shortening of the text when local-
generators are used.}

8.5.1.1. Syntax

a) MODE generator{850a} :
MODE local generator{b,-} ; MODE global generator{c,-}.
b) reference to MODE local generator{al : '
local symbol{314}, actual MODE declarer{T1b}.
e) reference to MODE global generator{a} :
heap symbol{314} option, actual MODE declarer{71pl.

{Examples:
a) Lloec real ; heap real ;
b) Zoc real ;
¢} heap real ; real }

8.5.1.2. Semantics

a) A generator is elaborated in the following steps:

Step 1: Its actual-declarer is elaborated {7.1.2.4};

Step 2: The value of the generator is the {name which is the} value 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 global-generator is the program.

{The closed-clause

(ref real xx; xx := (heap real x := pi; x); xx = pi) (see also 9.2.a)
possesses the value e, but the closed-clause

(ref real xx; xx := (real x := pi; x); xx = pi)
possesses an undefined value since the name to be assigned to the name pos~
sessed by xx becomes undefined upon the completion of the elaboration of the
inner range, which is the scope of the name possessed by x (6.1.2.e, 7.0.2).
The closed-clause

((ref real xx; real x := pi; xx := x) = pi)
however, possesses the value fhue.l

8.5.2. Selections

{A selection selects a field from a structured value; e.g., re of & se-
lects the first real field (usually termed the real part) of the value pos-
sessed by 3. If 3 possesses a name, then re of z possesses also a name, but
if w possesses a complex value, then re gf Wpossesses a real value, not the
name referring to a real value.}



8.5.2.1. Syntax

a) REFETY MODE selection{850a}: MODE field TAG selector{71j},
AOf symbol{31e}, weak REFETY structured with LFIFIDSETY MODE field TAG
RFIEIDSETY secondary{8ic}.

{Examples, assumed in the reach of the declarations:
struct language = (int age, ref language father);
language algol := (10, language := (14, ~)); language pll = (4, algol);
a) age of pll ; father of algol }

{Rule a ensures that the value of the secondary has a field selected by
the field-selector in the selection (see T.1.1.e,f,h,k and the remarks below
T.1.1 and 8.5.2.2). An identifier which is the same sequence of symbols as a
field-selector in one same reach creates no ambiguity. Thus, age of algol :
age is a (p0551b1y confusing to the human) assignation if the second occur-
rence of age is an integral-mode-identifier.}

8.5.2.2. Semantics

A selection is elaborated in the following steps:

Step 1: Its Secondary is elaborated; if its value is nif, then the further
elaboration is undefined; otherw1se, the structured value which is, or is
referred to by, that value is con51dered,

Step 2: If thevalue 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 selected by its field-selector; 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-
selectlon, and, by 8.5.0.1.a, a reference—to—lntegr'al—cohesmn, but age of
pll is an integral-selection and an mtegr'al—cohesmn. It follows that age
of algol may appear as & destination (8.3.1.1.b) in an assignation, but age
of pll may not. Similerly, algol is a reference-to-[languagel-base, but pll
is a [languagel-base and no assignment may be made to pll. (Here, [languagel
stands for structured-with-integral-field-[agel-and reference-to-[language]-
field-[father] and [agel] stands for letter-a-letter-g-letter-e, etc.) The
selection father of pll, however, is a reference-to-[languagel-selection and
thus a reference-to-[languagel-cohesion whose value is the name possessed by
algol. It follows that the identity-relation father of pll :=: algol posses~
ses the value fhwe. If father of pll is used as a destination in an assigna-
tion, then 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 value of mode
[language] referred to by that name. By similar reasoning and because the
operators re and im possess routines (10.2.7.b,c) which deliver values whose
mode is 'real' and not 'reference to real', re of g = _z_rp_ w is an assigna-
tion, but re z := im w is not.}



8.6. Bases

{Bases are mode—identifiers, e.g., x, denotations, e.g., 3.14, slices,

e.g., 1 [Z] and calls, e.g., sin (x). Bases are, generally, elaborated
first. They may be subscripted, parametrized and selected from and are often
used as operands. Moreover, certain void-bases are void-cast-packs, e.g.,
(: x := a2 + 1), which may be used, e.g., as procedured-coercends; it is es-—
sential that they begin with an open-symbol and end with a close-symbol for,
otherwise, the parsing of, e.g., a := : b, which might, in practice, be in-
distinguishable from a :=: b, would depend on the modes of a and b.}

8.6.0.1. Syntax

a) MODE base{81d,8204,e,f,g,821a,b,822a,b,c,823a,824b,4,825a,b,c,d,826a,
828b} : MODE mode identifier{libv} ; MODE denotation{510b,511a,512a,
513a,51ka,52b,¢,53b,54b,55a,~} ; MODE slice{861a} ; MODE call{862a}.
b) void base{814d,820d4,e,f,g,823a} : void call{862a} ; void cast{83ka} pack.

{Examples:
a) x 3 3.14 ;3 22 4, 41 ; sin (x) ;
b) lock (stand in) 3 (: x := 3.14) }

8.6.0.2. Semantics

a) A mode-identifier is elaborated by making a copy of the instance of the
value, if any, possessed by the defining occurrence identified by it {4.1.2,
T.4.2.5tep T}; its value is the copy.

b) The elsboration of a void-cast-pack is that of its void-cast.

8.6.1. Slices

{Slices are obtained by subscripting, e.g., I [Z] or by trimming, e.g.,
%1 [2 : nl, or by a mixture of both, e.g., 22 [j : n, §1 or 22 [, k1. Sub~
seripting and trimming may be done only to primaries, e.g., zl and 2 or
(p | 1 | y1). The value of a slice may be either one element of the value
of its primary, e.g., ®1 [Z] is a real number from the row of real numbers
21, or a subset of the elements, e.g., £2 [Z] is the Z~th row of the matrix
x2 and 22 [, k] is the k=th column.}

8.6.1.1. Syntax

a) REFETY ROWSETY ROWWSETY NONROW slice{860a} :
weak REFETY ROWS ROWWSETY NONROW primary{81d}, sub symbol{31e},
ROWS leaving ROWSETY indexer{b,c,d,e,~}, bus symbol{31el.
b) row of ROWS leaving row of ROWSETY indexer{a,bl} :
trimmer{f}, comma symbol{3lel},
ROWS leaving ROWSETY indexer{b,c,d,e,-} ;
subscript{i}, comma synbol{31e},
ROWS leaving row of ROWSETY indexer{b,d,-}.
c¢) row of ROWS leaving EMPTY indexer{a,b,c} :
subscript{i}, coama symbol{3te}, ROWS leaving EMPTY indexer{c,e}.
d) row of leaving row of indexer{a,b} : trimmer{f}.
e) row of leaving EMPTY indexer{a,b,c} : subscript{it.




8.6.1.1. continued

£) trimmer{b,d} : strict lower bound{71ul} option, up to symbol{31el,
strict upper bound{71u} option, new lower bound part{g} option.

g) new lower bound part{f} : at symbol{31e}, new lower bound{h}.

h) new lower bound{g} : strong integral tertiary{81ibl.

i)} subscript{b,c,e} : strong integral tertiary{81b}.

j)* trimscript : trimmer{f} ; subscript{i}.

k)* indexer : ROWS leaving ROWSETY indexer{b,c,d,el.

1)* boundscript : strict LOWPER bound{T1ul} ; new lower bound{n} ;
subscript{i}.

{Examples: ,
a) 1 [2] 3 22 [Z, 41 3 22 [2] 3 =1 [2 : n] ;

b) 2:n,4 31,2 :n;
e) 4,43

d) 2 :n ;

e) 7 ;

£) 2:m ;2 :ne0;
g) @0

h) 0 ;

i) 7.1}

{In rule a, 'ROWS' reflects the number of trimscripts in the slice,
'ROWSETY* the number of these which are trimmers and 'ROWWSETY' the number
of 'row of' not involved in the indexer. In the slices x2 [Z, 41,
z2 [£, 2 : n], 2 [Z], these numbers are {2, 0, 0), (2, 1, 0) and (1, 0, 1)
respectively. Because of rules f and T.1.1.u, 2 : 380, 2 : n, 2 :5, : § and
: @ 0 are trimmers.}

8.6.1.2. Semantics

A slice is elaborated in the following steps:

Step 1: Its primary, and all its constituent boundscripts not contained in
its primary, are elaborated collaterally {6.2.2.a}; if the value of the
primary is nif, then the further elsboration is undefined; otherwise, Step
2 is taken;

Step 2: The multiple value which is, or is referred to by, the value of the
primary, is considered, a copy is made of its descriptor, and all the
states {2.2.3.3.b} in the copy are set to I;

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 an up-to-symbol, then Step 6 is
taken; otherwise, if it is a trimmer, then Step 5 is taken; otherwise,
letting k stand for its value, if £i <k s Uss then the offset in the copy

is increased by (k - £L) x dL’ the {~th quintuple is "marked", and Step 6

is taken; otherwise, the further elaboration is undefined;
Step 5: The values £, U and £' are determined from the considered trimscript
as follows:
if the considered trimscript contains a strict-lower-bound (strict-
upper~bound), then £ (u) is its value; otherwise, £ (u) is KL (ui); if

it contains a new-lower-bound, then £' is its value; otherwise, £' is [
if now £L < £ and u < u;s then the offset in the copy is increased by

{2 - Li) x di’ and then @L is replaced by £' and w; by (2'- 2} + uy

otherwise, the further elaboration is undefined;



8.6.1.2. continued

Step 6: If the considered trimscript is followed by a comma-symbol, then the
trimscript following that comma-symbol is considered instead, 4 is in~
creased by 7, and Step 4 is taken; otherwise, all quintuples in the copy
which were marked by Step Ut are removed, and Step 7 is taken;

Step T: 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 describes and whose mode is obtained by deleting the initial,
‘reference to', if any, from the mode enveloped by the original of the
slice, is considered instead; otherwise, the element of the considered
value selected by {the index equal to} the offset in the copy is consid-
ered instead;

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 its
notation: first, the value of the subscript is restricted to run from the
value of the strict-lower-bound to the value of the strict-upper-bound, both
given in the old notation; next, all restricted values of that subscript are
changed by adding the same amount to each of them, such that the lowest
value then equals the value of the new-lower-bound. Thus, the assignations
yI1 L1 :m =17 =21 [2 : nl; y1 [n] =21 [1]; 21 := yl effect a cyclic
permutation of the elements of x1.}

8.6.2. Calls

{Calls are obtained by parametrizing, e.g., sin (x + 1). Parametrizing
may be done only to primaries, e.g., sin and cos or {p | sin | cos). The
completed elaboration of a call may or may not deliver a value.}

8.6.2.1. Syntax

a) MOID call{860a,b} : firm procedure with PARAMETERS MOID primary{81d},
actual PARAMETERS{Ske,Tkb} pack.

{Example:
a) sin (x) }

8.6.2.2. Semantics

A call is elaborated in the following steps:

Step 1: Its primary is elaborated;

Step 2: The call is replaced by a closed-clause which is a copy of {the rou-
tine which is} the value obtained in Step 1;

Step 3: The constituent serial-clause of the closed-clause is protected
{6.0.2.4};

Step 4: The skip-symbols {5.4.2.Step 2} following the equals-symbols follow-
ing the copied formal-parameters are replaced in the textual order by
copies of the constituent actual-parameters of the call taken in the same
order;



8.6.2.2. continued

Step 5: The closed-clause as modified in Steps 3 and 4 is replaced by a
closed~clause consisting of the same sequence of symbols; the elaboration
of this closed-clause is initiated; its value, if any, is then that of the
call and if this elaboration is completed or terminated, then this closed-
clause is replaced by the call before the elaboration of a successor is
initiated.

{The call samelson (m, (int j) real : x1 [j]) in the reach of the
declaration
roc samelson = (int n, proc (int) real f) real :
begin long real s := long 0; for © to n do s +:= leng f () + 2;
short long sqrt (s)
end ,
is elaborated by replacing it (Step 2) by the closed-clause
(int n = v, proc (int) real f = ~; real :
“hegin long real reaZ s := long 0; fgg T tondos +:=leng f (Z) + 2;
short long sqrt (83
end 7.
Supposing that n, 8, f and £ do not occur elsewhere in the program, this
closed-clause is protected (Step 3) without further alteration. The actual-
parameters are now inserted (Step 4), yielding the closed-clause
(int n = m, proec (int) real f = (tnt J) real : x1 [§1; real :

“Begin long real & := long fgg_t ton do 8 +:1= leng f F (i) + 2
short long sqrt (s)
end ],

and this closed—clause is elaborated (Step 5). Note that, for the duration
of this elaboration, n possesses the same integer as that referred to by the
name possessed by m, and f possesses the same routine as that possessed by
the routine-denotation ((int §) real : I [j1). During the elaboration of
this and its inner nested closed-clauses (9.3), the elaboration of f (Z) it-
self involves the elaboration of the closed-clause (int j=t;real : x1 [j1),
and, within this inner closed—-clause, the first occurrence of j possesses
the same integer as that referred to by the name possessed by Z.}




9. Extensions

a) An extension is the insertion of a camment between two symbols or the
replacement of a certain sequence of symbols, possibly satlsfylng certain
restrictions, by another sequence of symbols, as indicated in sections 9.1
up to 9.h.

b) No extension may be performed within a comment {3.0.9.b}, character-
denctation {5.1.k4.1.a}, or row-of-character-denotation {5.3.1.b}.

c) Some extensions are given in the representation language, except that

4, B and C stand for strong-unitary-integral-clauses {8.1.1.a}l,

D for a strong-serial-boolean-clause {6.1.1.a},

E for a strong-unitary-void-clause {8.1.1.a},

F and G for unitary-clauses {8.1.1.a},

H for two or more unitary-clauses {8.1.1.a} separated by cama-symbols
{3.1.1.3},

I, J, XK and L for mode-identifiers {k.1.1.b},

M for a label-identifier {4.1.1.b},

N for a local~symbol {3.1.1.d4} or heap-symbol{3.1.1.d}-option,
for a conformity-relator {8.3.2.1.b},
for an indication {k4.2.1.a},
for a virtual-plan {7.1.1.x,aa},

a routine-denotation {5.k4.1.a},
for the standard-prelude {2.1.b, 10} if the extension is performed outside
the standard-prelude and, ctherwise, for the empty sequence of symbols,
for a condition followed by a choice-clause {6.4.1.b,c,d},
for a declarer {7.1.1.a},
for a virtual-declarer {7 1.1.b} or for a formal—declarer {7.1.1.0} all of
whose constituent formal-lower-bounds and formal-upper-bounds are either-
symbols,

W, X and ¥ for tertiaries {8.1.1.b},

Z for two or more tertiaries {8.1.1.b} separated by comma-symbols {3.1.1.e},

I for a coma-symbol {3.1.1.e}, go-on-symbol {3.1.1.f} or becomes-symbol
{3.1.1.c},

I for a serial—clause {6.1.1.a},

¢ for a VICTAL-ROWS-rower {7.1.1.q,r} or indexer {8.6.1.1.k}, where "VICTAL"
("ROWS") stands for any terminal production of the metanotion 'VICTAL'
('ROWS'),

A for an open-symbol {3.1.1.e}, and

V for a close-symbol {3.1.1.e}.

SoN nuoNwo
H
o
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d) Each representation of & symbol appearing in sections 9.1 up to 9.4 may
be replaced by any other representation, if any, of the same symbol.

9.1. Comments {A sounce o4 Lnnocent merniiment.
Mikado, W.S. Gilbert.}

A cament {3.0.9.b} may be inserted between any two symbols {but see
9.bl.
{e.g., (m>n | m | n) may be replaced by
(m>n | m¢ the larger of the two ¢ | n).}



9.2. Contractions

a) ref VI =1loc UT and ref VI = heap U T where ref V I is the formal-
parameter of an identity-declaration {7.4.1.a} which is not followed by a
cama-symbol {3.1.1.e} followed by a mode-identifier {4.1.1.b} and where U
and V specify the same mode {7.1.2.a} may be replaced by U I I' and
heap U I T respectively.

{e.g., ref real x = loc real; may be replaced by real z; ,
ref bool p = loe bool := true may be replaced by bool p := true , and
ref real t = heap real; may be replaced by heap real t; .}

b) mode P = struct may be replaced by struct P = and mode P = union by
union P = . '

{e.g., mode compl = struct (real re, im) (see also 9.2.c) may be re-
placed by struct compl = (real re, im).}

¢) If a given mode-declaration {7.2.1.a} (priority-declaration {7.3.1.a},
identity-declaration {7.4.1.a}, operation-declaration {7.5.1.a}, formal-
parameter {5.4.1.e}, field~declarator {7.1.1.g}) and another one following a
cama~symbol {3.1.1.e} following the given one both begin with a mode-
symbol, structure-symbol, union-of-symbol, priocrity-symbol, operation-
symbol {all 3.1.1.d}, or one same terminal production of 'VICTAL MCDE
declarer' {7.1.1.b} or of 'MODE global generator' {8.5.1.1.c} where "MODE"
("VICTAL") stands for any terminal production of the metanotion 'MODE'
("WICTAL'), then the second of these occurrences may be omitted.

{e.g., real x, real y := 1.2 mey be replaced by reql 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 actual-declarer whereas the second is a formal-
declarer. Note also that mode b = bool, mode r = real may be replaced by
mode b = bool, r = real, etc.}

d4) If an actual-parameter {7.L4.1.b} (source {8.3.1.1.c}) is a routine-
denotation {5.k.1.a} or a void-cast-pack {8.3.4.1.2} (is a routine-
denctation), then its first open-symbol and last close-symbol {both 3.7.1.e}
may simultaneously be omitted.

{e.g., op + = ((int a) int : a) may be replaced by op + = (int a)int:a.}

e) If the original {1.1.6.c} of @ and the original of R envelop {1.1.6.j}
the same mode, then the unitary-phrase proc @ I =R (op @ P = R,

N proc @ := R) may be replaced by proc I =R (by op P = R, by N proc := R).

e.g., proc (ref int) iner = (ref int i) : © +:= 1 may be replaced by

roc iner = (vef int ©) : 1 +:= 1, op (ref int) int decr = (ref int i)

int : ¢ -:= 1 may be replaced by op decr = (re: Et) int : 1 =:= 1, and
the actual-parameter of the identity-declaration

ref proc (real) int p = loc proc (real) int := ((real x) int : round x)
may be replaced by lLoc proc := ((real x) int : round x), whereupon applica=
tion of 9.2.a,d may yield the identity-declaration

proc p := (real x) int : round x.}

£) [:] may be replaced by [] , [:, may be replaced by [, , ,:, may be re-
placed by ,, , ,:J] may be replaced by ,1 , [:@ may be replaced by [@ , and
,:@ may be replaced by ,@ .

{e.g., [:] real may be replaced by [] real.}

g) [¢] may be replaced by A®V or by A/®/V.
{e.g., [©] may be replaced by (Z) or by (/Z/).}



9.3. Repetitive statements

a) The strong-unitary-void-clause {8.1.1.a}
begin int J := A, int K =B, L =(;
M: if S (K>0TJ <L |:K<0|J=2L| true)
then int I = J; (D | E; (S J +:=K); go to M)
rhen ne g9 _vo
i
end , )
where J, K, [ and M do not occur in D, E or 5, and where I differs from J
and X, may be replaced by
forIQomAQg_Bt_o_thiZeD_dg_E .
and if, moreover, I does not occur in D or E, then for I from may be re-
placed by from.

b) The strong-unitary-void-clause {8.1.1.a}
begin int J := A, int K = B;
M: (int I =J; (D | E; (5 J +:=K); go to M)
end ,
wher'e_J, K and M do not oceur in D, E or S, and where I differs from J and
K, may be replaced by
for I from A by B while D do E ,
and if, moreover, I does not occur in D or E, then for I from may be re-
placed by from.

c) from 1 by mey be replaced by by, by 1 to by to, by 1 while by while, and
while true do by do. ‘ :

{e.g., for © from 1 by 1 to n while true do & +:= x1[<] may be replaced
by for © to n do x +:= xil¢]. Note that fo 0 do E and while false do E do
not cause F to be elaborated at all, whereas @ F causes F to be elaborated
repeatedly until the elaboration is terminated, interrupted or halted.}

9.4. Contracted conditional clauses {The fLowens that bloom in the spring,

Tha La,
Have nothing to do with the case.
Mikado, W.S. Gitbent.}

a) else skip fi may be replaced by fz.
{e.g., if = < 0 then x := 0 else skip fi may be replaced by if x < 0
then x := 0 fi.}

b) else if T Ii fi may be replaced by elsf T fi and
then 1f T fi [i may be replaced by the£ T fi.
{e.g., Zf p then princeton else if q then grenoble else zandvoort fi fi
may be replaced by if pthen princeton elsf q then grenoble else zandvoort fi
or by (p | princeton |: q | grenoble | zandvoort). Meny more examples are to

be found in 10.5.}

s

c) (int I =A4; if SI =1 then F elsf S I =2 then G else I fi), where I
does not occur in F, G, S or I, may be replaced by case A in F, G out I esac
{or by (A | F, G | z)}.

d) (int I =A4; if SI =1 then F else case (S I - 1) in H out I esac fi),
where I does not occur in F, H, S or I, may be replaced by
case A in F, H out T esac {or by (A | F, H | ¥)}.

{Examples of the use of such "case clauses" are given in 11.11.v,am and

11.12.}




9.4. continued

e} (int I, sema L = (S / 1); VK=Hw;
par ((XOK | S+ L; I:=1;M),
(YOK | S ¥L; I :=2; M); 0. M: I),

where W is the same as some terminal production of 'MODE tertiary' in which
"MODE" stands for the mode specified by V, and where I, X, L and M do not
occur in W, X and Y, may be replaced by [*X, ¥ O W«].

£f) (int I, Js sema L = (S / 1); VK =W
par ((X OK | S + L; I :=1; M),

(S (J := ([*2 0 Kx] + 1)) >1 | S+ L; I :=d; M); 0. M: I),
where W is the same as some terminal production of 'MODE tertiary! in which
"MODE" stands for the mode specified by V, and where I, J, K, L and M do not
occur in S, W, X or Z, may be replaced by [*X, Z O Wx].

g) ([*Z 0 Wx] | H | £) may be replaced by case Z O W in H out I esac.
{Examples of the use of such "conformity case clauses" are given in
11.11.q9,ah.}

BIBLIOTHEEK  MATHEMATISCH  CENMTRUM
AMSTERDAM



10. Standard prelude and postlude

a) A "standard declaration" is one of the constituent declarations of the
standard-prelude {2.1.b} {; it is either an "environment enquiry" supplying
information concerning a specific property of the implementation (2.3.c), a
"standard priority" or "standard operation", a "standard mathematical con-
stant or function", a "synchronization coperation” or a "transput declara-
tion"}.

b) A representation of the standard-prelude 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 t and % in a given form is altered
in the following steps:

Step 1.1: If D occurs in the given sequence of symbols, then the given
sequence is replaced by a chain of a sufficient number of sequences sep—
arated 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 copy D is replaced by a sub-symbol
followed by n - 2 comma-symbols followed by a bus-symbol;

Step 1.2: If, in the given sequence of symbols, as possibly modified in
Step 1.1, L int, L real or Leompl occurs, then that sequence is replaced
by a chain of a sufficient number of sequences separated by comma-
symbols, the n~th new sequence being a copy of the given sequence in
which copy each occurrence of L (L) has been replaced by (n - 1) times
long (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, L compl, L bits, L bytes) occurs, then the form is replaced by a
sequence of & sufficient number of new forms; the n-th new form is a copy
of the given form in which copy each occurrence of L (L, X, S) is replaced
by [(n - 1) times Zong (Zong, leng, short);

Step 4: If P occurs in a glven form, as possibly modified or made in the
Steps &bove, then the form is replaced by four new forms obtained by re-
placing g_con31stently throughout the form by either = or + or x or /;

Step 5: If @ occurs in a given form, as possibly modified or made in the
Steps sbove, then the form is replaced by four new forms obtained by re~
Placing g consistently throughout the form by either ~:= or +:= or x:= or
/=3

Step 6: If R occurs in a given form, as possibly modified or made in the
Steps above, then the form is replaced by six new forms obtained by re-
placing R consistently throughout the form by either < or < or = or # or 2
or >;

Step T: If E occurs in & given form, as possibly modified or made in the
Steps above, then the form is replaced by two new forms obtained by re-
placing E consistently throughout the form by either = or #;

Step 8: Each occurrence of F in any form, as possibly modified or made in
the Steps above, is replaced by a representation of 'letter aleph symbol'
{5'508};

Step 9: If, in some form, as possibly modified or made in the Steps above,
% occurs followed by the representation of an identifier (field-selector,
indication), then that occurrence of % is deleted and each occurrence of
that representation in any form is replaced by one same representation of
an identifier (field-selector, indication) which does not occur elsewhere
in the program and Step 9 is taken;




10. continued

Step 10: If a sequence of representations beginning with and ending with ¢
occurs in any form, as possibly modified or made in the Steps above, then
this sequence is replaced by a representation of an actual-declarer or
closed-clause suggested by the sequence;

Step 11: 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 same effect
{; the deﬁree of approximation is left undefined in this Report (see also
2.2.3.1.¢)}

Step 12: The standard-prelude is that declaration-prelude-sequence whose re-
presentation is the same as the sequence of all the forms, as possibly
modified or made in the Steps above.

{The declarations in this Chapter are intended to describe their effect
clearly. The effect may very well be obtained by a more efficient method.}

¢) A representation of the standard-postlude is given in 10.6.

10.1. Enviromnment enquiries

a) 2_2 int lengths = ¢ the number of different lengths of integers c ;
L int L max int = ¢ the largest L integral value ¢ ;
¢) Int real lengths =
the number of different lengths of real numbers ¢ ;
eql L max real = ¢ the largest L real value ¢ ;
eal L small real = ¢ the smallest L real value such that both
L 1 + L small real > L 1 and L1-Lsmall real <L 1e;

£) 'm? b'bts undthe =c the 1 number of dszerent widths of bits e

c the number of eZemem‘;s in L bits; see L bits {10.2.8.a} ¢ ;
h) mt bytes widths = ¢ the number of different widthe of bytes ¢ ;
i) 7,nt L bytes width =

e the number of elements in L bytes; see L bytes {10.2.9.a} ¢ ;
3) op abs = (char a) int :

e the mtegral equivalent of the character 'a' ¢ ;
k) op repr = (int a) char :

e that characte Tx", if it exists, for which abs x=ace;
1) char mull character = ¢ some character ¢ ;

10.2. Standard priorities and operations

10.2.0. Standerd priorities

Do
.
nmaan



10.2.1. Rows and associated operations

a) mode % rows = ¢ an actual-declarer specifying a mode united from
{5.4.37aY all modes beginning with 'row of' ¢ ;

b) op L = (int n, rowvs a) int : ¢ the Zowar bound - m the n~th quintuple of
the descmptor of the value of 'a', if that qu’mtuple exists ¢ ;

c) op [l = (int n, rows a) int : ¢ the upper bound in the n-th quintuple of
the descmptor of the value of 'a', if that quintuple exists e

d) op \ = (int n, rows a) bool : ¢ true (false) if the lower state in the
n—th quintuple of the descriptor of the value of 'a’ equals 1 (0), if
that quintuple exists ¢ ;

e) op = (int n, rows a) bool : ¢ true (false) if the upper state in the
n—th quintuple of the descriptor of the value of 'a' equals 1 (0), if
that quintuple exists & ;

£) op L = (rows a) int : 1L a ;
g) opl = (rows a) int : 11 a ;
h) op \ = (rows a) bool : 1 \ a ;
i) op (= (rows a) bool : 1 (a ;

10.2.2. Operations on boolean operands

a) op vV = (bool a, b) bool : (a | true | b) ;

b) op A = (bool a, b) bool : (a | b | false) ;

c) op —= (bool a) bool : (a | false | true) ;

d) op == (bool a, b) bool : (a A b)) vV (ma A —=Db) ;
e) op # = (bool a, b) bool : = (a = b) ;

£) op abs = (bool a) int : (a | 1| 0) ;

10.2.3. Operations on integral operands

a) op <= (L int a, b) bool : ¢ true if the value of 'a' is smaller than
{2.2.3.1.c} that of 'b' and false otherwise ¢ ;

b) op <= (L int a, b) bool : = (b < a) ;

c)_op_==(£3'§£a,b)boolza<bAbSa;

d) op ¥ = (L int a, b) bool : = (a =Db) ;

e) op 2= (L int a, b) bool : b < a ;

£f) op > = (L int a, b) bool : b < a ;

g) op == (Lma, b) T int : gthe value of 'a' minus {2.2.3.1.c} that of
b e

h) gp_-=(Lmta)L£@:£0-a;

i) op+=(Lint a, b) Lint : a~=-Db ;

j) op+=(Linta) Lint :a;

k) opabs=(Linta)l Lint : (a<L 0| ~alal;

1) op x=(Linta, b) Lint : (Lint s :=L 0, 1 := abs b;
while 2 2L 1do (s i=s8+a; 2 =1 ~L1); (b<LO|-812s));

m) opt=(Linta, b)Lint : (b*L 0| Lintq:=L0, r:=abs a;
while (r :=r ~gbs b) 2L 0do q :=q + L 1;
(a<LOADb2LOVaz2LO0Ab<LO0|=-qlql);

n) op ¢: = (L int a, b) L int : (int r=a =a +b xb; (r <0 |»r +abs b |r))

o) op/ = (Lint a, b) L real : (L real : a) [ (L real : b) ;

p) op + = (L int a, int b) L int :
(b20 | Lintp :=L1; tobdop i=p % a; p) ;

a) op leng = (L int a) long L int : e the long L integral value equivalent



10.2.3. continued

r) op short = (long L int a) L int : ¢ the L 'mtegral value, if it exists,
equivalent to {2.2.3.1.d} the value of‘ 'a' ¢ ;

s) op odd = (L int a) bool : abs a +: =L 1;

t) __p_sz@-(L'mta)znt:(a>L0|11a<LOI-1I0),

u) op L= (L int a, b) L compl (a, b) ;

10.2.4. Operations on real operands

a) op < = (L real a, b) bool : ¢ true if the value of 'a' is smaller than
{2.2.3.1.c} that of 'b' and false otheruise ¢ ;

b) op <= (L real a, b) bool : —(b < a) ;

c)_qp_==(_Iiz'eaZa,b)booZ:aSb/\bsa;

d) op % = (L real a, b) bool : —(a =b) ;

e) op 2= (Lreal a, b) bool : b < a ;

£) op > = (L real a, b) bool : b <a ;

g) op - = (L real a, b) L real : ¢ the value of 'a' minus {2.2.3.1.c} that
of ' e ;

h) op -=(Lreal a) Lreal : L O - a;

i) gp_+=(LreaZa,b)LreaZ:a--b;

j) op +=(Lreal a) L real : a ;

k) opabs = (Lrealal Lreal : (a<L 0| =-alal;

1) 92 = (L reaZ a, b) L real : ¢ the value of 'a' times {2.2.3.1.c} that

I

'~|;x

m) op / = (L reaZ a, b) L real : ¢ the value of 'a' divided by {2.2.3.1.c}
that of b’ ¢ ;

n) op leng = (L real a) long L real : ¢ the long L real value equivalent to
{2.2.3.1.4} the value of 'a’ ¢ ;

o) op short = (long L real a) L real : ¢ if abs a < Zqu L max real, then a
L real value 'v' such that, for any L real value 'w',
abs (leng v — a) s gbs (lengw ~a) ¢ ;

p) op , round = (L real a) L L int : ¢ a L integral value, if one exists,
equivalent to 12.2.3.1.4) a L real value differing by not more than
one-half from the value of 'a' ¢ ;

a) opsign=(Lreala)int : (a>L0|1]l:a<L0|=~1]0) ;

r) op entier = (L real a) L int : (L int § := L 0;
whtle g < a do g := J+L1 while § >aZo,7 =4 =L 1; §);

s) op L =(L real a, b) L compl : (a, b) ;

10.2.5. Operations on arithmetic operands

a) 9p_£=(§_reala,£@_b)£real:a (g real : b) ;

b) op P = (L int a, L real b) L real : ( , real 'a)Pb,'

c) opR=(L reaZ a, L int b) bool : a (gr : b) ;

d) op R= (I int a, L real b) bool : (g rea :a)_lib;

e) QEJ.=(LreaZa,Lmtb)L compl : (a, b);

£) op L = (L int a, L real b) L compl : (a, b) ;

g) op *+ = (L real a, int D) L real : (L reaZp: L1;
_o_ab;bdop:-—pxa,(b>olpi 1/p));

10.2.6. Operations on character operands

a) _p_§_=(chara,b)bool absaRabsb,{101J}
b) op + = (char a, b) string = (a, b);



10.2.7. Complex structures and associated operations

a) struct L compl = (L real re, im) ;

-b) gg_e_=(Lcor_nQZa)LreaZ:re_o_fa;

c) opim= (L or_nEZa)LreaZ-v,m_fa,

d) op abs = (L compl a) L real : L sqrt (re a + 2 +ima + 3) ;

e) op eonj = (L ompZa)LcompZ:rea.L—ma,

f) op==(Lcompl a, b) bool : rea =reb Aima =1imb ;

g) op ¥ = (L compl a, b) bool : = (a = b) ;

h)_op_-=(_L_c_1zQZa,b)LcoL@Z (re a = re b) L (ima - im b) ;

i) op - = (L compl a) L compl : -rea.L-zma,

) gp_+=({.}_cogzgla,b)l}c0@3 (rea+reb).L('Lma+zmb),

k) op + = (L compl a) L compl :

1) gp_><=(£cmla,b)Lcomg
(reaxy_e_b—zmaxz'mb).L(rea><1,mb+zmaxreb)

m) op /= (L compl a, b) L compl : (L real d = re (b x conj b);
L compl n = a x cong b; (ren/d)1.(mn7d)),

n) gp_Zeng=(L ompl a) long L compl : leng re a L le ng ima ;

o) op short = (long L compl a) L compl : short re a L short zma,

p) QEE_=(LGOZIEZa,Ltntb)L00@2 : a P (L compl = b) ;

q) Qp__E=(LcompZa,LreaZb)LcompZ:aP(Lco Z b),

r) op P = (L int a, L compl b) L compl : (L compl : Pb

s) op P = (L real a,” L compl b) L compl : (L compl : a)Pb

t) op * = (L compl a, tntb)LcompZ (Lconplp:=§_1,
%o abs b dop :=p % a; (b>0!plL1/p));

u) op E = (L compl a,_L_'mtb)booZ:a_lz(LcogrEZ:b)‘

v) op E = (L compl a, L real b) bool : a E (L compl : b) ;

W) gg§_=(1}mta,LcogQZb)booZ:bga,

x) gp_§=(Lr'eaZa,Lcompr) bool : bEag;

10.2.8. Bits structures and associated operations

a) struct L bite = ([1 : L bits width] bool L F) ; {See 10.1.g}

{The Tield-selector is hidden from the user in order that he may not
break open the structure; in particular, he may not subscript the field.}
b) op == (L bits a, b) bool : (for i to L bits width do

((L Fofa) [¢1% (T F_qu) [21 1 Z); true. 1: false) ;

c) op * = (Lbits a, b) bool : = (a = b) ;

d) op v = (L bits a, b) L bits : (L bits c,@'z, to L bits mdthdo
(L F of e) 2] := (L F of a) [’L]V(LFib) "Ti1; e) ;

e) op A= (L bits a, b) L bits : (L bits c; for i to L bits mdth do
(LF%fc) £Z] —(LF_fa) [z]A(LFib) T2l @) ;

f) op <= {(L bits a, b) bool : aVb)-b

g) op 2= (L bits a, b) bool : b < a

h) op + = (L bits a, mb)_@_bws __fabsb L bits width then
L bite ¢ := a; toabsbdo(b>0| ortfromZtowasmdthd_o
(LFof c) [¢ =11 := (LI'F of e) [21; (L F of e) T bits width] :=
alse | for ¢ fromezts wtdth by = 1 to & do (L F of e) [£] :=
(LF of e) [4 -11; (LF of e) [1] =false,cf_,

i) op abs = (L bits a) L int : (L int ¢ := L 0; for ¢ to L bits width do
c:=L2%xc+Kabs (LF of al [11; el ;

J) op bin = (L int a) Lbits : ©f a = L 0 then L int b := a; L bits c;
for i from L bits width by -~ 1 to 1 do T
((LFof ¢) [2] :=odd b; b :=Db : L Js e fi ;

k) op O= (nt a, L bits bJ bool : (L F of b) [a] ;
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.2.8. continued

op L btb = (L1 :1 bool a) L bits : (int n

L bits c; for ¢ to L bits width do (L (L F of ¢) [£]
L bits width - n | false | a a (1 = L bits width + nl); e)) ;
(L bits a) L bits : (L bits e; for < to L bits width do

I

op =

(LFo

of eJ 12l == (L F of a) [Z1; c) ;

2.9. Bytes and associated operations

= [ aq; (n <L bits width |

L bytes = (L1 : L bytes width] char L F) ; {See 10.2.8.a and

struct
10.1.1}
op R = (L bytes a, b) bool : (string :
op 0= ('mt a, L bytes b) char : (LF_fb) [al ;
gp__l;__c___ = (string a) L bytee : (intn =1 a; (n <
L bytes c; for © to L bytes width do
(LFo _f e

.2.10. Strings and associated operations

a) R (string : b) ;

L bytes width |

mode string = L1 : Ze:x:] char 3

op op < = (stmng a, (tntm=7Ta, n=1T b;
int p = ( <n|m|n)_,mt'b:=1 bool eé;
_(ZJ—<1|n21| e: (¢ :=a 21 =b [Z]1 |: (<
(e 1 m<n|alil <b[£1))) ;

op < = (string a, b) bool : —(b < a) ;

op = = (string a, b) bool : a <b Ab <a;

op + = (string a, b) bool : —(a = b) ;

op =z = (string a, b) bool : b s a ;

op > = (string a, b) bool : b < a ;

op R = (string a, char b) bool-: a R (string : b) ;

op R = (char a, string b) bool : (string : a) R D ;

op + = (string a, b) string : (32n_tm=ra, n=1_b; {1
e[l :m):i=a;elm+1 :m+nl :=hb; e);

op + = (string a, char b) string : a + (string : b) ;

op + = (char a, string b) string : (string : a) + b ;

) [Z1 := (¢ <n | a [1] | mull character); cl)) ;

L =1 + 1) sp | e);

+ nl char c;

{The operations defined in b, h and i imply that if abs "a"” < abs '"b",

then nmn . "a" : Ilall < llbll 5 "aa" < Ilab" H Iaall < Ilba" 3 Ilab" < "b"}
.2.11. Operations combined with assignations
gp__—:==(ge_sznﬁa,Lmtb)gsznt:a:=a-b;
gp_-:==(gf_‘LreaZa,gz‘eaZb)ygj_'LreaZ ai=a-b;
op == = (ref L compl a,Lcor_anb)_fQ_co@gZ:ama-b;
op +:== (ref Lint a, Lint b) ref L int : a :=a + Db ;
_op_+:==(@fLreaZa,greaZb)_fgreal:a:=a+b_;
op +:== (ref L compl a, L compl )__fgcozrglza:=a+b;
op x:== (ref L int a, L tnt b) ref L int : a :=a x Db ;
22><:==(_r_§iLreaZa,LreaZb)_ﬁQreaZ:a:=a><b,'
op x:i= = (ref L compl a, L compl )_f_[icoml:a==a><b;
gp_%:==(ge_fLmta,Lwtb)__f£ nt :a:=atb;
op *:: (z’_ej_'Ltnta,L'mtb)_f_L_ﬂz_:a:=a%:b,-
gp_/:== gﬁLreaZa,LreaZb)_fgreaZ:a:=a/ H
op /== (ref L compl a, L compl b) ref L compl : a :=a [ b ;



10.2.11. continued

n) ggQ=(r_e_fLreaZa,Lintb)_i_Iireal ag_(grealzb);
o) op @ = (ref L compl a, L int b) ref L or_rQZ a @ (L compl : b) ;
p) op Q = (ref L compl a, L real b) ref L compl : a § (L compl : b) ;
Q) op +:= = (ref string a, stringb)@fstmng:ama*—b;

r) op +=: = (string a, ref string b) ref string : b :=a +b ;

s) op +:i= = (ref string a, charb)r_'ej_‘ string : a :=a +b ;

t) op +=: = (char a, ref string b) ref string : b :=a + b ;

10.3. Standard mathematical constants and 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 =) L real : ¢ <f x 2 L 0, a L real value close to
the square root of 'x' ¢ ;

e) proc L exp = (L real x) L , real : e a L real value, if one exists, close
to the exponential function of 'x' ¢ ;

d) proc L In = (L real x) Lreal : ca L . real value, if one exists, close
to the natural Llogarithm of 'z’ ¢ ;

e) proc L cos = (L real x) L real : ¢ a L real value close to the cosine of
'x e 3

f) pro ¢ L arccos = (L real ) L real : ¢ if abs x < L 1, a L real value
cZose to the inverse cosine of 'x', L 0 < L arccos (x) <L pi ¢ ;

g) proc L sin = (L real x) L real : ¢ a L real value close to the sine of
’.'Jc' e ;

h) proe L arcsin = (L real x) L real : ¢ if abs x < L 1, a L real value
close to the inverse sine of 'x', abs L arcsin (x) <Lpi /L 2 ¢ ;

i) proc L tan = (L real ) L regl : cal "L real value, if one exists, close
to the tangent of 'z'

J) proc L arctan = (L real x) L real : ¢ a L real value close to the
tnverse tangent of 'x', abs L arctan (x) <Lpi [ L 2¢c ;

k) proc L real L random = L last random := & the next pseudo-random L real
value after L last random from a uniformly distributed sequence on the
tnterval (L 0, L 1) ¢ ;

1) L real L last random := L .5

10.4. Synchronization operations

a) struct sema = (vef int F) ;

b) Qp_7 (int a) sema : (sema s; F of s := int := a; 8) ;

¢) op v = (gema edsger) : Tref int dijkstra = F of edsger;
do (_f dijkstra > 1 then digkstra =:= 1; 1 else c if the closed-
statement replacing this comment is conta'mea in a unitary-phrase
which is a comstituent unitary-phrase of the smallest collateral-
phrase, if any, begimning with a parallel—-symbol and containing this
closed-statement, then the elaboration of that unitary-phrase is
halted {6.0.2.0}; otherwise, the further elaboration is undefined ¢
fi); 1: skip) s

a) op t+ = (sema edsger) : (ref int dijkstra = aﬁ edsger;
dijkstra +:= 1; ¢ the elaboration is resumed of all phrases whose
elaboration is halted because the name possessed by dijkstra referred
to a value smaller than one ¢) ;

Q

{8ee 2.2.5; for the use of ¥ and *, see E.W. Dijkstra, Cooperating
Sequential Processes, contained in Programming Languages, Genuys, F. (ed.),
London, ete., Academic Press, 1968; see also 11.13.}



10 5. Transput declarations {"So At does!" said Pooh. "It goes An!"
"So it does!" said Piglet. "And it comes out!"
"Doesn't At?" said Eeyore. "1t goes in and out
Like anything."
Winnie-the-Pooh, AA., Milne.}

10.5.0. Transput modes and straightening

10.5.0.1. T:ansput modes

a) union % gimplout = (4L 'mt}, ¥L realt, +L complt, bool, char, string) ;

b) union % outtype = (4D L int}, YD L realt, ¥D boolt, {:D chart,
4D outstructi) ;

c) mode % outstruct = ¢ an actual-declarer specifying a mode united from
{4.k.3.a} all modes, except those specified by tamrof and by sema,
which are structured from {2.2. h.1.4} only modee from which the mode
specified by outtype is united ¢ ;

d) struct % tamrof = (string F1) ; {See the remarks under 5.5.8.}

e) union % intype = (tref D L 3112#, fref D L realt, {ref D boolt,

‘ref D chart, tref D outstructi) ;

10.5.0.2. Straightening

a) op % straightout = (outtype x) [] sizrglout :
¢ the result of "straightening"” 'x' ¢ ;
b) op 7 straightin = (intype x) [] _r'__e_f simplout :
¢ the result of straightening 'x' ¢ ;

¢) The result of straightening a given value V is a multiple value obtained

in the following steps:

Step 1: If V is (refers to) a value from whose mode that specified by
stmplout is united, then the result is a new instance of a multiple value
composed of a descriptor consisting of an offset 1 and one gquintuple
{1,1,1,1,1) and V as its only element, and Step 4 is taken;

Step 2: If V is (refers to) a multiple value, then letting n stand for the
number of elements of that value, and Yi for the result of straightening
its A~th element, Step 3 is taken; otherwise, letting n stand for the num-
ber of fields of (of the value referred to by) V, and y; for the result of
stralghtenlng its {~th field, Step 3 is taken; ,

Step 3: If V is not (is) a name, then, letting m; stand for the number of
elements of y;, the result is a new instance of a multiple value composed
of a descrlptor consisting of an offset 1 and one gquintuple (7, mp + ... 4
My, 7, , 1) and elements, the £-th of which, vhere L=mp+ ...+ mh - 1
+ f, is the (is the name referring to the) j-th element of y, for k =
cee na.ndj Ty, oo 5 Mps

Step 4: If V is not (is) a name, then the mode of the result is 'row of'
('row of reference to') followed by the mode specified by simplout.



10.5.1. Channels and files

{aa) "Channels", "backfiles" and files model the transput devices of the
physical machine used in the implementation.

bb) A channel corresponds to a device, e.8., a card reader or punch, a mag-
netic drum or disc, to part of a device, e.g., a piece of core store, the
keyboard of a teleprinter, or to a number of devices, e.g., & 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 (10.5.1.1.4 to 10.5.1.1.0,
table I). A "random access" ("sequential access") channel is one for which
the value of set posstble (10.5.1.1.e) is true (false). 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.

cc) All information on a given channel is to be found in a number of back-
files. A backfile (10.5.1.1.b) comprises a three-dimensional array of inte-
gers (bytes of information), the book of the backfile; the lower bounds of
the book are all 1, the upper bounds are nonnegative integers,
maxpage , maxline and maxchar of the backfile; furthermore, the backfile com=
prises 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, the
current position and the "identification string” of the backfile.

dd) After the elaboration of the declaration of chaimbfile (10.5.1.1.c),
all backfiles form the chains of backfiles referenced by chainbfile, each
backfile chained to the next one by its field next.

Examples:

a) In a certain implementation, channel é is a line printer. It has no in-
put information, chainbfile [6] is initialized to refer to a backfile
the book of which is an integer array with upper bounds 2000, 60 and
144 (2000 pages of continuous stationery), with both the current posi=~
tion and the end of file at (1, 1, 1} and next equal to nif. All ele-
ments of the book are left undefined.

b) Channel 4 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] is initialized to re-
fer to the first backfile of a chain of 32 backfiles, the last one hav-
ing next equal to nil. Each of those backfiles has an end of file at
position (2, 7, 7).

¢) Channel 20 is a tape unit. It can accommodate one tape at a 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.

ee) A file (10.5.1.2.a) is a structured value which comprises 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 by means of
open (10.5.1.2.b), ereate (10.5.1.2.c) or establish (10.5.1.2.d). A given
channel can accommodete a certain number (10.5.1.1.0) of backfiles at any
stage of the elaboration. The association is ended by means of close
(10.5.1.2.8), lock (10.5.1.2.t) or serateh (10.5.1.2.u).
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10.5.1. continued

ff) When a file is "opened" on a channel for which the value of <df possi-
ble is false, then the first backfile is taken from the chain of backfiles
for that channel, and is made the bfile of the file, obliterating the previ-
ous backfile, if any, of the file. When a file is opened on a channel for
which the value of Zdf possible is thue, then, if the given identification
string is empty, then the first backfile, and, otherwise, the first backfile
which has that identification string, is taken from the chain of backfiles
for thet channel; this backfile is made the bfile of the file.

gg) When a file is "established" on a channel, then a backfile is generated
(8.5) with a book of the given size, the given identification string and
both the current position and the end of file at (I, 1, 1); when a file is
"ereated" on & channel, then a file is established with a backfile the book
of which has the maximum size for the channel and an empty string as its
identification string.

hh) When a file is "scratched", then its associated backfile is obliter-
ated.

ii) When a file is "closed" ("locked"), then its associated backfile is at~
tached to the chain referenced by chainbfile (lockedbfile) of the channel.
Another file may (No file can) now be opened with this backfile by a call of
open.

ij) The identification string of the backfile of a file opened on a channel
for which the value of reidf possible is thue may be changed by a call of
retdf.

kk) A file comprises some fields of the mode 'procedure boolean',
tprocedure with reference to character parameter boolean' or 'procedure with
integral parameter boolean', routines which are called when in transput cer-
tain error situations arise. After opening or creating a file, the routines
provided yield the value f§afse when called, but the programmer may assign
other routines to those fields. If the elaboration of such a routine is ter=-
minated, then the transput routine which called it can take no further ac-
tion; otherwise, if it yields the value faue, then it is assumed that the
error situation has been remedied in some way, and, if possible, transput
goes on, but if it yields the value fafse, then undefined is called, i.e.,
some sensible system action is taken (rr). These routines are:

a) logical file end, which is called when during input from a file on a
sequential channel the end of file of its backfile is passed. If the
routine yields the value faue, then transput goes on, and if it yields
§alse, then some sensible action is taken.

Example:
The programmer wishes to count the number of integers on his input
tape. The file intape was opened in a surrounding range. If he writes
begin int n := 0; logical file end of intape :i= go to f;
do (get (intape, loc int); n +:= 1); f: print (n)
end ,
then the assignment to the field of intape violates the scope restric—
tions (; the scope of the routine ((: go to f)) is smaller than the
scope of intape), so he has to write
begin int n := 0; file auxin := intape;
logical file end of auxin := go to f;
do (get (auxin, loc int); n +:= 1); f: print (n)
end .
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b) physical file end, which is called when the max page, the max line or
the max char of the backfile of a file is exceeded. If the routine
yields the value frue, then transput goes on, and if it yields fgalse,
then some sensible action is taken.

Example:
The programmer wishes automatically to give a new line at the end of a
line and a new page at the end of a page on his file f:
proc bool new line page = bool : ((line ended (f) | new line (f));
(page ended (f) | new page (F)); truel;

¢) char error, which is called when, durlng formatted input, a character
is read which does not agree with the frame specifying it (5.5.1.m) or
when, during input, at the current position an uninterpretable charac—
ter is present (10.5.1.11), with a reference to a character, suggested
as a replacement. The routine provided by the programmer may give some
other character than the suggested one. If the routine yields thwue,
then that suggested character as possibly modified by the routine is
used, and, if it yields f§alse, then some sensible action is taken.
Example:

The programmer wishes to print a list of all such dlsagreements. He as=
signs to the field char error of his file f
((ref char sugg) bool : (char k; backspace (f);
int p = page number (f), L = line number (f), ¢ = char number (f);
get (f, k); print ((new line, "at", p, 1, c, ’?resent g, i
'._suggested_"””, sugg nun ")) tme))’

d) value error, which is called when, during formatted transput, an at-
tempt is made to transput a value under control of a picture with which
it is not compatible, or when the number of frames is not sufficient.
If the routine yields tiue, then the current value and picture are
skipped, i.e., transput goes on at 5.5.1.4d.Step 5; if the routine
yields {alse, then first, on output, the value is output by put, and
next some sensible action is taken.

e) format end, which is called when, during formatted transput, the format
is exhausted while still some value remains to be transput. If the rou-
tine yields true, then transput goes on (so the routine must have pro=-
vided a new format for the file), and, if the routine yields false,
then the current format is repeated, i.e., the first picture again is
made to be the current picture of the file.

f) other error, which is called with some actual~integral-parameter, when
during transput some other error situation arises. No call of this rou~-
tine occurs explicitly in the standard-prelude, and neither the meaning
of its actual-parameter nor that of the value yielded, is defined in
this Report. This routine may, in some implementation, be called when
an incorrigible hardware error occurs which mekes transput involving
this file impossible. (The programmer may provide a routine which then
closes the file and opens it on some other channel.)

11) The conv of a file is used by the transput routines in the conversion
of characters to and from integers in the book of the bfile of the file. Af-
ter opening, creating or establishing a file, stand conv of the channel is
used, but some other "conversion key" may be provided by the programmer by a
call of make conv (10.5.1.2.z).
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On output, the given character is converted to that integer, if any,
in the conversion key, whose ordinal number is the integral equivalent of
that character; what action is taken when an attempt is made to convert a
character with an integral equivalent exceeding the upper bound of the con-
version key, is left undefined; on input, the given integer is converted to
that character, if any, whose integral equivalent is the lowest ordinal num=-
ber for which the element of the conversion key is equal to that given inte-
ger; if no such character exists, then char error is called with & space
(parity error, nonexistent code).

mm) The term of a file is used in reading strings of a variable number of
characters, where any of the characters of term serves as a terminator (see
5.5.1.jj. and 10.5.2.2.d4d). This terminator string may be provided by the
programmer. Furthermore, when reading outside the file, physical file end of
the file is called, and if that does not cause the position to be within the
file, that also serves as a terminator.

nn) On a channel for which the value of reset possible is twe, a file may
be "reset", causing its position to be {1, 1, 7). On a sequential access
file, the end of file remains at the position up to which the backfile con-
tains information, but when after resetting any output is done, then the end
of file is first set at the current position.

o0o) On a random access channel, a file may be "
to be the given position.

set", causing its position

pp) On files opened on a sequential access channel, 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.

qq) On files opened on a sequential access channel for which put possible
and get possible both possess the value e, nonbinary input and cutput may
be alternated, but it is not allowed to read past the end of file.

rr) When in transput something happens which is left undefined, for in-
stance by an explicit call of undefined (10.5.1.2.y), this does not imply
that the elaboration is catastrophically and immediately terminated, but on=
ly that some sensible action is taken which is not or cannot be described by
this Report alone, and is generally implementation dependent. For instance,
in some implementation it may be possible to set a tape unit to any position
within the logical file, even if the value of set possible is false (oo).

Example.
begin sze fi1, f25 [1 : 100001 int x; int n; open (fl, , channel 2);
= f1; ¢ now f1 and f& can be used interchangeably ¢

make conw (fl, flexocode); make conv (f2, telexcode);
¢ now f1 and f2 use different codes; flexocode and telexcode are de-
fined in the library-declaration for this implementation ¢
reset (f1); ¢ consequently, f2 is reset too ¢
for i while = logical file ended (f1) do (n :=i; get (f1, x Li1));
¢ too bad if there are more than 10000 integers in the input ¢
reset (f1); for i to n do put (f2, x [11); reset (f2); close (f2)
¢ f1 is now closed too

8




10.5.1.1. Channels

a)

b)

c)

a)

e)
f)
g)
h)
i)
3)
k)
1)
m)

n)

o)
p)
a)

r)

int nmb channels = ¢ an integral-clause indicating the number of trans-
" put channels in the implementation [

struct % bfile = ([1 : 0 flex, 1 : 0 f_‘Ze:c, 1 : 0 flex] int book,
int lpage, lline, lchar, page, line, char, max page, max line,
max char, string idf, g_f bfile next) ;

[1 : nmb channels] ref bfile % Chainbfile := ¢ some appropriate initiql-
zzatwn {see 10.5.1.dd} ¢ ;

(1 : mmb channels] bool reset possible = ¢ a row-of-boolean-clause, in-
dicating which of the physical devices corresponding to the channels
allow resetting {e.g., rewinding of a magnetic tape}l ¢ ;

(1 : nmb chanmels] bool set possible = ¢ a row-of-boolean-clause, indi-
cating which devices can be accessed at random ¢ ;

L1 : nmb channels] bool get possible = ¢ a row—of-boolean-clause, indi-
camng which devices can be used for input c ;

[1 : nmb channels] bool put possible = ¢ a row-of-boolean-clause, indi-
catwg which devices can be used for output c ;

{1 : nmb channels] bool bin possible = ¢ a row-of-boolean-clause; indi-
eating which devices can be used for binary transput ¢ ;

[1 : nmb channels] bool idf possible = ¢ a row-of-boolean-clause, indi-
cating on which devices backfiles have an identification c ;

[1 : wmb channels] bool reidf possible = ¢ a row-of-boolean—clause, in—
dicating on which devices backfiles allow reidentification es

L1 : nmb channels] int max page = ¢ a row-of-integral-clause, giving the
maximum number of pages per file for the channel ¢ ;

[1 : mmb channels] int max line = ¢ a row-of-integral-clause, giving the
maacn'mum number of lines per page ¢ ;

(1 : nmb channels] int max chaor = ¢ a row-of-integral-clause, giving the
maximum number of characters per line ¢ ;

[1 : mmb channels] struct (proc [1 int F) stand conv = ¢ a clause giving
the standard conversion keys for the channels {; other conversion keys
may be provided by the library-prelude} ¢ ;

[1 : nmb channels] int max nmb files = ¢ a row-of-integral-clause, giv-
ing the maximum number of files the channels can accommodate ¢ ;

LI : nmb channels] int % nmb opened files;
for i to nmb channels do nmb opened files [£] := 0 ;

L1 : nmb chamnels] ref bfile % lockedbfile;
for i to nmb channels lockedbfile [1] := nil ;

proc file available = (int channel) bool :
nmb opened files [channell < max nmb f- f‘zles [channell ;

10.5.1.2. Files

a)

struct file = (vef bfile % bfile, int % chan, ref int % forp,
" ref bool % state def, % state get, % state bin, % opened,

ref stm,yﬁ % format, string term, : 0 flexl int % conv,
proc bool logical file eﬁ’} physwal file end, format end,

value error, proc (ref char) bool char emﬂor,
proc (int) bool other error) ;




10.5.1.2. continued

)

d)

e)

f)

g)

h)

)

k)

proc open = (ref file file, string idf, int ch) :
1f file available (ch)
then ref ref bfile bf := chainbfile lchl;
while (ref bfile : bf) :%: nil do
(Zdf of bf = idf v idf = ™" v ™ idf possible Lchl |
it | bf := next of bf); undefined.
l: file := (bf, ceh, int := 0, bool := false, bool, bool, bool := true,
nil, """, F of standconwv Lehl, false, false, false, false,
(ref char a) bool : false), skip);
(ref ref bfile : bf) := next of bfs nmb opened files Lchl +:= 1
else undefined fi ;
proc create = (ref file file, int ch) :
establish (file,, max page [ehl, max line [chl, max char [chl, ch) ;
proc establish = (ref file file, string idf, int mp, ml, me, ch) :
if file available (ch) N mp < max page [chl A ml < max line [ch] A
me < max char Lchl
then bfile bf = (L1 : mp, 1 :ml, 1 : mel int, 1, 1, 1, 1, 1, 1, mp,
mily, me, idf, ntl) ;
file := (bfile := bf, ch, int := 0, bool := false, bool,
bool, bool := true, nil, "", F of standconv lchl,false,
false, false, false, ((ref char a) bool : falsel),skip);
nmb opened files [chl +:= 1
else undefined fi ;
roe set = (file file, int p, 1, c) :
if set possible Lchan of filel A opened of file
then page of bfile of file := p; line of bfile of file := L;
char of bfile of file := ¢; check ple (file)
else undefined fi ;
proc reset = (file file) :
<f reset possible Lchan of filel A opened of file
then page of bfile of file := 1; line of bfile of file := 1;
char of bfile of file := 1; state def of file := false
else undefined fi ;
proc % check ple = (file file) : if opened of file
then (—(logical file ended (file) | logical file end of file |:
line ended (file) v page ended (file) v file ended (file) |
physical file end of file | true) | undefined)
else undefined fi ;
proc line ended = (file file) bool : (opened of file |
int ¢ = char of bfile of file;
e <0V e >max char of bfile of file) ;
proc page ended = (file file) bool : (opened of file |
int 1 = line of bfile of file;
1 <0V 1l>mx line of bfile of file) ;
proc file ended = (file file) bool : (opened of file |
int p = page of bfile of file;
p S 0 vV p > max page of bfile of file) ;
proe logical file ended = (file file) bool : (opened of file |:
—set possible Lchan of filel A state def of file A state get of file |
bfile b = bfile of file; int p = page of b, lp = lpage of b,
1= line of b, Ll = lline of b, ¢ = char of b, le = lchar of b;
(p <lp | false |: p>1p | true |: 1 <1l | false |: 1 > L1l | true |
e z le) | false) ; '——
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1) proc % get string = (file file, ref [1 : either] char s) :
if get posszble Lehan of lee]_/\fopened _f file
then ref int p = page of bfile of file, 1 = line of bfile of file,

¢ = char of bfile of file;
if —set possible Lchan 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 [ s do (check ple (file);
for § from U to I comv of file do
((comv of file) [§1 = (book of bfile of file) [p, 1, el |
s [7] = repr j; el;
char, k o= " "
s 2] := ((ehar error of file) (k) | k | undefined; ".")s
e: ¢ +:= 1)
else undefined fi ;

m) proc oc % put string = file file, string s) :
1f put possible Lchan of filel A opened _f_‘ file
then ref int p = page of bfile of file, 1 = line of bfile of file,

¢ = char of bfile of file;
— set possible Lchan of filel thef state def of file
then (state bin of file | undefined) fi;
state get of file := state bin of file := false;
state def of file := true;
for i to [ s do (check ple (file);
(book of bfile of file) [p, 1, el := (comv of file) labs & [i11;
e +:= 13
(p = Zpage of bfile of file n 1 = lline of bfile of file |
(¢ > lechar of bfile of file | lchar of bfile _ff'z,le :
lpage of bfile of file :=p ; lline of bfile of file :
lehar of bfile of file = ¢))
else undefined ‘Li 3

n) proc char in string = (char c, ref int i, string s) bool :
(for k to T s do (e =s [kl | © := k; 1); false. 1l: true) ;

o) proc space = (file file) :
(char of bfile of file +:= 1; check ple (file)) ;

p) proc backspace = (file file) :

(char of bfile of file =:= 1; check ple (file)) ;

Hou
o~
-

q) proc new line = (file file) : (1ine o of bfile o ilee 1= 1;
char of bfile of file := 1; check ple (file)) ;
r) proc new page = (file file) : (page of bfile of file +:= 1;

Ztne of bfile of file := char of bfile of file := 1;
check ple (file)) ;
s) proc close = (file file) : (opened of file |
int ch = chan of file; next of bfile of file := chainbfile [chl;
chainbfile [eh] := bf'LZe of file; opened of file := false;
nmb opened files [chl =:= 1) ;
t) proc lock = (file file) : (opened of file |
int ch = chan of file; ref bfile bf = bﬁle _f file;
page of bf := line of bf := char of bf :
next of bf := lockedbfile [chl; Zockedbftle [ch] := bf;
opened of f'pZe := false; nmb opened files Lehl =:= 1) ;
u) proe scratch = (file file) : (opened of file |
opened of file := false; nmb opened files [chan of filel =:= 1) ;
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v) proc char number

(file f) int : (opened of f | char of bfile of f) ;
w) proc line number

(file f) int : (opened of f | line of bfile of f) ;
x) proc page number = (file f) int : (opened of f | page of bfile of f) ;
y) proe % undefined = ¢ some sensible system action {10.5.1.rr} ¢ 3
z) proc make cowv = (ref file f, struct (proc [1 int F) c)
) conv of [ :? Fzgffc H i)
aa) proc reidf = (file f, string < :
(reidf possible [chan of f1 | idf of bfile of f := Zdf) ;

10.5.1.3. Standard channels and files

a) int stand in channel = ¢ an integral-clause such that the value of
get possible [stand in channell is true ¢ ;

b) int stand out channel = ¢ an integral-clause such that the value of
put possible Lstand out channell is true ¢ ;

¢) <int stand back channel = ¢ an integral-clause such that the values of
reset possible Lstand back charnell, set possiblelstand back channell,
get possible [stand back channell, put possible [stand back channel]
and bin possible [stand back channell are true ¢ ;

a) 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 cannot) be opened by
the programmer, but are opened for him in the standard-prelude; print
(10.5.2.1.2) can be used for output on stand out, read (10.5.2.2.s) for input
from stand in, and write bin (10.5.4.1.a) and read bin (10.5.4.2.a) for
transput involving stand back. The programmer need not close these standard
files, since they are locked in the standard-postlude.}

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 L[] union (outtype, proe (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:
as) If the mode of the value is specified by L int, 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;
next, when not at the beginning of a line, a space is given and the value
is edited 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 charsacters,
then this room is made; next, when not at the beginning of a line, a space
is given, and the value is edited as if under control of the picture
+d.n(Lreal width - 1)den(L expwidth - 1)a+d.
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TABLE II: Display of the values of
L int string, L dec string and L real string (10.5.2.1.c,e,d)

frame

[1] type (1 = integer, Z = real fixed, 3 = real floating,
4 = complex fixed, 5 = complex floating, 6 = string,
7 = integer choice, § = boolean, 9 = character);
£zl redix (2, 4, &, 10 or 16);
[3] sign (0 = no sign freme, | = sign frame +, 2 = sign frame -);
[4] number of digits before point; if type = 1, then w - 1, else if
type = £ or 4, then w - d - 2, else if type = 3 or 5, then
w-d-e-4, or, if type = 6, then the number of characters in the
string if this is constant, or 0, if this number is variable;
[51 number of digits after point; if type = 2, 3, 4 or 5 then d;
Lel sign of exponent; if type = 3 or 5, then as [31;
71 number of digits in exponents; if type = 3 or 5, then ¢;
[81, ... , [141 as [11, ... , [7] when frame [1] = 4 or 5.

TABLE III: Significance of the elements of frame (10.5.3.i)
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cc) If the mode of the value is specified by L compl, then first, if there
is not enough room on the line for 2 x (L real width + L exp width) + 11
characters, then this room is made; next, when not at the beginning of a
line, a space is given, and the value is edited as if under control of the
picture +d.n(L real width - 1)den(L expwidth - 1)z+d"."i+d.n(L real width
= 1)den(L expwidth - 1)z+d.

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, then room is made, and next the character is written.

£f) If the mode of the value is specified by bool, then, if the value is
fue (false), then the character possessed by the flip- (flop-)symbol is
output as ee.}

a) proc print = (L1 union (outtype, proc (file)) x) : put (stand out, x) ;
b) proc put = (file file, [1 :1 union (outtype, proc (file)) z) :
begin outtype ot; proec (file) pf;
for © to [ & do (ot ::=x [£]); pf 2= [Z] | pf (file) |
U1 :T simplout y = straightout ot;
for § to 1 y do (stmng s, bool b, char k;
(+(L 27 znt 3 (£ =y (41 ]
s := L int string (¢, L int width + 1, 10);
szgn supp zero (s, 1, L int wzdth)))#),
($(L real =; (x ::= Y [j] | 8 := L real conv (x)))4);
(¥(L compl z; (2 ::=y 041 |
8 := L real conv (re z) + ".1" + L real comv (im z)))});
(b ::=y [§] | put (file, (b | 71" | "0")); end);
(k ::=y [J] | nextple (file); put string (file, k); end);
(s ::=y LJl | put string (file, s); end);
ref int ¢ = char of bfile of file; tnt el =c, n = [ g;
e +:= (el =1|n | n+1);
(Zzne ended (file) | nextple (file) | ¢ := el);
put string (file, (e =1 1 e | "." +8));
end: skip))
end ;
e) pro L int string =

ntx, int w, r) string : (r > 1 Apr <17 |
- n := gba x; L int lr = K r;
g cha.r (8 (n %5 lr)) +=: c; n +:= lr);

(
l(xz‘]_:iai '+"l"")+c]"")l""),

(n="L20

d) proc L real string = (L real x, int w, d, e) string :
dz0Arae>0nrad+te+ 4w |
Lrealg=L 104 (w~-d-e-4); Lreal h =g xL .I;
L regl y := abs x; int p = 0; whzley>gdo(yx L .1; p +:=1);
(y>g,_0|wmey<hAp—1>-1o+edo(yx L 10; p == 1));
(y+L .§xL .14+dzg|y:=h;p+:=1);
Ldecstring ((x 20 |y | - ), w=-e=2,d)+ "p" +
int string (p, e + 1, 10)) ; '

e) proe L dec string = (L real x, mt w, d) string :
(abs x <L 104+ (w=d-2)rdz= 0Ad+2sw|stﬂ§gs =3
Lreal y := (abs x + L .6 x L 1+d)><_.1+( -d=-2);
tow =2 do s +i= dig char ((int ¢ = S L (y x:= LlO),y-—Kc,c)),
(x 20]"+"|"")+s[1:w-d-2]+""+s[w-d-1 :1)

f) proc % dig char = (int z) char : ("0123456789abedef™ [ + 11) ;

{In connection with 10.5.2.1.c,d,e, see Table II.}
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g) proc % sign supp zero = (ref string c, int 1, u)
or ¢ from 1 + 1 to u while ¢ Li1 = "0" do
(e [t] i=c 2 =-11; e 2 - 13 := ", ") ;
h) int L int width = (int ¢
while L 10 4 (e = 1) <
i) int L real width =1 - 8
J) Int L exp width =
I1+SL (L1in (L 1In (Lmaxreal) /[ L In (L 10)) / L In (L 10)) ;
k) proc % L real conv = (L real x) string :
(string s := L real string (x, L real width + L exp width + 4,
L real width - 1, L exp width); sign supp sero (s, L real width + 4,
L reql width + L exp width + 3); &) ;
1) proe % next ple = (file file) : (opened of file |
(line ended (file) | new line (filel);
(page ended (file) | new page (filel))) ;

I x I max int do ¢ +:=1; e) ;
(L in (L small real) [/ L In (L 10)) ;

10.5.2.2. Formatless input

{For formatless input, read and get. can be used. The elements of the
given value of the mode specified by [] union (intype, proc (file)) are
trested one after the other; if an element is a layout procedure, then it is
called with the file as its parameter; otherwise, it is straightened
(10.5.0.2), and to the resulting names values are assigned, input from the
given file as follows: :
aa) If the name refers to a value whose mode is specified by L Znt, then

first, the file is searched for the first character that is not a space
{giving new lines and pages as necessary); next, the largest string is
read from the file that could be indited under control of some picture of
the form n(k2)dd or +n(k1)","n(k2)dd; this string is converted to an inte-
ger by L string int.

bb) 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;
next, the largest string is read from the file that could be indited under
control of a picture of the form +n(k1)”."n(k2)d or n(k2)d followed by
.n(k3)dd or ds. possibly followed by en(k4)"."+n(k§)"."n(k6)dd or
en(k5)"."(k6)dd; this string is converted to a real number by L string
real.

cc) If the name refers to a value whose mode is specified by L compl, then
first, a real number is input as in bb, and assigned to the real part;
next, the file is searched for the first character that is not a space;
next, a plus i times is expected; finally, a real number is input and as=-
signed to the imaginary part.

dd) If the name refers to & value whose mode is specified by [] char, then,
if both upper and lower state of the value are |, then as many characters
are read as the value has elements; if not both states are 1, then charac~-
ters are read from the line under control of the terminator string refer-
enced by the file (5.5.1.3j, 10.5.1.mm); the string with those.characters
as its elements is then the resulting value.

ee) If the name refers to a value whose mode is specified by char, then
first, if the line is full a new line is given, and, if the page is full,
a new page is given; next, the character is read from the file.

ff) If the neme refers to a value whose mode is specified by bool, then
first, the file is searched for the first character that is not a space;
then a character is read; if this character is that possessed by the flip-
gflop-)symbol, then the resulting value is fwe (g4afse); if the character
is neither of those, then char error of the file 1s called with fafse.}




10.5.2.2. continued

a) proc read = (L] union (in 'l: ¢, prog (file)) x) : get (stand in, x) ;
b) proc get = (file file, union (intype, proc (file)) =) :
begin intype it; proec (ftle) pfs char k; priority ! = 8;
for 7 to [ @ do (T ::=x [21; pf ::=x [2] | pf (ﬁle) !
[1 :T ref simplout y = str*cnghmn it;
op ? = (string s) bool : (outside (file) | false |:
get string (file, k); char in string (k, loec int, s8) |
true | backspace ( f"LZe) false);
op ? = (char ¢) bool : ? (stmng el;
op ! = (stmng 8, char c) char : (get string (file, k);
char in string (k, loec int, s) | kK | char sugg := c;
((char ervor of file) (sugg) | sugg | undefined; ¢));
op | = (char s, ¢) char : (string : 8) ! c;
proc skip spaces = : whv,le (next ple (file); 7 "."} do skip;
roc string read dig = string : (string t —"0123456789” I'"n,
zZe ? "0123456789" do t +:i= k; t);
roc gtring read num = gtring :
har t 1= (skip spaceg; ? "+=" | k | "),
w’}nle ? " " do skip; t + read dig);
string read real = string : (string t := read num;
f t +:= ". " + vead digl;
(? e | t +i= """+ vead num); t);
for g to [ y do (r'_e_f bool bb; ref char cc; ref string ss;
(¥(ref L int ii5 (i ::=y [J] |
(ref T int : ii) := L string int (read num, 10)))});
(¥(ref I real mw; (xx ::=y [J] |
(ref T veal : xx) := L string real (read real)))t);
(#(gfL compl zz; (zz ::=y [j1 | get (file, re of az);
sktp spaces; "i" I ","; get (file, im of zz)))%);
(bb ::=y [J1 | skip spaces;
(ubooz bb) o= (? "1" ‘ -brue l "0" ’ "0" = "1"))
(cc ::3 y L4 | newt ple (file); get string (file, ce));
(8 ::=y [41 {: (88 Afse | get string (file, ss [€ 1]) |
string t; while ((outside (file) |
physical file end of file); outside (file).| false |:
? term of file | backspace (file); false | true

do t +:= k; (vef étri gs) :=
t[@(\ssﬁg—\m{ss|1-Ft+Fss|1)])))

nd .
c) proc L s tmng int = (string x, int r) L int :
2 >1Ar<17 | Lint n i= 7 0; L'mt Zr-—Kr, int w =1 x;
%_ rom2towdon:—nxZr+K('mtd—chard7,g(m[1,]),
) ))s (x [1] = "+ l)n |t 2 [IT = "=" | =n)) ;
d roc L stmng real = (gtring x) L real :
(int e; ((char in strmg ? " e, ) | true |
“char in string ("e", e, ac)) 1z string dec (x [1 : e - 1]) x
) L 10.0 + string int (z Le + 1 11, 10) | L string dee (x))) ;
e) proec L string dec = stmgg x) Lreal : (int w =1 x; L real r := L 0;
int p; (char in string (".", p m) |
[I:w=-2lchars=x[2: 1+ lp+1:1;
or i tow =~ 2dor = L10><r+;7{_(mtd char dig (s [£1);
d<10|d)); (x[1T="" | n l:x[l]—""l-r) x
L.+ w=-p)]|L stmng dee (x + "."))) ;
f) proc % char dzg = (char x) int : (int i;
char in string (x, i, "0123456789abedef") | © - 1 | ‘undefined; 0)) ;

8) proc % outside = (file file) bool :
line ended (file) V page ended (ftZe) v file ended (file) ;




10.5.3. Formatted transput
{For the significance of formats see format-denotations (5.5).}

a) proec format = (file file, tamrof tamrof) :
(forp of file := 1; format gff file :=
collection list pack ("(" + F1 of tamrof + ")", loc int := 1)) ;
b) proc % collection list pack = (string s, ref int p) string :
gtring t := collection (s, pl;

while & [pl ="" do t +:= "," + collection (s, p); p +:= 1; t) ;
¢) proe % collection = (. strzlzg 8, yﬁf int p) string :
(int n, q; etri = (p +:= 1; insertion (s, p));
q :=p; repiwator (s, p, nl;
(s [p] = (" | stpi = collection list pack (e, pl;

tondo f+i=t [ p i=q; f +i= pleture (s, p, loc [1 : 14] int));

f—+ insertion (e, p)) ;
d) proc % insertion = (string s, ref int p) strigg :
(int q = p; skip insertion (s, pl; € g :p-11;
e) proc % skip insertion = (stru_zg 8, ref int p) :
while (p > [ & | false 1: ekip align (s, p) I true | skip 1it (s, p))

skip ;
f) proc % ekip ahgn = (string s, ref int p) bool :
(int q = s z'eplwator 8, ps Loc mt),
“(char in string (s [pl, loc int, Txyplk") |

p+:=1; true | p = q; false))
g) proc % replicator = (stmng 8, gqf int p, n)
(stmng_ t; whtZe char in string (s Lpl, loc int, "0123456789") do

(t +:= 8 [pJ; =1); n = (t=""]1 lstmng tnt("+" + ¢, 10))) . ;

h) proc % sktp Uit = (smm 8, ref int p) bool :
(int q = p; replicator (s, p, Zoc oc int);
(s [p] = tnun l Whtze (S [p + ] = nunnn l ) [p +: ] = fonn ‘
true) do skips “true | p = q; falsel)) ;
1) proc % picture = (string format, ref int p, ref [] int frame) string :
eg'm int n; int po = p; bool a;
op ? = (string 8) bool :
(skip insertion (fomat, pl; p > I format | mg_e_ |
int q = p; replicator (format, p, n); a :=q = p;
(format [pl = "e" | p +:= 1); ‘
{char in string ( for'mat [pl, loe int, s) |
p +:= 1; true | p := q; false)) ;
op ? = (char c) bool : ‘7 (string : ¢) ;
rog intreal pattern = (ref [1 : 71 int frame) bool :
{(num mould (frame [2 : 41) | frame (11 := 1; 1);
(2 ". " {: num mould (frame [3 : §1) | frame [1]
(2 "e" |+ num mould (frame [5 : 71) | frame [1] :
falee. 1: true);
proc num mould = (ref [1 : 31 int frame) bool :
((? "o" | frame [1] := n) (7 Ta" | frame (3] +:= n);
(2 "+ | frame [2] : l ? " " | frame [2] = 2);
while ? "dz" do frame [3] +:= n; :
format [pl = T," v format [pl = "" v format [pl = ")") ;
proe string mould = (ref {1 int frame) bool : (7 "t" | true |
while ? "a" do frame [4] +:= n; format [pl = "," v
format [pl = ")");
for i to 14 do frame [Z] := 0; frame [2] := 10;
(intreal pattem (frame [1 2 71) | (2 |
frame [1] +:= 2; intreal pattern (frame [8 : 141)); end);

2:-1);
3; 1);
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(string mould (frame) | frame [1]
end); (? "b" | frame [1]

i= (frame [4] =1 na ] 9] 6);
=8 |: 2 Yo" | frame [1] := 7 |
frame [1] := 0; end);

(format [pl = "(" | while ? "(," do skip lit (format, p); p +:= 1);
end: skip insertion (format, p); format [po : p = 1]

end ;

{In connection with 10.5.3.i see Table III.}

10.5.3.1. Formatted output

a) proc outf = (file file, tamrof tamrof, L1 outtype x) :
format (file, tamrof); out (file, x)) ;

b)

roc out = (file file, [1 :] outtype x) :

egin sﬁiing format = format of file; ref int p = forp of file;

to [ = do

(7 :1 simplout y = straightout z [k1; int q,
L1 : 147 int frame;

1= 0;

vep: § +i= 1;
step: while (do insertion (file, format, p); p > [ format | false |
format [pl = ",") dop +:=1; (7 >T y | end);
(p > [ format | (— format end of file | p := 1); step);
q := p; picture (format, q, framel;
(frame [11] | int, real, real, compl, compl, string, intch,
bool, char);
tnt: ($(L int Z; (£ :1:=y L[4] |
edit L int (file, i, format, p, frame); rep))t); incomp;
real: (¥(L real xz; (x ::=y [j] |
edit L real (file, x, format, p, frame); rep))});
(¥(L int 25 (€ ::=y [4] |
edit L real (file, ©, format, p, frame); vepl))}); incomp;
compl: ($(L compl z; (2 ::=y [41 |
edit L compl (file, z, format, p, frame); rep))});
($(L real x; (x ::=y [F] |
edit L compl (file, x, format, p, frame); vep))});
(¥(L int 25 (2 ::=y L1 |
edit L compl (file, €, format, p, frame); rep)l}); incomp;
string: (L1 flex : 0 flex] char 8; (8 ::=y [J1 |: frame [4] =0 |
put (file, &) | edit string (file, & L@ 11, format, p;- frame);
repl);
char: (char ce; (¢ ::=y [J1 |
edit string (file, e, format, p, frame); rep)); incomp;
inteh: (int <; (L ::=y [41 |
edit choice (file, i, format, p); rep)); incomp;
bool: (bool b; (b ::=y [j1 | gdit bool (file, b, format, pl; repl);
tneomp: (value error of file | rep | put (file, y [J1); undefined);
end: skip) :
end ;
e) proc % edit L int = (file f, L int i, string format, ref int p,
L1 int fr) :
(string 8 = L int string (i, fr [41 + 1, fr [21);

g = " | (—value error gff | put (f, 2); undefined) |
edit string (f, 8, format, p, fr))) ;
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d) proc % edit L)real = (file F, L'real x, string format, ref int p,
L1 int fr) :
(string s = stringed L real (x, fr); int t := - I3
—char in string ("y", t, 8) | char in string ("e", t, 8));
(t =T s | (—value error of f | put (f,2); undefined) |
edit string (fs s, format, p, frl))) ;
e) proc % stringed L real = (L real x, [] int fr) string :
(fr [11 = 2 | L dec string (xz, fr [4] + fr [5] + 2, fr [51) |
» L real string (x, fr [4]1 + fr [5]1 + fr [7] + 4, fr (5], fr [71)) ;
f) proc % edit L compl = (file f, L compl =z, string format, ref int p,
L1 int fr) : :
edit string (f, (L1 : 14] int g := fr; g [1] -:= 2; stringed L real
(re 2, g [1 : 71) + "." + stringed L real (im z, g [8 : 141)),
format, p, fr) ;
g) proc % edit string = (file f, string z, format, ref int p, [1 int frJ) :
egin int pl := 1, n; bool supps string s := x3
op ? = (ghar s) Dool :
(do ingertion (f, format, p); p > | format |
false | int q = p; replicator (format, p, nl;
. (supp := format [pl = "s" | p +:= 1);
(char in string (format [pl, loc int, s) | p +:= 1; true |
p = q; false));
proc copy = : ((—supp | put string (f, s [pl1l)); pl +:= 1);
proc intreal mould = : (? "»"; sign mould (fr [31); int mould;
(2 "." | copy; int mould |: & [p1]l = "." | pl +:=1);
(? "e" | copy; sign mould (fr [61); int mould));
proc sign mould = (int sign) : (sign = 0 |
(s [p11 = "=" |: = value error of file | undefined) |
s [p11 := (s [p1] = "+" | (sign | "+, " nm) | ttt)
(? "z" | eign supp zero (s, pl, pl +n) | n := 0);
ton + 1do copy; p +:= 1);
proc int mould = : (Ll: (? "z" | bool as := true; to n do
(s [p11 = "0" A 28 | put string (file, "."); pl +:= 1 |
as := false; copyls; l); (? "d" | to n do copy; 1));
proc string mould = : while ? "a" do to n do copy;
(fr 11 =6 v fr [1]1 = 9 | string mould |: intreal mould;
fr U111 > 3 | p +:= 1; copy; intreal mould)

end ;
h) proc % edit choice = (file f, int c, string format, ref int p) :
(¢ > 0 | do insertion (f, format, p); p +:= 2; toe -1 do
(skip 1it (format, p); format [pl = "," | p +:= 1 | undefined);
do it (f, format, pl;
while format [pl £ ")" do (p +:= 1; skip Uit (format, p)); p +:=1 |
undefined) ; :
i) proc % edit bool = (file f, bool b, string format, ref int p) :
(do insertion (f, format, pl; (format Lp + 11 = "(" | p +:= 2;
(b | do 1it (f, format, p); p +:= 1; skip lit (format, p) |
skip lit (format, pl; p +:= 1; do lit (f, format, p)) |
put string (f, (b | "1" | "0"))); p +:= 1) ;
J) proc % do insertion = (file f, string s, ref int p) :
while (p > [ e | false |: do align (f, &, p) | true |
do Uit (f, s, p)) do skip ;
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k) c % do align = (file f, string s, ref int p) bool :
?mt q=7p; 'mt n; replicator (s, p, n);

Ts [pl = "x" | ton do space (f); L |:
s [pl = "y" | to n do backspace (f'), 11:
s [pl = "p" | To n do new page (f); 1 |:
slpl="l"|%ton do new line (f); 1 |:
s [pl = "k" | char __fblee of f :=n; 1); p :=q; false.

1: p +:= 1; true) ;
1) proc % do lit = (lee f> string s, ref int p) bool :
(int q = p; int n; r-eg,plwator (;, Ds n) (s Tpl = " |
“while (s [p = 1] = MM | g [p 1= 1] = MUUU | tpye) do
put string (f, g [pl); true | p := q; falsel)) ;

10.5.3.2. Formatted input

a) proc inf = (file file, tamrof tamrof, L[] intype x) :
format (file, tamrofl}; in (file, z)) ;
b) proc in = (t}ble file, [1 :] intype =) :
begin string format = format of file; ref int p = forp of file;

fT to [ « do
(T7 :1 r ref simplout y = straightin x [k]1; int q, § := 0;
L1 : 147 int frame;

rep: g +:i= 1;
step: wh'LZe (exp insertion (file, format, pl; p > [ format | false |
format [pl = ",") dop +:=1; (§ > T y | end);

(p > [ format | (— format end of file | p := 1); step);
1= p; pwture (format, q, frame);
(frame L11 | int, real, real, compl, compl, string, intch,
bool, char);
int: (#(z'e L int 25 (i1 ::=y [4] |
2t L int (file, ii, format, p, frame); rep))t); incomp;
real: (t{g_e‘fL real xx; (xx ::=y [J1 |
indit L real (file, xx, format, ps frame); rep))t); incomp;
compl: {'k(re L compl za; (zz ::=y [ |
it L compl (file, 3z, format, p, frame); rep))t); incomp;
string: (re string s8; string t; (ss ::=y [ |
" (frame (4] = 0 | get (file, ss) |
indit string (file, t, format, p, frame); ssl@ 11:= t); rep));
char: (rvef char ce; string t; (ce ::=y [j1 |
tndit string (file, t, format, p, framel;
(ref char : ce) :=t [11; rep) | incomp);
inteh: (g% int ii; (it ::= y B4 1
it choice (f"LZe, it, format, pl); repl); incomp;
bool: (ref bool; (bb ::=y [J1 |
it bool (file, bb, format, p); repl);
incomp: (value error of file | rep | undefined);
end: gkip)
end ;
c) proec % "% indit L int = (file f, ref L int ©, string format, ref int p,
[] 'Lnt fr) : (stm:_'zg t; indit string (f, t, format, p, frl;
i := L etring int (t, fr [21)) ;
d) proc % 'mdw L real = (file f, ref L real x, string format, ref int p,
L] int fr) : (string t; indit string (f, t, format, p, fr);
x := L string real (t)) ;
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e) proe % indit L compl = (file f, ref L compl z, string format, ref int p,
[1 int fr) : (string t; int ©; indit string (f, t, format, p, frl;
g := (char in string ("1, , t) |
(L string real (¢t [1 : £ = 1]) L L string real (¢t (i +1 :1)))) ;
) grocé ?ndi; jtm'ng = (file f, ref string t, string format, ref int p,
1 wnt fr) :
begin int n; bool supp; char k; string x; priority ! = 8;
op ? = (char s) pool :
(exp insertion (f, format, p); p > [ format | false |
int q = p; replicator (format, p, nl);
(supp := format [pl = "s" | p +:= 1);
(char in string (format [pl, loc int, &) | p +:= 1; true |
p = q; falsel));
op ! = (string s, char c) char :
(char in string (next, loc int, s) | (supp | "" | k) |
char sugg := ¢; ((char error of f) (sugg) | sugg |
undefined; cl);
op ! = (char s, ¢) char : (string : s) ! c;
proc char next = char : (get string (f, k); k);
proc intreal mould = : (? "r"; sign mould (fr [31); int mould;
T2 M0 | o 4= M0 4 U Vs Sut mould)s
(7 M | x +:= Moy ! "y'; sign mould (fr [61); intmould));
proc sign mould = (int sign) : (sign = 0 | x +:= "+" |
l’ﬂij 1= 0; (—1? llz" I n o 0),.

for © to n + 1 while next = "." do § := ;3
£ F:= (k="-”Vk=”+"/\3£gn=1 | & |

(k 4: "+" I j - 1,. backspace (f))’. nn ! Il+"),.
for © from j + 1 ton + 1 do x +:= "0123456789" 1 "0");
proc int mould = : (L: (? "3" | int j;
for © to n while next = "." do j§ := i; backspace (f);
from j to n do & +:= "0123456789" ! "0"; 1);
(7 74" T to n do x +:= "0123456789" ! "0";1));
proc string mould = : . : 1
while 7 "a" do to n do & +:= (supp | "." | next);
(fr (1] =6 Vv fr [1]1 = 9 | string mould |: intreal mould;
fr [11 > 3 | " 1 "M ntreal mould); t :=x
end ; ]
g) proc % indit choice = (file f, ref int c, string format, ref int p) :
(exp insertion (f, format, p); p +:= 2; ¢ = I
while ask lit (f, format, p) do
(¢ +:= 1; format [pl = "," Tp +:= 1 | undefined);

while format [pl ¥ ")" do (p +:= 1; skip Uit (format, pl);

p +:i= 1; exp insertion (f, format, p)) ;

h) proc % indit bool = (file f, ref bool b, string format, ref int p) :

(exp insertion (f, format, pl; (format [p + 11 = "(" | p +:= 2;

(b := ask 1it (f, format, p) | p +:= 1; skip lit (format, p) |:
p +:= 1; ask lit (f, format, p) | undefined) | char k;
get string (fy kJ; b := (k= "1" | true |: k = "_0_" | false));
p +:= 1; exp insertion (f, format, p)) ;
i) proc % exp insertion = (file f, string s, ref int p) :

while (p > [ & | false |: do align (f, 8, p) | true |
exp it (f, 8, p)) do skip ;

j) proc % exp lit = (file f, string s, ref int p) bool :

(int q = p; int n; replicator (s, p, n); (8 [pl = """" | int r = p;
tondo (p i=r; while (s [p +:= 11 = """ | g [p +:= 1] = " |
true) do (char k; get string (f, k); k % 8 [p] | undefined)); true |
p = q; false)) ;
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k) proc % ask it = (file f, string s, ref int p) bool :
{int e = char o m‘ﬁ bfile of f; int n; replicator (s, p, nl;

(s [p] = " lmtr-p,tondo(p:-—r
whzZe (e [p +: ] = mmn—r s t_ +3 = nunn | true) d_o
k; get stmng (fs k); k ¥ 8 [p] | 1)); true.

L: wh'ble Te (s [p +:= 11 = """ | g [p +:= 1] = """ | true) do skip;

char of bfile _ﬁf e; false)) ;

10.5.4. Binary transput

a) proc % to bin = (file f, simplout x) [1 int :
¢ 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, x, to bin (f, x)) e ;
b) proc % from bin = (file f, simplout v, L[] int y) simplout :
¢ a value, if one exists, of the mode of “the actual-parameter corre-
sponding to v, such that y = to bin (f, from bin (f, v, y)) ¢ ;

{On some channels a more straightforward way of transput is available.
Some properties of this binary transput depend on the particular implementa~
tion, others can be deduced from 10.5.k4.}

10.5.4.1. Binary output

a) proc write bin = (L] outtype x) : put bin (stand back, x) ;
o) proc put bin = (file file, L1 :1 outtyge x) :
if bin possible Lchan of filel A opened of file A
put possible [chan of filel
then  if —set possible Lehan of filel thef state def of file
then (state get of file vV — state bin of file | undefined)
eZse state def of file := state bin of file := true;
state get of file := false
s
_fo‘_gf— to [ ©do ([1 :] simplout y = str'cnghtout x [k1;
Jor 7 to [ y do ([1 :7 int bin = to bin (file, y [j1);
ref bf_’ ile b = bfile of file;
re t p = page of b, 1 = line of b, ¢ = char of b;
for 1, to [ bin do (next ch (file); check ple (file);
(book o, _fb)[p, 1, ¢} :=bin [2]; e +:= I;
(p = lpage of b A 1 = lline of b |
(¢ > lehar of b | lechar of e) |
lpage of b :=p; lline of b := 1; lchar of b :=cl)))
else undefined
T

L,

o e
non

10.5.4.2. Binary input

a) proec read bin = (L] intype x) : get bin (stand back, x) ;
b) proc get bin = (file file, [1 :] intype x) :
if bin possible [chan of filel A opened of file A
get possible [chan of filel
then if — set poesible [chan of filel thef state def of file
then (—state get of file v — state bin of file | undefined)




10.5.4.2. continued

else state def of file := state bin of file :=
state get of file := true

for k to I ® do (L1 :1 simplout y = straightin x [k1;

for j ol y ég (L1 : 0 flex] int bin := to pin (file, y [51);
ile b = bftle of File;
0 r in do (next ple (file); check ple (file);
bin 7] (book of b) tpage of b, line of b, char of bl;

char of b +:=1);
(t(ref L int ii; (i1 ::=y [j] |

(ref L L int : i2) ::= from bin (file, i<, bzn)))*),
(¥(ref T real xx; (xx ::=y [4] |

(ref L real : xzx) ::= from bin (file, xx, bin)))t);
(¥(ref T compl zz; (2z ::=y [§1 |

(ref L compl : zz) ::= from bin (file, 2z, bin)))});
(ref string ss; (ss ::=y [41 |

(ref string : ss) ::= from bin (file, ss, bin)));

(ref char ce; (ce ::=y [4] |

(ygf_' char : ec) ::= from bin (file, cc, bin)));
(ref bool bb; (bb ::=y [41 |

(ref bool : bb) ::= from bin (file, bb, bin)))))

else undefine
Tt
{But Eeyone wasn't Listening. He was
taking the balloon out, and putting it

back again, as happy as cou,(’.d be. ...
Winnie-the-Pooh, A.A. Mitne.}

10.6. Standard postlude

a) lock (stand in); lock (stand out); lock (stand back)




11. Examples

11.1. Complex square root

A declaration in which compsqrt is a procedure-with-[complex]-
parameter-[ complex]-mode~identifier (here [complex] stands for structured-
with-real-field-letter-r-letter-e-and-real-field-letter-i-letter-m. ):

a) proe compsqrt = (compl z) ¢ the square root whose real part is
nonnegative of the complex number z ¢ compl :

b) begin real x = re 3, Yy = im z;

c) real rp = sqrt ((abs x + eqrt (x + 2 +y + 2)) / 2);

d) realip=(rp=010 1y / (2 xrp));

e) (20 | rpLip |absipl (y=20|rp| - rp))

£) end

Lcomplex]-calls {8.6.2} using compsqrt:

g) compsqrt (w)
h) compeqrt (- 3.14)
i) compeqrt (- 1)

11.2. Innerproduct 1

A declaration in which ¢nmerproduct 1 is a procedure-with-integral-
parameter—-and-procedure~with-integral-parameter-real-parameter-and-
procedure~with-integral~paraméter-real-parameter-real-mode~identifier:

a) proc innerproduct 1 = (int n, proc (int) real x, y) real :
comment the innerproduct of two vectors, each with n components,
z (i), y (), £ =1, ... , n, where = and Yy are arbitrary mappings
from integer to real number comment

b) begin long real s := long 0;

c) for < tondo & plus Teng x (1) x leng y (i);

d) short s
e) end

Real-calls {8.6.2} using innerproduct 1:

f) <nnerproduct 1 (m, (int §) real : x1 [51, (int §) real : y1 [51)
g) <inmnerproduct 1 (n, nsin, ncoe)

11.3. Innerproduct 2

A declaration in which inmnerproduct 2 is a procedure-with-reference-to-
row-of—real—parameter-and—reference—to—row—of—real—paraneter—real—nwde-
identifier:

a) proc innerproduct 2 = (ref [1:1 real a; ref [1: T al real b) real :
¢ the inmerproduct of two vectors a and b with equal number of
~ elements ¢

b) begin long real s := long 0;

c) foritol ados +i= leng a [1] x leng b [{];

d) short s

e) end




11.3. continued

Real-calls using Zmnerproduct 2:
f) imnerproduct 2 (x1, yl)
g) immerproduct 2 (y2 (21, y2 [, 31)
11.4. Innerproduct 3
A declaration in which <mmerproduct 3 is a procedure-with-reference-to-

integral-parameter-and-integral-parameter-and-procedure-real-parameter-and-
procedure~real~parameter-real-mode~identifier:

a) proc innerproduct 3 = (ref int i, int n, proc real xi, yi) real :
¢ the immerproduct of two vectors whose n elements are the values of

the egpressions xi and yi and which depend, in general, on the value
of i

b) begin long real s := long 0

c) for k tondo (2 :=k; 8 +:= leng xi x leng yi);

d) short s

e) end

A real-call using innerproduct 3:

f) <imnerproduct 3 (j, 8, x1 [G1, y1 [4 + 11)

11.5. Largest element

A declaration in which abesmax is a procedure-with-reference-to-row-of-
J:"ow—of‘—real—parameter—and—reference—to—real—parameter—and—reference-to—
integral~parameter-and~reference-to-integral-parameter-void-mode~identifier:

a) proc abemax = (ref [1:, 1:] real a, ¢ result ¢ ref real y,
b) ¢ subscripts ¢ ref int i, kJ ¢
¢ the absolute value of the element of greatest absolute value of the
matrixz a i8 assigned to y, and the subscripts of this element to i

y =~ 1
t

to 1 upb a do for q to 2 upb a do
e) %@a[p, ql >y theny :=abs a L(7 :=p), (k :=q)] fi

Void-calls using absmax:

g) abemax (x2, x, £, J)
h) abemax (x2, x, loc int, loc int)



1

a)

.6. Euler summation

roc euler = (proc (int) real f, real eps, int tim) real :
¢ the sum for 1 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 transforma-
tion is particularly efficient in the case of a slowly convergent or
divergent alternating series ¢ h
begin int n := 1, t; real mn, ds := eps; [1 : 161 real m;
real sum := (m (1] := f (1)) [/ 2;
or i from 2 while (t := (abs ds <eps | t +1 | 1)) < tim do
begin mn := f (1);
for k to n do begin mn := ((ds :=mn) + m [kl) / 2;
m [k] := ds end;
sum plus (ds := (abs mn < gbs m [n] A n < 16 |

end;
sum
end

A call using euler:

euler ((int ©) real : (odd 2 | =1/ 2 | 1/ 2), 119=6, 2)

.T. The norm of a vector

roe norm = (ref [1:] real a) real :
the euclidean norm of the vector a ¢
(long real s := long 0;
for k to upb a do s plus leng a Lkl t+ 2;
ghort long sqrt (s))

For a use of norm as a call, see 11.8.e.

.8. Determinant of & matrix

proc det = (ref [1 :, 1 :1 real a; ref [1 : upb al int p) real :

if upb a = 2 upb a

then int n = upb a; '
% the determinant of the square matrix a of order n by the method of
Crout with row interchanges: a is replaced by its triangular decom-
position 1 x u with all u [k, k1 = 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 [i, k1 / row norm is maximal. ¢

{1 : nl real v; real d := 1, r := - 1, 8, pivot;
for < to n do v [2] := norm (a [£1);
for k to n do :
begin int k1 = k = 1; ref int pk = p Lki;
ref L, real al =a [, 1 : k1], au =a [1 : k1];
ref [ real ak = a [kl, ka =a [, kl,
alk = al [k, kau = au [, kl1;




11.8. continued

k) for © from k to n do

1) begin ref real aik = ka [Z1;

m) if (8 = abe (aik =:= imnerproduct 2 (al ({1, kaw)) [/ v [Z)) > r
n) then r := 8; pk 1= 17 fi

o) end;

r) v [pkl := v [k1; pivot := ka [pkl; ref [1 real apk = a [pkl;
a) for i ton do

r) begin ref real akj = ak [jl, apkj = apk [j];

s) r i=akj; akj := if § < k then apkj

t) else (apkj = inmerproduct 2 (alk, au [, j1)) /| pivot fi;
u) if pk % k then apkj := - r fi

v) end;

W) d x:= pivot

x) end;

¥)

z) il

A call using det:

aa) det (y2, ©1)

11.9. Greatest common divisor
a) proc ged = (int a, b) int :
the greatest common divisor of two integers ¢
D) (b =0 1| abe a | ged (b, a #: b))
A call using ged:

e) ged (n, 124)

11.10. Continued fraction

a) op /= (L1 :] real a; [1 : upb al real b) real :
comment the value of a [ b is that of the continued fraction
a, / ?bz + a, / (b2 +..a, / bn) eee ) comment

b) (upba=0101|alll / (b L1l +al2 :1/DIL2:]))
A formula using /:
e) x1 / y1
{The use of recursion masy often be elegant rather than efficient as in

the recursive procedure 11.9 and the recursive operation 11.10, See, how=
ever, 11.11 and 11.14 for examples 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 const = (real value);
c) ‘struct var = (string name, real value);
d) struct triple = (form left operand, int operator, form right operand);
e) struct function = (ref var bound var, form body);
£) struct call = (ref function funetion name, form parameter);
g) int plus = 1, minus = 2, times = 3, by = 4, to = &5;
h) Zz—gg’const zero, one; value of zero := 0; value of one = 1;
i) op = = (form a, ref const b)
bool : (ref const ec; (ec ::=a | ec :=: b | false));
J) op + = (form a, b)
form : (a = zero | b |: b = zero | a | triple := (a, plus, b));

k) op - = (form a, b) form : (b = zero | a | triple := (a, minus, b));
1) op x = (form a, b) form : (a = zero V b = zeroc | zero |: a = one | b
I: b=one | al triple := (a, times, b));
m) op / = (form a, b) form : (a = zero A — (b = zero) | zero
|: b =one | al triple := (a, by, bl));
n) op t = =: zero) | one

(form a, ref const b) form : (a = one v (b :

l: b :=: one | a | triple := (a, to, b));
o) proc derivative of = (form e, ¢ with respect To ¢ ref var x) form :
p) begin ref const ec; ref var ev; rvef triple et; ref call ef;

q) case ev, et, ef :i= e in
r) ¢ ev ¢ (ev :=: x | one | zerol,
s) ¢ et ¢ begin form u = left operand of et, v = right operand of et;
t) form udash = derivative of (u, ¢ with respect to ¢ z),
u) vdash .= derivative of (v, ¢ with respeet to ¢ x);
v) case operator of et in
W) udash + vdash, udash - vdash,
x) u x vdash + udash x v, (udash - et x vdash) [ v,
y) (ec i:= v | v xu +
(heap const ¢; value of e = value of ec = 1;e) x udash)
esace
) end ,
z ¢ ef ¢ begin vef funetion f. .=.fumetion name of ef;
aa) d form?'é parmnete']; c_)_ﬁfef,' ef ef
ab) ref var y = bound var of f;
ac) heap function fdash := (y, derivative of (body of f» yl);
ad) (eall := (fdash, g)) x derivative of (g, x)

end
ae) out ¢ ec ¢ zero
esac ¢ ev, et, ef, ec ¢
end ¢ derivative ¢ ;
af) proc value of = (form e) real :
ag) begin ref const ec; ref var ev; ref triple et; ref call ef;

ah) case ec, ev, et, ef ::i= g in

ai) ¢ ec ¢ value of ec, '

aj) ¢ ev ¢ value of ev,

ak) ¢ et ¢ begin real u = value of (left operand of et),

al) v = value of (right operand of et);

am) case operator of et in

an) u+tv, u=-v, uxv,u/ v, exp (v x1in (u) esac

end ,



11.11. continued

ao) ¢ ef ¢ begin ref function f = function name of ef;

ap) value of bound var of f := value of (parameter of ef);
aq) value of (body of f)
end

esac ¢ ec, ev, et, ef ¢
end ¢ value of ¢;
ar) heap form f, g; heap var a := ("a", ~), b := ("b", ~), z = (", A);
as) start here: read ((value of a, value of b, value of ©));
at) fi=a+ax / (b+x); g :=(f +one) ] (f - one);
au) print ((value of a, value of b, value of x,
value of (derivative of (g, ¢ with respect to ¢ z))))
end ¢ example of formula manipulation ¢

11.12. Information retrieval
a) begin mode ra = ref auth, rb = ref book,

struct auth = (string name, ra next, rb book),
book = (string title, rb next);

b) ra auth, first auth := nil, last auth; rb book;

c) string name, title; int t; file input, output;

a) open (input,, remote in); open (output,, remote out);

e) outf (output, $p

£) "to.enter.a.new.author, .type.""author"", .a.space, .and.his.
name . "1

g) "to.enter.a.new.book, .type.""book"", .a.space, .the .name.of .
the.author, .a.new.line; .and.the . title. "l

h) "for.a.listing.of .the .books.by.an.author, .type, ""list"", .
a.space, .and.his.name. "l

i) "to.find.the_ author.of.a.book, .type.""find"", .a.new.line, ,
and.the.title. "l '

,J) "to_._end,_._type_:_”"end""”aw, non );

k) proc update =

1) : ¢f (rag : first auth) :=: nil

m) then auth := first auth := last auth := auth := (name, °, ©)

n) elee auth := first auth; while (ra : auth) :%: nil do

o) (name = name of auth | known | auth := next of auth);

P) last auth := next of last auth := auth := auth :=

q) (name, ©, ©); known: gkip

fi ¢ end declaration prelude sequence ¢ ;
r) client: inf (input, $c("author","book","list", "find", "end",""), x30al,
80alg, );
s) case © in author, publ, list, find, end, error esac;
t) author: in (input, name); update; client;
u) publ: in (input, (name, title)); update;

v) if (rb : book of auth) :=: nil

w) then book of auth := book := (title, o)

x) else book := book of auth; while (rb : next of book) :%: nil do
y) ~ (title = title of book | client | book := next of book);
z) (title % title of book | next of book := book := (title,o))

" aa) Ii; client;



11.12. continued

ab) 1ist: in (input, name); update;

ac) outf (output, $p"author:."30all$, name);
ad) 1if (rb : book of auth) :=: nil
ae) then put (output, "no.publications")
af) else while (rb : book) :%: nil do
ag) begin tf line number (output) = max line [remote outl
ah) then outf (output, $41k"continued.on.next.page'p
"author: ."30a41k"continued"l1$, name)
ai) fis outf (output, $80alé, title of book);
aj) book := next of book
end
ak) fi; client;
al) “find: in (input, (loc string, title)); auth := first auth;
am) while (ra : auth) :¥: nil do
an) begin book := book of auth;
a0) while (rb : book) :#: nil do
ap) if title = title of book
aq) then outf (output, $L"author:."30a$, name of auth);
client
ar) ¢lse book := next of book
as) fi; auth := next of auth
at) - end;
au) outf (output, $l"unknownl$,); client;
av) end: put (output, (new page, "signed.off", close));
aw) close (input).
ax) error: put (output, (new line, "mistake,.try.again."));
ay) new line (imput); client
end

11.13. Cooperating sequential processes

a) begin int nmb magazine slots, mmb producers, nmb consumers;

D) read ({(nmb magazine slots, nmb producers, nmb consumers));

c) [1 : nmb producers] file infile, [1 : nmb consumersl file outfile;

a) fgg;r © to nmb producers do open (infile [11,, inchannel [£1);

inchannel and outchannel are defined in a surrounding range ¢

for i to vmb consumers do open (outfile [i1,, outchannel [£1);

mode page = L1 : 60, 1 : 1321 char;

[1 : nwmb magazine slots] ref page magazine;

int ¢ pointers of a cyclic magazine ¢ index := 1, exdex := 1;

sema full slots = [/ 0, free slots = [ nmb magazine slots,
in buffer busy = / 1, out buffer busy = / 1;

proc par call = (proc (int) p, int n) ¢ calls n incarnations of p in
parallel ¢ : (n > 0 | par (p (n), par call (p, n = 1)));

m) proc producer = (int i) : do (heap page page; get (infile (1], pagel;

oG e R M
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n) ¥ free slots; ¥ in buffer busy;

o) magazine [index] := page; index %::= nmb magazine slots +:= 1;
p) + full slots; + in buffer busy);

a) proc consumer = (int t) : do (page page;

r) ¥ full slots; + out buffer busy;

s) page := magazine lexdex]; exdex ::= mmb magazine slots +:= 1;
t) + free slots; t out buffer busy; put (outfile [£]1, page));

u) par (par call (producer, nmb producers),
par call {(consumer, nmb consumers))
end



11.14. Towers of Hanoi

a) begin proc p = (int me, de, ma) :

b) (ma >0 | p (me, 6 ~me - de, ma = 1);
c) out (stand out, (me, de, ma));
¢ move from peg 'me' to peg 'de' piece 'ma' ¢
a) p (6 ~me - de, de, ma - 1));
e) for k to 8 do (outf (stand out, $1"k.=."dl,
n({24k+15):16)(2(2(4(3(d)x)x)x)1)$, k);
f) p (1, 2, kJ)

end



12. Glossary

12.1. Technical terms

Given below are the locations of the first, and sometimes other, in-~
structive appearances of a number of words which, in Chapters 1 up to 10 of
this Report, have a specific technical meaning. A word appearing in differ-—
ent grammatical forms (e.g., "assign", "assigned", "assignment") is given
once, usually as infinitive (e.g., "assign").

action 2.2, 2.2.5 edit 5.5.1.11

ALGOL 68 program k4.k elaborate collaterally 6.2.2.a
apostrophe 1.1.6.c elaboration 1.1.6.h, 6.0.2.a
applied occurrence 4.1.2.a element 2.2.2.k

appoint 6.0.2.a end of file 10.5.1.cc

a priori wvalue 5.1.0.2.b English language 1.1.1.D
arithmetic value 2.2.3.1.a envelop 1.1.6.]

assign 2.2.2.1, 8.3.1.2.c enviromment enquiry 10.1
asterisk 1.1.2.a equivalent to 2.2.2.h
automaton 1.1.1.a establish a file 10.5.1.gg
backfile 10.5.1.aa,cc expect 5.5.1.gg

balance 6, 6.4.1 extended language 1.1.1.a
blind alley 1.1.2.4 extension 1.1.7

bold~face shift 3.1.2.b external object 2.2.1

cage clause 9.h4.c,d false 2.2.3.1.e

channel 10.5.1.aa,bb field 2.2.2.k

character 2.2.3.1.8,f file 5.5.1.aa, 10.5.1, 10.5.1.ee
close a file 10.5.1.ii firmly coerced from 4.4.3.a
collateral 2.2.5.a, 6.2.2.8 firm position 8.2

colon 1.1.2.a follow 1.1.6.a

comma 1.1.2.a formal language 1.1.1.Db
compatible 5.5.1.dd,nn format 2.2.3, 2.2.3.4, 5.5
compile 2.3.c halt 6.0.2.a

component of 2.2.2.h hardware language 1.1.8.b
composite 3.1.2.4 heap 8.5.1

complete 6.0.2.a hipping 8.2, 8.2.7

computer 1.1.1.a hold 2.2

conformity case clause 9.4k.g home 4.1.2.1

constant 5 human being 1.1.1.a
constituent 1.1.6.f hypernotion 1.3

contain 1.1.6.b hyphen 1.1.6.c.iv

conversion key 5.5.1.ff identification string 10.5.1%1.cec
copy 2.2.4.1.a identify 2.2.2.b,c

create a file 10.5.1.gg implementation 2.3.c

defining occurrence 2.2.2.c, 4.1.2.8 index 2.2.3.3.a

denote 1.1.6.c indication=applied occurrence 4.2.2.a
deproceduring 8.2, 8.2.2 indication-defining occurrence
dereferencing 8.2, 8.2.1 indit 5.5.1.mm /2.2.2.¢c, 4.2.2.a
descendent 1.1.6.e,f initiate 2.2.2.g, 6.0.2.a
describe 2.2.3.3.b input 5.5.1.a&, 10.5
descriptor 2.2.3.3.a inseparable 2.2.5.a

develop T.1.2.c instance 2.2.1

direct constituent 1.1.6.e,f integer 2.2.3.1.a,b,c,d

direct descendent 1.1.6.e integral equivalent 2.2.3.1.f
direct production 1.1.2.c internal object 2.2.1

divided by 2.2.3.1.c interrupt 6.0.2.a



12.1. continued

‘in the reach of L4.h.2.c

in the sense of numerical analysis
2.2.3.1.¢c

large syntactie marks 1.1.2.a

layout procedure 10.5.2.1

length number 2.2.3.1.D

light—face shift 3.1.2.b

1list of metanotions 1.1.3.c

list of notions 1.1.2.c

literal 5

lock a file 10.5.1.ii

loosely related 4k.h.3.c

lower bound 2.2.3.3.b

lower state 2.2.3.3.b

meaningful (program) L4.h4

member 1.1.2.d4

metalanguage 1.1.3

metamember 1.1.3.4

metanotion 1.1.3.a

minus 2.2.3.1.c

mode 1.1.6.1i, 2.2.4.1.a

multiple value 2.2.3, 2.2.3.3

name 2.2.2.1, 2.2.3.5

i 2.2.2.1, 2.2.3.5.a

notion 1.1.2.a

object 2.2, 2.2.1

object program 2.3.c

occurrence 1.1.6.4, 2.2.1

offset 2.2.3.3.b

offspring 1.1.6.e

of the same mode as 2.2.2.h

open a file 10.5.1.ff

operator-applied occurrence 4.3.2.a

operator—-defining occurrence 2.2.2.c,

original 1.1.6.c /4.3.2.a

other syntactic marks 1.1.2.a

output 5.5.1.aa, 10.5

overflow 6.0.2.b

paranotion 1.1.6.c

pass on 6

permanent 2.2.2.a

plain value 2.2.3, 2.2.3.1

point 1.1.2.a

portrayal 2.2.4.1.4

position of the file 5.5.1.ff

possess 2.2.2.4

possibly intended (program) 2.3.c

pragmatic remark 1.3

precede 1.1.6.a

preelaboration 1.1.6.1

premode 1.1.6.1

prescope 1.1.6.1

present 5.5.1.fF

prevalue 1.1.6.1

proceduring 8.2, 8.2.3

production 1.1.2.e

x5

production rule 1.1.2
production tree 1.1.6.
productive 1.1.2.4
proper (program) 4.k
protect 6.0.2.4, 7.1.2.b
protonotion 1.1.2.Db

publication language 1.1.8.0
quintuple 2.2.3.3.b

random access 10.5.1.bb

reach 4.4.2.a, 4.h.2.c

read 5.5.1.3]

real number 2.2.3.1.a,b,c,d
refer to 2.2.2.h

related 4.4.3.0

relationship 2.2, 2.2.2
repetitive statement 9.3
representation 1.1.8.a
representation language 1.1.1.a
reset a file 10.5.1.nn

resume 6.0.2.a

routine 2.2.2.f, 2.2.3.4

rowing 8.2, 8.2.6

scope 1.1.6.i, 2.2.3.5.a, 2.2.4.2
scratch a file 10.5.1.hh

select 2.2.3.2, 2.2.3.3.a
semantics 1.1.2.a, 2.3

semicolon 1.1.2.a

sequential access 10.5.1.bb
serial 2.2.5.a

set a file 10.5.1.00

shield 4.h.b.a

show L.4.h4.p

smaller than 2.2.2.h

small syntactic marks 1.1.2.a
soft position 8.2

sort 6

standard declaration 10.a
standard file 10.5.1.3

standard mathematical constant 10.3
standard mathematical function 10.3
standard operation 10.2

standard priority 10.2.0
straightening 5.5.1.4d, 10.5.0.2
strict language 1.1.1.a

stride 2.2.3.3.b

string 5.3.2

strongly coerced from L4.%4.3.a
strong position 8.2

structured value 2.2.3, 2.2.3.2
structured from 2.2.4.1.4
subvalue 2.2.2.k

successor 6.0.2.a

supersede 8.3.1.2.a

suppress 5.5.1.11

symbol 1.1.2.b

synchronization operation 10.k4

-2
e
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syntactic position 8.2
syntax 1.1.2.a

terminal production 1.1.2.f
terminate 6.0.2.a
terminator-string 5.5.1.3J
textual order 1.1.6.a
times 2.2.3.1.c

transput 5.5.1.aa, 10.5
transput declaration 10.5
bwe 2.2.3.1.e

truth value 2.2.3.1.a,e

undefined 1.1.6.k
united from 4.4.3.a
uniting 8.2, 8.2.4
upper bound 2.2.3.3.b
upper state 2.2.3.3.Db
value 1.1.6.1

>
voiding 8.2, 8.2.
weak position 8.2
widening 2.2.3.1.d, 8.2, 8.2.5
write 5.5.1.gg

{Denn eben, wo Begriffe fenlen,
Da stellt ein Wornt zun hechten Zedlt sich edin.

Faust,
12.2. Paranotions

J.W. von Goethe.}

Given below are the indicators of the rules yielding production rules
for the originals of the given paranotions and other protonotions or giving
instructive appearances of, or representations for, the given symbols. Ordi-
nary type font without hyphens is used in order to shorten the text by using

hyphens in & conventional way.

absolute value of symbol 3.1.1.c
action token 3.0.4k.a

actual declarator T.1.l.c,d,e,1,0,p,

- declarer 7.1.1.D /w,ce
- lower bound T.1.1
- parameter T.L4.1.b
= row of rower T.1.1l.r
= upper bound T.1.1.t
adic indication 4.2.1
alignment 5.5.1.1
and symbol 3.1.1.c
assignation 8.3.1.1.a
1.e
e

.t

at symbol 3.1.

balance 6.2.1.

base 8.6.0.1.a,b

basic token 3.0.1.a
begin symbol 3.1.1.e
binal - 3.1.1.c

bits denotation 5.2.1.a
- symbol 3.1.1.d4, 10.2.8.a
boolean choice mould 5.5.4.1
- denotation 5.1.3.1.a

- pattern 5.5.k4.a

booleans to bits symbol 3.1.1.c
boolean - 3.1.1.d

boundseript 8.6.1.1.1

bus symbol 3.1.1.e

by - 3.1.1.h

bytes - 3.1.1.d4, 10.2.9.a

call 8.6.2.1.a

caption 7.5.1.Db

cast 8.3.4.1.a

- of symbol 3.1.1.c

chain 3.0.1.c

character denotation 5.1.k4.1.a

character frame 5.5.5.0

~ pattern 5.5.5.a

characters to bytes symbol 3.1.1.c

character - 3.1.1.4

- token 3.0.9.4

choice clause 6.L4.1.c,d

clause 6.1.1.a, 6.2.1.b,c,d,f,
6.3.1.a, 6.4.1.a, 8.1.1.a

- train 6.1.1.h

closed clause 6.3.1.a

close symbol 3.1.1.e

coercend 8.2.0.1.a

cohesion 8.5.0.1.a

collateral clause 6.2.1.b,c,d,f

- declaration 6.2.1.a

collection 5.5.1.b

comma symbol 3.1.1.Db

comment 3.0.9.D

- item 3.0.9.c

- gymbol 3.1.1.i

completer 6.1.1.1

completion symbol 3.1.1.f

complex frame 5.5.6.c

- pattern 5.5.6.a

- symbol 3.1.1.d,

condition 6.4.1.b

conditional clause 6.k4.1.a

conformity relation 8.3.2.1.a

~ relator 8.3.2.1.b

conforms to and becomes symbol

3.1.1.¢c

10.2.7.a

=~ = gymbol 3.1.1.c
confrontation 8.3.0.1.a

- token 3.0.Lk.d

conjugate of symbol 3.1.1.c
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constant 6.0.1.d fi symbol 3.1.1.e, 9.k

declaration 6.2.1.a, 7.0.1.a flexible - 3.1.1.4

- prelude 6.1.1.b flipflop 3.0.3.e

- token 3.0.5.a flip symbol 3.1.1.b

declarer T.1.1.a floating point mould 5.5.3.d
denotation 5.0.1.a = =~ numeral 5.1.2.1.e

= token 3.0.3.a flop symbol 3.1.1.D

destination 8.3.1.1.b formal declarator T7.1.1.c,d,e,m,n,o,
differs from symbol 3.1.1.c - declarer T.1.1.b /psw,ce

1
d

digit eight 3.0.3. - lower bound T.1.1.v

- =~ gymbol 3.1.1.b - parameter 5.h4.1.e

- five 3.0.3.4 - row of rower T.1.1.r

= = symbol 3.1.1.Db = upper bound T.1.1.v

- four 3.0.3.4 format denotation 5.5.1.a
= = symbol 3.1.1.D = symbol 3.1.1.d4

- frame 5.5.2.e formatter - 3.1.1.0

- nine 3.0.3.4 formula 8.4.1.a

= = gymbol 3.1.1.D for symbol 3.1.1.h

- one 3.0.3.4 fractional part 5.1.2.1.4
= = gymbol 3.1.1.Db frame 5.5.1.r

- seven 3.0.3.d from symbol 3.1.1.h

- = symbol 3.1.1.b generator 8.5.1.1.a

- six 3.0.3.4 global - 8.5.1.1.c

= = symbol 3.1.1.D gomma S.k4k.1.4 !

= three 3.0.3.4 " go on symbol 3.1.1.f

= = symbol 3.1.1.D - to = 3.1.1.f

- token 3.0.3.c heap - 3.1.1.4

- two 3.0.3.4 hip token 3.0.8.a

- - symbol 3.1.1.Db identifier 4.1.1.a

- zero 3.,0.3.4 identity declaration T.4.1.a
- = gymbol 3.1.1.D - relation 8.3.3.1.a
divided by and becomes symbol 3.1.1.c = relator 8.3.3.1.b

- = symbol 3.1.1.c if symbol 3.1.1.e, 9.4

do symbol 3.1.1.h imaginary part of - 3.1.1.¢
dovn -~ 3.1.1.c indexer 8.6.1.1.k

dyadic formula 8.4.1.h indicant 1.1.5.Db

- indicant 1.1.5.b indication 4.2.1.a

- indication L4.2.1.d insert 5.5.1.e

- operator 4.3.1.d insertion 5.5.1.d

dynamic replication 5.5.1.h integral choice pattern 5.5.2.f
either symbol 3.1.1.d = denotation 5.1.1.1.a
else clause 6.4.1.e - mould 5.5.2.4

- if symbol 3.1.1.h - part 5.1.2.1.c

- symbol 3.1.1.e, 9.4 - pattern 5.5.2.s

end symbol 3.1.1.e = gymbol 3.1.1.4

equals -~ 3.1.1.c is at least - 3.1.1.c
exit 2.1.e - - most - 3.1.1.¢c
exponent frame 5.5.3.fF - greater than = 3.1.1.c
- part 5.1.2.1.g - less = = 3.1.1.c
expression 6.0.1.b - not - 3.1.1.c

extra token 3.0.9.a -~ symbol 3.1.1.c

false symbol 3.1.1.b label 6.1.1.k

field declarator T.1.1.g - identifier 4.1.1.p

- selector T7.1.1.1 - symbol 3.1.1.e

file symbol 3.1.1.4, 10.5.1.2 lengthen = 3.1.1.c
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library postlude 2.1.f

3.0.2.b
symbol 3.1.1.a
3.0.2.
symbol 3.1.1.a
3.0.2.b
symbol 3.1.1.a
3.0.2.b
symbol 3.1.1.a
3.0.2.b
symbol 3.1.1.a
3.0.2.b
symbol 3.1.1.a
3.0.2.b
symbol 3.1.1.a
3.0.2.p
symbol 3.1.1.a
3.0.2.b
symbol 3.1.1.a
3.0.2.p
symbol 3.1.1.a
3.0.2.b
symbol 3.1.1.a
3.0.2.b
symbol 3.1.1.a
3.0.2.b
symbol 3.1.1.a
3.0.2.b
symbol 3.1.1.a
3.0.2.b
symbol 3.1.1.a
3.0.2.b
symbol 3.1.1.a
3.0.2.b
symbol 3.1.1.a
3.0.2.b
symbol 3.1.1.a
3.0.2.p

oken 3.0.2.a

symbol 3.1.1.a
3.0.2.b
symbol 3.1.1.a
3.0.2.b
symbol 3.1.1.a
3.0.2.b
symbol 3.1.1.a
3.0.2.b
symbol 3.1.1.a
3.0.2.b
symbol 3.1.1.a
3.0.2.b
symbol 3.1.1.a

library prelude 2.1.c
list 3.0.1.4
- proper 3.0.1.g

- separator 3.0.1.e

literal 5.5.1.]

local generator 8.5.1.1.b

long denctation 5.1.0.1.Db

symbol 3.1.1.d

symbol 3.1.1.4

loose replicatable suppressible

- state = = 3.1.1.c

character frame 5.5.1.m
- = = digit - 5.5.1.m
- gzero = 5.5.1.m

suppressible character = 5.5.1.m

- complex - 5.5.1.m
- exponent = 5.5.1.m

- point = 5.5.1.m
lower bound of symbol 3.1.1.c

minus and becomes - 3.1.1.c

symbol 3.1.1.c

mode declaration

identifier k4.1.
indication 4.2.
standard b4.2.1.
symbol 3.1.1.4

1
1
1
c

2.
b
b

modulo and becomes symbol 3.1.1.c

monadic formuls 8.4.1.g

new lower bound 8.6.1.1.h

symbol 3.1.1.c

indicant 1.1.5.D
indication 4.2.1.f

operand 8.h4.1.T
operator 4.3.1.

e

- = - part 8.6.1.1.g

nil symbol 3.1.1.g

not - 3.1.1.c
number token 3.0.3.D
odd symbol 3.1.1.c
of = 3.1.1.e

one token T7.3.1.D
- plus one = T.3.1.c

= = = plus one = T.3.1.
- = = = plus one = T.
—————— plus one

1w

7.3.1.h
plus one =

7.3.1.1

_______________ plus one

open symbol 3.1.1.e
operand 8.k.1.c
operation declaration 7.5.1.a

- 7.3.1.5
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operation symbol 3.1.1.d4

operator 4.3.1.a,b,c

- token 3.0.k4.D

option 3.0.1.b

or symbol 3.1.1.e¢

over and becomes - 3.1.1.c

- symbol 3.1.1l.c

pack 3.0.1.h

package 3.0.1.1

parallel symbol 3.1.1.e

parameters pack T.1.1.bb

particular program 2.7.d

phrase 6.0.1.a

picture 5.5.1.c

plain denotation 5.1.0.1.a

plus and becomes symbol 3.1.1.c

- i times - 3.1.1.c

plusminus 3.0.k.c

plus symbol 3.1.1.c

point frame 5.5.3.c

- symbol 3.1.1.D

power of ten 5.1.2.1.1

primary 8.1.1.4

priority declaration T.3.1.a

- one indication k.2.1.e

- - plus one - h.2.1.e

- = = = plus one = 4.2.1.e

plus one - L.2.1.e

plus one = 4.2.1.e

plus one -
L.2.1

plus one =
k.2.1

- Lh.2.1

one =~ 4.2.1

priority one operator 4.3.1.b

- = plus one - 4.3.1.b

= = — = plus one - 4.3.1.b

plus one - 4.3.1.b

plus one - 4.3

plus one =

L

o

- symbol 3.1.1.4

procedure 6.0.1.f

= symbol 3.1.1.d

program 2.1.a

prus and becomes symbol 3.1.1.c

.€

€

plus one

€

plus

.e

quote image S5.1.4.1.c

- symbol 3.1.1.1

radix 5.5.2.c

= mould 5.5.2.b

range 4.1.1.e

real denotation 5.1.2.1.a

- mould 5.5.3.b

- part of symbol 3.1.1.c

- pattern 5.5.3.a

= symbol 3.1.1.4

reference to ~ 3.1.1.4

replicatable suppressible character
frame 5.5.1.n

- = digit = 5.5.1.n

- zero = 5.5.1.n

replicated literal 5.5.1.k

replication 5.5.1.g

replicator 5.5.1.F

representation of symbol 3.1.1.c

round = 3.1.1.c

routine denotation 5.4.1.a

row of character - 5.3.1.Db

- = = pattern 5.5.7.0

- display 6.0.1.h

"secondary 8.1.1.

1.c
selection 8.5.2.1.a
sema symbol 3.1.1.d, 10.h4.a,b,c,d
sequence 3.0.1.
= proper 3.0.1.g
sequencer 6.1.1.]
sequence separator 3.0.1.f
sequencing token 3.0.T.a
serial clause 6.1.1.a
shorten symbol 3.1.1.c
sign frame 5.5.1.p
- mould 5.5.1.1
= symbol 3.1.1.c
single declaration 6.1.1.d
skip symbol 3.1.1.g
slice 8.6.1.1.a
source 8.3.1.1.¢c
space symbol 3.1.1.b
special token 3.0.10.a
stagnant mould 5.5.3.e
- part 5.1.2.1.F
standard postlude 2.1.g
- prelude 2.1.b
statement 6.0.1.c
- interlude 6.1.1.1
- prelude 6.1.1.¢
striet lower bound T.1.1.u

- upper = T.1.1.u

string denotation 5.3.1.a
= frame 5.5.7.c

=~ item 5.1.4.1.b
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string pattern 5.5.T.a transformat 5.5.8.1.a

- symbol 3.1.1.d, 10.2.10.a trimmer 8.6.1.1.F

structure 6.2.1.g,h trimseript 8.6.1.1.]

- display 6.0.1.g true symbol 3.1.1.D

- symbol 3.1.1.d union of - 3.1.1.4

subscript 8.6.1.1.1 unit 6.1.1.e

sub symbol 3.1.1.e unitary clause 8.1.1.a

suite of clause trains 6.1.1.f.g = declaration T7.0.1.a
suppressible character frame 5.5.1.q upper bound of symbol 3.1.1.c
= complex =~ 5.5.1.q - state = - 3.1.1.c

- digit - 5.5.1.q up - 3.7.1.¢c

= exponent - 5.5.1.q -to = 3.1.1.e

- point = 5.5.1.q variable 6.0.1.e

syntactic token 3.0.6.a - point numeral 5.1.2.1.b
tertiary 8.1.1.b virtual declarator T.1.1.c,d,e,1,0,p,
th element of symbol 3.1.1.c = declarer T.1.1.b /w,cc
then clause 6.k4.1.e - lower bound T.1.1.s8

- if symbol 3.1.1.h - parameter T.1.1.y

=~ symbol 3.1.1.e, 9.k - row of rower T.1.1.r

times and becomes symbol 3.1.7.c = upper bound T.l.1.s

- ten to the power choice 5.1.2.1.h = void declarer T.1.1.z
----- symbol 3.1.1.D while symbol 3.1.1.h

- symbol 3.1.1.c zero frame 5.5.1.0

to = 3.1.1.h



