
ADAPI'ED: ADJUSTED; widened; rowed; 
hipped; voided. 

ADIC : PRIORITY; monadic. 
ADJUSTED: FITI'ED; procedured; united. 
.ALPHA : a ; b ; c ; d ; e ; f ; g ; h ; 

i ; j ; k ; 1 ; m ; n ; o ; p ; q ; 
r; S; t; U; V; W; X; y; z. 

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

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

BOX : IMOODSETY box. 
BYTES: structured with row of character 

field LENGTHETY letter aleph. 
CLAUSE: MOID clause. 
CLOSED: closed; collateral; conditional. 
COERCEND : MOID FORM. 
COMPLEX: structured with real field 

letter r letter e and real field 
letter i letter m. 

DIGIT: digit FIGURE. 
EIGHI' : SEVEN plus one. 
EMPTY : . 
FEAT : finn ; weak ; soft. 
FIEID : MODE field TAG. 
FIEIDS FIEID ; FIEIDS and FIEID. 
FIGURE: zero; one; two; three; four; 

five; six; seven; eight; nine. 
FITI'ED: dereferenced; deprocedured. 
FIVE : FOUR plus one. 
FORESE: ADIC formula; cohesion; base. 
FORM : confrontation ; FORESE. 
FOUR : THREE plus one. 
INTEGRAL : LONGSETY integral. 
INTREAL : INTEGRAL ; REAL. 
KIND: sign; zero; digit; point; 

exponent; complex; string; character. 
LENGTH: letter 1 letter o letter n 

letter g. 
LENGTHETY : LENGTH LENGTHETY ; EMPTY. 
IEITER: letter .ALPHA; letter aleph. 
LFIEIDSETY : FIEIDS and ; EMPTY. 
LIST: list; sequence. 
IMODE : MODE. 
IMOOD : MOOD and. 
IMOODS : IMOOD ; IMOODS IMOOD. 
IMOODSETY : MOOD and IMOODSETY ; EMPI'"i. 
nvroor: MOOD and. 
LONGSETY: long LONGSETY; EMPTY. 
LOSEl'Y : IMOODSETY. 
LOWPER: lower; upper. 
MABEL : MODE mode ; label. 
MODE MOOD UNITED. 
MOID MODE void. 
MOOD TTI'E STOWED. 

NINE : EIGHI' plus one. 
NONPROC : PLAIN ; format ; procedure 

with PARAMETERS MOID; reference to 
NONPROC; structured with FIEIDS; 
row of NONPROC ; UNITED • 

NONROW: NONSTOWED; structured with 
FIEIDS. 

NONSTOWED : TYPE ; UNITED. 
NarION: .ALPHA; NOTION .ALPHA. 
NUMBER : one ; 'IWO ; THREE ; FOUR ; 

FIVE ; SIX ; SEVEN ; EIGHI' ; NINE. 
PACK : pack ; package. 
PARAMETER: MODE parameter. 
PARAMETERS : PARAMETER ; 

PARAMETERS and PARAMETER.. 
PARAMETY : with PARAMETERS ; EMPTY. 
PHRASE: declaration; 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. 
RMOODSETY : RMOODSETY and MOOD EMPTY. 
ROWS: row of; ROWS row of. 
ROWSETY : ROWS ; EMPTY. 
ROWWSETY : ROWSETY. 
SEPARATOR : LIST separator 

go on symbol; completer sequencer. 
SEVEN : SIX plus one. 
SIX: FIVE plus one. 
SCME: serial; unitary CLOSED 

choice; THEI.SE. 
SORT : strong ; FEAT. 
SORTETY : SORI' ; EMPTY. 
STIRM: strong; finn. 
STOWED : structured with FIEIDS 

row of MODE. 
STRING: row of character; character. 
STRONGETY: strong; EMPTY. 
TAG : IEITER ; TAG IEITER TAG DIGIT. 
THELSE: then; else. 
THREE : 'IWO plus one. 
'IWO: one plus one. 
TTI'E : PLAIN ; format ; PROCEDURE ; 

reference to MODE. 
UNITED union of IMOODS MOOD mode. 
VICTAL VIRACT ; formal. 
VIRACT virtual ; actual. 
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O. 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 comm.on 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. 

c) 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 programs 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. 

0.1.4.2. 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 makes 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 program. 

0.1.4.4. Independent compilation 

The syntax of ALGOL 68 is such that the main line programs 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 gains during run time without excessive increase of compilation time. 

0.1.4.6. Representations 

Representations of ALGOL 68 symbois 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. 

c) 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 any other value; the 
ALGOL 68 concept "format" has no ALGOL 60 counterpart. 

f) In 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 dec
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 

c) 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". 



0.2.6. continued 

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 
clauses 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. 
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1. Language and metalanguage 

1.1. The method of description 

1.1.1. The strict, extended and representation languages 

a) ALGOL 68 is a language in which "progr-ams11 can be formulated f'.or "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) In 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 

"small syntactic marks", in this Report "a", "b", "c", "d", "e", "f", "g", 
11h 11

, "i", "j", 11k 11
, "l", "m", "n", 11

0
11

, "p", "q", 11r", 11s11
, "t", "u", 

,.,, ... , "-vl', "x", "y" and "z"; · 
"large syntactic marks", in this Report "A", "B", "C", "D", "E", "F", "G", 

"H", "I", "J", "K", "L", "M", "N", "O", "P", "Q", "R", "S", "T", "U", 
''V", "W1', "X", "Y" and "Z"; 

"other syntactic marks", in this Report"." ("point"),"," ("comma"), ":" 
("colon"),";" ("semicolon") and"*" ("asterisk"). 
{Note that these marks are in another type font than the marks in this 

sentence.} 

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 11symbol" is a protonotion ending with 'symbol'. 

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

d) A list of notions is a. nonempty sequence of "members" separated by com
mas; a member is either a. notion and is then sa.id 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 a member is sa.id to be a. "blind alley"}. 

e) A "production" of a. given notion is either a direct_production of tha.t 
given notion or a list of notions optained by replacing a. preductive member 
in some production of the given notion by a. direct production of tha.t pro
ductive member. 

f) A "terminal production" of a notion is a. production of tha.t notion each 
of whose members is either a. symbol or empty. 



1.1.2. continued 

{In the production rule 
'variable point numeral: integt'al part option, fractional part.' 

(5.1.2.1.b) of the strict language, the list of notions 
'integt'al part option, fractional part' 

is a direct production of the notion 'variable point numeral', and contains 
two members, both of which are productive. A terminal production 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. 

c) A production rule for a given metanotion consists of that metanotion 
followed by a colon, a "list of metanotions" {seed}, 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 production 
of that productive metamember. 

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

{In the production rule 'TAG: LEITER.', derived from 1.2.1.r, 'LEITER' 
is a direct production of the metanotion 'TAG', and consists of one metamem
ber which is productive. A particular terminal production of the metanotion 
'TAG' is 'letter x' (see 1.2.1.s,t). In the production rule 'EMPI'Y: .' 
(1.2.1.i), the metanotion 1EMPI'Y 1 has a direct production which consists of 
one empty metamember.} 

1.1.4. The production rules of the metalanguage 

The production rules of the metalanguage are the rules obtained from the 
rules in Section 1.2 in the 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 original rule follow
ing its first semicolon, whereupon Step 1 is taken again; 



1.1.4. continued 

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: LEITER; TAG LEITER; TAG DIGrr. 1 , 

from 1.2.1.r, is replaced by the rules 
'TAG : LEITER. I and 'TAG : TAG LEITER ; TAG DIGrr. I, 

and the second of these is replaced by 
'TAG : TAG LEITER.' and 'TAG : TAG DIGrr. I. 

thus resulting in three rules from the original one. 
The reader might find it helpful to read":" as "may be a", 
by a", and";" as "or a".} 

1.1.5. The production rules of the strict language 

11 " 

' 
as "followed 

a) A production rule of the strict language 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 1.1.4; 
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' , 1 dyadic 
indicant' and 'monadic indicant' {4.2.1.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' • 

c) 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 
'actual I.DWPER bound: strict I.DWPER bound, flexible symbol option.' 

derived from 7.1.1.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 
himself, so~e 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 
'actual upper bound 

Note that 

strict lower bound, flexible symbol option.' and 
strict upper bound, flexible symbol option.'. 

'actual lower bound strict upper bound, flexible symbol option.' 
is not a production rule of the strict language, since the replacement of 



1.1.5. continued 

the metanotion 'IDWPER' 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 progt'am 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 progt'am; it is this process rather than its hypothetical 
outcome that matters. 
Some production rules obtained from a rule containing a metanotion may be 
blind alleys in the sense that no production rule is given for some member 
to the right of the colon even though it is not a symbol.} 

1.1.6. The semantics of the strict language 

a) A terminal production of a notion is considered as a linearly 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) a 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 paranotion 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) a 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 parariotion in which a terminal production of 'SORI'' 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 "SORTEI'Y SOME MOID 
clause" (6. 1. 1.a,6. 2.1. b,c ,d,f ,6. 3. 1 .a,6. 4. 1.a,c ,d,e,8. 1. 1 .a), where 
"SORI'ETY" ("SOME", "MOID") stands for any terminal production of the meta
notion 1SORTEI'Y' ('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,g}, a paranotion stands for any "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 O 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 Nor a descendent 

of N; 
the "offspring" of a descendent V of N, i.e., if Vis a notion (symbol), 

then the occurrence of the terminal production of (the occurrence of) V 
{which is, or is contained in, O}; and 

a "direct constituent" 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 
Q, stands for all occurrences of symbols denoted by P or of terminal pro
ductions of notions denoted by P which are direct constituents of occqr
rences of terminal productions of notions stood for by Q. 

A paranotion Pis a descendent of a paranotion Q if it is a direct con
stituent of Q or if it is a direct constituent of a descendent of Q. 

A paranotion Pis a "constituent" of a paranotion Q 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] struat ([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 i := j := 1, but not of the 
serial-clause i := j := 1; k := 2 nor of the assignations j := 1 and 
k := i := j := 1. The assignation j := 1 is not a direct constituent of the 
assignation i := j := 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 permits 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) i := 1, ·i. is its destination or i is the, or a, 
destination of the assignation i := 1, whereas i is a constituent, but not 
simply a, destination of the serial-clause i := 1; j := 2.} 

h) In sections 2 up to 8 under "Semantics", a meaning is associated with 
occurrences 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 V 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 V 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) x := 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.d (balancing of modes) and from rule 7.1.1.cc in combina
tion with 7.2.1.a and 7.4.1.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 Mis "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 language; i.e., a program 
in the strict language, possibly subjected to a 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, reai xis a repre~entation of an identity-declaration in the ex
tended language which means the same as ref reaix = ioc reaiwhich is a repre
sentation of that identity-declaration in the strict language; see 9,2.a.} 



1.1.8. The representation language 

a) The representation language represents the extended language; i.e., a 
progr>aill in the extended language, in which all symbols are replaced by cer
tain typographical marks by virtue of' "representationsll, given in section 
3.1.1, and in which all commas {not cOimJa-symbols} are deleted, is a progr>aill 
in the representation language and has the same meaning. 

b) Each version of' the language in which representations are used which are 
suf'f'iciently close to the given representations to be recognized without 
f'urther elucidation is also a representation language. A version of' the lan
guage in which notations or representations are used which are not obviously 
associated with those def'ined here, is a "publication language" or "hardware 
language"{, i.e., a version of' the language suited to the supposed pref'er
ence of' the human or mechanical interpreter of' the language}. 

{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. l. Metaproduction rules of' modes 

MODE MOOD; UNITED. 
MOOD TYPE; S'IDWED. 
TYPE PLAIN; fonna.t; PROCEDURE; reference to MODE. 
PLAIN: INTREAL; boolean; character. 
INTREAL : INTEGRAL ; REAL. 
INTEGRAL: LONGSEI'Y integr,al. 
REAL: LONGSEI'Y real. 
LONGSEI'Y: long LONGSEI'Y; EMPTY. 
EMPTY : • 
PROCEDURE: procedure P.ARAMETY MOID. 
P.ARAMETY: with PARAMETERS; EMPTY. 
PARAMETERS : PARAMEI'ER ; PARAMETERS and PARAMETER. 
PARAMEI'ER : MODE parameter. 
MOID: MODE; void. 
S'IDWED: structured with FIELDS; row of MODE. 
FIELDS : FIELD ; FIELDS and FIELD. 
FIELD: MODE field TAG. 
TAG: I.EI'I'ER; TAG LEITER; TAG DIGIT. 
LEITER: letter ALPHA; letter aleph. 

a) 
b) 
c) 
d) 
e) 
f') 
g) 
h) 
i) 
j) 
k) 
1) 
m) 
n) 
o) 
p) 
q) 
r) 
s) 
t) ALPHA a;b;c;d;e;f,g;h;i;j ;k;l;m;n;o;p; 

q j r j S; t j U j V; W j X; y; z. 
u) 
v) 

DIGIT digit FIGURE. 
FIGURE zero; one; two; three; 

nine. 
w) UNITED union of IMOODS MOOD mode. 
x) -IMOODS IMOOD ; I.MOODS IMOOD. 
y) IMOOD: MOOD and. 

four; five; six ; seven ; eight ; 

{The reader might f'ind it helpf'ul to note that a metanotion ending with 
'EI'Y' always has 'EMPTY' as a production.} 



1.2.2. Metaproduction rules associated with modes 

a) PRJJVIITIVE: integr-al; real; boolean; character; format. 
b) ROWS : row of ; ROWS row of. 
c) ROWSEI'Y: ROWS; EMPTY. 
d) ROWWSEI'Y : ROWSEI'Y. 
e) NONROW : NONS'IDWED ; structured with FIELDS. 
f) NONS'IDWED : TYPE ; UNITED. 
g) REFEI'Y: reference to; EMPTY. 
h) NONPROC: PLAIN; format; procedure with PARAMfil'ERS MOID; 

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

i) PRAM : procedure with IMODE paraireter and Rfl'IODE paraireter IDID ; 
procedure with RMODE parameter MOID. 

j ) IMODE MODE. 
k) RMODE : IDDE. 
1) IMoor: MOOD and. 
m) IMOODSEI'Y: MOOD and IMOODSEI'Y; EMPTY. 
n) RMOODSEI'Y: RMOODSEI'Y and MOOD; EMPTY. 
o) LOSEI'Y : IMOODSEI'Y. 
p) BOX : IMOODSEI'Y box. 
q) LFIELDSEI'Y: FIELDS and; EMPTY. 
r) RFIELDSEI'Y: and FIELDS; EMPTY. 
s) COMPLEX: structured with 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: LENGTH 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) CLOSED: closed; collateral; conditional. 
e) THELSE: then; else. 
f) SORI'EI'Y: SORI'; EMPTY. 
g) SORI': strong; FEAT. 
h) FEAT: firm; weak; soft. 
i) STRONGEI'Y: strong; EMPTY. 
j ) STIRM : strong ; firm. 
k) ADAPI'ED: ADJUSTED; widened; rowed; hipped; voided. 
l) ADJUSTED: FITTED; procedured; united. 
m) FITTED : dereferenced ; deprocedured. 

1.2.4. Metaproduction rules associated with coercends 

a) COERCEND: MOID FORM. 
b) FORM: confrontation; FORESE. 
c) FORESE: ADIC fonnula; cohesion ; base. 
d) ADIC: PRIORITY; monadic. 
e) PRIORITY: priority NUMBER. 
f) NUMBER: one; 'IWO; THREE; FOUR; FIVE ; SIX ; SEVEN ; EIGHI' ; NINE. 



1.2.4. continued 

g) 'IWO: one plus one. 
h) THREE : 'IWO 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) VIRAar virtual; actual. 
c) IDWPER lower; upper. 
d) ANY: KIND; suppressible KIND; replicatable KIND; 

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

character. 
f) NarION : ALPHA ; NarION ALPHA. 
g) SEPARA'IDR: 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) 'NillION'; for the use of this meta
notion see 3.0.1.b,c,d,g,h,i.} 

1 • 3. Pragmatics 

{ "We.U., '-6.uthy' mean6 'lithe and ,!,U,my'. • •• 
You -6ee ,U' -6 Uk.e a poJt.tma.nteau - .thell.e aJte 
.tJJJo mean.lng.6- pac.k.ed.u.p ,ln,to one wo!t.d." 
Thlwugh :the. LooUng-g£.M-6, LeJA),(,6 Ca.Mo.U..} 

Scattered throughout this Report are 11pragmatic11 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 "hypernotion11 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 eventually 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 (before) 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., 113.0.3.a" appears as 
"303a" elsewhere and "3.0.10.a" appears as "30Aa"; 

iii) a final 1 is omitted; e.g., "811a" appears as "81a11
; 

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

v) numerous indicators of the rules 3.0.1.b up to 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 confonnity 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 and 10.3.a for pi), that in the exit (2.1,e) (viz., e:cit), or those 
in: 

inti, j, k, m, n; real a, b, x, y; bool p, q, overflow; ahar a; format f; 
bytes r; string s; bits t; ~ w, z; ref real xx, yy; [1 :n] rea xl, yl; 
[1:m, 1:n] real x2; [1:n, 1:n] real y2; [1:n] ~nt il; [1:m, 1:n] ~nt i2; 
proa ref real x or y = ref real---;-frandom < • 5lx I y); -
proa naos =(inti) real : aos (2 x pix i In); 
proa nsin = (~nt i) real : sin (2 x pi x i I n); 
proa g = (real u) ~ : (aratan (u) - a + u - 1); 
prqa stop = go to ex~t; 
pr~naeton: grenoble: st pierre de ahartreuse: kootwijk: warsaw: zandvoort: 
amsterda:m: tirrenia: north berwiak: muniah: stop .} 

{MeJLety eoM.OboJr.a.:Uve. de;ta.,i,,.l, ,ln;te.nde.d .t.o 
gi..ve. aJl.t-i..li.ue ve/U.6,lm,i,U;tu.de. .t.o a.n o:theJUC,U, e. 
ba.td a.nd uneonvi..nc.lng nall/l.a:tlve.. 
Mika.do, W. S • GUbell.t. } 



2. The computer and the program 

{The programmer is concerned with particular-progt>ams (2.1.d). These are 
always contained in a prOgt'am (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.,; e:i:it: , which enables the 
programmer to end the elaboration of a progt>am anywhere by that of the jump 
e:cit, possibly a library-postlude, and the standard-postlude (10.6).} 

2.1. Syntax 

a) progt>am: open symbol{31e}, standard prelude{b}, 
library prelude{c} option, particular progt>am{d}, exit{e}, 
library postlude{f} option, standard postlude{g}, close symbol{31e}. 

b) standard prelude{a} : declaration prelude{61b} sequence. 
c) library prelude{a} : declaration prelude{61b} sequence. 
d) particular prOgt'am{a} : 

label{61k} sequence option, strong CIDSED void clause{62b,63a,64a}. 
e) exit{a} : go on symbol {31f}, 

letter e letter x letter i letter t{41c}, label symbol{31e}. 
f) library postlude{a} : statement interlude{61i}. 
g) standard postlude{a} strong void clause train{61h}. 

2.2. Terminology { "When I U6e. a woJz.d," Humpty Vu.mp:ty .6a.,£d, ,i,.n 
Jt.a.:the.Jt (1 .6C.OJtnotd. :tone., "U me.an-6 jU6:t what 
1 c.hoo-6 e. U :to me.an - ne.Uhe.Jt moJte. noJt lU-6 • " 
Th/tough :the. Loofung-g.lM-6, Le.IAJ,{,,6 CaJtJtOU.} 

The meaning of a progt>am is explained in terms of a hypothetical com
puter which performs a set of "actions" {2.2.5}, the elaboration of the 
progt>am {2.3.a}. The computer deals with a set of "objects" {2.2.1} between 
which, at any given time, certain "relationships 11 {2.2.2} may "hold". 

2.2.1. Objects 

Each 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 are ''instances" of values {2.2.3}. 

2.2.2. Relationships 

a) Relationships either are "permanent", i.e., independent of the progt>am 
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 
be a direct constituent of { 1. 1. 6. e} and "to identify" {c}. 



2.2.2. continued 

c) A given occurrence of a terminal production of 'MABEL identifier' 
{4.1.1.b} ('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. 

f) A mode-identifier (operator) may possess a value ({more specifically} a 
"routine" {2.2.3.4}). This relationship is caused to hold by the elaboration 
of an identity-declaration {7.4.1.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.a} containing that declaration. 

g) An external 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 a value may be of the same mode as another one; this re
lationship is permanent {2.2.4.1.a}. 

j) A value may be equivalent to another value {2.2,3,1,d,f} and a value may 
be smaller than another value {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 instance of a given value is a component of another one if it is a 
"field" {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. 

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

Val.ues are "pl.ain val.ues" {2.2.3.1}, "structured val.ues" {2.2.3.2}, 
"mul.tipl.e val.ues" {2.2.3.3}, routines {2.2.3.4}, "formats" {2.2.3.4}, and 
names {2.2.2.l., 2.2.3.5}. 

2.2.3.1. Pl.ain val.ues 

a) A pl.ain val.ue is either an "arithmetic val.ue", i.e., an "integer" or a 
"real. number", or is a "truth val.ue" or a "character". 

b) An arithmetic val.ue has a "l.ength number", i.e., a positive integer 
characterizing the degree of' discrimination with which the val.ue is kept in 
the computer. The number of' integers (real. numbers) of' given l.ength number 
that can be distinguished increases with the l.ength number up to a certain 
l.ength number, the number of' dif'f'erent l.engths of' integers (real. numbers) 
{10.1.a,c}, af'ter which it is constant. 

c) For each pair of' integers (real. numbers) of' the same l.ength number, the 
rel.ationship "to be smal.l.er than" is defined {10.2.3.a, 10.2.4.a}. For each 
pair of' integers of' the same l.ength number, a third integer of' that l.ength 
number may exist, the f'irst integer "minus" the other one {10.2.3.g}. Fi
nal.l.y, f'or each pair of' real. numbers of' the same l.ength number, three real. 
numbers of' that l.ength number may exist, the f'irst real. number "minus" 
("times", "divided by") the other one {10.2.4.g,l.,m}; these real. numbers are 
obtained "in the sense of' numerical. anal.ysis", i.e., by performing the oper
ations known in mathematics by these terms on real. numbers which may deviate 
sl.ightl.y f'rom the given ones{; this deviation is l.ef't undefined in this 
Report}. 

d) Each integer of' given l.ength number is equival.ent to a real. number of' 
that l.ength number. Al.so, each integer (real. number) of' given l.ength number 
is equival.ent to an integer (real. number) whose l.ength number is greater by 
one. These equival.ences permit the "widening" {8.2.5} of' an integer into a 
real. number and the increase of' the l.ength number of' an integer or real. num
ber {10.2.3.q, 10.2.4.n}. The inverse transformations are onl.y possibl.e on 
those real. numbers (arithmetic val.ues) which are equival.ent to an integer 
{10.2.4.p} (a val.ue of' smal.l.er l.ength number {10.2.3.r, 10.2.4.o}). 

e) A truth val.ue is either ".oc.u.e." or "6.al6e.". 

f') Each character is equival.ent to a nonnegative integer of' l.ength number 
one, its "integral. equival.ent" {10. 1.j}; this rel.ationship is defined onl.y 
to the extent that dif'f'erent characters have dif'f'erent integral. equival.ents. 

2.2.3.2. Structured val.ues 

A structured val.ue is composed of' a number of' other val.ues, its f'iel.ds, 
in a given order, each of' which is "sel.ected" {8.5.2.2.Step 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 7} by a spe
cific integer, its "index". 

b) The descriptor consists of an "offset", c., and some number, n > 0, of 
"quintuples" (l.i, u.i, di.., -6.i, -t.il of integers, .i = 1, ••• , n; l.i is the 

.i-th "lower bound", u. the .i-th "upper bound", d. the .i-th "stride", ,t,. the 
~ ~ ~ 

.i-th "lower state" and -t.i the .i-th "upper state". If for any .i, .i = 1, .•. , 

n, u.i < l.i' then the number of elements in the multiple value is zero; 

otherwise, it is [u 1 - .e.1 + 11 x ••• x (un - ln + 1). The descriptor "de

scribes" each element selected by c. + [Jc.1 - .e.1 I x d 1 + ••• + (Jc.n - ln) x dn 

where£.,~ Jc.,~ u. for each .i = 1, ••• , n. 
~ ~ ~ 

{To the name referring to a given multiple value a state of which is 1, 
no multiple value can be assigned (8.3.1.2.c.Step 4) in which the bound cor
responding to that state differs from that in the given value.} 

c) 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. 

d) If each element of an instance I of a multiple value Mis the same in
stance of a value as the corresponding element of an instance J of M, then 1 
and J are one same 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} (fonnat-denotation {5.5.1.a}). 

2.2.3.5. Names 

a) There is one name, ru.e., whose scope {2.2.4.2} is the progr:'am and which 
does not refer to any value; any other name is created by the elaboration of 
an actual-declarer {7.1.2.d.Step 8}, a rowed-coercend {8.2.6.2.step 7} 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. 

c) 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 Mor composed of a descriptor 
different from that of Mand 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 'MOOD' 
{1.2.1.b}; furthermore, all instances of a given value V other than n.U. 
{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 Vis 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'). 

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

d) The mode of a structured value is 'structured with' 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 1 PROCEDURE 1 {1.2.1.j}. 

g} The mode of a name is 'reference to' followed by another mode; if the 
name is not n.U., then that other mode is either the mode of the value to 
which the name refers, or is united from {4.4.3.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 V {5.4.1.a, 

5.5.1.a} (of a routine which is the same sequence of symbols as a given 
cast-pack V or void-cast-pack-pack V {8.3.4.1.a}) is the smallest range 
{4.1.1.e} containing a defining occurrence {4.1.2.a} (indication-defining 
occurrence {4.2.2.a}, operator-defining occurrence {4.3.2.a}) of a termi
nal production of a notion ending with 'identifier' ('indication', 
'operator'), if any, not contained in V but identified {4.1.2.b (4.2.2.b, 
4.3.2.b)} by some applied (indication-applied, operator-applied) occur
rence of that terminal production contained in V, 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 {SuLt .the ac;t..-i..on to .the wo~d, 
.the woM to .the a.c.tion. 
Hamlet, Wil.R.,i,am ShakupeMe.} 

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 con~inuation 
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} 1O.4.d 
(1O.4.c) is an inseparable action. 

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

2.3. Semantics {"1 can ex.p£.cun a.U. .the poe.1116 .that ev~ w~e 
-lnvented - and a good many .that haven't 
been -lnvented jU-6t yet." 
ThMugh .the Look-lng-gW.6, Lew-ui Ca/tlw.U.} 

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

{In this Report, the syntax says which sequences of symbols are programs 
and the semantics which actions are performed by the computer when elabora
ting a program. Both syntax and semantics are recursive. Though certain se
quences of symbols may 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 actions. 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 
may be finite. It is not assumed that the speed of the computer is suffi
cient to elaborate a given program within a prescribed 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 restrict the use of 
the language in other respects than those mentioned above. Furthermore, if a 
language is defined whose particular-progr-arns are particular-progr-ams 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 prOgt"am 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 progr-am with that number of syntactical errors. 
Any progr-am that can be obtained by deleting or inserting that number of 
symbols may be termed a "possibly intended" progr-am. Whether a progr-am or 
one of the possibly intended progr-arns has the effect its author in fact in
tended it to have, is a matter which falls outside this Report.} 

{In an implementation, the particular-progr-am 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-prOgt"am independently, e.g., parts which are common to several 
particular-progr-ams. 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 
fonnal-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 progr-am (e.g., compilation or initiation of the 
elaboration), is not given in this Report. However, the definition of the 
language allows, for instance, to let a special representation of the 
comment-symbol different from the ones given in 3.1.1.i, viz.,¢,#, co or 
comment, preferably 12£. or pPagmat, 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 
take some such undefinable action, as may be specified by the corrnnent (e.g., 
12£. algol, 68 12£., 12£. 1'Zm E or E dwnp E).} 

{12£. algol, 68 12£. 
begin 

pz,oc E nonz,ec E p = (: p); 
p 

end 
E1'Zm EE? E 
RepalLt an. the Ai.gaM.thmlc. 

La.n.gu.age ALGOL 68.} 



3. Basic tokens and general constructions 

3.0. Syntax 

3.0.1. Introduction 

a)* basic token: letter token{302a} ; denotation token{303a} ; 
action token{304a}; declaration token{305a} ; 
syntactic token{306a} ; sequencing token{307a}; 
hip token{308a}; extra token{309a}; special token{30Aa}. 

b) NOI'ION option : NOI'ION ; EMPTY. 
c) chain of NOI'IONs separated by SEPARA'IDRs{c,d} : NOI'ION; 

NOI'ION, SEPARA'IDR{e,f,31f,61j,l}, 
chain of NOI'IONs separated by SEPARA'IDRs{c}. 

d) NOI'ION LIST{g} : chain of NOI'IONs separated by LIST separators{ c ,e ,f}. 
e) list separator{c,d,g} : comma syrnbol{31e}. 
f) sequence separator{c ,d,g} : EMPTY. 
g) NOI'ION LIST proper : NOI'ION, LIST separator{e,f}, NOI'ION LIST{d}. 
h) NOI'ION pack: open syrnbo1{31e}, NOI'ION, close syrnbol{31e}. 
i) NOI'ION package: begjn syrnbol{31e}, NOI'ION, end syrnbol{31e}. 

{Examples: 
a) a ; 0 ; + ; int ; :!:.f.. ; • ; • nil, ; for, ; " ; 
b) 0 ; ; (integral-part-options) 
c) 0,1,2 ; (a chain-of-strong-integral-units-separated-by-list-separators) 
d) 0; O, 1, 2 ; (strong-integral-unit-lists) 
e) 
g) 
h) 
i) 

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

3,0.2. Letter tokens 

a)* letter token : IEITER{b}. 
b) IEITER{309d,41b,c,d,512h,55h,i,o,q,552b,e,f,553f,554a,555b,556c,557c, 

71j} : IEITER syrnbol{31a}. 

{Examples: 
a) a ; (see ·1.1.4.Step 2)} 

{Letter-tokens either are, or are constituents of, identifiers 
(4.1.1.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.d).} 

3.0.3. Denotation tokens 

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

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

c) digit token{b,511a} : DIGIT{d}. 
d) DIGIT{c,41d,552c} : DIGIT syrnbo1{31b}. 
e) flipflop{309d,52c} : flip symbol{31b}; flop symbol{31b}. 



3.0.3. continued 

{Examples: 
a) 1 ; true ; fal,se $ ; !:.. ; ..!. 

b) 1 10; 
c) 1 
d) 1 
e) 1 Q_ } 

{Denotation-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 for.matter-symbol$, serve only to con-
struct denotations.} · 

3.0.4. Action tokens 

a)* action token: operator token{b} ; equals symbol{31c} ; 
times symbol{31c} ; confrontation token{d}. 

b) operator token{42e,f} : minus and becomes symbol{31c}; 
plus and becomes symbol{31c} ; times and becomes symbol{31c} ; 
divided by and becomes symbol{31c} .; over and becomes symbol{31c} ; 
modulo and becomes symbol{31c} ; prus and becomes symbol{31c} ; 
or symbol{31c} ; and symbol{31c}; differs fran symbol{31c} ; 
is less than symbol{31c} ; is at most symbol{31c} ; 
is at least symbol{31c}; is greater than symbol{31c} ; 
plusminus{c} ; divided by symbol{31c} ; over Symbol{31c} ; 
modulo symbol{31c} ; th element of symbol{31c} ; 
lower bound of symbol{ 31 c} ; upper bound of symbol{ 31 c} ; 
lower state of symbol{31c} ; upper state of symbol{31c} ; 
plus i times symbol{31c} ; not symbol{31c} ; 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{31c} ; sign symbol{31c} ; 
round symbol{31c}; real part of symbol{31c}; 
imaginary part of symbol{31c} ; conjugate of symbol{31c} ; 
booleans to bits symbol{31c} ; characters to bytes symbol{31c}. 

c) plusminus{b,5i2i,55pJ: plus symbol{31c} ; minus symbol{31c}. 
d)* confrontation token: becomes symbol{31c} ; conforms to symbol{31c} ; 

conforms to and becomes symbol{31c}; is symbol{31c} ; 
.is not symbol{ 31 c} ; cast of symbol{ 31 c} • 

{Examples: 
a)•+;=; X ; :=; 
b) -:=; +:=; x:=; /:=; ¼:=; ¼::=; +=: ; v ; A ; +; < ; ~ ; ~ ; > ; 

+ ; I ; ¼ ; ¼ : ; D ; L ; f ; l ; r ; .L ; ~ ; + ; t ; abs ; bin ; repr 
~ ; short ; odd ; ~ ; round ; re ; im ; conj ; btb ; atb 

c) + ; - ; 
d) := ; : : ; : := ; :=: ; :+: ; : } 

{Operator-tokens are constituents of formulas (8.4.1.a). Confrontation
tokens are constituents of confrontations (8,3.0.1.a).} 



3.0.5. Declaration tokens 

a)* declaration token: PRJ1V!ITIVE 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{31d} ; canplex symbol{31d} ; 
bits symbol{31d} ; bytes symbol{31d} ; string symbol{31d} ; 
sema symbol{31d} ; file symbol{31d} ; priority symbol{31d} ; 
local symbol{31d} ; heap symbol{31d}; operation symbol{31d}. 

{Examples: 
a) int ; 1£!:fI..; struct; ref; f'lex; either ; proc ; union ; mode , 

comp'l ; bits ; bytes ; string ; ~ ; f1,'le ; p'Piorlty; Loe ; ~ 
92..} 

{Declaration-tokens either are, or are constituents of', declarers 
(7.1.1.a), which specify modes (2.2.4), or of' declarations (7.2.1.a, 
7.3.1.a, 7.4.1.a, 7.5.1.a).} 

3.0.6. Syntactic tokens 

a)* syntactic token: open symbol{31e} ; close symbol{31e}; 
begin symbol{31e} ; end symbol{31e}; ccmma symbol{31e} ; 
parallel symbol{31e} ; sub symbol{31e}; bus symbol{31e} ; 
up to symbol{31e} ; at symbol{31e}; if symbol{31e} ; 
THEI..SE symbol{31e} ; fi symbol{31e} ; of symbol{31e} ; 
label symbol{31e}. 

{Examples: 
a) ( ; ) ; begin ; end ; , ; pal' ; [ ; ] ; : ; @ ; 'f:1.. ; then ; fi. ; qt_ ; : } 

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

3.0,7, Sequencing tokens 

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

{Examples: 
a) ; ; • ; go to } 

{Sequencing-tokens are constituents of' clauses, in which they specify 
the order of' elaboration (6.1.1.b,c,j,l, 8.2.7.1.c).} 

3.0.8. Hip tokens 

a)* hip token: skip symbo1{31g} ; nil symbol{31g}. 

{Examples: 
a) skip ; nU } 

{Hip-tokens function as skips and nihils (8.2.7.1.b,d).} 



3.0.9. Extra tokens and collllllents 

a)* extra token : for f!ymbol{31h} ; fran symbol{31h} ; by symboH31h} ; 
to symbol{31h} ; while symbol{31h} ; do symbol{31h} ; 
THEIBE if symbol{31h}. 

b) camnent{9.1} : camnent symbol{31i}, camnent item{c} sequence option, 
ccmnent symbol{31i}. 

c) camnent item{b} : character token{d} ; other ccmnent item{1.1.5.c}. 
d) character token{c,514b} : I.El'IER{302b} ; rrumber token{303b}; 

flipflop{303e}; plus i times symbol{31c}; open symbol{31e}; 
close symbo1{31e}; ccmna symbol{31e} ; space symbol{31b}. 

{Examples: 
a) [QI: ; from ; ~ ; to ; while ; do ; the[ ; 
b) 9With respect to ¢; 
c} w ? ; 
d} a ; 1 ; l:.. ; f.. ; ( ; ) ; ., ; .!.. } 

3.0.10. Special tokens 

a)* special token: quote symbol{31i} ; camnent symbol{31i} ; 
indicant{1.1.5.b}; dyadic indicant{1.1.5.b}; 
monadic indicant{1.1.5.b}. 

{Examples: 
a) ";.¢; primitive ; ? ; I } 

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} 0 

letter c symbol{302b} a 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 f symbol{302b} f letters symbol{302b} 8 

letter g symbol{302b} g letter t symbol{302b} t 
letter h symbol{302b} h letter u symbol{302b} u 
letter i 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} i letter y symbol{302b} y 
letter m symbol{302b} m letter z symbol{302b} z 

{No representation for 'letter aleph symbol' is provided and the pro
grammer cannot provide one himself; see 1.1.4.Step 2, 3.1.2.c.} 



3.1.1. continued 

b) Denotation tokens 

symbol 

digit zero symbol{303d} 
digit one symbol{303d,73b} 
digit two symbol{303d,73c} 
digit three symbol{303d,73d} 
digit four symbol{303d,73e} 
digit five symbol{303d,73f} 
digit six symbol{303d,73g} 
digit seven symbol{303d,73h} 
digit eight symbol{303d,73i} 
digit nine symbol{303d,73j} 
point symbol{303b,512d,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{309d} 

c) Action tokens 

symbol 

minus and becanes symbol{304b} 
plus and becanes symbol{304b} 
times and becomes symbol{304b} 
divided by and becanes symbol{304b} 
over and becanes symbol{304b} 
modulo and becanes symbol{304b} 
prus and becanes symbol{304b} 
or symbol{ 304b} 
and symbol{304b} 
differs from symbol{304b} 
is less than symbol{304b} 
is at most symbol{304b} 
is at least symbol{304b} 
is greater than symbol{304b} 
divided by symbol{304b} 
over symbol{304b} 
modulo symbol{304b} 
th element of symbol{304b} 
lower bound of symbol{304b} 
upper bound of symbol{304b} 
lower state of symbol{304b} 
upper state of symbol{304b} 
plus i times symbol{304b,309d} 
not symbol{304b} 
down symbol{304b} 
up symbol{304b} 
absolute value of symbol{304b} 
binal symbol{304b} 

representation 

0 
1 
2 
3 
4 
6 
6 
7 
8 
9 

.!.. 

representation 

-:= minus 
+:= p~us 
x:= t1,mes 
/:= d1,v 
..-:= ove:,:,b 
¼::=riioiliJ 
+=: P:l'US 
V O:l' 
A & and 
+ -, = ne 
< rt 
$ < = Z.e 
?; > = fl.!e_ 
> ;IP.. 
I 
... ove:,:, 
¾: mocl"" 
□ etem 
L ~ entie:,:, 
r upb 
l Z.ws 
( ups 
.J. 1 i 
-, ~ not 
+ down 
t ** ~ abs 
bin 



3.1.1. continued 2 

symbol 

representation of symbol{304b} 
lengthen symbol{304b} 
shorten symbol{304b} 
odd symbol{ 304b} 
sign symbol{304b} 
round symbol{304b} 
real part of symbol{304b} 
imaginary part of symbol{304b} 
conjugate of symbol { 304b} 
booleans to bits symbol{304b} 
characters to bytes symbol{304b} 
plus symbol{304c} 
m:inus symbol{304c} 
equals symbol{42e,72a,73a,74a,75a} 
times symbo1{42e} 
becomes symbol{831a} 
confonns to symbol{832b} 
conforms to and becanes symbo1{832b} 
is symbol{ 833b} 
is not symbol{833b} 
cast of symbol{834a} 

d) Declaration tokens 

symbol 

integr>al symbol{71c} 
real symbol{71c} 
boolear;i symbol{71c} 
character symbol{71c} 
format symbol{71c} 
long symbol{42c,e,f,510b,52b,71d} 
structure symbol{71e} 
reference to symbol{711,m,n} 
flexible symbol{71t,v} 
either symbol{71v} 
procedure symbol{71w} 
union of symbol{71cc,ii} 
mode symbol{72a} 
canplex symbol{42c} 
bits symbol{42c} 
bytes symbol{42c} 
string symbol{42c} 
sema symbol{42c} 
file symbol{42c} 
priority symbol{73a} 
local symbol{851b} 
heap symbol{851c} 
operation symbol{75b} 

representation 

repr 
~ 
short 
~ ---.-
!!11JE.. 
round 
re 
-r-
UTI 

oonj 
btb 
otb 
+ 

= 
X 

:= .. 
::= 
:=: 
::j:: 

!!9.. 
* 
•• = 
ot 
otab 
-r--
1,8 

isnt 

.= 

is not 

representation 



3.1.1. continued 3 

e) Syntactic tokens 

symbol 

open symbol{2a,30h,309d,54b,554b} 
close symbol{2a,30h,309d,54b,554b} 
begin symbol{30i} 
end symbol{30i} 

representation 

comma symbol{30e,309d,54d,554b,62e,g,71f,q,gg,861b,c} , 
parallel symbol{62b} pea> 
sub symbol{71o,p,861a} [ 
bus symbol{710,p,861a} ] 
up to symbol{71r,861f} 
at symbol{861g} 
if symbol{64a} 
then s;ymbol{64e} 
else s;ymbol{64e} 
fi symbol{ 64a} 
of symbol{852a} 
label symbol{2e,61k} 

f) Sequencing tokens 

symbol 

go on symbol{2e,30c,54d,61b,c,j} 
canpletion 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{9.3.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{9.4.b} 
else if symbol{9.4.b,c} 

i) Special tokens 

symbol 

quote symbol{514a,c,53b} 
canment symbol{309b} 

@ 

( 

I 
I 
) 
-+ 

at 
Il. case 
then --:rn
e Z,se out 
ff:_ esac 
g_f_ 

representation 

; . ., 
exit 

goto go to 

representation 

0 

representation 

representation 

" quote 
¢ fl. ~ corrment 



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 I a esaa, 

though acceptable to1U1automaton, would be more intelligible to a human in 
either of the two representations 

(a> b I b I a) 
or 

ii. a > b then b else a fi. 
Also, some representations may 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.Step 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., doi[_ are representations of a do-symbol followed by an if-symbol, 
whereas do{f 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' 
{1.1.4.Step 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 11

:
11

, 
11

:
11 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 corrments and row-of
character-denotations. Also, some of the given representations appear to be 
"composite"; e.g., the representation":=" of the becanes-symbol appears to 
consist of":", the representation of the cast-of-symbol, etc., 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 becanes-symbol only (since"=" cannot 
occur as representation of a monadic-operator). Similarly, the other given 
composite representations do not cause ambiguity.} 



4. Identification and the context conditions 

{A proper progr>am is a progr>am satisfying the context conditions, e.g., 
if (real x; x := 1) is contained in a proper progr>am, then the second occur
rence of xis 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 ~ = ~-} 

4.1. Identifiers 

{Identifiers are sequences of letter-tokens and/or digit-tokens in which 
the first is a letter-token, e.g., xl. Mode-identifiers are made to possess 
values by the elaboration of identity-declarations (7.4.1.a). Some mode
identifiers possessing values which are not names might, in other languages, 
be termed constants, e.g., min int m = 4098. 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{54e,61k,827c,860a} : TAG{c,d,302b}. 
c) TAG 1E'ITER{b,c,d,21e,71j} : TAG{c,d,302b}, LE'ITER{302b}. 
d) TAG DIGIT{b,c,d,71j} : TAG{c,d,302b}, DIGIT{303d}. 
e)* range: progr>am{2a} ; SORI'ETY serial CLAUSE{61a} ; 

procedure with PARAMETERS MOID denotation{54b}. 

{Examples: 
b) x; xx; 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 

'letter a letter b : letter a, letter b.', 
'letter a letter a symbol.' and 
'letter b: letter b symbol.', 

yielding 
'letter a symbol, letter b symbol' 

as a terminal production of 'real mode identifier'. For additional insight 
into the function of rules c and d, see 7,1.1.j 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.} 



4.1.2. continued 

a) A given occurrence of a terminal production of 'MABEL identifier' where 
"MABEL" 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 a) 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 4.4.1.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 := "abo"; s [3] =I= "d"), the first occur
rence of sis a defining occurrence of a terminal production of 'reference 
to row of character mode identifier'. The second occurrence of s identifies 
the first and, in order to satisfy the identification condition (4.4.1.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., !:2!!!l2l:_ and plus, but no production rule deter
mines this sequence. The programmer may also create his own indications, 
provided that they cannot be confused with another symbol ( 1.1.5. b, 3, 1.2.c).} 

4.2.1. Syntax 

a)* indication: MODE mode indication{b}; ADIC indication{e,f}. 
b) MODE mode indication{71b,ii,72a} : mode standard{c} ; indicant{1.1.5.b}. 
c) mode standard {b} : 

string symbol{31d} ; sema symbol{31d} ; file symbol{31d} ; 
long symbol{31d} sequence option, canplex symbol{31d}; 
long symbol{31d} sequence option, bits symbol{31d}; 
long symbol{ 31 d} sequence option, bytes symbol{ 31 d} • 

d)* dyadic indication: PRIORITY indication{e}. 
e) PRIORITY indication{43b,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{31c}. 

f) monadic indication{43c}: monadic indicant{1.1.5.b}; 
long symbol{31d} sequence option, operator token{304b}. 

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

{Examples: 
b) !:2!!!l2l:_ ; primitive ; 
c) string·; ~ ; file lE!:!fL oompl ; bits long bytes 
e) ? +; =; X ; 

f) / ; + ; lE!:!fL btb } 



4.2.2. Identification of indications 

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

a) A given occurrence of a terminal production of 'MODE mode indication' 
('PRIORITY indication') where "MODE" ("PRIORITY") stands for any terminal 
production of the metanotion 'MODE' ('PRIORITY') is an indication-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' 
('PRIORITY indication') (see a) is an indication-applied occurrence, then it 
may identify an indication-defining occurrence of the same terminal produc
tion found by using the steps of 4.1.2.b with Step 3 replaced by: 
"Step 3: If the home contains an indication-defining occurrence of the same 

terminal production of 'MODE mode indication' ('PRIORITY indication'), 
then the given occurrence identifies it; otherwise, Step 2 is taken." 

{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 abs 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, x + i, i + x, 
i + j each involves a different operator, see 10.2.4.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 paraireter MOID PRIORITY 

operator{75b,84b} : PRIORITY indication{42e}. 
c) procedure with RMODE parameter MOID monadic operator{75b,84g} : 

monadic indication{42f}. 
d)* dyadic operator: procedure with IMODE parameter and RMODE parameter 

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

b) 
c) 

{Examples: 

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 
must 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 
eqU?,1.s-symbol of an operation-declaration {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 operator' (see a) is the operator of a fonnula 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 4.1.2.b, with Step 3 replaced by: 
"Step 3: If the home contains an operator-defining occurrence O {, in an 

operation-declaration (7.5.1.a,b),} of a terminal production T of 'PRAM 
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 fonnula 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 4.4.1.a}, then· 
the given occurrence identifies O; otherwise, Step 2 is taken." 

{Operators have no.inherent meaning; an operator-defining occurrence is 
made to possess a 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 
occurrence. 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-application), 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; priority min = 6; . . 

!!I!.. min= (real, a, b) real,: (a> b I b I a); x := y m~n p~ I 2 end, 
the first occurrence of min is an indication-defining priority-SIX--
indication. The second occurrence of min 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 [prrr]-priority-SIX-operator, where 
11[prrrJ" stands for "procedure-with-real-parameter-and-real-parameter-real". 
The third occurrence of min is indication-applied and, as such, identifies 
the first occurrence, whereas, at the same textual position, min is also 
operator-applied, and, as such, identifies the second occurrence; this makes 
it, because of the identification condition (4.4.1.a), a [prrr]-priority
SIX-operator. This identification of the dyadic-operator is made because: 
i) min occurs in an operation-declaration, 
ii) the base y can be firmly coerced to the mode specified by real,, 
iii) the formula pi/ 2 is a priori of the mode specified by re4l, 1 
iv) min is thus, because of the identification condition, a [piri]-

priority-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 programs, then one may consider the context conditions 
as syntax which is not written as production rules.} 

4.4.1. The identification conditions 

a) In a proper program, a defining (indication-defining, operator-defining) 
occurrence of a terminal production of a notion ending with 'identifier' 
('indication', 'operator') and each applied (indication-applied, operator
applied) occurrence identifying it are occurrences of one same terminal pro
duction of a 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 
'identifier' ('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 c, a program containing 

(priority ? = 2; ~ ? = (real a~ b) : skip; 
(random< 0.5 I priority?= 2; 0.1? 0.2)) 

would be improper if, during the elaboration of this clause, the value of 
random< 0,5 turns out to be ;tlw.e. 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 c_makes 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.} 

4.4.2. 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 p; sin (3.14)) , 
(mode a= real; mode a= real; sin (3.14)) , or 
(priority £ = 5; --,;;;rority b = 6; sin (3.14) J 

is contained in a proper progr>am.} 

c) No proper progr'am contains a reach containing 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, 7.1.1.x, 5.4.1.c, 7.1.1.y} are virtual
declarers specifying modes loosely related to one another {4.4.3.c}. 

{e.g., neither the closed-clause 
(EI2_ max = (int a, int b) int : (a > b I a I b); 
EI2_max = (int a, int b) r>eal: (a> b I a I b); sin (3.14)) 

nor 
(EI2_ max = (int a, r>ef int b) int : (a > b a b); 
EE.~= (ref int a, int b) int : (a> b a b); sin (3.14)) 

is contained in any proper progr'am, but 
(EI2_ ~ = (int a, int b) real : (a > b I a I b); 
EE. max= (r>eal a, r>eal b) r>eal : (a > b I a I b); sin (3.14)) 

may be.} 

{In the pragmatic remarks in the sequel, "in the reach of (the 
declaration)" 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 Mis "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 IMOODSETY N 
RMOODSETY mode' where "IMOODSETY" ("RMOODSETY") stands for any terminal pro
duction of the metanotion 'I.MOODSETY' ( 1 RMOODSETY 1

). 

{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.} 

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

{e.g., the modes specified by proa r>eal and r>ef r>eal are related and, 
hence, loosely related and those specified by [] r>eal and by [] r>ef real are 
loosely related but not related.} --

d) No proper progr'am 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 Qin which P and Q 
are in a different order. 



4.4.3. 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 7.1.1.} 

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

{e.g., the declarer struet (inti., bool, i) is not contained in any prop
er program, but struet {1,nt i., struet (int i., 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} 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.d} 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 struet (int age., ref person father), but 
not in struet (int age., person unel,e) and £ is shielded in proe (q) £, but 
not in union (int., [] £).} 

b) An actual-declarer V {7.1.1.b} may "show" a mode-indication M {4.2.1.b}; 
this is determined in the following steps: 
Step 1: A copy is made of V; 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 terminal production as M, then V 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 O 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, 1) does not show M. 

{e.g., in the declaration 
mode £ = [1 : 2] £_, E_ = union (ref ~ ref real,)., 4 = struet (ref ~ e), 

.!:_ = proe (int) £ , 
the mode-indications shown by [1 : 2] E._ are E._ and 4. } 

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 
modea=a, 
mode 1i = e., e = [1 : 10] b , 
mode ~ = [1 : 2] ref union (proe (4_) 4, proe 4_) , 
mode parson= struet (int age., parson unel,e) 

is contained in any proper program.} 



5. Denotations 

{Denotations, e.g., :3.14 or "abc", are terminal productions of notions 
whose value is independent of the elaboration of the progl'.'am. In other lan
guages, they are sometimes termed "literals" or "constants".} 

5.0.1. Syntax 

a)* denotation: PLAIN denotation{510b,511a,512a,513a,514a} ; 
BITS denotation{52b} ; row of character denotation{53b} ; 
procedure with PJ\RAMEIBRS MOID denotation{54b} ; 
format denotation{55a}. 

{Examples: 
a) :3.14 ; l:_ Q_ l:_ ; "aZgoZ.!.report" ((booZ a) int ra I 1 I o;; 

5.0.2. Semantics 

$5d$} 

: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 "aZgo"l..:J'eport" wl!ich 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,514a}. 
b) long INTREAL denotation{86oa} : 

long symbol{31d}~ INTREAL denotation{511a,512a}. 

{Examples: 
b) "long 0 ; J:E!!fJ_J:E!!fl :3.14159265:35 8979:32:3846 264:3:38:3279 5028841971 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., 12:3.4 and 1.2:34e+2}. 

b) The value of a denotation consisting of a number{, possibly zero,} of 
long-symbols followed by an integl'.'al-denotation (real-denotation) is the "a 
priori" value of that integl'.'al-denotation (real-denotation) provided that it 
does not exceed the largest integer {10.1.b} (largest real number {10.1.d}) 
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) integml denotation{ 51 Ob, 512c ,d,f, i, 55g ,86oa} : digit token{ 303c }sequence. 

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

5.1.1.2. Semantics 

The a priori value of an integral-denotation is the integer which in 
decimal notation is that integral-denotation in the representation 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 point numeral { 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{a} : stagnant part{f}, exponent part{g}. 
f) stagnant part{e} : integral denotation{511a} ;variable point numeral{b}. 
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{302b}. 
i) power of ten{g} : plusminus{304c} option, integral denotation{511a}. 

{Examples: 
a) 0.000123 ; 1.23e-4 b) .123 ; 0.123 ; 
c) 123; d) .123 ; 
e) 1.2Se-4 f) 1 ; 1.23 
g) e-4 ; h) 10 ; e ; 
i) 3 ; +45 -678 } 

5.1.2.2. Semantics 

a) The a priori value of a fractional-part is the a priori value of its 
integral-denotation divided by 10 as many times as there are digit-tokens 
in the fractional-part. 

b) The a priori value of a variable-point-numeral is the sum in the sense 
of numerical analysis of 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{86oa} 

{Examples: 
a) true false } 

5.1.3.2. Semantics 

true symbol{31b} ; false symbol{31b}. 

The value of a true-symbol (false-symbol) is .tJtu.e (6al6e). 

5.1.4. Character denotations 

{Character-denotations consist of a string-item between two quote
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. Syntax 

a) character denotation{55j,k,86oa} 
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}. 

c) quote image{b} : quote symbol{31i}, quote symbol{31i}. 

{Examples: 
a) "a" ; 
b) a ; ,111 ; ? ; 
C) 1111 } 

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. , "aba ". 
These denotations differ in that-a-string-denotation contains zero or two or 
more string-items but a bits-denotation may contain one or more flipflops. 
(See also character-denotations 5.1.4.}} 



5.2.1. Syntax 

c) 

b) 
c) 

bits denotation :':'BITS denotation{b,c}. 
structured with row of boolean field LENGTH LENGTHEI'Y letter aleph 

denotation{b,86oa} : long symbol{31d}, structured with row of boolean 
field LENGTHEI'Y letter aleph denotation{b,c}. 

structured with row of boolean field letter aleph denotation{b 860a} . , 
fl1pflop{303e} sequence. 

{Examples: 
long 1_ Q_ J:.. !:.. 

!:.. !!.. !:.. !:.. } 

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 Zong as 
there are long-symbols in the bits-denotation; 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 1 and one quintuple 11,n,1,1,1) and whose element with index j 
is a new instance of 6a.l6e for j = 1, ••• , n - m, and for j = n - m + 1, 
••• , n is a new instance of .ttw.e (6a.l6e) if the i-th constituent flipflop 
(i = j + 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{b}. 
b) row of character denotation{55j,k,86oa} : quote symbol{31i}, 

string item{514b} sequence proper option, quote symbol{31i}. 

{Examples: 
b) '"' ; 11aba" 

5.3.2. Semantics 

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

{The construction "a" is a character-denotation, not a string-denotation. 
However, in all strong positions, e.g., strings := "a", it can be rowed to 
a multiple value {8.2.6). Elsewhere, where a multiple value is required, a 
cast {8,3.4.1.a) may be used, e.g., union (int, string) is:= string: "a". 
The "string", i.e., value of mode 'row of character•, possessed by 
"""a:....+. b'"':....is :....a:..formu.Za" may well be presented informally as follows: 
"a. + b.,.,. -<..l> a 60.1tmula.} 



5.4. Routine denotations 

{A routine-denotation, e.g., ((real, a, b) real, :. (a > b I b I a)), al
ways has a formal-parameters-pack, e.g., (reaia;-b). To the right of this 
formal-parameters-pack stands a cast , e.g., real, : (a> b I b I a), whose 
virtual-declarer specifies the mode of the value, if any, 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 bra:nquart) : 
1-ewi (wodon) could also be calls, or formulas like (int a) int : 1 + 2 + 3 
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{ 86oa} : open symbol{ 31 e}, 

formal P.ARAMETERS{c,e} pack, MOID cast{834a}, close symbol{31e}. 
c) VICTAL PARAMETERS and P.ARAMETER{b,c, 71x,862a} : 

VICTAL P.ARAMETERS{c,e,71y,74b}, gomma{d}, VICTAL P.ARAMETER{e,71y,74b}. 
d) gomma{c} : go on symbol{31f} ; comma symbol{31e}. 
e) formal MODE parameter{b,c,74a} : 

formal MODE declarer{71b}, MODE mode identifier{41b}. 
f)* VICTAL parameters pack VICTAL PARAMETERS{c,e,71y,74b} pack. 

b) 
c) 

{Examples: 
((bool, a, b) bool, : (a I b I fal,se)) 
[1 : J real a; [1 : r a] real b 

d) ; ; , ; 
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 pr.eceding, and a close-symbol following 
that cast; the copy, thus modified, is the routine possessed by the 
routine-denotation. 

{The routine possessed by pl after the elaboration of the identity
declaration (7.4.1.a) proc pl= (int a, b) real : (a> b I :x::x: I yy) is 
(int a=~; int b =~;real: (a> b I :x;:x; I yy)) and that possessed by p2 
after the elaboration of proc p2 = (real a; real b) : (a > b I stop) is 
(real a=~; real, b = ~; (: (a> b I stop))). A routine is the same sequence 
of symbols as some closed-clause (6.3.1.a). For the use of routines, see 8.4 
(formulas), 8.2.2 (deprocedured-coercends) and 8.6.2 (calls).} 



5.5. Format denotations 

5.5.1. Syntax 

a) format denotation{86oa} 
formatter symbol{31b}, collection{b} list, formatter symbol{31b}. 

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

c) picture{b} : MODE pattern{552a,553a,554a,555a,556b,55Tb,-} option, -
insertion{d} option. 

d) insertion{b,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,557b} : 

dynamic replication{h} ; integr-al denotation{511a}. 
h) dynamic replication{g} : 

letter n{302b}, strong CIDSED integr-al clause{63a,640a,-}. 
i) alignment{e} : letter k{302b}; letter x{302b} ; letter y{302b} ; 

letter 1{302b} ; letter p{302b}. 
j) literal{d,e,552f,554b} : replicator{f}, STRING denotation{514a,53b}, 

replicated literal{k} sequence option. 
k) replicated literal{j} : replication{g}, STRING denotation{514a,53b}. 

{Examples: 
a) $p"table. of1'x10a,n(lim-1) (16x3zd, 3x3 (2x+.12de+2d"+jx"si+.10de+2d)l)p$ 
b) p"table.of"x10a ; 3x3(2x+.12de+2d"+jx"si+.10de+2d)l ; 
c) l20ka( "mon", "tues ", 111.,)ednes", "thUPB 11

, "fri 11,."satUP", "aun") "day 11 
; p ; 

d) p"table. of"x ; "day" 
e) p"tabie-:of" ; 
g) n(lim-iT ; 10 
h) n(lim-1) 
j) 
k) 

"+jx" ; 
20 11• II } 

1) sign mould{552a,553a,d,e} 
loose replicatable zero frame{m}, sign frame{p} ; loose sign frame{m}. 

m) loose ANY frame{l,552d,553b,d,555a,556b,557b} : 
insertion{d} option, ANY frame{n,p,q,557c}. 

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{304c}. 
q) suppressible ANY frame{m,n,557b} : 

letter s{302b} option, ANY frame{552e,553c,f,555b,556c}. 
r)* frame: ANY frame{n,o,p,q,552e,553c,f,555b,556c,557c}. 

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

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

(10.5.3) and binary transput (10.5.4). Formats are used by the formatted
transput routines to control input from and output to a "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 (fl, $pt,3(3d.d)i$), the 
current picture-list of the file fl is pt, 3d.d, 3d.d, 3d.di and 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 
cormna-symbols, follow~d by its last insertion-option(; e.g •• the result 
of unfolding 3k "ab "2 ( 10a)i is 3k "ab"10a, Wai); 

c) if 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(; e.g., the result of unfolding 10a,pn(i)(d.2d)"." 
is 1Oa, p 11

• 
11 when the value of i 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 in (10.5.3.2.b) is called, then transput 
takes place in the following steps: 
Step 1: The values to be transput are elaborated collaterally and the result 

is "straightened" (10.5.0.2) 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 exhaust~d, then format end 
of the file is called, a routine which may be provided by the programmer 
(10.5.1.kk); 

Step 4: If the current value is "compatible" with (nn) the current picture, 
then that value is transput under control of that picture; otherwise, 
vaiue 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 7; 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 O 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,l,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 

gg) An insertion is performed by performing its constituent alignments 
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, 
where n stands for the value of the preceding replicator: 
a) letter-k causes the current char number to be set to n; .. 
b) letter-x causes the char number to be incremented by n (10.5.1.2.0); 
c) letter-y causes the char number to be decremented by n (10.5.1.2.p); 
d) letter-1 causes the line number to be incremented by n and the char num

ber to be reset to 1 (10.5.1.2.q); 
e) letter-p causes the page number to be incremented by n and both the line 

number and the char number to be reset to 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 char number by 1. 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. 

jj) 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 incremented by 1. 

k.k.) 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. 

ll) On output, a picture may be used to "edit" a value in the following 
steps: 
Step 1: The value is converted by an appropriate output routine (10.5.2.i.c, 

d,e) to a string of as many characters as specified by the picture(; if 
the pattern of the picture is an integal-pattern, then this conversion 
takes place to a base equal to the value of the integal-denotai;;ion 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 value 
error of the file is called, a routine which may be provided by the pro
grammer (10.5.1.k.k.); 

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, 



5.5.1. continued 3 

then a space, and, otherwise, the character specified by the sign-frame; 
this character is shifted in that part of the string specified by the 
sign-mould as far to the right as possible across all leading zeroes, and 
those zeroes are replaced by spaces(; e.g., under the sign-mould 4z+, 
the string possessed by 11+0003 11 becomes that possessed by "~+3 11 ); if the 
picture does not contain a sign-mould and the value is negative, then 
value error of the file is called; 

Step 3: Leading zeroes in those parts of the string specified by any remain
ing zero-frames are replaced by spaces(; e.g., under the picture zdzd2d, 
the integer 180168 becomes the string possessed by 1118.:...168 11

; 

Step 4: 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 
1118-.:...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., first, the insertion, if any, preceding the frame is performed and 
next, as many characters are obtained as are specified by the frame; each 
of those characters is obtained, 
if the frame is not suppressed, then by reading from the file a character, 

and, if the frame is a digit- (point-, exponent-, complex-)frame and the 
character is not a digit (point, times ten to the power, plus i times), 
then calling ahar error of the file (10.5.1.k.k) 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-, complex-, 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, ahar error 
is called with a plus; if this character is a space, and the sign-frame 
is a minus-symbol, then it is replaced by a 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 11+39" is obtaint;?d); 

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 ma:x:int (10.1.b) is 
10000, then under +5d it is possible to input +10000, but not +10001). 

nn) A value of a given mode is compatible with a given picture if 
a) on output, there exists some mode which is the mode specified by the 

picture preceded by zero or more times 'long', such that that mode is 
strongly coerced from the given mode; 

b) on input, there exists some mode which is the mode specified by the 
picture preceded by 'reference to' followed by zero or more times 
'long', such that that mode is strongly coerced from the given mode. 
(A value of mode 'reference to long integral' is on output compatible 
with a picture that specifies the mode 'real', but not on input.) 



5.5.1. continued 4 

oo) 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 integt'al-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) integt'al pattern{55c} : radix mould{b} option, sign mould{55l} option, 
integt'al mould{d} ; integt'al choice pattern{f}. 

b) radix mould{a} : insertion{55d} option, radix{c}, letter r{302b}. 
c) radix{b} : digit two{303d}; digit four{303d} ; digit eight{303d} ; 

digit one{303d}, digit zero{303d} ; digit one{303d}, digit six{303d}. 
d) integt'al mould{a,553b,d,e} : 

loose replicatable suppressible digit frame{55m} sequence. 
e) digit frame{55q} : zero frame{55o} ; letter d{302b}. 
f) integt'al choice pattern{a} : 

insertion{55d} option, letter c{302b}, literal{55j} list pack. 

{Examples: 
a) 2r6d30sd ; 12z+d ; zd"-"zd"-19 112-:1 ; 

l20ka("mon", "tues", "wednes", "thurs", "fri", "satur", "sun") 
b) 2r ; 
c) 2 ; 4 ; 8; 10 ; 16 ; 
d) zd"-"zd"-19"2d ; 
f) l20ka("mon", "tues", "wednes", "thurs", "fri", "satur", "sun") } 

{If a given value is transput under control of a picture whose constitu
ent pattern is an integt'al-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 then-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 i-th constituent literal is 
the first one present, then the value is i; if none of these literals is 
present, then the further elaboration is undefined; 

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



5.5.3. Syntax of real patterns 

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

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

c) point frame{55q} : point syrnbol{31b}. 
d) floating point mould{a} : stagnant mould{e}, loose suppressible exponent 

frame{55m}, sign mould{55l} option, integral mould{552d}. 
e) stagnant mould{d} : sign mould{55l} option, INTREAL mould{b,552d,-}. 
f) exponent frame{55q} : letter e{302b}. 

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

5.5.4. Syntax of boolean patterns 

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

b) boolean choice mould{a} : open syrnbol{31e}, literal{55j}, 
comna syrnbol{31e}, literal{55j}, close syrnbol{31e}. 

{Examples: 
a) 7,"resul,t"14xb ; b("", "error") 
b) ("", "error") } 

{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", "O"). 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-bis performed, and, 
a) on output, if the truth value to be output is bw.e, then the first con

stituent literal of the constituent choice-mould is written, and, other
wise, the second; 

b) 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 .tltue is found; otherwise, if the second literal is present, then 
the value 6al6e is found; otherwise, the further elaboration is unde
fined; 

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

5.5.5. Syntax of character patterns 

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

{Example: 
a) "• "a } 



5.5.6. Syntax of complex patterns 

a)* 
b) 

c) 

b) 

complex pattern: CavJPIEX pattern{b}. 
CavJPIEX pattern{55c} : real pattern{553a}, 

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

{Example: 
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} ; 

loose replicatable suppressible character frame{55m} sequence proper; 
insertion{55d} option, replication{55g}, 

suppressible character frame{55q}. 
c) string frame{55m} : letter t{302b}. 

{Examples: 
b) it ; .5a3sa.5a ; p"tabie.of''xlOa (Note that a is a character-pattern, 

whereas la 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; 
c) 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 

{'Iransformats are exclusively used as actual-parameters of formatted
transput routines; for reasons of efficiency, the programmer has deliber
ately been made unable 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 
transfonnat{74b} : firm fo:rniat unit{61e}. 

{Example: 
a) (x ::::: o I $.5d$ I $.5d"-"$) } 



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 transforma.t 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 integr>al-clause; 

Step 4: Each of those dynamic-replications is replaced by an integr>al
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 {5.1.4.1.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 {5.1.4.1.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 (1,1,1,1,1)) is made to be the {only} field of a 
new instance of a structured value {2.2.3.2} whose mode is that enveloped 
{1.1.6.j} by the original {1.1.6.c} of the transformat; 

Step 7: The 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, :x:, or collateral, e.g., real, :x:, y. Clauses may be unitary, e.g., 
:x: := 1, collateral, e.g., (:x: := 1, y := 2), closed, e.g., (:x: + y), or condi
tional, e.g., if. :x: > 0 then :x: el,se O fi. (which may be written (:x:>O lxl OJ). 
Most clauses will be of' a certain "sort", i.e., strong, weak, f'irm or sof't, 
wuich determines how the coercions should be ef'f'ected. The sort is "passed 
on" in the production rules f'or clauses and may be modif'ied by "balancing" 
in serial-, collateral- and conditional clauses.} 

6.0.1. Syntax 

a)* SOME phrase : 
SORTETY SOME PHRASE{61a,62a,b,c,d,f,63a,64a,c,d,e,70a,81a,-}. 

b)* SCME expression: 
SOR'IETY SCME MODE clause{61a,62b,c,d,f',63a,64a,c,d,e,81a}. 

c)* SCME statement : strong SCME void clause{61a,62b,63a,64a,c,e,81a}. 

{The rules band care 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 inf'ormal introduction into ALGOL 68 (0.1.1) 
also the following rules may be helpf'ul: 

d)* MODE constant : MODE FORM{830a,84b,g,85oa,860a}. 
e)* MODE variable: reference to MODE FORM{830a,84b,g,850a,860a}. 
f)* procedure: REFETY PROCEDURE FORM{830a,84b,g,850a,860a}. 
g)* structure display: 

strong collateral structured with FIELDS and FIELD clause{62f'}. 
h)* row display : SORTETY collateral row of MODE clause{62c,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., 
"overf'low"} not specif'ied by the phrase but taken by the computer if' its 
limitations {2.3.b} do not permit satisf'actory elaboration. {Whether, af'ter 
an interruption, the elaboration of' the phrase is resumed, the elaboration 
of' some unitary-phrase is initiated or the elaboration of' the progr>am ends, 
is lef't undef'ined in this Report.} 

c) The elaboration of' a phrase may be halted {10.4.c}, i.e., no f'urther 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 {4.1.2.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 ta.ken; 
otherwise, Step 2 is ta.ken; 

Step 2: If the given clause as possibly modified in Step 1, 2 or 4 con
tains an operator-defining occurrence {4.3.2.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 ta.ken; otherwise, the 
protection of the given clause is accomplished; 

Step 3: If the indication is a dyadic-indication, then Step 4 is ta.ken; 
otherwise, Step 2 is ta.ken; 

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 ta.ken. 

{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.} 

6.1. Serial clauses 

{What' -6 ,i,.n a name? .that whlc.h we. c.a.U a IWl:.e 
By any a.the.Jr. name. would -6me.U. M -6We.et. 
Rome.a and JCLU.et, WUUam Shctke.1:.pe.aJz.e..} 

{Serial-clauses are built from unitary-clauses and declarations with the 
help of go-on-symbols(;), canpletion-symbols (. or exit) and labels, e.g., 
(x > 0 Ix:= 1 I i); y. i: y + 1, where the value of the clause is that of 
y, if x > O and that of y + 1 otherwise. A serial-clause may begin with 
declaration-preludes, e.g., int n := 1; in int n := 1; x := y + n. Labels 
may occur in only three syntactic positions within serial-clauses: after a 
completion-symbol (here a label is obligatory, e.g., .i:), in a sequencer 
(e.g., ;i:), or at the beginning of a clause-train (i.e., one or more 
unitary-clauses separated by sequencers, e.g., l: x := 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] reai xl; for i ton do xl [i] := 
ix i; reai 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) SORI'ETY serial CLAUSE{63a,64b,e} : declaration prelude{b} sequence 
option, suite of SORI'ETY CLAUSE trains{f,g}. 

b) declaration prelude{a,2b,c} : 
statement prelude{c} option, single declaration{d}, go on symbol{31f}. 

c) statement prelude{b} : 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) SORI'ETY MOID unit{c,i,558a,62b,c,e,h,74b,831c,834a} : 
SORI'ETY unitary MOID clause{81a}. 

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{h}, completer{l}, suite of strong CLAUSE trains{f} ; 
strong CLAUSE train{h}, completer{l}, suite of FEAT CLAUSE trains{g}. 

h) SORI'ETY MOID clause train{f,g,2g} : label{k} sequence option, 
statement interlude{i} option, SORI'ETY MOID unit{ e}. 

i) statement interlude{h,2f} : 
chain of strong void units{e} separated by sequencers{j},sequencer{j}. 

j) sequencer{i,30c} : go on symbol{31f}, label{k} sequence option. 
k) label{h,j,l,2d} : label identifier{41b}, label symbol{31e}. 
1) completer{f,g,30c} : completion symbol{31f}, label{k}. 

{Examples: 
a) reai a:= O; Ll: i2: x :=a+ 1; (p I L$); (x > 0 I LJ Ix:= 1 - x); 

faise. LJ: y := y + 1; true ; 
b) reai a:= O; ; read (n); [1:n] reai xl, yl; ; 
c) read (n); 
d) reai a:= 0; [1:n] reai xl, yl ; 
e) faLse ; --
f) i1: i2: x :=a+ 1; (p I LJ); (x > 0 I LJ Ix:= 1 - x); raise. 

LJ: y := y + 1; true ; 
h) i1: i2: x :=a+ 1; (p I LJJ; (x > O I LJ Ix:= 1 - x); faise ; 
i) x :=a+ 1; (p I LJ); (x > 0 I LJ Ix:= 1 - x); ; 
j ) ; ; ; L4: L5: ; 
k) L4: ; 
1) • LJ: } 

6.1.2, Semantics 

a) The elaboration of a serial-clause is initiated by protecting {6.0.2.d} 
it 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
sequence (the single-declaration or unitary-clause following that go-on
symbol). 

c) 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 {2.2.4.2} of that value is larger than 
the serial-clause{; otherwise, the value of the serial-clause is unde
fined}. 

{In y := (x := 1.2; 3.4), the value of the serial-clause x := 1.2; 3.4 
is the real number possessed by 3.4. In xx := (real r := 0.1; r), the value 
of the serial-clause real r := 0.1; r 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 real r := 0.1; r possesses a real number.} 

6.2 Collateral phrases 

{Collateral-phrases contain two or more unitary-phrases separated by 
corrma-symbols (,) and, in the case of collateral-clauses, are enclosed be
tween an open-symbol(() and a close-symbol (J) or between a begin-symbol 
(begin) and an end-symbol (end), e.g., (x := 1, y := 2) or real x, real y 
(usually real x, y, see 9.2-:cT. 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 xl = (1.2, 3.4) and in~ z := (1.2, 3.4). 
Here, the collateral-clause (1.2, 3.4) obtains the mode 'row 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 struat !!!_=(ref !!!_m); !!!_ nobuo, yoneda, the assig
nation nobuo := (yoneda) would be syntactically ambiguous. In the reach of 
the declarations struat r = (real a); r r, the construction r := (3.14) is 
not an assignation, but a £tr:= 3.14is. It is possible to present a 
single value or no value at all as a multiple value, e.g.,[] real xl = ; 
[1 : 1] 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{7oa} list proper. 
b) strong collateral void clause{2d,81d} : 

parallel symbol{31e} option, strong void unit{61e} list proper PACK. 
c) STRONGETY collateral row of MODE clause{81d} : 

STRONGETY MODE unit{61e} list proper PACK. 
d) firm collateral row of MODE clause{81d} : firm MODE balance{e} PACK. 
e) firm MODE balance{d,e} : 

firm MODE unit{61e}, canma symbol{31e}, strong MODE unit{61e} list; 
strong MODE unit{61e}, camna symbol{31e}, firm MODE unit{61e} ; 
strong MODE unit{61e}, camna symbol{31e}, firm MODE balance{e}. 

f) strong collateral structured with FIEIDS and FIEID clause{81d} : 
strong structured with FIEIDS and FIEID structure{g} PACK. 

g) strong structured with FIEIDS and FIEI.D structure{f,g} : 
strong structured with FIEIDS structure{g,h}, comma symbol{31e}, 

strong structured with FIEID structure{h}. 
h) strong structured with MODE field TAG structure{g} 

strong MODE unit{61e}. 



6.2.1. continued 

{Examples: 
a) real x, real y ; (and by 9.2.c) real x, y 
b) (x := 1,y:= 2, z := 3) 
C) ( X, n) ; 
d) (1.2, 3, 4) (in (1.2, 3, 4) + xl, supposing+ has been declared also 

for 'row of real') ; 
e) 1.2, 3, 4 (in (1.2, 3, 4) + xl) 1, 2.3 (in (1, 2.3) + xl) ; 

1, 2.3, 4 (in (1, 2.3, 4) + xl) 
f) (1, 2.3) (in z := (1, 2.3)); 
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 elaboration of each of these constituents, 
interrupted upon the interruption of the elaboration of any of these 

constituents, 
completed ~pon 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 {a}. 

c) A collateral-clause is elaborated in the following steps: 
Step 1: Its constituent units are elaborated collaterally {a}; 
Step 2: If the terminal production of the metanotion 1MOID 1 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 name 
{2.2.3.5} which refers to a 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 i is a new instance of the value of the I-th constituent 
unit, and whose descriptor consists of an offset 1 and one quintuple 
(1,m,1,1,1); this multiple value is considered and Step 7 is taken; 



6.2.2. continued 

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 (I - 1) x 4 + j, j = 1, •.• , 4 of 
the new value, where 4 stands for the number of elements in one of those 
values, are new instances of the elements, taken in the order of ascending 
indices, of the value of the I-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,1,1,1) has been in
serted before the old first quintuple, the offset has been set to 1, dn 
has been set to 1, and for I= n, n - 1, ••• , 2, the stride d. 1 has 

..(. -
been set to (u1 - t 1 + 1) x d1 ; this new multiple value is considered and 

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) SORI'El'Y closed CLAUSE{2d,55h,81d} SORI'El'Y serial CLAUSE{61a} PACK. 

{Examples: 
a) begin i := i + 1; j := J + 1 end (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 'boolean') of a condition, 
e.g., (x > 0 Ix I 0). Here, x > 0 is the condition. If its value is .tlw.e, 
then x, and, otherwise, 0 is chosen. Conditional-clauses are generalized in 
th7 extensions 9.4, e.g., :ft. x > 0 then x e'lsf x < -1 then -x - 1 e'lse 0 fi, 
which has the same effect as (x > OjX I (x < -1 I -x - 1 I 0)). Unlike 
similar constructions in other languages, conditionaJ-clauses are always en
closed between an if-symbol, represented by(, by :ft. or by~• and a fi
syrnbol, represented by), by fi or by esac. This enclosure allows both parts 
of the choice-clause and the condition~contain serial-clauses.} 



6.4.1. Syntax 

a} 

b) 
c) 

d) 

e) 

SORI'EI'Y conditional CLAUSE{2d,55h,81d} : if symbol{31e}, condition{b}, 
SORI'EI'Y choice CLAUSE{c,d}, fi symbol{31e}. 

condition{a} : strong serial boolean clause{61a}. 
STRONGEI'Y choice CLAUSE{a} : 

STRONGEI'Y then CLAUSE{ e}., STRONGEI'Y else CLAUSE{ e}. 
FEAT choice CLAUSE{a} : 

FEAT then CLAUSE{e}, strong else CLAUSE{e}; 
strong then CLAUSE{e}, FEAT else CLAUSE{e}. 

SORI'EI'Y THELSE CLAUSE{c,d} : 
THELSE symbol{31e}, SORI'EI'Y serial CLAUSE{61a}. 

{Examples: 
a) (x > 0 I x I 0) ; :ft. over-flow then exit fi (see 9.4.a) 
b) x > 0; over-flow; 
c) Ix I 0 ; then exit; 
d) I x I O (in (x > 0 I x I 0) + y) ; 
e) I x ; I 0 ; then exit } 

{Ruled 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 Ix I~)+ (p I ~ I y), the conditional-clause (p Ix I~) is 
balanced by making Ix firm and I~ strong, whereas (p I~ I y) is balanced 
by making I~ strong and I y firm. The example (p I~ I ~) + y illustrates 
that not both may be strong, for otherwise the operator+ could not be iden
tified.} 

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 bw.e (nal6e) 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 

clause; .. 
terminated upon the termination of the elaboration of its condition or 

the considered clause, and if one of these appoints a successor, then this 
is the successor of the conditional-clause. 



7. Unitary declarations 

{Unitary-declarations provide the indication-defining occurrences of 
mode-indications, e.g. , stz,ing in mode stz,ing = [1 : 0 ~] chaI', and of 
dyadic-indications, e.g., v in pz,iority v = 2, the defining occurrences of 
mode-identifiers, e.g., x in z,eal, x, and the operator-defining occurrences 
of operators, e.g., abs in E!2.. abs = (int a) int : (a < 0 I - a I a). 
Declarations occur in declaration-preludes (6°:T.1.b).} 

7.0.1. Syntax 

a) unitary declaration{61d,62a} 
mode declaration{72a}; priority declaration{73a} ; 
identity declaration{74a}; operation declaration{75a}. 

{Ex8J11ples: 
a) mode stz,ing = [1 : 0 fZ.ex] chaI' ; pI'ioI'ity v = 2 ; 

int m = 4096 ; E!2.. ..- = (z,eal, 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 {4.1,1.e} containing that declaration. 

7.1. Declarers 

{Declarers are built from the symbols int, z,eaZ., booZ., char and format, 
with the assistance of certain other symbols as, e.g., Z.ong, I'ef, [, ], 
stl'UCt, union and pz,oc. A declarer specifies a mode, e.g., real, specifies 
the mode 'real'. A declarer is either a declarator or a mode-indication, 
e.g., ~ 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., [1 : n] real,, [1 : n fl,ex] real,, [1 : fl,ex] real,, 
[1 : n eithez,J z,eaZ., [1 : either] real, and[] z,eal, may all be formal, but 
only the first two may be actual and only the last one may be virtual.} 

7,1.1. Syntax 

a)* declarer : VICTAL MODE declarer{b}. 
b) VICTAL MODE declarer{h,k,l,m,n,o,p,x,y,aa,jj,54e,72a,834a,851b,c} 

VICTAL MODE declarator{c,d,e,l,m,n,o,p,w~cc}; 
MODE mode indication{42b}. 

c) VICTAL PRIMITIVE declarator{b,d} : PRIMITIVE symbol{31d}. 
d) VICTAL long INTREAL declarator{b,d} : 

long symbol{ 31 d}, VICTAL INTREAL declarator{ c ,d} • 



7.1.1. continued 

{Examples: 
b) real, ; bits ; 
c) · 1,nt ; real, ; boo 1, ; cha.r ; format 
d) tong int ; J:E!!:U.. J:E!!:U.. reai } 

e) VICTAL structured with FIELDS declarator{b} 
structure symbol{31d}, VICTAL FIELDS declarator{f ,h,k} pack. 

f) VICTAL FIELDS and FIELD declarator{e,f} : . 
VICTAL FIELDS 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 S'IDWED declarer{b}, STOWED field TAG selector{j}. 
i)* field selector: FIELD 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 field TAG selector{j}. 

{Examples: 
e) struct _(string tit7,e~ U : n] ref string pages, int price) 
f) string titie, [1 : n] ref string pages, int price ; 
h) [1 : n] ref string pages ; 
j) ti tie ; 
k) int price} 

{Rules hand k, together with 1.2.1.r,s,t,u,v and 4.1.1.c,d lead to an 
infinity of production rules of the strict language, thereby enabling the 
syntax to "transfer" the field-selectors (i) into the mode of structured 
values, and making it ungrammatical to use an "unknown" field-selector in a 
selection (8.5.2). Concerning the occurrence of a given field-selector more 
than once in a declarer, see 4.4.3, which implies that struct (real, :x:,int :x;) 
is not a (correct) declarer, whereas struct (reai:x:, struct (1,nt:x:, boo"/, p) p) 
is. Notice, however, that the use of a given field-selector "'in two different 
declarers within a given reach does not cause ambiguity. Thus, mode ce1,1, = 
struct (string name, ref ceU ne:x:t) and mode Unk = struct (ref Zink next, 
ref ceU va1,ue) may both occur in the same reach.} 

l) VIRACT reference to MODE declarator{b} : 
reference to symbol{31d}, virtual MODE declarer{b}. 

m) fonnal reference to STOWED declarator{b} : 
reference to symbol{31d}, fonnal STOWED declarer{b}. 

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

{Examples: 
l) ref [] real, ; 
m) ref [1 : J real, ; ref [1 : either, 1 : f1,e:x:] real, ; 
n) ref ref[] real, } 

{Rules l, 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.} 



7.1.1. continued 2 

o) VICTJ\L ROWS structured with FIEillS declarator{b} 
sub symbol{31e}, VICTJ\L ROWS rower{q,r}, bus symbol{31e}, 

VICTJ\L structured with FIEillS declarer{b}. 
p) VICTJ\L ROWS NONSTOWED declarator{b} : 

sub symbol{31e}, VICTJ\L ROWS rower{q,r}, bus symbol{31e}, 
virtual NONSTOWED declarer{b}. 

q) VICTJ\L row of ROWS rower{o,p,q} : 
VICTJ\L row of rower{r}, canma symbol{31e}, VICTJ\L ROWS rower{q,r}. 

r) VICTJ\L row of rower{ o ,p, q} : 
VICTJ\L lower bound { s, t , v}, up to symbol { 31 e}, VICTJ\L upper bound { s , t , v} • 

s) virtual I.OWPER bound {r} : EMPI'Y. 
t) actual IDWPER bound {r} : 

strict I.OWPER bound{u}, flexible symbol{31d} option. 
u) strict LOWPER bound { t, v, 861f'} : strong integral tertiary{ 81 b} • 
V) formal LOWPER bound { r}: 

strict LOWPER bound{u} option, flexible symbol{31d} option; 
strict LOWPER bound{u} option, either symbol{31d}. 

{Examples: 
·o) [1 : m] struct ([1 : n] reaZ a, int b) 
p) [1 : m, 1 : n] ref [] reaZ ; 
q) 1 : m, 1 : n 
r) 1 : m ; 
t) m m fZex ; 
u) m 
v) m ; m [Zex ; fZex ; 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 multiple value possessed bythecorresponding actual-parameter. 
The flexible-symbol in ref [1 : fZex] chars= t prescribes that a name re
ferring to a multiple value with upper state O (i.e., the upper bound may 
vary) will be possessed bys; in ref [1 : neither] chars= t, the either
symbol allows that upper state to be either O or 1 (i.e., the upper bound 
may be variable or fixed) and the absence of both flexible-symbolandeither
symbol in ref [1 : n] chars= t prescribes that that upper state is 7 
(i.e., the upper bound must be fixed). Independently, the strict-upper-bound 
n in ref [1 : neither] chars= tor in ref [1 : n] chars= t prescribes 
that a name referring to a multiple value whose upper bound equals the value 
of n will be possessed bys; 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 : fZex] chars= 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 a simi
lar role in generators (8.5).} 

w) VICTJ\L PROCEDURE declarator{b} 
procedure symbol{31d}, virtual PROCEDURE plan{x,aa}. 

x) virtual procedure with P.ARAME'IERS MOID plan{w, 75b} : 
virtual P.ARAME'IERS{y,54c} pack, virtual MOID declarer{b,z}. 

y) virtual MODE parameter{x,54c} : virtual MODE declarer{b}. 
z) virtual void declarerb:,aa,834a} : EMPI'Y. 
aa) virtual procedure MOID plan{ w} : virtual MOID declarer{b , z} • 
bb)*parameters pack: VICTJ\L P.ARAME'IERS{y,54c,e,74b} pack. 



7.1.1. continued 3 

{Examples: 
w) ~; ~roe 
x) (real,, 1,nt) 
y) real, ; -
aa) boot} 

cc) VICTAL union of IMOODS MOOD mode declarator{b} 
union of symbol{31d}, IMOODS MOOD and open box{dd} pack. 

dd) LOSETY IMOOD open BOX{cc,ee} : IDSETY closed IMOOD end BOX{ee,ff}. 
ee) IDSETY closed IMOODSETY IMOOD end BOX{dd,ee,ff} : 

IDSETY closed IMOODSETY IMOOD IMOOD end BOX{ee,ff}; 
1DSETY open IMOODSETY IMOOD BOX{ dd ,gg} • 

ff) IDSETY closed IMOODSETY IMOOD end IMGOr BOX{dd,ee,ff} : 
IDSETY closed IMOODSETY IMoor IMOOD end BOX{ee,ff}. 

gg) open IMOODS IMOOD BOX{ee,gg,ii} : IMOODS IMOOD BOX{ii} ; 
open IMOODS box{gg,hh}, comma symbol{31e}, IMOOD BOX{ii,jj}. 

hh) open IMOOD box{gg} : IMOOD box{jj}. 
ii) IMOODS MOOD and box{gg} : union ofIMOODS MOODmode mode indication{42b} ; 

union of symbol{31d}, open IMOODS MOOD and box{gg} pack. 
jj) MOOD and box{gg,hh} : virtual MOOD declarer{b}. 

{Examples: 
cc) union (r~al,., union (int., booZ), union (real,, int)) ; 

"iiiiuin (~ union (booZ., real,)) ( in the reach of union ri = (real,, int))} 

{Let "b" stand for 'boolean', "i" for 'integral', "Jc." for •real', "+" 
for 'and' and "(b.i.Jt)" for any of the six protonotions 1 b+i+Jc. 1

, 
1 b+Jt+i 1

, 

'i+b+Jt', 'i+Jt+b', 'Jt+b+i' and 'Jt+i+b'. Both examples are then examples of a 
virtual-, actual- or formal-union-of-(b.i.Jt)-mode-declarator. The choice for 
(b.i.Jt) 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.a,b,c,d do not cause any ambiguity (1.1.6.i,4.4.3.d). 
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 ', comma symbol,' , then the production 
of the first example from 'actual union of integral and real and boolean 
mode declarator' is suggested by: 

cc i+Jt+b+()# ee1 i+(Jt+Jt+)b+# 
dd i+Jt+(b+)# ff i+(Jt+b+Jt+)# 

ee2 i+Jt+()b+# ee2 i+()Jt+b+Jt+# 
dd i+(Jt+)b+# dd (i+)Jt+b+Jt+# 

7.1.2. Semantics 

ff (Jt+i+Jb+Jt+# 
(Jt+i+i+) b+Jt+# 
(Jt+bb+b )Jc.+# 
(Jt+i+b+Jt+.i.+) # 

eel 
ff 
ff 

ee2 
gg2 
gg2 
hh 

( )Jt+i+b+Jt+i+# 
( )Jt+i+b+# ,Mi+# 
( )Jc.+# ,i+b+# ,Jt+i+# 

Jt+#,i+b+#,Jt+i+#} 

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. 

c) 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 



7.1.2. continued 

is an actual-declarer or fornial-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 
(d) or identity-declaration (7.4.2.Step 1).} 

d) A {virtual- or actual-} declarer V specifying the mode Mis elaborated 
in the following steps: 
Step 1: If Vis a virtual-declarer, then a new instance V of some value of 

some mode N {not beginning with 'union of' and} such that Mis, or is 
united from, N is chosen and Step 8 is taken; otherwise, Vis developed 
and Step 2 is taken; 

Step 2: If V now begins with a structure-symbol, then Step 4 is ta.ken; 
otherwise, if V now begins with a sub-symbol, then Step 5 is taken; other
wise, if V now begins with a union-of-symbol, then Step 3 is taken; other
wise, a new instance V of some value of the mode Mis chosen and Step 8 is 
taken; 

Step 3: Some mode N is chosen which does not begin with 'union of' and from 
which Mis united {4.4.3.a}; a new instance V of some value of the mode N 
is chosen and Step 8 is taken; 

Step 4: All constituent declarers of V are elaborated collaterally 
{6.2.2.a}; the values referred to by the values {names} 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.l} of V 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 constituent actual-row-of
rowers in V; for i = 1, ••• , n, l. (u.) is set equal to the value of the 

.(. .(. 

constituent strict-lower-bound (strict-upper-bound) of the i-th of these 
actual-row-of-rowers; if the flexible-symbol-option of the actual-lower
bound (actual-upper-bound) of the -l-th of these actual-row-of-rowers is a 
flexible-symbol, then ~i (t-l) is set to O; otherwise,~-<. (t-<.) is set to 1; 
next, dn is set to 1, and for -l = n, n - 1, ••• , 2, the stride d-l _ is 

set to (u. - l, + 1) x d,; 
.(. .(. .(. 

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 Vis elaborated collaterally a number of times and 
the elements are copies of values referred to by {some of the} resulting 
names; 

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

7.2. 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 smng = [1 : 0 f'l,ex] oha,r,, or from other declarers or 
even from themselves, e.g., mode book = struot (string title, zaef book next). 
In this last example, the mode-indication is not only a convenient abbrevia
tion, but it is essential to the declaration.} 



7.2.1. Syntax 

a) mode declaration{70a} : mode syrnbol{31d}, MODE mode indication{42b}, 
equals syrnbol{31c}, actual MODE declarer{71b}. 

{Examples: 
a) mode string = [1 : 0 flex] ahar ; et1'Uat ~ = (real, re, im) ; 

union primitive = (int, real, boo?,, ahar, formatTTsee 9.2.b,c)} 

7.2.2. Semantics 

The elaboration of a mode-declaration involves no action. 
{See 4.4.4.c concerning certain mode-declarations, e.g., mode a= a, 

which are not contained in proper progt'ams.} -- - -

7.3. Priority declarations 

{Priority declarations provide the indication-defining occurrences of 
dyadic-indications, e.g., £. in priority 12_ = 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 (8.4.1.g), 
which is higher than that of all dyadic-operators, monadic-indications do 
not occur in priority-declarations.} 

7.3.1. Syntax 

a) priority declaration{70a} : 
priority symbol{31d}, priority NUMBER indication{42e}, 

equals symbol{31c}, NUMBER token{b,c,d,e,f,g,h,i,j}. 
b) one token{a} : digit one syrnbol{31b}. 
c) 'IWO token{a} : digit two symbol{31b}. 
d) THREE token{a} : digit three syrnboH31b}. 
e) FOUR token{a} : digit four symbol{31b}. 
f) FIVE token{a} : digit five symbol{31b}. 
g) SIX token{a} : digit six symbol{31b}. 
h) SEVEN token{a} : digit seven symbol{31b}. 
i) EIGHT token{a} : digit eight syrnbol{31b}. 
j) NINE token{a} : digit nine symbol{31b}. 

{Example: 
a) priority + = 6 } 

7.3.2. 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.} 



7.4. Identity declarations 

{Identity-declarations provide the defining occurrences of mode
identifiers, e.g., x in 'l'eaZ x (which is an abbreviat~on o~ r;ef 'l'eaZ x = 
Zoe 'l'eaZ , 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.} 

7.4.1. Syntax 

a) identity declaration{7oa} : fonnal MODE parameter{54e}, 
equals symbol{31c}, actual MODE parameter{b}. 

b) actual MODE parameter{a,54c,75a,862a} : 
strong MODE u:nit{61e} ; MODE transfonnat{558a,-}. 

{Examples: 
a) 'l'eaZ e = 2.?18281828459045 ; int e = abs i ; 'l'eaZ d = 'l'e (z x conj z) ; 

l'ef [.,] ~ aZ = a [, : k] ; 'l'ef 'l'eaZ xlk = x1 [k] ; ~ unit = 1 ; 
~ int t~me = cZock t cycZes ; 
(The following declarations are given first without, and then with, the 
extensions of 9.2) 
'l'ef ~ x = Zoe ~ ; l'eaZ x ; 
l'ef ~nt sum= Zoe ~nt := 0 ; int sum:= 0 ; 
l'ef [eithel' : eithe'l', eithe'l' : eithel'] 'l'eaZ a = Zoe [1 m., 1 n] 'l'eaZ 

:= x2 ; [1 : m., 1 : n] 'l'eaZ a:= x2; 
p'l'oc ('l'eaZ) l'eaZ Vel's = ( (l'eaZ x) l'eaZ : 1 - cos (x)) 

pX'oc Ve'l's = (:l'eaZ x) 'l'eaZ : 1 - cos (x) ; 
l'ef woe (int) ~ q_ = Zoe pl'o'; (int) int := ( (int i) int abs i) 

w~c q :=(int~) int : abs~ ; 
b) abs~ ; J,00 'l'eaZ ; Zoe int:= 0 ; $+d.11de+2d$} 

7.4.2. Semantics 

An identity-declaration is elaborated in the following steps: 
Step 1: The fonnal-declarer V of its formal-parameter f is developed 

{7.1.2.c}; 
Step 2: Its actual-parameter A and all boundscripts contained in V, as pos

sibly modified in Step 1, but not contained in any boundscript contained 
in V, 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 
elaboration is undefined; otherwise, if Vis a name other than nle., then 
the value to which V refers, or otherwise V itself, is termed W; 

Step 4: If Wis not a structured value or multiple value, then Step 7 is 
taken; otherwise, if Vis not a name, then Step 6 is taken; 

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

Step 6: For each bound.script contained in·V, as possibly modified in Step 1, 
but not contained in any bound.script contained in V 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 7 is taken; 



7.4.2. continued 

Step 7: The identifier of Fis made to possess V. 

{According to Step 6, the elaboration of the declaration 
[1 : 2] Peai xl = (1.2, 3.4, 5.6) 

is undefined and according to Step 5 the elaboration of the declaration 
Pef [1: ~] Peai xl = [1: 2] Peai := (1.2, 3.4) 

is undefined. The elaboration of the declaration 
[1 : fZex] Peai xl = (1. 2, 3. 4) 

is well defined, but its effect is also obtained by the elaboration of the 
less confusing declaration 

[] reai xl = (1.2, 3.4).} 

7.5. Operation declarations 

{Operation-declarations provide the operator-defininj occurrences of 
operators, e.g., £12. v = freai a, b) Peai : (Pandom < • 5 a I 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, etc.} 

7 .5.1. Syntax 

a) operation declaration{70a} 
PRAM caption{b}, equals symbol{31c}, actual PRAM parameter{74b}. 

b) PRAM caption{a} : operation symbol{31d}, 
virtual PRAM plan{71x}, PRAM ADIC operator{43b,c,-}. 

{Examples: 
a) £12. A = (booi a, b) booi : (a I b I faise) ; 

£12.abB = (Peai a) Peai: (a< 0 I - a I a) (see 9.2.d,e) ; 
b) £12. (booi, booiJ booCii; £12. (Peai) Peai abs } 

7.5.2. 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 the} value obtained in Step 1. 

{The formula (8.4.1) p A q, where A identifies the operator-defining 
occurrence of A in the operation-declaration 

£12. A = (booi john, pPoc booi mccaPthy) booi : (john I mccaPthy I faise), 
possesses the same value as it would if A identified the operator-defining 
occurrence of A in the operation-declaration 

£12. A = (booi a, b) booi : (a I b I faise), 
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., x in sin (x), as 
sources in assignations, e.g., yin x := y, in casts, especially in routine
denotations, e.g., i +:= 1 in ((ref int i) int : i +:= 1), or may be used to 
construct serial-clauses or collateral-clauses, e.g., x := 1 in (x := 1; 
y := 2) or in (x := 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 := 1, formulas, e.g., x + 1, cohesions, e.g., next 
91. oeii, 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: pr:iroaries, which may be subscripted and 
parametrized, e.g., xl and sin in xl [i] and sin (x); secondaries, from 
which fields may be selected, e.g., z in re 91. z; tertiaries, which may 
be operands, or may be destinations in assignations, or may occur in 
identity- or conformity-relations, e.g., x in x + 1 or in x := 1 or in 
x :=: yy or in x : := ir, or may be bound.scripts, e.g., m, 0 and n in 
x2 [: m@ O, n], and, finally, unitary-clauses, which is the largest class. 
Thus, r £i. s (i) means thats is first called or subscripted, whereas 
(r 9.[ s) (i) means that the field is selected first. Also, r 9.[s + t means 
that the field is selected from s before elaborating the routine possessed 
by+, while to force the elaboration of+ first, one must write 
r 9.[ (s + t).} 

8.1.1. Syntax 

a) SORI'EI'Y unitary MOID clause{61e} : SORI'EI'Y MOID tertiary{b} ; 
SORI'EI'Y MOID confrontation{820d,e,f,g,830a,-}. 

b) SORI'EI'Y MOID tertiary{a,71u,831b,832a,833a,861h,i} : 
SORI'EI'Y MOID secondary{c} ; SORI'EI'Y MOID .ADIC formula{820d,e,f,g,84b,g}. 

c) SORI'EI'Y MOID secondary{b,84f,852a} : SORI'EI'Y MOID primary{d} ; 
SORI'EI'Y MOID cohesion{820d,e,f,g,850a}. 

d) SORI'EI'Y MOID primary{c,861a,862a} : SORI'EI'Y MOID base{820d,e,f,g,86oa,b} ; 
SORI'EI'Y CLOSED MOID clause{62b,c,d,f,63a,64a,-}. 

{Examples: 
a) X X := 1 ; 
b) X X + 1 ; 
c) X real; 
d) X (x + 1) } 

8.2. Coercends 

{Coercends are of four kinds: bases, e.g., x, cohesions, e.g., re 9.[ z, 
formulas, e.g. , x + y and confrontations, e.g. , x : = 1 • These are collect
ively considered 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 := 1 may mean that the integral 
value of 1 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 available in 
other languages, such as that in i := x, are not permitted. One must write 
i := round x or i := entier x, for in this situation it is felt advisable 



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 proc real, p = x + 3.14, the forrrru.la 
x + 3.14, whose a priori mode is 'real', is procedured to 'procedure real'; 
in u:nion (int, real,) ir := 1, the base 1, whose a priori mode is 'integral', 
is united to I union of integral and real mode' ; in x : = 1 , the base 1 , whose 
a priori mode is 'integral', is widened to 'real'; in strings := "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 := 1; y := 2),the confrontation x := 1, whose a priori mode is 
'reference to real', is voided(, i.e., its value is ignored). 

The kinds of coercion which are used depend upon three things: "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., x in sin (x), sources, 
e.g., x in y := x, conditions, e.g., x > 0 in (x > 0 Ix I 0), subscripts, 
e.g., i in xl [i], etc.; "firm" positions, i.e., operands, e.g., x in x + y, 
transformats, e.g., $5d$, and certain primaries, e.g., sin in sin (x); 
"weak" positions, i.e., certain primaries, e.g., xl in xl [i~, and certain 
secondaries, e.g. , z in re £f. z ; and "soft" positions , i.e. , destinations, 
e.g., x in x := 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 excluded, since, otherwise, the 
identification of the operations involved in i + J, x + y (,supposing+ to 
be declared also for 'row of real'), i + skip and i + aZ,goi 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 xl in xl [i] := 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 a notion, the sort (strong, firm, weak, soft) of 
position is passed on, or modified during balancing {to strong), and leads 
to basic coercions which appear in the production rules for coercends; more
over, the coercion must be completely expended in these rules. For example, 
yin x := y is a real-source and, therefore, a strong-real-unit (8.3.1.1.c); 
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.d), next to 'reference to real 
base' (8.2.1.1.a) 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 AD.API'ED to COERCEND{821a,b, 
822a,b,c,823a,824a,825a,b,c,d,826a,827a,828a,b,-}. 

b)* SORT coercend: SORT COERCEND{d,e,f,g}. 
c)* ADAPTED coercend: SORTly AD.API'ED to COERCEND{821a,b,822a,b,c,823a,824a, 

825a,b,c,d,826a,827a,828a,b,-}. 
d) strong COERCEND{81a,b,c,d} : COERCEND{830a,84b,g,850a,860a,b,-}; 

strongly AD.API'ED to COERCEND{821a,822a,823a,824a,825a,b,c,d,826a,827a, 
828a,b,-}. 

e) firm COERCEND{81a,b,c,d,84d,f} : COERCEND{830a,84b,g,850a,86oa,b,-} ; 
firmly .ADJUSTED to COERCEND{821a,822a,823a,824a,-}. 

f) weak COERCEND{81a,b,c,d} : COERCEND{830a,84b,g,850a,860a,b,-}; 
weakly FITI'ED to COERCEND{821b,822b,-}. 

g) soft COERCEND{81a,b,c,d} : COERCEND{830a,84b,g,850a,860a,b,-} ; 
softly deprocedured to COERCEND{822c}. 

{Examples: 
d) 3.14 (in :x: := 3.14) ; y (in :x: := y) ; 
e) 3.14 ; :x: (in 3.14 + :x:) ; sin (in sin (:x:)) ; 
f) :x:1 ( in :x:1 [ i] ) ; zz ( in :r>e 2.[_ zz in the reach of :r>ef qE!!!l21. zz) 
g) :x: (in :x: := 1) ; :x: o:r> y (in :x: o:r> y := 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 a name which re
fers to a real number and it is that real number which is assigned to (the 
name possessed by) :x:, not that name (possessed by y).} 

8.2.1.1. Syntax 

a) STIRMly dereferenced to MODE FORM{a,820d,e,822a,b,823a,824b,d,825a,b,c, 
d,826a} : reference to MODE FORM{830a,84b,g,850a,86oa} ; 

STIRMly FITI'ED to reference to )lQPE FORM{a,822a}. 
b) weakly dereferenced to reference to MODE FORM{b,820f} : 

reference to reference to MODE FORM{830a,84b,g,85oa,86oa}; 
weakly FITTED to reference to reference to MODE FORM{b,822b}. 

{Examples: 
a) y (in :x; := y or in :x; + y) ; yy (in :x: := yy or in :x: + yy) 
b) :r>:x:1 (in :r>:x:1 [i] in the reach of :r>ef [] :r>eal, :r>:x:1) } 

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 n,U.., then the value of the 

dereferenced-coercend is a copy of the value referred to by the value 
{name} 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 xl [i] := y, the primary xl should not be dereferenced, 
for xl [i] must possess a name. In xl [i] + y, the xl is not dereferenced 
but the base xl [i] 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, 
826a,828b} : procedure MOID FORM{830a,84b,g,85oa,86oa} ; 

STIRMly FITI'ED to procedure MOID FORM{a,821a}. 
b) weakly deprocedured to MODE FORM{820f ,821b} : 

procedure MODE FORM{830a,84b,g,85oa,86oa}; 
firmly FITI'ED to procedure MODE FORM{a,821a}. 

c) 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 9i. rz in the reach of proo oompZ rz= aompZ: (z>andom, random)) ; 
c) x or y (in x or y := 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., x := 1 in proc real, p := 
x := 1. Here, 1 is not assigned to x, but that routine which assigns 1 to x 
is assigned top. Notice, that proc p := x := 1 is syntactically incorrect, 
since x := 1 must first be voided before it can be procedured to the mode 
'procedure void'; the way to achieve this is by using a void-cast-pack: 
proc p := (: x := 1). For the coercion in proc stop = exit see 8.2. 7.} 

8.2.3.1. Syntax 

a) STIRMJ.y procedured to procedure MOID FORM{a,820d,e,824b,826a} 
MOID FORM{830a,84b,g,85oa,86oa,b,-} ; 
STIBMly dereferenced to MOID FORM{821a,-} ; 
STIBMly procedured to MOID FORM{a,-} ; 
STIBMly united to MOID FORM{824a,-}; 
STIBMly widened to MOID FORM{825a,b,c,d,-} ; 
STIRMly rowed to MOID FORM{826a,-}. 

{Examples: 
a) 3.14 (in proc real, p := 3.14) ; x (in proc real, p = x) 

3.14 (in proc proc real, p := 3. 14) ; 
1 (in proc union (int, real,) p := 1) ; • 
1 (in pmc real, p := 1) ; 1 (in proc [] 1-nt 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'}, 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-symbol 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 I :x:1 I yl) [i] 
yields the routine (real,: (p I :x:1 I ~1) [i]), whereas that of the strong
conditional-procedure-real-clause (p I xl[i] I yl[i]) yields either the 
routine (real, : xl[i]) or the routine (real,: yl[i]) depending on the value 
of p; similarly, the elaboration of the firm-procedure-real-confrontation 
x :=(a:= a+ 1; y) yields the routine (real, : x ;=(a:= a+ 1; y)), 
whereas that of the firm-closed-procedure-real-clause (a:= a+ 1; x := y) 
yields, apart from a change in the value of a, the routine (real, : x := y); 
as last example, the elaboration of the strong-procedure-void-base 
(: i := i + 1) yields the routine((: i := i + 1)).} 



8.2.4. United coercends 

{Coercends are united when it is required that the a priori mode should 
be changed to a mode united from (4.4.3.a) it, e.g., in union (int, reaZ) ir 
: = 2, the base 2 is of the a priori mode 'integt'al' , but the source of this 
assignation requires the mode 'union of integt'al and real mode'.} 

8.2.4.1. Syntax 

a) STIRMJ.y 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}. 

b) one out of IMOODSEI'Y MOOD RMOODSETY mode FORM{ a} 
MOOD FORM{830a,84b,g,850a,86oa}; 
finnly FITI'ED to MOOD FORM{821a,822a}; 
finnly procedured to MOOD FORM{823a,-}. 

c) some of IMOODSETY MOOD and RMOODSEI'Y but not LOSEl'Y FORM{a,c} 
some of IMOODSETY and MOOD RMOODSEI'Y but not LOSETY FORM{c,d,-} ; 
some of IMOODSEI'Y RMOODSETY but not MOOD and LOSETY FORM{c,d,-}. 

d) some of and IMOOD MOOD RMOODSETY but not IMoor LOSETY FORM{c} : 
union of IMOOD MOOD RMOODSETY mode FORM{830a,84b,g,850a,860a} ; 
firmly FI'ITED to union of IMOOD MOOD RMOODSETY mode FORM{821a,822a}. 

{Examples: 
a) 2 ; ir ; 
b) 2 ; i ; true ; 
d) ri; ir (all in (union ir = (int, reaZ); iri'1':=2;i'i' ri = (p Ii Ix); 

union (-z.r-;-proa booZ) irb := ri; irb ~ ir; irb := true)) } 

{In uniting, 'strong' leads to 'firm' in order that unions like that in
volved in union (int, reaZ) ir := 1 should not cause ambiguities. In this 
example, if the base l"""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 'integt'al 1 to 'real' or from 'real' to 'COMPLEX', e.g., 1 in 
z := 1, or from 'BITS' to 'row of boolean' or from 'BYTES' to 'row of 
character' • } 

8.2.5.1. Syntax 

a) strongly widened to LONGSETY real FORM{b,820d,823a,826a} 
LONGSEI'Y integt'al FORM{830a,84b,g,85oa,86oa}; 
strongly FITI'ED to LONGSETY integt'al FORM{821a,822a}. 

b) strongly widened to structured with REAL field letter r letter e 
and REAL field letter i letter m FORM{820d,823a,826a} 
REAL FORM{830a,84b,g,850a,860a}; 
strongly FI'ITED to REAL FORM{821a,822a} ; 
strongly widened to REAL FORM{a}. 

c) strongly widened to row of boolean FORM{820d,823a,826a} 
BITS FORM{830a,84b,g,850a,860a}; 
strongly FI'ITED to BITS FORM{821a,822a}. 



8.2.5.1. continued 

d) strongly widened to row of character FORM{820d,823a,826a} 
BY'IES FORM{830a,84b,g,85oa,86oa}; 
strongly FITI'ED to BY'IES FORM{821a,822a}. 

{Examples: 
a) 1 (in x := 1) ; i (in x := i) ; 
b) 3.14 (in z := 3.14) ; x (in z := x) ; 1 (in z := 1) 
c) 1 o 1 ; t (in [1 : 3] booi bl := (p I 1 o 1 I tJ) 
dt atb 7iaba" ; l' (in 8 :=Tl atb "aba" T ~rr } 

8.g.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 0 
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, x := i + 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] reai 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 [1 :] reai a2 = x, the a priori mode of the 
base xis 'reference to real' but the a posteriori mode required is 'refer
ence to row of real'. Here, the value to which x refers, is turned into a 
multiple value with a descriptor. Note that the value of a2 [1] :=:xis 
,t,w.e..} 

8.2.6.1. Syntax 

a) strongly rowed to REFETY row of MODE FORM{a,820d,823a} 
REFETY MODE FORM{830a,84b,g,850a,860a}; 
strongly .ADJUSTED to REFETY MODE.FORM{821a,822a,823a,824a,-} ; 
strongly widened to REFETY MODE FORM{825a,b,c,d,-}; 
strongly rowed to REFEl'Y 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) 3.14 (in [1 1] reai xl := 3.14) ; y (in ref [1 1] reai xl = y) 

3.14 (in [1 1] proa reai p := 3.14) ; 
3.14 (in [1 : 1] aompi zl := 3.14} ; 
3.14 (in [1 : 1, 1 : 1] reai x2 := 3.14) ; 

y (in ref [1 : 1, T:1] reai x2 = y) ; 
(the EMPTY following:= in [1 : O] reai :=) } 

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 descriptor consisting of an offset 1 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 n,,U., then Step 4 is 
taken; otherwise, the elaboration of the rowed-coercend is complete, its 
value is a new instance of n,,U. 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 1 and 
one quintuple (1,1,1,1,1) is considered instead, and Step 7 is taken; 

Step 6: Let d stand for (u1 - l 1 + 1) x d1; 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 (1,1,d,1,1) is inserted before the first quintu
ple, and in which all states have been set to 1, is considered instead; 

Step 7: 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 reai x = skip, the base, skip, which has no a priori mode, is hip
ped to 'real'. Since hipped-coercends are so very accommodating, no other 
coercions may follow them (in the elaboration order); otherwise, ambiguities 
might appear. Consider, for example, the several meanings of the assignation 
union (int, reai, booi, ahar) u := skip, supposing uniting could follow hip
ping.} 



8.2.7.1. Syntax 

a) 

b} 
c) 
d) 

strongly hipped to MOID base{820d} : 
MOID skip{b} ; MOID jump{c} ; MOID nihil{d,-}. 

MOID skip{a} : skip symbol{31g}. 
MOID jump{a} : go to symbol{31f} option, label identifier{41b}. 
reference to MODE nihil{a} : nil symbol{31g}. 

{Examples: 
a) skip ; go to groenobl,e ; nil, ; 
b) skip ; 
c) go to groenob l,e ; st pier'X'e de cha:Ptroeuse 
d) nil, } 

8.2.7.2. Semantics 

a) A skip is elaborated in the following steps: 
Step 1: I~ the terminal production of the metanotion 'MOID' enveloped 

{1.1.6.j} 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 progr-am. 

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 appoints as its successor the 
unitary-clause following the label-sequence or the canpleter 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. 

c) The elaboration of a nihil involves no action; its value is a new in
stance of n.le {2.2.3.5.a} whose mode is that enveloped by the original of 
the nihil. 

{Skips play a role in the semantics of routine-denotations (5.4.2.Step2) 
and calls (8.6.2.2.Step 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, :,;1 := (3.14, s~ip, 1. 68, skip); 

as a dummy statement (6.o.1.c in those rare situations where the use of a 
ccmpleter is inappropriate, e.g., i: skip) in 10.4.c. See also 9.4.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 e:r;it in 
y := if.. :r; <!: 0 then sqrt (:,;) el,se go to e:xit fi . 

If el, e2 and e3 are label-identifiers, then the reader might recognize 
the effect of the declaration [] ~roa switah = (el, e2, e3) and the statement 
Mtah [i]; however, the declaration [1 : 3 fl,e:r;] P1'C:a S1.,Jitah :=(el, e2, e3) 
is perhaps more powerful, since assignations like S1.,J1,,tah [2] :=eland 
S1.,Jitah := (el, e2, e3, e4) are possible. 

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

8.2.8. Voided coercends 

{Coercends are voided when it is required that their values (and there
fore modesl should be ignored, e.g., in(:,;:= 1; y := 2), the confrontation 
:,; := 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 (proa p; p := stop; p), the confrontation p := stop does not 
involve the elaboration of the routine possessed by stop, but in the last 
occurrence of p, that routine is elaborated.} 

8.2.8.1. Syntax 

a) strongly voided to void confrontation{820d} MODE confrontation{830a}. 
b) strongly voided to void FDRESE{820d} : 

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

{Examples: 
a) :,; := 1 (in(:,;:= 1; y := 2)} ; 
b) :,; ; random (in (:,;; 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 Mtch = (el, e2, e3) and the 
clause-train el: e2: e3: stop, the construction 81.,J£tch; stop is not a 
serial-clause because S1.,Jitch is not a strong-void-unit. In fact, 81.,J£tch 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 
S1.,Jitch [2]; skip will involve a jump to the label e2:.} 



8.3. Confrontations 

8.3.0.1. Syntax 

a) MODE confrontation{81a,820d,e,f,g,821a,b,822a,b,c,823a,824b,d,825a,b,c, 
d,826a,828a} : MODE assignation{831a,-} ; MODE conformity relation 
{832a,-}; MODE identity relation{833a,-} ;_MODE cast{834a}. 

{Examples: 
a) x := 3.14 ; ea::= a (see 11.11.i) XX :=: X or y [] real 1 } 

8.3.1. Assignations 

{In assignations, e.g., x := 3.14, (an instance of) a value is assigned 
to a name. In x := 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 source{c}. 

b) reference to MODE destination{a} : soft reference to MODE tertiary{81b}. 
c) MODE source{a} : strong MODE unit{61e}. 

{Examples: 
a) x := 1 ; loa real := 3.14 
b) x ; lac real --
c) 1 ; 3.14-}-

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 
value 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. 

c) 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 a multiple value 

having one or more states equal to O {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 vu..l, then Step 2 is taken; otherwise, the further 
elaboration is undefined; 

Step 2: The instance of the value referred to by the given name 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 a copy of the given instance and 
the assignment has been accomplished; 



8.3.1.2. continued 

Step 3: If the considered value is a structured value, then Step 5 is taken; 
otherwise, applying the notation of 2.2.3.3.b to its descriptor, if for 
some i, i = 1, ..• , n, 4. = 1 (t. = 1) and l. (u.) is not equal to the 

.,(,. .,(,. .,(,. .,(,. 

corresponding bound in the descriptor of the given value, then the further 
elaboration is undefined; 

Step 4: If some 4. = 0 or t. = 0, then, first, a new instance of a multiple 
.,(,. .,(,. 

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

8.3.2. Conformity relations 

{The purpose of conformity-relations is to enable 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.i,q,y,ah. 
Conformity-relations are thus used in conjunction with unions.} 

8.3.2.1. Syntax 

{ I would :to God .they would e.Lthe.Jt c.on~oJUn, 
oil. be molL.e w.i.oe, a.nd not be c.a:tc.hed! 
V,i.a/z.y, 7 Aug. 1664, Samuel Pepy4.} 

a) boolean conformity relation{830a} 
soft reference to IMODE tertiary{81b}, conformity relator{b}, 

RMODE tertiary{81b}. 
b) conformity relator{a} : 

conforms to symbol{31c}; conforms to and becomes symbol{31c}. 

{Examples: 
a) int :: irb ec ::= a (see 11.11.i) 
b) :: ; ::=} 



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 .tlute 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 nal6e; 

Step 4: If its conformity-relator is a conforms-to-and-becanes-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 'I.MODE' does not. Then, the mode of 
the considered value (Step 1) is not 1 RMODE 1 (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 oal6e. 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 atruat aona = 
~ref aon~ aar, a&r:); ~ aong. = . (aona, string); aona ae U : = ( atRf : = 
'aba'1

, n-il), the identity-relation ad;r, £1 aeZZ :=: nil possesses e value 
na.t6e because the value of adz, fit. aeZZ is the name referring to the sec·ond 
field of the structured value referred to by the value of aell and, hence, 
is not m, but the value of (ref aong: ad;r, £1 aell) :=: nil is .tlute.} 

8.3,3.1, Syntax 

a) boolean identity relation{~O?>} 
soft reference to MODE tertiary{81p}, identity relator{b}, 

strong reference to J.VDDE tertiary{81b} ; 
strong reference to J.VDDE tertiary{81b}, identity relator{b}, 

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



8.3.3.1. continued 

a) 
b) 

{Examples: 
X or y :=: X 
·-· . .J.. } .-. , ·T• 

8.3.3.2. Semantics 

::c:,; :=: X 

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 :tJw.e (6a.l6e) if the {names which are 
the} values obtained in Step 1 are the same and 6a.l6e (bw.e) otherwise. 

{Assuming the assignation :x;:,; := yy :;:: x to have been elaborated, the 
value of the identity-relation :x;:,; :=: yy is oa.l6e because :;c:,; 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 reai: :x;:,;) :=: 
(ref reai : yy) possesses the value bw.e. The value of the l.dentity-relation 

:x;:,; :=: ::c or y has a probability~ of being bw.e because the value possessed 
by :x;:,; (effectively that of ref reai : :x;:,; here, because of coercion) is the 
name possessed by x, and the routine possessed by x or y (see 1.3), when 
elaborated, yields either the name possessed by x or, with equal probabil
ity, the name possessed by y. 

In the identity-relation, the programmer is usually asking a specific 
question concerning·rrames and thus the level of ref'erence is of crucial im
portance. Thus at least one of the tertiaries of an identity-relation must 
be soft, i.e., must involve only deproceduring and certainly no derefer
encing. The construction case i in x, :x;:,;, x or y, niZ esac :=: case ;j in y, 
~kip, x or y, re ~ z out yy esac is an example ofadelicately balanced 
identity-relation in which the mode is 'reference to real'. 

Observe that the value of the formula 1 = 2 is 6a.l6e, whereas 1 :=: 2 is 
not an identity-relation, since the values of its tertiaries are not names. 
Also $2d3d$ :=: $5d$ is not an identity-relation, whereas $2d3d$ = $5d$ is a 
formula, but involves an operation which is not included in the standard
prelude.} 

8.3.4. Casts 

{Casts may be used to provide a strong position for a unitary-clause in 
a position which is not strong, e.g., ref reai: xx in (ref reai : :x;:,;) := 1. 
They play a role in routine-denotations 5-:ii:T.a), e.g., reai : a + 1 in 
((int a) reai : a+ 1) and procedured-coercends (8.2.3.1.~e.g., : (Z: Z) 
in proc busy=(: (Z: Z)). A void-cast is not a clause but is a constituent 
of a void-cast-pack and of some routine-denotations and thus of bases.} 

8.3.4.1. Syntax 

a) MOID cast{54b,830a,860b} : virtual MOID declarer{71b,z}, 
cast of symbol{31b}, strong MOID unit{61e}. 

a) 
{Examples: 
[] reai : 1 

8.3.4.2. Semantics 

X := 3. 14 } 

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



8.4. Formulas 

{Formulas are either dyadic-formulas, e.g. , x + i , 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)* SORTEI'Y formula: SORIETY MOID .ADIC formula{b,g,820d,e,f,g}. 
b) MOID PRIORITY formula{81b,820d,e,f,g,821a,b,822a,b,c,823a,824b,d,825a,b, 

c,d,826a,828b} : IMODE PRIORITY operand{d}, 
procedure with IMODE parameter and RMODE parameter MOID PRIORITY 

operator{43b}, RMODE PRIORITY plus one operand{d,e}. 
c)* operand: MODE .ADIC operand{d,f}. 
d) MODE PRIORITY operand{b,d} : firm MODE PRIORITY fomula{820e} ; 

MODE PRIORITY plus one operand { d, e} • 
e) MODE priority NINE plus one operand{b,d} : MODE monadic operand{f}. 
f) MODE monadic operand{e,g} : firm MODE monadic formula{820e} ; 

firm MODE secondary{81c}. 
g} MOID monadic formula{81b,820d,e,f,g,821a,b,822a,b,c,823a,824b,d,825a,b, 

c,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; + :x; X y ; 
d) :x; X y ; :x; ; 
e) 
f) 
g) 

:x; ; 
abs :x; ; age £i. aZ-go'l 
- abs re z } ----

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}; 

Step 2: The constituent serial-clause of the closed-clause is protected 
{6.0.2.d}; 

Step 3: The skip-symbol {5.4.2.Step 2} following the equals-symbol following 
its textually first copied formal-parameter is replaced by a copy of the 
textually first operand of the formula, and if the 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 el~boration is completed or terminated, then this 
closed-clause is replaced by the fo:i:mula 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). 

dyadic monadic 

1 2 3 4 5 6 7 8 9 ! 1 o I 

-:= V A = < - X t J. -, - + I ,j, t 
+:= + $ + .- L abs bin repr 
x:= 2: ¾: r -L- r l r 
/:= > I l ¼aJf-. short 
t:= □ r £_ s~en rou~ 

7: := re un eon:1 
+=: btb etb 

Observe that at bis not precisely the same as ab in usual notation; 
indeed, the value of (-1 t 2 + 4 = 15) and that of (4 - 1 t 2 = 3) both are 
:tw..e, since the first minus-symbol is a monadic-operator, whereas the second 
is a dyadic-operator. Although the syntax determines the order in which 
fonnulas are elaborated, parentheses may well be used to improve readabil
ity; e.g., (a Ab) v (-,a A-, b) instead of a Ab v-, a A -,b. 

In the fo:rnula a: + 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-EIGHI'-operand. 
The fo:rnula y x 2 is then of priority 7. Since a: is also a primary, and 
therefore a firm-priority-SIX-operand; a:+ y x 2 is a priority-SIX-formula. 
The effect of a:+ y x 2 is thus the same as that of a;+ (y x 2).} 

8.5. Cohesions 

{Cohesions are of two kinds: generators, e.g., string, or selections, 
e.g., re 91 z. Cohesions are distinct from bases in order that constructions 
'like a 91 b [i] may be parsed without knowing the mode of a and b. Cohesions 
may not be subscripted or parametrized, but they may be selected from, e.g., 
father 91 aZgo Z in father 91 fat her 91 aZgo Z. } 

8.5.0.1. Syntax 

a) MODE cohesion{81c,820d,e,f,~,821a,b,822a,b,c,823a,824b,d,825a,b,c,d, 
826a,828b} : MODE gene.rator{851a} ; MODE selection{852a}. 

{Examples: 
a) 1.'eaZ (in :i::i: := real, := 3.14) ; re 91 z } 

8.5.1. Generators {And a.6 ,lma.g,i,na;tlon boclle.6 604th 
The 6oll.m6 06 .th,lng.o unk.nown, .the pod' .o pen 
TUILYl.6 .them t;o .oha.pe.6, and g,i,vu :t.o ahr.y no.th-<..ng 
A toe.al ha.bUa.-tlon and a. name. 
A M,Ld6wnmeJt-n-<..gh:t.' .o Vite.am, Wliliam Sha.k.upe.M.e.} 

{The elaboration of a generator, e.g., real, in :x;:i; := real, := 3.14 or 
Zoe real, in ref real, a: =.Zoe real, (usually written real, a: b~ extension 
9,2.aJ,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 



8.5.1. continued 

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{a} : 
local syrnbol{31d}, actual MODE declarer{71b}. 

c) reference to MODE global generator{a} : 
heap syrnbol{31d} option, actual MODE declarer{71b}. 

{Examples: 
a) Zoe: real, ; heap real, 
b) Zoe: real, ; 
c) heap rea"l; 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.d}; 
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 progt>am. 

{The closed-clause 
(ref real, xx; xx := (heap real, x := pi; x); xx = pi) (see also 9.2.a) 

possesses the value .tltu.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; rea"l x := pi; xx := x) = pi) 
however, possesses the value bu.Le.} 

8.5.2. Selections 

{A selection selects a field from a structured value; e.g., re 91 z se
lects the first real field (usually termed the real part) of' the value pos
sessed by z. If' z possesses a name, then re £t. z possesses also a name, but 
if' w possesses a complex value, then re £t. w possesses 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}, 
of symbol{31e}, weak REFETY structured with LFIEIDSEI'Y MODE field TAG 
· RFIEIDSEI'Y secondary{81c}. 

{Examples, assumed in the reach of the declarations: 
struat Zangua.ge = (int age, ref "language father); 
7,angua.ge aZgol, := (10, "language := (14, ~)); Zangua.ge pZl = (4, aZgoZ); 

a) age f2t.. pZl ; father f2t.. algol, } 

{Rule a ensures that the value of the secondary has a field selected by 
the field-selector in the selection (see 7.1.1.e,f,h,k and the remarks below 
7.1.1 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 f:t..aZgol, := 
age is a (possibly 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 nle., then the further 

elaboration is undefined; otherwise, the structured value which is, or is 
referred to by, that value is considered; 

Step 2: Ifthevalue 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 f2t.. aZgol, is a reference-to-integr-al
selection, and, by 8.5.0.1.a, a reference-to-integral-cohesion, but age££ 
pZl is an integral-selection and an integral-cohesion. It follows that age 
f2t.. aZgoZ may appear as a destination (8.3.1.1.b) in an assignation, but age 
f2t.. pl,1 may not. Similarly, algol, is a reference-to-[language]-base, but pZl 
is a [language]-base and no assignment may be made to pZl. (Here, [language] 
stands for structured-with-integral-field-[age]-and reference-to-[language]
field-[father] and [age] stands for letter-a-letter-g-letter-e, etc.) The 
selection father f:t..pZl, however, is a reference-to-[language]-selection and 
thus a reference-to-[language]-cohesion whose value is the name possessed by 
aZgoZ. It follows that the identity-relation father f:t..pZl :=: aZgol, posses
ses the value :tJw..e. If father f:t..pZl 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 pZl, 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' andnot 'reference to real', re q_ z := im 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., xl [i] 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 := x + 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,820d,e,f,g,821a,b,822a,b,c,823a,824b,d,825a,b,c,d,826a, 
828b} : MODE mode identifier{41b} ; MODE denotation{510b,511a,512a, 

513a,514a,52b,c,53b,54b,55a,-}; MODE slice{861a} ; MODE call{862a}. 
b) void base{81d,820d,e,f,g,823a} : void call{862a}; void cast{834a} pack. 

{Examples: 
a) x ; 3 .14 ; x2 [ i, j] ; sin ( x) ; 
b) Zoak (stand in) (: 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, 
7.4.2.Step 7}; its value is the copy. 

b) The elaboration of a void-cast-pack is that of its void-cast. 

8.6.1. Slices 

{Slices are obtained by subscripting, e.g., xl [i] or by trimming, e.g., 
xl [2 : n], or by a mixture of both, e.g., x2 [j : n, j] or x2 [, k]. Sub
scripting and trimming may be done only to primaries, e.g., xl and x2 or 
(p I xl I yl). The value of a slice may be either one element of the value 
of its primary, e.g., xl [i] is a real number from the row of real numbers 
xl, or a subset of the elements, e.g., x2 [i] is the i-th row of the matrix 
x2 and x2 [, 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{31e}. 
b} row of ROWS leaving row of ROWSErY indexer{ a, b} 

tr:i.mner{f}, comma symbol{31e}, 
ROWS leaving ROWSETY indexer{b,c,d,e,-} ; 

subscript{i}, comma symbol{31e}, 
ROWS leaving row of ROWSETY indexer{b,d,-}. 

c) row of ROWS leaving EMPl'Y indexer{a,b,c} : 
subscript{i}, comma symbol{31e}, ROWS leaving EMPl'Y indexer{c,e}. 

d} row of leaving row of indexer{a,b} : tr:i.mner{f}. 
e} row of leaving EMPl'Y indexer{a,b,c} : subscript{i}. 



8.6.1.1. continued 

f} trimmer{b,d} : strict lower bound{71u} option, up to symbol{31e}, 
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{81b}. 
i} subscript{b,c,e} : strong integral tertiary{81b}. 
j}* trimscript : trimmer{f}; subscript{i}. 
k}* indexer: ROWS leaving ROWSETY indexer{b,c,d,e}. 
1)* boundscript: strict LOWPER bound{71u} ; new lower bound{h} ; 

subscript{i}. 

a) 
b) 
c) 
d) 
e) 
f) 
g) 
h) 
i) 

{Examples: 
xl [i] ; x2 [i, j] ; x2 [i] 
2 : n, j ; 1, 2 : n; 
i, j ; 
2 n 
i 
2 n 
@ 0 
0 
i } 

2 n @ O 

xl [2 n] 

{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 [i, j], 
x2 [i, 2: n], x2 [i], these numbers are (2, 0, 0), (2, 1, 0) and (1, O, 11 
respectively. Because of rules f and 7.1.1.u, 2 : 3@ 0, 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 n,U., then the further elaboration 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 1; 

Step 3: The trimscript following the sub-symbol is considered and a pointer, 
,L, 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 l,L s ks u,{_, then the offset in the copy 

is increased by (k - l,{_) x d,L, the ,l-th q_uintuple is "marked", and Step 6 

is taken; otherwise, the further elaboration is undefined; 
Step 5: The values l, u and l' are determined from the considered trimscript 

as follows: 
if the considered trimscript contains a strict-lower-bound (strict
upper-bound), then l (u) is its value; otherwise, l (u) isl,{_ (u,L); if 

it contains a new-lower-bound, then l' is its value; otherwise, l' is 1; 
if now l. s land usu., then the offset in the copy is increased by 

,L ,L 

(l - l,{_) x d,L, and then l,{_ is replaced by l' and u,L by (l'- l) + u; 

otherwise, the further elaboration is undefined; 



8.6.1.2. continued 

Step 6: If the considered tr:i.mscript is followed by a comna-symbol, then the 
tr:i.mscript following that canma-symbol is considered instead, i is in
creased by 1, and Step 4 is taken; otherwise, all quintuples in the copy 
which were marked by Step 4 are removed, and Step 7 is taken; 

Step 7: If the copy now contains at least one quintuple, then the multiple 
value composed of the copy and those elements of the considered value 
which it 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 
yl [1 : n - 1] := xl [2 : n]; yl [n] := xl [1]; xl := yl effect a cyclic 
permutation of the elements of xl.} 

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 I sin I 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{54c,74b} 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.d}; 
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 sameZson (m, (int j) reaZ : xl [j]) in the reach of the 
declaration 
~ sameZson = (int n, proc (int) ~ f) reat : 
~ J:E!:9.. reaZ s := J:E!J9.. O; for i. to n do s +:= ~ f (i) + 2; 

short Zong sqrt (s) 
end--

is elaborated by replacing it (Step 2) by the closed-clause 
(int n = "', proc (int) reat f = <v; ~ : 

begin J:E!J9.. reai s := ton) O; for i. to n do s +:= ~ f (i) + 2; 
short tong sqrt (s 

endT-:-
Supposing that n, s, f and i do not occur elsewhere in the progr-am, 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, proc (int) reaZ f = (int j) reaZ : xl [j]; reaZ : 
begin J:E!J9.. '£!!El_ s := tong O; for i. to n do s +:= ~ f(i) + 2; 

short Zong 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 j) reaZ : xl [j]). During the elaboration of 
this and its inner nested closed-clauses (9.3), the elaboration off (i) it
self involves the elaboration of the closed-clause (int j= i; reaZ : xl [j]), 
and, within this inner closed-clause, the first occurrence of---;fpossesses 
the same integer as that referred to by the name possessed by i.} 



9. Extensions 

a) An extension is the insertion of a canrnent between two symbols or the 
replacement of a certain sequence of symbols, possibly satisfying certain 
restrictions, by another sequence of symbols, as indicated in sections 9.1 
up to 9.4. 

b) No extension may be performed within a·canrnent {3.0.9.b}, character
denotation {5.1.4.1.a}, or row-of-character-denotation {5.3.1.b}. 

c) Some extensions are given in the representation language, except that 
A, Band C stand for strong-unitary-integral-clauses {8.1.1.a}, 
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 camia-symbols 

{3.1.1.3}, 
I, J, Kand L for mode-identifiers {4.1.1.b}, 
M for a label-identifier {4.1.1.b}, 
N for a local-symbol {3.1.1.d} or heap-symbol{3.1.1.d}-option, 
0 for a confonnity-relator {8.3.2.1.b}, 
P for an indication {4.2.1.a}, 
Q for a virtual-plan {7.1.1.x,aa}, 
R for a routine-denotation {5.4.1.a}, 
S for the standard-prelude {2.1.b, 10} if the extension is performed outside 

the standard-prelude and, otherwise, for the empty sequence of symbols, 
T for a condition followed by a choice-clause {6.4.1.b,c,d}, 
U for a declarer {7.1.1.a}, 
V for a virtual-declarer {7.1.1.b} or for a formal-declarer {7.1.1.b} all of 

whose constituent formal-lower-bounds and formal-upper-bounds are either
symbols, 

W, X and Y for tertiaries {8.1.1.b}, 
z for two or more tertiaries {8.1.1.b} separated by camia-symbols {3.1.1.e}, 
r for a camia-symbol {3.1.1.e}, go-on-symbol {3.1.1.f} or becanes-symbol 

{3.1.1.c}, 
E for a serial-clause {6.1.1.a}, 
q, for a VICTAL-ROWS-rower {7 .1.1.q,r} or indexer {8.6.1. 1.k}, where ''VIGrAL" 

("ROWS") stands for any terminal production of the metanotion 1VIGrAL 1 

('ROWS'), 
A for an open-symbol {3.1.1.e}, and 
V for a close-symbol {3.1.1.e}. 

d) Each representation of a 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 -60U/Lc.e 06 in.noc.en-t meNUmen-t. 
Mikado, W.S. GUbvc;t.} 

A ccmnent {3.0.9.b} may be inserted between any two symbols {but see 
9.b}. 

{e.g., (m > n m In) may be replaced by 
(m > n m ¢ the Zarger of the two¢ In).} 



9.2. Contractions 

a) ref VI = Zoe U r and ref VI = ~ U r where ref VI is the formal
parameter of an identity-declaration {7.4.1.a} which is not followed by a 
ccmna-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 Ir and 
~ U Ir respectively. 

{e.g., ref real, :x: = Zoe real,; may be replaced by real, :x:; , 
ref boo?, p = Zoe bool, := true may be replaced by boo?, p := true , and 
ref real, t = ~ real,; may be replaced by ~ real t; . } 

b) mode P = struct may be replaced by struet P = and mode P = union by 
union P =. -- --
---Ze.g., mode !!2!!!EJ:.. = struct (real, re., im) (see also 9.2.c) may be re
placed by struet !!2!!!EJ:.. = (real, re., im).} 

c) 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 
ccmma-symbol {3.1.1.e} following the given one both begin with a mode
symbol, structure-symbol, union-of-symbol, priority-symbol, operation
symbol {all 3.1.1.d}, or one same terminal production of 1VIaI'AL MODE 
declarer' {7.1.1.b} or of 'MODE global generator' {8.5.1.1.c} where "MODE" 
("VIaI'AL") stands for any terminal production of the metanotion 'MODE' 
('VIaI'AL'), then the second of these occurrences may be omitted. 

{e.g., real, :x:., real, y := 1.2 may be replaced by real, :x:., y := 1.2, but 
real, :x:., real y = 1.2 may not be replaced by real, :x:., y = 1.2, since the first 
occurrence of real, is an actual-declarer whereas the second is a formal
declarer. Note also that mode 'E._ = booi, mode!:_= real, may be replaced by 
mode £ = boo?,., !:_ = real,, etc.} 

d) If an actual-parameter {7.4.1.b} (source {8.3.1.1.c}) is a routine
denotation {5.4.1.a} or a void-cast-pack {8.3.4.1.a} (is a routine
denotation), then its first open-symbol and last close-symbol {both 3.1.1.e} 
may simultaneously be omitted. 

{e.g.,££_+= ((int a) int: a) may be replaced by££_+= (inta)int:a.} 

e) If the original {1.1.6.c} of Q and the original of R envelop {1,1.6.j} 
the same mode, then the unitary-phrase proe Q I = R (££. Q P = R, 
N pr{e Q := R) may be replaced by proe I = R (by££_ P = R, by N proe := R). 

e.g., proe (ref int) incr = (ref int i) : i +:= 1 may be replaced by 
,zroe iner = (ref int i) : i +:= 1, ££_ (ref int) ~ deer = {r~f int i) 
1,nt : i -:= 1 may be replaced by££_~= (r~f mt i) int : 1, -:= 1, and 
the actual-parameter of the identity-declaration 
ref proe (real,) int p = Zoe pro( (real,) ~ := ((real, :x:) int : round :x:) 
may be replaced by Zoe proe := (real, :x:) 1,nt: round :x:), whereupon applica
tion of 9.2.a,d may yield the identity-declaration 
proe p := (real, :x:) int : round :x:.} 

f) [:]maybe replaced by[] , [:.,maybe replaced by[., , ., :., may be re
placed by.,., , .,:] may be replaced by.,] , [:@maybe replaced by[@ , and 
.,:@maybe replaced by.,@ • 

{e.g., [:] real, may be replaced by [] real,.} 

g) [~]maybe replaced by A~V or by A/~/V. 
{e.g., [i] may be replaced by (i) or by (Ji/).} 



9.3. Repetitive statements 

a)· The strong-unitary-void-clause {8.1.1.a} 
begin int J := A, int K = B, L = C; 

M: if_ S (K > 0 TJ :;; L I : K < 0 I J .:: L I tPUe) 
then int I= J; (DIE; (SJ+:= K); go to M) 
f:!:.. -

end , 
where J, K, Land M do not occur in D, E or S, and where I differs from J 
and K, may be replaced by 

for I ~ A ~ B to C whi"le D do E , 
and if, moreover, I does not occur in Dor 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 IE; (SJ+:= K); go to M)) 
end, 

where J, K and M do not occur in D, E or S, and where I differs from J and 
K, may be replaced by 

for I from A ~ B whi"le 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 ~ may be replaced by ~. ~ 1 to by to, ~ 1 whi"le by whi"le, and 
wh-1, "le tPUe do by do. · 
--{e.g., for i from 1 ~ 1 to n whi"le t:rue do :x: +:= :x:l[i] may be replaced 
by fori i to n do :x: +:= :x:l[i]. Note that to O do E and whi"le fa"lse do E do 
not cause E to be elaborated at all, whereas ao E causes E to be exaborated 
repeatedly until the elaboration is terminated, interrupted or halted.} 

9.4. Contracted conditional clauses {The 6loWVL6 tha..t bloom in .the ~plL-i..ng, 
TM la., 
Have no~ng ~o do r,o,,i;,th .the ca6e. 
Mika.do, W. S. GU.beM:. } 

a) e"lse sk-~p ti may be replaced by ti• 
Te.°'g., :f:.i :x; < 0 then x := 0 e"lse skip tf. may be replaced by :f:f. :x; < 0 

then :x: : = O ti• } 
b) e"lse ft: T fj,_ ti may be replaced by e"lsf T ti and 

then :f:.i T f:!:.. ti may be replaced by the{ T ti• 
{e.g., :f:f. p the1; prinaeton e"lse :f:.i q t en (lI'enob"le e"lse zandvoort ti ti 

may be re1rlaced by :f:.i? then prinaeton e"lsf q then grenob"le e"lse zandvoort ti 
or by (p I prinaeton l:qj grenob"le I zandvoort). Many more examples are to 
be found in 10.5.} 

c) (int I = A; :f:f. S I = 1 then F e"lsf S I = 2 then G e"lse E ti:), where I 
does not occur in F, G, Sor I:, may be replaced by aase A in F, Gout I: esaa 
{or by (A I F, G I I:)}. -- - - --

d) (int I = A; :f:f. S I = 1 then F e"lse aase (S I - 1~ in H out E ~ti:), 
where I does not occur in F, H, Sor I:, may be replaced by 
aase A in F, Hout E esaa {or by (A IF, HI I:)}. 
--{Examples of the ~of such "case clauses" are given in 11.11.v,am. and 
11.12.} 



9.4. continued 

e) (int I, sema L = (S / 1); V K = W; 
paxo ((XO K I S + L; I := 1; M), 

(YO KI S + L; I:= 2; M)); 0, M: I), 
where Wis the same as some terminal production of 'MODE tertiary' in which 
"MODE" stands for the mode specified by V, and where I, K, Land M do not 
occur in W, X and Y, may be replaced by [*X, YOW*], 

f) (int I, J; sema L = (S / 1); V K = W; 
paxo ((X oxT S + L; I:= 1; M), 

(S (J := ([*Z OK*]+ 1)) > 1 IS+ L; I:= J; M)); 0. M: I), 
where Wis the same as some terminal production of 'MODE tertiary' in which 
"MODE" stands for the mode specified by V, and where I, J, K, Land M do not 
occur in S, W, X or Z, may be replaced by [ *X~ Z O W*] • 

g) ([*Z OW*] IHI E) may be replaced by aase Z OW in Hout E esaa. 
{Examples of the use of such "conformity case clauses" are giVer1in 

11.11.q,ah.} 

BIBLIOTH!':EK M.A.THE'MATISCl-1 CENTRUM 
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 enq_uiry" 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 operation" 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 seq_uence of symbols between f and tin a given form is altered 

in the following steps: 
Step 1.1: If D occurs in the given seq_uence of symbols, then the given 

seq_uence is-replaced by a chain of a sufficient number of seq_uences sep
arated by comma-symbols; the first new seq_uence is a copy of the given 
seq_uence in which copy Dis deleted; then-th new seq_uence, n > 1, is a 
copy of the given seq_uence in which copy Dis replaced by a sub-symbol 
followed by n - 2 comma-symbols followed by a bus-symbol; 

Step 1.2: If, in the given seq_uence of symbols, as possibly modified in 
Step 1 • 1 , f_ int, !:_ real, or f ~ occurs, then that seq_uence is replaced 
by a chain of a sufficient number of seq_uences separated by cormna
symbols, then-th new seq_uence being a copy of the given seq_uence in 
which copy each occurrence of L (L) has been replaced by (n - 7) times 
Z,ong (Z,ong) ; -

Step 2: Each occurrence off and tin 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, Lint 
(L real,,. L ~. L bi ts, L bytes) occurs, then the form is replaced by a 
seq_uence of a sufficient number of new forms; then-th new form is a copy 
of the given form in which copy eac~ occurrence of L (L, K, S) is replaced 
by ( n - 1 ) times Z,ong ( l,ong, l,eng , short) ; - - -

Step 4: If P occurs in a given form, as possibly modified or made in the 
Steps above, then the form is replaced by four new forms obtained by re
placing P consistently throughout the form by either - or+ or x or/; 

Step 5: If-Q occurs in a given form, as possibly modified or made in the 
Steps above, then the form is replaced by four new forms obtained by re
placing Q consistently throughout the form by either-:= or+:= or x:= or 
/:=; -

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 !i consistently throughout the form by either< or~ or= or+ or~ 
or>; 

Step 7: If E occurs in a 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 Fin any form, as possibly modified or made in 
the Steps above, is replaced by a representation of 'letter aleph symbol' 
{5.5.8}; 

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 c 
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 degree of approximation is left undefined in this Report (see also 
2.2.3. 1.c)} 

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.} 

c) A representation of the standard-postlude is given in 10.6. 

10.1. Environment enquiries 

a) int int l,e'Yl{Jths = c the number of diffe'l'ent l,e'Yl{Jths of integers c; 
b) L int L max int = a the 7,argest L integ'l'al, val,ue c ; -
c) ?:nt real, l,engths =- -

c the nwnbe'l' of diffe'l'ent l,engths of real, nwnbers c; 
d) L real, L ma:,; real, = c the l,argest L real, val,ue c ; -
e) L real, L smaU real, -;;; C the smaUest L 'l'eal, vafue such that both 

- -Y:-Y-+ L smaU 'l'eal, >-L 1 and L 1 - L smaU real, < L 1 c ; 
f) int bits widths = C the -nwnber of different widths of bits C ; 

g) 1,nt L bits width =- -
c the nwnber of el,ements in L bits; see L bits {10.2.8.a} c; 

h) int bytes widths = c the nwnber of different widths of bytes-c ; 
i) 1,nt L bytes width = - -

.£ the number of el,ements in L bytes; see f.. bytes { 10.2.9.a} .£; 
j) 5!2_ abs = ( char a) ~ : 

.£ the integral, equwaient of the character 'a'.£; 
k) 5!2_ 'l'epr = (int a) char : 

c that character~., if it ewists., for whiah abs :x: = a.£; 
l) c'liar nuU character = c some aharacter .£ ; --

10.2. Standard priorities and operations 

10.2.0. Standard priorities 

a) priority 
V = 2., 
X = 7., 
.L = 9 

-:= 
A = 
... = 

; 

=1., +:==1., x:==1., /:==1., t:==1., t::==1., +=: =1., 
3., = = 4., ,t: = 4., <· = 5., :5 = 5., 2: = 5., > = 5., - = 6., + = 6., 
7., t: = 7., I = 7., □ = 7., t = 8., L = 8., r = 8., \. = 8., r = 8., 



10.2.1. Rows and associated operations 

a) mode% rows=£ an aatual-deala,rer speaifying a mode united from 
~.4.3.a} all modes beginning with 'row of' a; 

b) 9£_ L = (int n, rows a) int : £ the lower bound-in the n-th quintuple of 
the desariptor of the value of 'a', if that quintuple exists a; 

c) 9£_ r = (int n, rows a) int : £ the upper bound in the n-th quintuple of 
the desariptor of the value of 'a', if that quintuple exists a; 

d) 9£_ l = (int n, rows a) bool : £ true (false) if the lower state-in the 
n-th quintuple of the desariptor of the value of 'a' equals 1 (0), if 
that quintuple exists a; 

e) 9£_ r = (int n, rows a) bool : £ true (false) if the upper state in the 
n-th quintuple of thetlesariptor of the value of 'a' equals 1 (0), if 
that quintuple exists a; 

f) 9£. L = (rows a) int : 1 [ a ; 
g) 9£. f = (rows a) int : 1 f a ; 
h) 9£_ l = (rows a) bool 1 l a ; 
i ) 9£_ ( = ( rows a) boo l : 1 r a ; 

10.2.2. Operations on boolean operands 

a) 9£_ v = (bool a, b) bool : (a I true I b) ; 
b) 9£_ A = (bool a, b) bool : (a I b I false) ; 
c) 9£_ --, = (bool a) bool : ( a I false I true) ; 
d) 9£_ = = (bool a, b) bool : (a Ab) v (-,a A --,b) ; 
e) 9£_ =I: = (bool a, b) bool : --, (a = b) ; 
f) 9£_ abs = (bool a) int : (a I 1 I 0) ; 

10.2.3. Operations on integral operands 

a) 9£_ < = (f int a, b) bool : £ true if the value of 'a' is smaller than 
{2.2.3.1.c} that of 'b' and false otherwise a; 

b) 9£_ ::; = (f int a, b) bool --, (b < a) ; -
c) 9£_ = = (f int a, b) bool : a :s; b A b :s; a ; 
d) 9£_ =I: = (f.. int a, b) bool : --, (a = b) ; 
e) 9£_ :2: = (f ~ a, b) bool : b :s; a ; 
f) 9£_ > = (f ~ a, b) ~ : b < a ; 
g) 9£_ - = (f 1,nt a, b) f mt : £ the value of 'a' minus {2.2.3.1.c} that of 

'b, £; 
h) 9£_ - = (f int a) L int : L O - a ; 
i) 9£_ + = (f int a, b) f int-: a - - b ; 
j) 9£. + = (f int a) f int : a ; 
k) 9£_ abs = (f:_ int a) f ~ : (a < f O I - a I a) ; 
1) 9£_ x = (f 1,nt a, b) f 1,nt : (f int s := f O, i := abs b; 

while i :2: L 1 do (s := s + a; i := i - L 1); (b <LO I - s Is)); 
m) 9£. .- = (f int a, bJ f int : (b =I: f o I f int q :=fa, r := abs a; 

while (r := r - abs b) :2: LO do q := q + L 1; 
(a < f O A b :2: fOv a ;?: IO Tb < f O I = q I q)) ; 

n) 9£_ t: = (f.. int a, b) f.. int : (int l' =a -a tb xb; (l' <0 .jr +abs b jl')) ; 
o) 9£_ I = (f_ int a, b) f.. l'eal : (f.. real : a) I (f_ real : b) ; 
p) 9£_ t = (f_ int a, int b) f.. int : 

(b;?: 0 IL int p := L 1; to b do p := p x a; p); 
q) 9£_ ~ = (f_ int a) long f.. int : £ the long L integl'al value equivalent 

to {2.2.3.1.d} the value of 'a'£; 



10.2.3. continued 

r) £12. short = (J:E!!g_ I!_ int a) I!_ int : £ the L integral, vaiue, if it exists, 
equival,ent to {2.2.3.1.d} the val,ue of 'a' c; 

s) £12. ~ = (I!_ int a) bool, : abs a +: f 2 = I!_ 1 ; 
t) £12. !!.J£!!:._ = (I!_ int a) int : (a > I!_ 0 I 1 I: a < I!_ 0 I - 1 I OJ ; 
u) £12. .L = (I!_ int a, b) I!_ !!E!!!J2l : (a, b) ; ,, 

10.2.4. Operations on real operands 

a) £12. < = (I!_ real, a, b) boo 7, : £ true if the val,ue of 'a' is smaUer than 
{2.2.3.1.c} that of 'b' and fal,se otheruise £; 

b) £12. $ = (I!_ real, a, b) boo 1, : -, (b < a) ; 
c) £12. = = (I!_ real, a, b) boo 7, a $ b A b $ a ; 
d) £12. =I= = (I!_ real, a, b) boo 7, : -, ( a = b) ; 
e) £12..:: = (I!_ real, a, b) bool, : b $ a ; 
f) £12. > = (I!_ real, a, b) bool, : b < a ; 
g) £12. - = (I!_ real, a., b) I!_ real, : £ the val,ue of 'a' minus {2.2.3.1,c} that 

of 'b' £; 
h) £12. - = (I!_ real, a) L real, : L O - a ; 
i) £12. + = (I!_ real, a, b) I!_ reaC: a - - b ; 
j) £12. + = (I!_ real, a) I!_ real, : a ; 
k) £12. abs = (I!_ real, a) I!_ real, : ( a < I!_ 0 I - a I a) , 
1) £12. x = (I!_ real, a, b) !!_real, £ the val,ue of 'a' times {2.2.3.1.c} that 

of 'b' £; 
m) £12. /=(I!_ real, a, b) I!_ real, £ the vaiue of 'a' divided by {2.2.3.1.c} 

that of 'b ' £ ; . 
n) £12. l!!!!Jr = (I!_ real, a) J:E!!g_ f real, : £ the 7,ong L real, val,ue equ,z,vaZent to 

{2.2.3.1.d} the val,ue of 'a'.£; 
o) £12. snort = (J:E!!g_ I!_ real, a) I!_ real, : £ if abs a 1 ~ L 11UW real,, then a 

L reat val,ue 'v' such that, for any L real, val,ue w '., 
abs (l!!!!JL v - a) .s abs (l!!!!JL w - a) £ ; 

p) £12. round = (I!_ real, a) I!_ int : £ a L integral, vaiue, if one exists, 
equival,ent to {2.2,3,1,d} a L real, val,ue differing by not more than 
one-hal,f from the val,ue of 'a' c; 

q) £12. sign = (I!_ real, a) int : (a > f-0 I 1 I: a < I!_ 0 I - 1 I 0) ; 
r) £12. entier = (L real, a) Lint: (Lint j :=LO; 

whi7-e j < a-doT:= J-+Ll; whil:eJ > a ao J := J - f 1; JJ ; 
s) £12. .L = (I!_ real, a, b) I!_ compl, : (a, b) ; -

10.2.5. Operations on arithmetic operands 

a) £12. "!:._ = (L real, a, L int b) L real, : a P (L real, : b) ; 
b) £12. "!:._ = (L int a, L real, b) L real, : (L real, : a) P b ; 
c) £12. !i_ = (L real, a, L int b) boo 7, : a R (L real, : b) ; 
d) £12. !i_ = (L ,z,nt a, L-real, b) boo7, : (L-reaZ:a) R b ; 
e) £12. .L = (I!_ real, a, I!_ int b) I!_ !!E!!!J2l : (a, b) ; 
f) £12. .L = (I!_ int a, I!_ real, b) I!_ !!E!!!J2l : (a, b) ; 
g) £12. t = (I!_ real, a, int b) I!_ real, : (f real, p := f 1; 

to abs b do p : = p x a; (b .:: 0 I p I f 1 I p)) ; 

10.2.6. Operations on character operands 

a) £12.R = (char a, b) bool, : abs a R abs b; {10.1.j} 
b) £12. + = (char a, b) strlng :(a, b); 



10.2.7. Complex structures and associated operations 

a) struet !:_ ~ = (!:_ real, re, im) ; 
b) £12_ ~ = (!:_~a) !:_ real, : re 9i. a ; 
c) £12. im = (!:_~a) !:_ real, : im 9i. a ; 
d) £12. abs = (!:_ ~ a) !:_ real : L sqrt (re a t 2 + im a t 2) ; 
e ) £12. eonj = ( !:_ 5!E!!!P.1_ a) !:_ 5!E!!!P.1_ : re a .L - im a ; 
f') £12. = = (!:_~a, b) bool, : ~ a = re b " im a = im b ; 
g) £12. =I= = (!:_~a, b) bool, : -, (a = b) ; 
h
1

_ )) £12. - = (!:_ ~ a, b) !:_ ~ : (re a - re b) .L (im a - im b) ; 
£12_ - = (!:_ ~ a) !:_ aorrpl, : - re a .L - im a ; 

j) £12. + = (!:_ 5!E!!!P.1_ a, b) !:_ ~ : (re a + re b) .L (im a+ im b) ; 
k) £12. + = (!:_ aorrpl, a) !:_ ~ : a ; 
1) £12. x = (!:_ ~ a, b) !:_ ~ : 

(re ax re b - im ax im b) .L (re ax im b + im ax re b); 
m) £12. T= (!:_ aorrpl, a-;-b) !:_ aorrpl, : (!:_ real, d= re (b x aonj b); 

!:_ ~ n = a x aonj b; (re n I d) .L ( im n I d)) ; 
n) £12. Zeng = (!:_~a) 12!!fJ_ !:_ eorrpZ : 1!!!!fJ.. re a .L Zeng im a ; 
o) £12. short = (long!:_ aorrpl a) !:_ aorrpl, : short re a .L short im a ; 
p) £12. f = (!:_~a, !:_ int b) !:_ ~ : a f (!:_ ~ : b) ; 
q) £12. f = (!:_ ~ a, !:_ real, b) !:_ ~ : a f (!:_ ~ : b) ; 
r) £12. f = (!:_ int a, !:_ ~ b) !:_ ~ : (L ~ : a) f b ; 
s) £12. f = (!:_ real, a, !:_ ~ b) !:_ ~ : 7!:._ aorrpl, : a) f b ; 
t) £12. t = (!:_~a., int b) !:_ ~ : (!:_ ~ p := !:_ 1; 

to abs b do p := p x a; (b ~ 0 Ip IL 1 Ip)); 
u) £12. ! = (!:_ aorrpZ a., !:_ int b) booZ : a ! 7!:._ eorrpl, : b) ; 
v) £12. ! = (!:_~a, !:_ real, b) bool, : a ! (!:_ aorrpZ : b) ; 
w) £12_ ! = (!:_ int a, !:_ aorrpl, b) bool, : b ! a ; 
x) £12. ! = (!:_ real, a, !:_ qorrpl b) boo?, : b ! a ; 

10.2.8. Bits structures and associated operations 

a) struat L bits= ([1 : L bits width] bool, L F); {See 10.1.g} 
{The field-selector is hidden f'rom the user in order that he may not 

break open the structure; in particular, he may not subscript the f'ield.} 
b) £12. = = (!:_ bits a, b) bool, : (for i to L bits width do 

((L F 9i. a) [i] =I= (L F 9i. b) [i] I 7,); true. l: false); 
c) £12_ =I= = (!:_ bits a, b) booZ : -, (a = b) ; 
d) £12. v = (!:_ bits a., b) !:_ bits : (!:_ bits a; for i to L bits width do 

(L F 9i. a) [i] := (L F 9i. a) [i] v (L F 9i. b) [i]; a) ; 
e) £12. A = (!:_ bits a, b) !:_ bits : (!:_ bits a; for i to L bits width do 

(L F qf e) [i] := (L F 9i. a) [i]" (L F 9i. b) [i]; a); 
f') £12. ::; = 7f_ bits a., b) boo?, : (a v b) = b ; 
g) £12. ~ = (!:_ bits a, b) bool, : b s a ; 
h) £12. t = (!:_ bits a, int b) !:_ bits : :ft. abs b ::; L bits width then 

L bits a:= a; to abs b do (b > 0 I fo( i from 2 to L bits width do 
7L F 9i. a) [i -1]:= (LF 9i. a) [i]; L F of a) [L bits width] :? 
fal,se1 for i from L bits width~ - 1 to 2~ (L F 9i. a) [i] := 
(L F 9i. a) [i - 1]; (L F 9i. a) [1] := faZse); a fi; 

i) £12. abs = (!:_ bits a) !:_ int : (!:_ int a := !:_ O; for i to L bits width do 
a := !:_ 2 x a+ !f abs (L F 91. a) [i]; a); 

j) £12. bin = (L int a) L bits : :ft. a ~ L O then L int b := a; L bits a; 
for i from L bits width~ - 1 to 1 do - --
((L F 9i. a) [i] := odd b; b := b t L 2); a fi; 

k) £12. □ = (int a, !:_ bits b) bool, : (L F Ef. b) [a] ; 



10.2.8. continued 

1) £E_ !!._ ~ = ([1 : ] boo 7, a) !!_ bits : (int n = r a; (n s L bits width 
!!_ b1,ts a; for i to L bits width do (L F £t. a) [i] := 
(is L bits width - n I fal,se I a [i - L bits width+ n]); a)); 

m) £E_-, = (!!_ bits a) !!_ bits : (!!_ bits a; for i to L bits width do 
(L F £la) [i] :=-, (L F £la) [i]; a) ; 

10.2.9. Bytes and associated operations 

a) struat !!_bytes= ([1 : L bytes width] ahar L F); {See 10.2.8.a and 
10.1.i} 

b) £E_ !i = (!!_ bytes a, b) bool, : (string : a) !i (string : b) ; 
c) £E_ D = (int a, !!_ bytes b) ahar : (L F £t. b) [a] ; 
d) £E. !!._ atb = (string a) !!_ bytes : (int n = r a; (n s L bytes width 

!!_ bytes a; for i to L bytes width do 
(L F £t. a) [i] :=(is n I a [i] I nu.7,7, aharaater); a)); 

10.2.10. Strings and associated operations 

a) mode string = [1 : 0 t;iez_J ahar ; 
b) £E_ < = (string a, b) _££_ : (int m = r a, n = r b; 

int p = (m < n Im In), inti := 1; booZ a; 
~< 1 In~ 1 I e: (a :=a[iJ = b [i] I: (i := i + 1) s p I e); 
(a Im< n I a [i] < b [i]))); 

c) £E_ s; = (string a, b) boo 7, : -, (b < a) ; 
d) £E_ ==(string a, b) bool,: as b Abs a; 
e) £E_ ,f: = (string a, b) boot : -, (a = b) ; 
f) £E_ ~ = (string a, b) booi : b s a ; 
g) £E_ > = (string a, b) bool, : b < a ; 
h) £E_ !i = (string a, ahar b) bool,- : a !i (string : b) ; 
i) £E_ !i = (ahar a, string b) bool, : (string : a) !i b ; 
j) £E. + = (string a, b) string : (int m = r a, n = r b; [1 m + n] ahar a; 

a [1 : m] := a; a [m + 1 : m + n] := b; a); 
k) £E_ + = (string a, ahar b) string : a + (string : b) ; 
1) £E_ + = (ahar a, string b) string : (string: a)+ b; 

{The operations defined in b, h and i imply that if abs "a" < abs ''b", 
then 1111 < "a" ; "a" < "b" ; "aa" < "ab" ; "aa" < ''ba" ; "ab" < ''b"T 

10,2.11. Operations combined with assignations 

a) £E_ -:= = (ref !!_ int a, !!_ int b) ref I:_ int : a := a - b ; 
b) £E_ -:= = (ref!!_ real, a, !!_ real, b) ref!!_ real, : a := a - b ; 
c) £E_ -:= = (ref f.. ~ a, f.. aompl, b) ref f.. ~ : a := a - b ; 
d) £E_ +:= = (ref f.. int a, f.. int b) ref I:_ int : a := a + b ; 
e) £E_ +:= = (ref f.. real, a, f.. real, b) ref f.. real, : a := a + b ; 
f) £E_ +:= = (ref f.. ~ a, .f. ~ b) ref f.. ~ : a := a + b ; 
g) £E_ x := = (ref f.. int a, !!_ int b) ref I:_ int : a := a x b ; 
h) £E_ x:= = (ref f.. real, a, !!_ real, b) ref f.. real, : a := a x b ; 
iJ: )) £E. x:= = (ref f.. ~ a, !!_ ~ b) ref!!_ EE!!Pl_ : a := a x b ; 

£E. t:= = (ref f.. i~t a, f.. int b) ref~ int : a := a -t- b; 
k) £E. -l-: := = (ref I:_ 1,nt a, !!_ int b) ref!!_ int : a := a -;- : b; 
1) £E. /:= = (ref f.. real, a, f.. real, b) ref f.. real, : a := a I b ; 
m) £E_ /:= = (ref f.. ~ a, !!_ ~ b) ref f.. ~: a :=a/ b; 



10.2.11. continued 

n) .eJ2. g = (rief L rieal a, L int b) rief L rieal : a Q (L rieal : b) ; 
o) .eJ2. g = fref f EE!!!2.l_ a, f int b) rief f EE!!!2.l_ : a g ('!:_ EE!!!2.l_ : b) ; 
p) .eJ2. g = (rief f. EE!!!2.l_ a, f real b) rief f EE!!!2.l_ a g ('!:_ EE!!!2.l_ : b) ; 
q_) .eJ2. +:= = (ref string a, string b) rief string : a := a + b ; 
r) .eJ2. +=: = (string a, rief string b) rief striing : b := a + b ; 
s) .eJ2. +:= = (rief striing a, a'ha:r> b) ref striing a := a + b ; 
t) .eJ2. +=: = (ahari a, ref string b) rief str'ing : b :=a+ b; 

10.3. Standard mathematical constants and functions 

a) L rieal L pi= a a L rieal value close to u; see Math. of Comp. v. 16, 
- 1962, pp. ao=99 a; 

b) prioa L sqrit = ('!:_ real x) '!:_ rieal : £ if x ~ '!:_ 0, a L rieal value close to 
the squarie root of 'x' a; 

c) proa L e:cp = ('!:_ rieal x) '!:_-~:£a L rieal value, if one exists, alose 
to the exponential funat~on of 'x' a; 

d) prioa L 7,n = ('!:_ rieal x) f real : £ a L-rieal value, if one exists, close 
to the naturial logariithm of 'x' £ ; 

e) prioa L aos = ('!:_ rieal x) '!:_ rieal : £ a L rieal value close to the cosine of 
'x' a ; 

f) prioa L-ariaaos = ('!:_ rieal x) f real : £ if abs x:::; f 1, a L rieal value 
close to the inverise cosine of 'x', LO:::; L ariaaos (x) :::; L pi a; 

g) prioa L sin = ('!:_ rieal x) '!:_ rieal : £ a L-real value close to the sine of 
'x' a ; 

h) proa L-ariasin = ('!:_ rieal x) '!:_ rieal : £ if abs x:::; f 1, a L rieal value 
close to the inverise sine of 'x', abs L ariasin (x) :::; L pi IL 2 a; 

i) prioa L tan = ('!:_ rieal x) '!:_ rieal : £ aL:rieal value, if one exists, close 
to the tangent of 'x' a; 

j) prioa L ariatan = ('!:_ rieal x) '!:_ rieal : £ a L rieal value alose to the 
inverise tangent of 'x', abs L ariatan (x) :::; L pi IL 2 a; 

k) prioa f rieal L riandom = L last random :=£the next pseudo-riandom L rieal 
value afteri L last riandom friom a uniforimly distributed sequence on the 
interval [L 0, L 1) a; 

1) f riea1, L last riandom :-;- L • 5 ; 

10.4. Synchronization operations 

a) struat sema = (rief int F); 
b) .el2. I = (int a) ~ : (sema s; F 9f B := int := a; s) ; 
c} .el2. + = (sema edsgeri) : (rief int dijkstria = F 9f edsgeri; 

do (j:[_ dijkstria ~ 1 then dijkstria -:= 1; l else a if the alosed
statement rieplaaing this comment is aontain"ed:in-a unitariy-phr'ase 
which is a constituent unitariy-phr'ase of the sma1,lest aollaterial
phr'ase, if any, beginning with a parial1,el-symbol and containing this 
aiosed-statement, then the elaboriation of that unitariy-phr'ase is 
halted {6.0.2.c}; other'Wise, the furitheri elaboriation is undefined a 
ii); l: skip) ; -

d) .eJ2. t = (sema edsgeri) : (rii,f int dijkstria = F of edsgeri; 
dijkstria +:= 1; a thee aboration is resumeaof all phr'ases whose 
elaboriation is halted because the name possessed by dijkstro rieferiried 
to a value smalleri than one£); 

{See 2.2,5; for the use of+ and t, see E.W. Dijkstra, Cooperating 
Sequential Processes, contained in Programming Languages, Genuys, F. (ed.), 
London, etc., Academic Press, 1968; see also 11.13.} 



10.5. Transput declarations {"So ,U dou!" -6cud Pooh. "It. gou bi.!" 
"So -U dou!" ,&cud P-lglet. "And ,u c.omu ou.,t!" 
"Voun '.t -U? 11 ,t,a,i,d Ee.yo1te.. "l.t gou ,i,n and ou.,t 
.Uk.e. any.th,i,ng. " 
W-lnn-le.-.the.-Pooh, A.A. M,i,,ene..} 

10.5.0. Transput modes and straightening 

10.5.0.1. Transput modes 

a) ~ % simpZout = ( ff .:f!;!h ff reait, t,f r,it, booi, char, string) ; 
b) un~on % outtype = (fD L ~ntt, fD L reait, D ooZt:-:f.D chart, 

---Woutstructf); 
c) mode% outstruct =.£an actuaZ-decZarer specifying a mode united from 

---vi'".4.3.a} al,7, modes, except those specified by tamrof and by sema, 
which are structured from {2.2.4.1.d} onl,y modes from which the mode 
specified by outtype is united c ; 

d) struct % to:rnrof = (string Fl); {See the remarks under 5.5.8.} 
e) unwn % intype = (fref P.. f intt, kef P.. f reait, tref D_ booit, 

fref !!.. chart, fl'ef D_ outstructt) ; 

10.5.0.2. Straightening 

a) 02._ % straightout = (outtype x) [] simpl,out 
c the resuit of 11straightening" 'x' c ; 

b) 02._-% straightin = (intype x) [] ref simpZout 
.£ the resuit of straightening 'x' .£; 

c) The result of straightening a given value Vis a multiple value obtained 
in the following steps: 
Step 1: If Vis (refers to) a value from whose mode that specified by 

simpl,out is united, then the result is a new instance of a multiple value 
composed of a descriptor consisting of' an offset 7 and one quintuple 
(1,1,1,1,1) and Vas its only element, and Step 4 is taken; 

Step 2: If Vis (refers to) a multiple value, then letting n stand for the 
number of elements of that value, and Y,i, for the result of straightening 
its ,i,-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,i, for the result of 
straightening its ,i,-th field, Step 3 is taken; , 

Step 3: If Vis not (is) a name, then, letting m,i, stand for the number of 
elements of Y,i,, the result is a new instance of a multiple value composed 
of a descriptor consisting of an offset 7 and one quintuple (7, m7 + ••• + 
mn, 1, 1, 11 and elements, the l-th of which, where l = m7 + ••• + mk. - 1 
+ j, is the (is the name referring to the) j-th element of Yk. fork.= 1, 
• • • , n and J = 1, . . . , mf2.; 

Step 4: If Vis not (is) a name, then the mode of the result is 'row of' 
('row of reference to') followed by the mode specified by simpl,out. 



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.g., 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., a bank of tape 
units or even a set-up in nuclear physics the results of which are collected 
by the computer. A channel has certain properties (10.5.1.1.d to 10.5.1.1.0, 
table I). A "random access" ("sequential access") channel is one for which 
the value of set possibZe (10.5.1.1.e) is :tJw.e. (oa.l6e). 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, 
mazpage, mazUne and mazc'ha:r> 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 ahainbfiZe (10.5.1.1.c), 
all backfiles form the chains of backfiles referenced by ahainbfiZe, each 
backfile chained to the next one by its field next. 

Examples: 
a) In a certain implementation, channel 6 is a line printer. It has no in

put information, ahainbfiZe [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 nle.. Allele
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 chainbfiZe [4] is initialized to re
fer to the first backfile of a chain of 32 backfiles, the last one hav
ing next equal to nle.. Each of those backfiles has an end of file at 
position (2, 1, 1). 

c) 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, 
chainbfiZe [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), create (10.5.1.2.c) or estabZish (10.5.1.2.d). A given 
channel can accommodate a certain number (10.5.1.1.0) of backfiles at any 
stage of the elaboration. The association is ended by means of cZose 
(10.5.1.2.s), Zoak (10.5.1.2.t) or scratch (10.5.1.2.u). 



properties card reader card punch magnetic tape unit line printer 

r-eset possibZe owe. 6we. :tlu.Le. :tlu.Le. tlw.e. 6we 
set possib Ze 6We. 6we. 6we 6we. 6we. 6we 
get possibZe :tlul.e 6we :tlu.Le. :tlu.Le. 6we. 6we 
put possibZe 6we :tlw.e. owe. :tlw.e tltu.e :tlw.e. 
bin possibZe owe. :tlw.e 6we. :tlw.e 6we 6we. 
idf possibZe owe. owe. :tlu.Le. :tlw.e :/Jiu.e 6we. 

r-eidf possibZe owe. 6we owe. :tJw..e 6we. 6we 
max page 1 1 very large very large very large very large 
max 'line large very large 16 large 60 60 
max ahar- 72 80 84 large 144 144 

stand aonv a 48- or 64-character code 64-char code some code line-pr code line-pr code 
maz nmb fiZ.es 1 1 1 1 1 1 

properties magnetic disc magnetic drum paper tape reader tape punch 

r-eset possib Z.e :tlw.e. :tlw.e :tlw.e. owe owe. 6We. 
set possibZe :tlw.e. 6we :t:Ju.Le. 6We. 6we 6we. 
get possibZ.e :tlw.e. tlw.e. :tlu.Le. :tlw.e tlw.e. 6we. 
put possibZ.e :tlw.e. tlw.e :tlu.Le. 6we. 6we :tlw.e. 
bin possibZe :tlw.e :tlw.e. :tlul.e owe. tlw.e. 6we. 
idf possibZ.e :tlw.e. tlw.e. :tlu.Le. 6we. 6we. 6we 

r-eidf possibZe :t:Ju.Le. :t:Ju.Le. :tlul.e 6We. 6we. 6we. 
maz page 200 1 1 1 1 1 
max 'line 16 1 256 very large very large very large 
max ahar- 128 524288 256 80 150 4 

stand aonv some code some code some code 5-hole code 7-hole code lathe code 
max nmb fUes 10 4 32 1 1 1 

TABLE I: Properties of some possible channels 



10.5.1. continued 

ff) When a file is "opened" on a channel for which the value of idf possi
ble is 6ai.oe, then .the first backfile is taken from the chain of backfiles 
for that channel, and is made the bfiZe 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 idf possible is .tlz.ue, 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 that channel; this backfile is made the bfiZe 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 (1, 1, 11; when a file is 
"created" on a 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 chainbfiZe (ZockedbfiZe) of the channel. 
Another file may (No file can) now be opened with this backfile by a call of 
open. 

jj) The identification string of the backfile of a file opened on a channel 
for which the value of reidf possible is .:Vc.u.e may be changed by a call of 
reidf. 

kk) A file comprises some fields of the mode 'procedure boolean', 
'procedure with reference to character parameter boolean' or 'procedure with 
integal 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 6ai.oe when called, but the programmer may assign 
other routines to those fields. If the elaboration of such a routine is ter
mi~ated, then the transput routine which called it can take no further ac
tion; otherwise, if it yields the value .ttw.e, 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 6ai.oe, 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 .tlz.ue, then transput goes on, and if it yields 
6ai.oe, 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 := O; logical file end £[_ intape ;= fl.E.....E!._ f; 
do (get (intape, Zoe 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((: fl.E.....E!._ f)) is smaller than the 
scope of intape), so he has to write 

begin int n := O; file auzin := intape; 
logical file end£[_ auzin := go to f; 
do (get (auzin, Zoe int); n +:= 1); f: print (n) 

end. 
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b) physiaai fiie end, which is called when the maz page, the maz iine or 
the maz ahar of the backfile of a file is exceeded. If the routine 
yields the value -tlute, then transput goes on, and if it yields 6a.l6e, 
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: 

proa booi new Une page = booi : ((Une ended (f) I new Une (f)); 
(page ended (f) I new page (f)); true); 

c) ahar error, which is called when, during 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.ll), 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 -tlute, 
then that suggested character as possibly modified by the routine is 
used, and, if it yields 6a.l6e, then some sensible action is taken. 
Example: 
The programmer wishes to print a list of all such disagreements. He as
signs to the field ahar error of his file f 

((~ef ahar sugg) boo"l: (ahar k; baakspaae (f); 
1,nt p = page number ( f J-:-Z = Une number ( f), a = ahar number ( f); 
get (f, k); print ( (new Une, "at", p, i, a, "present. 111111

, k, 111111
, 

.:,_suggested.:...."'111
, sugg, 111111

• ")); true)); -

d) va"lue 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 -tlute, then the current value and picture are 
skipped, i.e., transput goes on at 5.5.1.dd.Step 5; if the routine 
yields 6a.l6e, 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 -tlute, then transput goes on (so the routine must have pro
vided a new format for the file), and, if the routine yields 6a.l6e, 
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 makes 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 aonv of a file is used by the transput routines in the conversion 
of characters to and from integers in the book of the bfi"le of the file. Af
ter opening, creating or establishing a file, stand aonv of the channel is 
used, but some other "conversion key" may be provided by the programmer by a 
call of make aonv ( 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 a'har el'l'or is called with a 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.dd). This terminator string may be provided by the 
programmer. Furthermore, when reading outside the file, physiaal 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 .:tJw..e, a file may 
be "reset", causing its position to be {1, 1, 11. 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. 

oo) On a random access channel, a file may be "set", causing its position 
to be the given 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 .:tJw..e, nonbinary input and output 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 6a.t'..6e (oo). 

Example: 
begin file fl, f2; [1 : 10000] int x; int n; open (fl, , ahannel 2); 

f2 := fl; ¢ now fl and f2 aan be used interahangeably ¢ 
make aonv (fl, flexoaode); make aonv (f2, telexaode); 
¢ now fl and f2 use different aodes; flexoaode and telexaode are de
fined in the library-dealaration for this implementation¢ 
reset (fl); ¢ aonsequently, f2 is reset too¢ 
for i while -, Zogiaal file ended (fl) do (n := i; get (fl, x [i])); 
¢ too bad if there are more than 10000 integers in the input¢ 
reset {fl); for i ton do put (f2, x [i]); reset (f2); alose (f2) 
¢ fl is now alosed too 9 

end } 



10.5.1.1. Channels 

a) int nmb ahannels = q_ an integral-alause indiaating the nwnber of trans
put ahannels in the implementation a; 

struat % bfile = ([1 : 0 flex, 1 : 0 flex, 1 : 0 flex] int book, 
~nt lpage, lline, Zahar, page, line, ahar, max page, max line, 
max ahar, string idf, ref bfile next).; 

b) 

c) 

d) 

e) 

f) 

g} 

h) 

i) 

j) 

k) 

l) 

m) 

n) 

o) 

p) 

q_) 

[1 : nmb ahannels] ref bfile % chainbfile := q_ some appropriate initial
ization {see 10.5.l.dd} c; 

[1 : nmb channels] bool reset possible = c a rourof-boolean-alause, in
diaating whiah of the physiaal deviaes corresponding to the ahannels 
allow resetting {e.g., rewinding of a magnetic tape} c; 

[1 : nmb ahannels] bool set possible= a a rourof-boolean-alause, indi
aating which deviaes aan be acaessed at random a; 

[1 : nmb channels] bool get possible= a a rourof=boolean-alause, indi
aating whiah deviaes can be used for input q_; 

[1 : nmb ahannels] bool put possible= a a rourof-boolean-alause, indi
aating whiah deviaes aan be used for output a; 

[1 : nmb channels] bool bin possible= ca rOuJ=of-boolean-alause; indi
cating which deviciiii""aan be used for binary transput q_; 

[1 : nmb ahannels] bool idf possible= a a rOuJ-of-boolean-clause, indi
aating on which deviaes baakfiles have an identifiaation q_; 

[1 : nmb ahannels] bool reidf possible= a a rOuJ-of-boolean-alause, in
diaating on whiah deviaes baakfiles allow reidentifiaation c; 

[1 : nmb ahannels] int max page = a a row-of-integral-alause, -giving the 
maximwn nwnber of pages per file-for the channel a; 

[1 : nmb ahannels] int max line= a a rourof-integral-alause, giving the 
maximwn number of lines per page-a; 

[1 : nmb ahannels] int max char= a-a row-of-integral-alause, giving the 
maximwn number of charaaters per-line c; 

[1 : nmb ahannels] struat (proc [] int FT stand conv = q_ a alause giving 
the standard aonversion keys for the ahannels {; other conversion keys 
may be provided by the library-prelude} a; 

[1 : nmb ahannels] int max nmb files=£ a-row-of-integral-alause, giv
ing the maximwn number of files the ahannels aan aaaommodate c; 

[1 : nmb ahannels] int % nmb opened files; -
for i to nmb ahannels do nmb opened files [i] := 0; 

U : nmb ahannels] ref b£Ze % loakedbfile; 
for i to nmb ahannels _ lockedbfile [i] :=nil; 

r) proc file available = (int ahannel) bool : 
nmb opened files [ahannel] < max nmb files [ahannel]; 

10.5.1.2. Files 

a) struat file= (ref fJ:ile % bfile, int% ahan, ref int% forp, 
ref bool % state f, % state get, % state bin,, % gpened, 
ref string% format, st1!!/: term, [O : 0 flnd] int% aonv, 
proc bool logiaal file e ~ physiaal file e , format end, 
value error, proa (ref ahar) bool ahar error, 
proa (int) bool other error); 



10.5.1.2. continued 

b) proa open= (i;ef file file, string idf, int ah) 
f:i. file ava~ZabZe (ah) 
then ref ref bfile bf := ahainbfile [ch]; 

while (ref bfile : bf) ::j:: nil do 
-r:t:df 9J. bf = idf v idf = 1111 v -, idf possible [chJ I 

Z I bf:= next 9J. bf); undefined. 
Z: file := (bf, ah, int := 0, booZ := false, booZ, booZ, booZ := true, 

niZ, 1111
, F 9f. standconv [ah], false, false, false, false, 

«i;ef ahar a) booZ : false), skip); 
(ref ref bf~Ze : bf) := next 91. bf; nmb opened files [ah] +:= 1 

eZse undefined ti; 
c) proa create = (ref file file, int ah) : 

establish (file,, max page [ah], max Zine [ahJ, max ahar [ah], ah); 
d) proa establish = {ref file file, string idf, int rrrp, mZ, ma, ah) : 

f:i. file available (ch) A rrrp s max page [ch] A mZ s max Une [ch] A 

mas max ahar [ah] 
then bfiZe bf= ([1 : rrrp, 1 : mZ, 1 : ma] int, 1, 1, 1, 1, 1, 1, rrrp, 

mZ, ma, idf, niZ); 
file := (bfile := bf, ch, int:= 0, booZ := fa#J,e, booZ, 

booZ, booZ := true, niZ, 1111
, F 9f. sta aonv"TahJ,fqZse, 

false, false, false, ((ref ahar a) booZ : false), shp); 
nmb opened files [ah]+:= 1 

else undefined ti ; 
e) pr':a set= (file file, int p, Z, a) : 

f:i. set possible [ahan 9f. file] A opened 9f. file 
then page 9f. bfile 9J. file := p; Une 9J. bfile 9J. file := Z; 

char 9J. bfile 9J. file := a; aheak pZc (file) 
eZse undefined ti; 

f') proa reset= (file file) : 
f:i. reset possible [chan 9f. file] A opened 9J. file 
then page 9f. bfile 9J. file := 1; Zine 9J. bfile g_ file := 1; 

char 9J. bfile 9J. file := 1; state def 91. f~Ze := false 
e Zse undefined ti ; 

g) proc % check p Zc = ( file file) : f:i. opened 9J. file 
then (-i (ZogicaZ file ended (file) I ZogicaZ file end 9J. file I: 

Zine ended (file) v page ended (fiZe) v file ended (file) I 
physical file end 9J. file I true) I undefined) 

el,se undefined ti; 
h) proc Une ended = ( file file) boo Z : ( opened 9J. file 

int a = char 9J. bfile 9J. file; 
c s O v c > max char 9J. bfile 9J. file) ; 

i) pr~c page ended = ( f% ~e file) boo 7,, : ( opened 91. file 
mt Z = Zine 9J. bf~ e 9J. file; 
Z s O v Z > max Zine 9J. bfile 9f. file) ; 

j ) proc file ended = ( file file) boo Z : ( opened 91. file 
int p = page 9J. bfile 9J. file; . 
p :::; 0 v p > max page 9f. bfile 9J. f~Ze) ; 

k) proc ZogicaZ file ended = (file file) booZ : (opened 9J. file I: 
-iset possible [chan 9J. file] A state def 9J. file A state get 9J. file 
bfile b = bfile 9J. file; int p = page 91. b, Zp = Zpage 9J. b, 

Z = Une 9J. b, U = Uine 9J. b, a = char 9J. b, Zc = Zahar 9J. b; 
(p < Zp I false I : p > Zp I true I : Z < U I false I : Z > U I true 
c ~ Za) I false); 
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1) prqc % get string= (file file, ref [1 : either] cha:t' s) : 
if. get possible [chan 9f file] A opened 9£ file--
then ref int p = page 9£ bfile 9f file, l = line 9f bfile 9f file, 

c = cha:t' 9£ bfile 9£ file; 
if. ---iset possible [chan 9f file] t71f state def 9f file 
then ( state bin 9f file I undefine J ti; 
state def 9f file := state get 9f file := true; 
state bin 9f file := false; 
for i to r s do (check plc (file); 

for j from O to r conv 9f file do 
((conv Ei file) [j] = (book 9£ bfile 9f file) [p, l, c] 
s [i] := repr j; e); 

char k := "· "; 
s [iJ := ((aha:t' error Ei file) (kJ I k I undefined; ".:...."J; 
e: C +:= 1) 

else undefined fi ; 
m) prqc % put string = (file file, stl'ing sJ : 

if. put possible [chan 9f file] A opened Ei file 
then ref int p = page 9£ bfile 9£ file, l = line Ei bfile 9£ file, 

c = char 9£ bfile 9£ file; 
if-, set possible [chan Qf_ file] thef state def 9£ file 
~ (state bin 9£ file 1undefined) ti; 
state get 9£ file := state bin 9£ file := false; 
state def 9£ file := true; 
for i to r s do (check plc (file); 

(book 9£ bfile 9£ file) [p, l, c] := (conv 9£ file) [abs s [i]J; 
C +:= 1; 
(p = lpage Et bfile 9£ file A l = ZZine Ei bfile Ei file I 
(c > lcha:t' Ei bfile El file I lcha:t' Ei bfile Ei file := cJ 
lpage 9£ bfile 9£ file := p ; ZZine 9£ bfile 9£ file := l; 
lcha:t' 9£ bfile 9£ file := c)) 

else undefined fi ; 
n) proc cha:t' in string= (cha:t' c, ref inti, strings) bool : 

(for k to r s do (c = s [k] I i := k; l); false. l: true) ; 
o) proc space = (file file) : 

(cha:t' Ei bfile 9£ file +:= 1; check plc (file)) ; 
p) proc backspace = (file file) : 

(cha:t' Ei bfile Ei file -:= 1; check plc (file)) ; 
q) proc new line = (file file) : (line 9£ bfile Ei file +:= 1; 

char Ei bfile 9£ file := 1; check plc (file) J ; 
r) proc new page = (file file) : (page 9£ bfile 9£ file +:= 1; 

line Ei bfile Ei file := char Ei bfile Ei file := 1; 
check plc (file)); 

s) proc close = (file file) : (opened 9£ file I 
int ch = chan Et file; next Et bfile 9£ file := chainbfile [ch]; 
chainbfile [ch] := bfile Et file; opened Et file := false; 
nmb opened files [ch]-:= 1); 

t) wqc lock = (file file) : (opened Ei file I 
-int ch = chan 9£ file; ref bfile bf = bfile 9£ file; 
page 9£ bf := line 9£ bf := cha:t' 9£ bf := 1; 
next 9£ bf:= lockedbfile [ch]; lockedbfile [ch] := bf; 
opened Ei file := false; nmb opened files [ch]-:= 1); 

u) proc scratch = (file file) : (opened 9f file I 
opened Et file := faZse; nmb opened files [chan 9f file] -:= 1) ; 
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v) proc char number = (ffle f) int : (opened~ f I char~ bfile ~ f) ; 
w) proc "line number = (f1,le f) int : (opened~ f I "line ~ bfile ~ f) ; 
x) proc page number = (file f) int : (opened~ f I page~ bfile ~ f) ; 
y) proc % undefined=£ some sensible system action {10.5.1.rr} £; 
z) proc make conv = (ref file f, atruct (proc [] int F) c) : 

conv of f : = F ~ c ; 
aa) proc re?:df = ( file f, string idf) : 

(reidf possible [chan ~ f] I idf ~ bfile ~ f := idf) ; 

10.5.1.3. Standard channels and files 

a) int stand in channel= can integral-clause such that the value of 
get poaaible [stand in channel] iB true C ; 

b) int stand out channel =£an integral-clause such that the value of 
put possible [stand out channel] iB true c ; 

c) int stand back channel= can integral-clause such that the values of 
Peaet possible [stand back channel], set possible [stand back channel]., 

get possible [stand back channel], put possible [stand back channel] 
and bin possible [stand back channel] are true£; 

d) file % f ; open (f.., stand in channel) ; file stand in = f ; 
e) open (f.., stand out channel) ; fili stand out = f ; 
f) open (f.., stand back channel) ; f:!:k 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.a) can be used for output on stand out, read ( 10.5.2.2.a) for input 
from stand in, and write bin (10.5.4.1.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[] union (outtype, proc (file)) are 
treated one after the other; if an element is of the mode specified by 
proc (file) (i.e., a "layout procedure"), then it is called with the file as 
its parameter; otherwise, it is straightened (10.5.0.2), and the resulting 
values are output on the given file one after the other, as follows: 
aa) If the mode of the value is specified by Lint, then first, if there is 

not enough room on the line for Lint width-+2characters, 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 - l)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 e:x:pwidth + 5 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(Lreal width - l)den(L e:x:pwidth - l)z+d. 
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+----------➔ 
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+-----------➔ 

w 
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w 

w-d-e-4 d e 
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L real, string +DDDDDDD.DDDDD1o+DDD 
+-------------------➔ 

w 

TABLE II: Display of the values of 

Lint string, L dee string and L real, string (10.5.2.1.c,e,d) 

type (7 = integer, 2 = real fixed, 3 = real floating, 
4 = complex fixed, 5 = complex floating, 6 = string, 
7 = integer choice, 8 = boolean, 9 = character); 

radix (2, 4, 8, 10 or 16); 
sign (0 = no sign frame, 1 = sign frame+, 2 = sign frame-); 
number of digits before point; if type= J, then W - 1, else if 
type= 2 or 4, then w - d - 2, else if type= 3 or 5, then 
W - d - e - 4, or, if type= 6, then the number of characters in the 
string if this is constant, or 0, if this number is variable; 
number of digits after point; if type= 2, 3, 4 or 5 then d; 
sign of exponent; if type= 3 or 5, then as [3]; 
number of digits in exponents; if type= 3 or 5, then e; 

••• , [14] as [1], ••• , [?] when frame [1] = 4 or 5. 

TABLE III: Significance of the elements of frame (10,5,3,i) 



10.5.2.1. continued 

cc) If the mode of the vaJ.ue is specified by f.!!2!!!.El., 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 - l)den(L e:r:pwidth - 1)z+d11

.:...
11i+d.n(L real width 

- l)den(L e:r:pwidth - l)z+d. 
dd) If the mode of the value is specified by[] ahar, then its elements are 

written one after the other. 
ee) If the mode of the value is specified by ahar, then first, if the line 

is full, then room is made, and next the character is written. 
ff) If the mode of the value is specified by bool, then, if the value is 

.tltu.e (6a.l6e), then the character possessed by the flip- (flop-)symbol is 
output as ee.} 

a) proa print=([] union (outtype~ proa (fiZe)) x) : put (stand out, x); 
b) proa put= (fiZe fiZe, [1 :] union (outtype, proa (fiZe)) x) : 

begin outtype ot; proa (fiZe) pf; 
for i to r X do (ot : := X [i]; pf : := X [i] I pf (fiZe) 

[1 :] simplout y = straightout ot; 
for j tor y do (strings, bool b, ahar k; 

(t(L inti; (i ::= y [j] I 
-s:= Lint string (i, Lint width+ 1, 10); 

sign supp zero (s, 1, Lint width)))t); 
(t(L real x; (x ::= y [j] I s := L real aonv (x)))t); 
(HL aompl z; (z : := y [j] I 

-a := L real aonv (re z) + ".i 11 + L real aonv (im z)))t); 
(b : := y [jJ I put (fiZe, (b I "!:.." I "Q."J); end); -
(k ::= y [j] I nextpla (file); put string (file, k); end); 
(s : := y [j] I put string (fiZe, s); end); 
ref int a = ahar & bfiZe & fiZe; int al = a, n = r s; 
a+:= (al= 1 In I n + 1); 
(line ended (file) I nextpla (file) I a := al); 
put string (fiZe, (a = 1 I s I 11

.:...
11 + s)); 

end: skip)) 
end; 

c) proaLint striWJ = (f_ int x, int w, r) string : (r > 1 A r < 17 I 
striW a := ; f_ int n := abs x; f.. int lr = !fr; 
for~ tow - 1 do (dig char(§_ (n t: Zr))+=: a; n t:= Zr); 
(n = L O I (x 2: L O I 11+11 I 11

-
11

) + a I 1111
) I 1111

) ; 

d) ~ L Peal string-= (f_ real x, int w, d, e) string : 
(d 2: 0 A e > 0 Ad+ e + 4 ~ w I 
L real g = L 10 t (w - d - e - 4); L real h = g x L .1; 
L real y :=-abs x; int p := 0; whiZe y 2: g do (y x:= L .1; p +:= 1); 
(y>L 0 I while y < h A p - 1 -;-::-fo t e do(y x:= L-10; p -:= 1)); 
( y + L . 5 x ~ t d 2: g I y : = h; p +: = 1); -
L dea-striWJ-((x :2: 0 I y I - y), w - e - 2, d) + "io" + 

int striWJ (p, e + 1, 10)); 
e) proa L dea striWJ = (f_ real x, int w, d) string : 

(abs x < f_ 10 t (w - d - 2) A d 2: 0 A d + 2 ~ w I string s := ; 
L real y := (abs x + L .5 x L .1 t d) x L .1 t (w - d - 2); 
to--:;;;-= 2 do s +:= dig-ahar ((int a = S C(y x:= L 10); y -:=Ka; a)); 
(x 2: 0 I 11+11 I 11

-
11

) + s [1 : w - d - 2] + 11
• 

11 + s [w - d - 1 -;-]) ; 
f) proa % dig ahar = (int x) ahar: ("0123456789abadef" [x + 1]); 

{In connection with 10.5.2.1.c,d,e, see Table II.} 



10.5.2.1. continued 2 

g) proc % sign supp zero= (ref string c, inti, u) 
for i t;rom Z, + 1 to u ~ c [i] = "0" do 

( C [ -Z.] : = C [ i - 1 ]; C [ -Z. - 1] : = "~") ; 
h) int Lint width= (int c := 1; 

white L 10 t (c -"""Tl< L .1 x L max int do c +:= 1; c) ; 
i) int L real, width= 1 - S [ (L Z.n (L smaZ.Z. real,)/ L Z.n (L 10)); 
j ) -mt L exp width = - -

-1 +SL (L Z.n (L Z.n (L max real,) / L Z.n (L 10)) / L Z.n (L 10)); 
k) proc %-L real, conv = (!:_ real, x) string : - -

(string s := L real, string (x, L x-eal, width+ L exp un.dth + 4, 
L real, width - 1, L exp width); sign supp zero (s, L real, width+ 4, 
L real, width+ L exp width+ 3); s); 

l) proc % next pZ.C = {fiie fiie) : (opened £i.. fiie 
(Z.ine ended (fiZ.e) I new Zine (fiZ.e)); 
(page ended (fiZ.e) I new page (fiZ.e))); 

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 (fiie)) are 
treated 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 Lint, 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(kl)"."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(kl)"~"n(k2)d or n(k2)d followed by 
.n(k3)dd or ds. possibly followed by en(k4) "~"+n(k5) "~"n(k6)dd or 
en(k5)"~"n(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!:._~, 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 a value whose mode is specified by[] char, then, 
if both upper and lower state of the value are 1, 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.jj, 10.5.1.mm); the string with those.charact~rs 
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 name refers to a value whose mode is specified by booZ., 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
(flop-)symbol, then the resulting value is :tJw.e (owe); if the character 
is neither of those, then char error of the file is called with 6a.loe.} 



10.5.2.2. continued 

a) proc read= ([] u,ni<;m (tntu~e, ~roe (fil,e)) x) : get (stand in, x) ; 
b) proc get = {fil,~ fiie, [1 : um,on <intype_, proc {fil,e)) x) : 

begin int/iRe 1,t; px>oc (fiie) pf; char k; pPiority I= 8; 
fox> 1, to r X do (it : := X [1,]; pf : := X [i] I pf (fil,e) 

[1 : J zit simpl,out y = straightin it; 
£E_? = stzii, s} booi : (outside (fiie) I faise I: 

get string fiie:-T}; char in string (k, ioc int, s) I 
tziue I backspace (fil,e); faise); 

£E_ ? = (char c) booi : ? (stziing : c); 
£E_ I = (strin~ s, char c) cha,r : (eet stziing (fiie, k); 

char in str1,ng (k, ioc int, s) I k I char sugg := c; 
((char ezizior £f. fite)(sugg) I sugg I undefined; c)); 

£E_ I = ( char s, c) char : ( string : sJ ! c; 
proc skip spaces = : whiie (next pie (fiie); ? ".:..") do skip; 
~ stziing ziead dig = string : (string t := "0123456?89" ! "O"; 

1,)hil,e ? "0123456789" do t +:= k; t); 
p ( stziing read num = string : 

har t := (skip spaces; ? "+-" I k I "+"); 
wniie ? ".:.." do skip; t + ziead dig); 

12!:££ stziif' ziead reai = stziing : (stziing t := read num; 
· (? "· 11 t +:= "·" + ziead dig); 

(? "ew" I t· +:= "10"+ ziead mun); t); 
for j tor y do (zief booi bb; ref char cc; zief string ss; 

(i:(ref Lint ii; (ii::= y [j] I 
(zief·L 1,nt: ii) := L string int (read num, 10)))*); 

(t-(zief L zieai xx; (xx : := y [j] I 
Jzief ~ zieat.: xx) := L stX'ing zieai (ziead zieai)J)V; 

(t-(zi~f f 5!E!!!f21. zz; (zz : := y [j] I get (fil,e, zie 9.f zz); 
shp spaces; 11.L 11 ! ".t"; get (fiie, im £f. zz)JHTi 

(bb : := y [j] I skip spaces; 
(zief ~ : bb) := (? ''l:..." I ~ I ''Q_" ! ''Q_" = ''l:...")); 

(cu ::= y [j] I next pie (fiie); get stziing (fiLe, ca)); 
(ss : := y [j] I: \. ss 11 ·res I get stziing (fiie, es [@ 1]) 
~ t; whiie ( ( outside ( fiie) I 

phys-lcai fi1.e end £f. fiie); outside (fiie). I faJse I: 
? teX'ITI £f. fiie I ~ac~space (fil,e); faise I true 
do t +:= k; (1ef stzilng : ss) := 
-t [@ ( 1. ss L ss : r as 1 1 - r t + r ss 1 1 J JJ J; 

end; 
c) ~ L stziing int = ( stziing x, int r) L int : 

· (xi > 1 11 xi < 1? I L int n := L O; L 7:nt izi = K r; int w = r x; 
~ i qoj 2 to w don:= n x-ir +-If (int d =-chaP dig (x [iJJ; 
Tcr< r ));(x [1] = "+" I n I: x [1] = "-" I - n)) ; 

d) ~ L string reai = ( strin~ x) L reai : 
(int e; ((char in swing "10 11

; e, x) I true I 
cifiax. in swing ("e", e, x)) I L string dee (x [1 : e - 1]) x 

f.. 10.0 + string int (x [e + 1 :], 10) IL string dee (x))); 
e) pr~c L string dee = (stnw, x) f reai : (int w = r x; f rea·l- r := f O; 

1,nt p; (char in string ( '· ", p, ~I 
[1 :l,) - 2] char B = X [2 : p - 1] + X [p + 1 :]; 
~ i tow -=-rdo r := L 10 x r + K (int d = char dig (s [i]); 
(d <10 I d));(x [1]-= "+" I r T: x [1] = "-" I - rJ x 

f .1 t (w - p) I L string dee (x + "· "))) ; 
f) ~ % char dig = (char x) int : (int i; 

· (cha,r in string (x, i, "0123456?89abcdef") I i - 1 I undefined; 0)) ; 
g) ~%outside = (fil,e fiie) booi : 

--z?:ne ended (fiie) v page ended (fiie) v fiie ended (fiie) ; 



10.5.3, Formatted transput 

{For the significance of formats see fonnat-denotations (5.5),} 

a) pl'oc format = (fil,,e fil,,e, taml'of taml'of) : 
(foxp 5?.f. fi:le := 1; format~ fil,e := 

coUection Ust pack ("(' + Fl 5?.f. taml'of + ") ", Zoe int := 1)) ; 
b) ™ % coUection Ust paak = (stl'ing s, l'ef int p) stping : 

(stl'ing t := coZZection (s, p); 
uJhiZe s [p] = ".," do t +:= 11

," + coUection (s, p); p +:= 1; t) ; 
c) ™ %" iioUection = (string s, l'ef int p) stl'ing : 

(int n, q; stl'ing f := (p +:= 1; insel'tion (s, p)); 
q := p; l'eplicatol' (s, p, n); 
(s [p] = "(" I stl'ing t = coUection Ust pack (s, p); 

to n do f +:= t I p := q; f +:= pict'Ul'e (s, p, Zoe [1 14] int)); 
T + insel'tion rs, pJ J ; -

d) woe% insel'tion = (stl'ing s, l'ef int p) stl'ing : 
(int q = p; skip insel'tion (s, p); s [q : p - 1]); 

e) pl'oc % skip insertion= (stl'ing s, l'ef int p) 
uJhiZe (p >rs I faZse I: skip aZign (s, p) I tr-ue I skip Zit (s, p)) 

do skip ; 
f') ™ % skip aUgn = (stl'iyf; s, l'ef ~ p) booZ : 

--,int q = p; l'epZicatol' s, p, Zoe ~nt); 
(chal' in stl'ing (s [p], Zoe int, -,,-:,:;ypZk") I 

p +:= 1; tr>ue I p := q; faZse)) ; 
g) pl'oc % l'epUcatol' = (stl'ing s, l'ef int p, n) : 

(string t;_ whi:le chal' in stl'ing· (s [p], Zoe int, "0123456789") do 
(t +:= s [p]; p +:= 1); n := (t = "'' 11 ·1 stl'in{j int;,( 11+11 + t, 1()))); 

h) ™ % skip Zit = (string s, l'ef int _p) booZ : 
(int q = p; l'epZicator (s, p, Zoe ~nt); 
Ts [pJ = """" I whiZe (s [p ~ 1] = ""'"' I s [p +:= lJ = """" I 

tr-ue) do skip; tr-ue I p : = q; faZse)) ; _ 
i) ™ % pict'Ul'e = (stl'ing format, l'ef int p, l'ef [] int frame) stnng 

~1ilfigin.iJ11. n; int po = p; booZ a; 
£P_ ? = Ttitl'ing s) booZ : 

(skip insel'tion (format, p); p > r format I faZse I 
int q = p; repZicatol' (format, p, n); a:= q = p; 
(format [p] = "s" I p +:= 1); 
(chal' in stl'ing (format [p], Zoe int, s) I 

p +:= 1; tr-ue Ip := q; faZse)); 
£P_ ? = (chal' c) booZ : ? (stI'irJU : _c) ; 
Er££ intl'eaZ pattez,n = (l'ef [1 : 7J int frame) booZ 

((num mouZd (fl'ame [2 : 4]) I fl'ame [1] := 1; Z); 
(? 11 • 11 I: num mouZd (fl'ame [3 :· 5]) I frame [1] := ?;- l,J; 
(? "e" I: num mouid (fl'ame [5 : 7]) I fl'ame [1] := 3; Z); 
faZse. Z: tl'ue); . 

pl'oc num mou~(l'ef [1 : 3] int frame) booZ : 
((? "l'" I frame [1] := n); (? "z" I frame [3] +:= n); 

(? 11+11 I fl'ame [2] := 1 I: ? "-" I fl'ame [2] := 2); 
whiZe ? "dz" do fl'ame [3] +:= n; 
format [p] = rr;11 v format [p J = "i" v format [p] = ") ") , 

pl'oc string mouZd = (l'ef [] int fl'ame) booZ : (? "t" I tr-ue 
uJhiZe ? "a" do fl'ame [4] +:= n; format [p] = "," v 

format [p] = ") "); 
fol' i to 14 do fl'ame [i] := O; frame [2] := 10; 
(intl'eaZ pattez,n (fl'ame [1 : 7]) I (? "i" I 

frame [1] +:= 2; intl'eaZ pattez,n (fl'ame [8 : 14])); end); 



10.5.3. continued 

(string mould (frame) I frame [1] := (frame [4] = 1 A a I 9 I 6); 
end); (? "b" I frame [1] := 8 I: ? "c" I frame [1] := '1 I 

frame [1] := O; end); 
(format [p] = 11

(
11 I whiZe ? "(, 11 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) ~ outf = (fiZe fiZe, tamrof tamrof, (] outtwe x) : 
(format (file, tamrof); out (file, x)); 

b) ~ out = (file file, [1 : ] outtype x) : 
~ string format = format q_[_ file; ref int p = forp q_[_ fiZe; 

~ktofxdo 
fil :]sirrrplo"iit y = straightout x [k]; int q, j := O; 

[1 : 14] int frame; 
rep: j +:= 1; -

step: whiZe (do insertion (file, format, p); p > r format I false I 
format CpJ = 11

,
11

) do p +:= 1; (j > r y I end); 
(p > r format I (-, format end q_[_ file I p := 1); step); 
q := p; picture (format, q, frame); · 
(frame [1] I int, real, real, compl, compl, string, intch, 
bool, char); 

int: ({(Lint i; (i ::= y [j] I 
editLint (fUe, i, format, p~ frame); rep)H); incomp; 

real: ({(L real x; (x ::= y [j] I 
e£t L real (file, x, format, p, frame); rep)H); 

(HL int i; (i : := y [j] I 
editLreal (file, i, format, p, frame); rep))*); incomp; 

compl: (HL corrrpl z; (z : := y [j] I 
e£t L compl (file, z, format, p, frame); rep))*); 

(HL real x; (x : := y [j] I 
e£t L compl (file, x, format, p, frame); rep)H); 

(HL int i; (i : := y [jJ I 
editLcompl (fil,e, i, format, p, frame); rep)H); incomp; 

string: ([1 f~~ : 0 f1,j] char s; (s : := y [j] I: frame [4] = 0 I 
put f1,le, s) ed1,t string (fiie, s [@ 1], foi'mat, ·p--;-f'oame); 
rep)); 

char: (char c; (c : := y [j] I 
edit string (file, c, format, p, frame); rep)); incomp; 

intch: (int i; (i : := y [j] I 
edit choice (fil,e, i, format, p); rep)); incomp; 

bool: (bool b; (b : := y [j] I id.it -bool (file, b, format, p); rep)); 
incomp: (value error q_[_ file I rep I put (file, y [j]); undefined); 

end: skip) 
end; 

c) proc % edit L int = (file f, f. int i, string format, ref int p, 
[] int fr) : 
(st~ s = L int string (i, fr [4] + 1, fr [2]); 
(s ='" I (-, value error q_[_ f I put (f, i); undefined) 

edit string (f, s, format,. p, fr))) ; 



10,5,3,1, continued 

d) proc % edit L real = (file F, ~{real :x:, string fomat, ref int p, 
[] int fr) : 

(strin'iz"s = strineed L real (:x:, fr); int t := - 1; 
(,.., cha.I' in string (" 10 11

, t, s) I cha.I' in string ( 11e 11
, t, s)); 

(t = r s I (-, value error Et f I put (f,i); undefined) I 
edit string (f, s, fomat, p, fr))) ; 

e) proc % strineed L real= (f._ real :x:, [] int fr) string : 
(fr [1] = 2 IL dee strine (:x:, fr [4] + fr [5] + 2, fr [5]) I 
,. L real string (:x:, fr [4] + fr [5] + fr [7] + 4, fr [5], fr [7])) ; 

f') proc % edit L compl = (file f, f.. compl z, string format, ref int p, 
[] int fr) : 

edit strine (f, ([1 : 14] int g := fr; g [1] -:= 2; strineed L real 
(re z, g [1 : 7]) + 11J. 11 + strineed L real (im z, g [8 : 14])), 
format, p, fr) ; -

g) ~ % edit strine = (file f, string :x:, format, ref int p, [] int frJ 
··~~int pl := 1, n; boot supp; string s := :x:; 

E:E._ ? = (cha.I' _s) boot : 
(do insertion (f, format, p); p > r format I 
false I int q = p; replicator (format, p, n); 
(supp := format [p] = 11s 11 I p +:= 1); 
(cha.I' in strine (format [p], loc int, s) Ip+:= 1; true 
p := q; fane)); - - --

proc copy = : -, supp I put strine (f, s [pl])); pl +:= 1); 
proc intreal mould = : (? 11r 11

; sign mould (fr [3]); int mould; 
(? 11

• 
11 I copy; int moul,d I: s [pl] = 11

• 
11 I pl +:= 1); 

(? 11e 11 I copy; sign mould (fr [6]); int mould)); 
proc sign mould,= (int sign) : (sign= 0 I 

( s [pl] = 11-
11 I : -, value error Et file I undefined) 

s [pl] := (s [pl] = 11+" I (sign I 11+", 11
.") I 11- 11); 

(? 11z 11 I sign supp zero (s, pl, pl + n) T n := 0); 
ton+ 1 do copy; p +:= 1); 

proc int mould = : (l: (? 11z 11 I boot zs := true; to n do 
(s [pl] = 110 11 A zs I put strine (file, ''.:..11); pl+:=1 
zs := false; copy); l); (? 11d 11 I to n do copy; l)); 

proc strine mould = : while ? 11a 11 do -to n do copy; 
(fr [1] = 6 v fr [1] = 9 I strine mould I: intreal mould; 
fr [1] > 3 Ip+:= 1; copy; intreai mould) 

end; 
h) proc % edit choice = (file f, int c, string format, ref int p) : 

(c > 0 I do insertion (f, format, p); p +:= 2; to c - 1 do 
(skip lit (format, p); format [p] = 11

, 
11 I p +:= 1 I uridBfined); 

do lit (f, format, p); 
while format [p] ::j: 11

)
11 do (p +:= 1; skip lit (format, p)); p +:= 1 

undefined) ; -
i) proc % edit boot = (file f, boot b, string format, ref int p) : 

(do insertion (f, format, p); (format [p + 1] = 11
(

11 I p +:= 2; 
(b I do lit (f, format, p); p +:= 1; skip lit (format, pJ I 

skip lit (format, p); p +:= 1; do lit (f, format, p)) I 
put Strine (f, (b I 11111 I 11!!._"))); p +:= 1) ; 

j) proc % do insertion = (fife f, string s, ref int p) : 
while (p > r s I false : do align (f, s, pTT true 

do lit (f, s, p)) do skip ; 



10.5.3.1. continued 2 

k) ~ % do aUgn = (fi"le f., string s., ref int p) booi 
·· (int q = p; int n; rep"licator (s., p., n); 

(s[p] = 11x"I to n do space (f); i I: 
s [p] = 11y 11 I to n do backspace (f); i I: 
s [p] = "p 11 I ton do new page (f); i I: 
s [p] = 11i II I to n do new Une ( f); i I : 
s [p] = ''k. 11 I cha.I' £f. bfi"le £f. f := n; "l); p := q; fa"lse. 

i: p +:= 1; true) ; 
l) pro<:;% do Zit= (fi"le f., strings., ref int p) booi : 

(1,nt q = p; int n; repUcator (s., p., n); (s [p] = 11111111 I 
whi"le ( s [p +:= 1] = 11111111 I s [p +: = 1] = "'""' I true) do 

put string (f., s [p]J; true I p := q; fa"lse)) ;-- --

10.5.3.2. Formatted input 

a) ~inf= r;qie fi"le, jarni:of tamrof., [] intype x) 
· (format (f1, e., tamrof; 1,n (fUe., x)) ; 

b) proc in= ({i"le fi"le., [1 :] intype x) : 
begin stnng format = format £f. fi"le; ref int p = forp £f. fi"le; 

fo..Rktofxdo 
ill : J ref sinp"lout y = straightin x [k]; int q., j := O; 

[1 : 14] int frame; 
rep: j +:= 1; -

step: whi"le (e:,;p insertion (fiZe., format., p); p > f format I fa"lse 
format [pJ = 11

.,
11

) do p +:= 1; (j > r y I end); 
(p > f format I (-,format end £f. fUe I p := 1); step); 
q := p; picture (format, q., frame); 
(frame [1] I int., reai., rea"l., comp"l., comp"l., string., intch., 
booi., cha.I'); 

int: (~z~f Lint ii; (ii ::= y [j] I 
i 1,t Lint (fiZe., ii, format., p., frame); rep))t); incomp; 

rea"l: (Hr~f f. reai xx; (xx : := y [j] I 
ind1,t L rea"l (fi"le., xx., format, p., frame); rep))l); incomp; 

comp"l: r~z~f f. comp"l zz; (zz : := y [JJ I 
i 1,t L comp"l (fi"le, zz, format, p, frame); rep))l); incomp; 

str.-ing: ((ef string ss; jtr.-ing t; (as : := y [j] I 
frame [4] = 0 get (fi"le., ss) I 

indit string (fiZe, t, format., p, frame); ss[@ 1] := t); rep)); 
cha.I': rz;ef cha.I' cc; str.-ing t; (cc : := y [j] I 

1,ndit str.-ing (fUe, t, format., p., frame); 
(ref cha.I' : cc) := t [1]; rep) I incomp); 

intch: rz;~ int ii; (ii : := y [JJ I 
1, it choice (fiZe, ii, format., p); rep)); incomp; 

boo"l: rz;~ boo"l; (bb : := y [j] I 
1, it booi (fi"le, bb., format., p); rep)); 

incomp: (va"lue error q_f.fi"le I rep I undefined); 
end: skip) 
end; 

c) proc % indit Lint= (fiZe f, ref f. inti, string format., ref int p., 
[] int fr) : (str.-ing t; indit string (f., t., format., p, fr); 

i := L string int (t., fr [2])); 
d) proc % indit L reai = (fiZe f., ref f_rea"l x., string format., ref int p., 

[] int fr) : (string t; indit string (f., t., format., p, fr); 
x := L string reai (t)); 
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e) proa % indit L aomp7,, = (fiie f., ref f..:!E!!!.Pl. Z-1 string format~ ref int p., 
[] int fr) : (string t; int i; indit string (f., t., format., p., fr); 
z := (aha.r in string ("J."., i., t) I 

(L string reai (t [1 : i - 1]) J. L string real,, (t [i + 1 :])))); 
f) proa % indit string = (fiie f., ref string t., string format., ref int p., 

[] int fr) : -
begin int n; .booi supp; aha.r k; string x; priority!= 8; 

E!J2. ? = (aha.r s) booi : 
(exp insertion---rT, format., p); p > r format I fal,,se 

int q = p; repUaator (format., p., n); 
(supp := format [p] = "s" I p +:= 1); 
(ahar in string (format [p]., ioa int, s) p +:= 1; true 

p := q; fal,,se)); 
E!E.. ! = (string s., aha.r a) aha.r 

(aha.r in string (next., Zoa int., s) I (supp I "" I k) 
ahar sugg := a; ((aha.r error £1 f) (sugg) I sugg I 
undefined; a)); 

E!J2. ! =(aha.rs., a) aha.r : (string: s) ! a; 
proa aha.r next= ahar : (get string (f., k); k); 
proc 1,ntreai moul,,d = : (? "r"; sign mou7,,d (fr [3]); int moul,,d; 

(?"·"Ix+:="·"!"."; intmouU); 
(? "e" I x +:= "e10" ! "10"; sign mouU (fr [6]); intmouU)),i 

proc.; sign moul,,d = (int sign) : (sign = 0 I x +:= "+" I 
1,nt j := 0; (-,? "z" I n := 0); 
for i to n + 1 '1,JhiZe next = ".:.." do j := i; 
x +:= (k = "-" v k = "+" A sign = 1 I k I 

(k =I= "+" I j -:= 1; baakspace (f)); "" ! "+"); 
for i from j + 1 to n + 1 do x +:= "0123456789" ! "0"); 

proc int mouU = : (l: (? "z" I int j; 
for i ton '1,Jhil,e next=".:.." do j := i; backspace (f); 
from j to n do x +:= "0123456789" ! "0"; 7,,); 
(? "d" Ito n do x +:= "0123458789" ! "0";7,,)); 

proa string moul,,d= : . , 
'1,Jhil,e ? "a" do to n- do x +:= (supp I ".:.." I next); 

(frUJ= 6 v fr [1] = 9 I stZ'ing mou7,,d I: intreal, moul,d; 
fr [1] > 3 I 11J." ! 11.1 11

; intreai mou.7,,d); t := x 
end; . 

g) ~ % indit choice = (fiie f., ref int. c., string format., ref int p) 
(exp insertion (f, format, p); p +:= 2; c := 1; 
'1,Jhil,e ask Zit (f., format., p) do 
~+:= 1; format [p] = "," Ip +:= 1 I undefined); 
'1,Jhil,e format [p] =I= ")" do (p +:= 1; skip Zit (format., p)); 
p +:= 1; exp insertion Tj., format., p)) ; 

h) ~ % indit booi = (fiie f., rjf booi b., string format., ref int p) 
(exp insertion (f., format., p ; (format [p + 1] = "(" I p +:= 2; 

(b := ask 7,it (f., format., p) Ip+:= 1; skip 7,,it (format., p) I: 
p +:= 1; ask Zit (f., format., p) I undefined) I char k; 
get string (f., k); b := (k = "l:.." I true I: k = "!!..'' I fa1,ae)); 

p +:= 1; exp insertion (f., format., p)T;"" 
i) proc % exp insertion = (ff 7,,e f., atrirlff s., ref int p) : 

'l,)hil,e (p > r s I fa1-ae : do aUgn f., s., p)ltrue I 
exp Zit (f., s, p)) do skip ; 

j) proa % exp Zit= {fil,e f., string a., ref int p) boo?,, : 
(int q = p; int n; repUcator (s., p, n); (a [p] = 11111111 I int r = p; 

to n do (p := r; '1,Jhil,e (s [p +:= 1] = """" I s [p +:= 1] = """'' I 
true)do (char k; get string (f., k); k =I= a [p] I undefined)); true I 
p := q;fal,,se)) ; --
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k) proa % ask Zit = (fiZe f, string s, ref int p) booZ : 
(int a = aha,r of bfiZe 9.f.. f; int n; repUaator (s, p, n); 
Ts [p] = ""'nt-1 int r = p; to n d,o (p := r; 

whi"le (s [p +:= 1] = """"Is [p +:= 1] = """" I true) do 
-ra'fia.r k; get string (f, k); k :j: s [p] I ZJJ; true. 

Z: whi"le (s [p +:= 1] = """" I s [p +:= 1] = """" I true) do skip; 
aha,r 9.f.. bfiZe 9.f.. f := a; fa"lse)); 

10.5.4. Binary transput 

a) proa % to bin = (fiZe f, simp"lout x) [] int : 
a a va"lue of mode 'row of integraZ' whose Zower bound is one, and 
- whose upper bound depends on the va"lue of 'f' and on the mode of the 

va"lue of 'x'; furthermore, x = from bin (f, x, to bin (f, x)J £.; 
b) proa % from bin = f fi "le f, simp "lout v, [] int y J simp Zout : 

a a va"lue, if one exists, of the mode of the aatuaZ-parameter aorre
- sponding to v, suah that y = to bin (f, from bin (f, v, y)J £.; 

{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 10.5.4.} 

10.5.4.1. Binary output 

a) proa write bin = ([] outtype x) : put bin (stand baak, x) ; 
b) proa put bin = (fiZe fi"le, [1 : ] outtype x) : 

i:f.. bin possib"le [ahan 9.f.. fi"le] A opened 9.f.. fi"le A 
put possib"le [ahan ~f fi"le] 

then i:f.. -, set possib"le Tahan 9.f.. fiZe] thef state def 9.f.. fiZe 
then ( state get 9.f.. fi"le v -, state bin 9.f.. fi"le I undefined) 
e"lse state def 9.f.. fiZe := state bin 9.f.. fi"le := true; 

state get 9.f.. fiZe : = fa"lse 
ti; 

fork tor x do ([1 :] si";P"lout y = straightout x [k]; 
for Tto r yd.a ([1 :] ~nt bin= to bin (fi"le, y [j]J; 

ref bfi"le b = bfi"le 9.f.. fi"le; 
ref int p = page 9.f.. b, i = "line 9.f.. b, a = ahar 9.f.. b; 
for ~ to r 'f?in d.o (ne:I]t p"la (fi"le); aheak p"la (fiZe); 

(book9.f.. ~)[p-;-i, cj := bin Ei]; a+:= 1; 
(p = Zpage 9.f.. b A Z = Uine of b I 

(a > Zaha.r 9.f.. b I Zaha.r 9.f..o := a) I 
Zpage 9.f.. b := p; ZZine 9.f.. b := Z; Zaha.r 9.f..b := c)JJJ 

e"lse undefined 
t!:..; 

10.5.4,2. Binary input 

a) proa read bin = ([] intype x) : get bin ( stand baak, x) ; 
b) proc get bin = ( fiZe fi"le, [1 : ] intype x) : 

i:f.. bin possib"le [ahan 9.f.. fiZe] " opened 9.f_ fi"le " 
get possib"le [ahan 9.f.. fi"le] 

then i:f..-, set possib"le Cahan 9.f.. fi"le] thef state def 9.f.. fi"le 
then (-istate get £t. fiZe v -, state bin 9.f.. fi"le I undefined) 
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eZse state def 9.f.. fiZe := state bin 9.f.. fiZe := 
state get 9.f.. fiZe := true 

f:!:..; 
for k to f x do ([1 : ] simpZout y = straightin x [k]; 

for j to f y do ([1 : · 01Z~] int bin := to bin (fiZe, y [j]J; 
ref bfiZe b = bfiZe 91.. f1,Ze; 
for i to f bin do (next pl-a (fiZe); aheak pl-a (fiZe); 

bin ITJ := (book 9J.. b) [page 9J.. b, Zine 9J.. b, ahar 9J.. b]; 
ahar 9J.. b +:= 1); 

(t-(ref f. int ii; (ii::= y [j] I 
(ref f. int : ii) ::= from bin (fiZe, ii, bin)))}); 

( Href f. real, xx; (xx : := y [j] I 
(ref f. real, : xx) : := from bin (fiZe, xx, bin)))t); 

(t-(ref f. aompl, zz; (zz : := y [j] I 
(ref f.f!E!!!El: zz) ::= from bin (fiZe, zz, bin)))}); 

(ref strinrt; ss; (ss : := y [j] I 
(ref str1,ng : ss) ::= from bin (fiZe, ss, bin))); 

(ref ahar aa; (aa : := y [j] I 
(ref ahar: aa) ::= from bin (fiZe, aa, bin))); 

(ref booZ bb; (bb : := y [j] I 
(r~f bool, : bb) ::= from bin (fiZe, bb, bin))))) 

eZse undefine --
f:!:.. ; 

10.6. Standard postlude 

{ Bu.t: Eeyo)[.e Wa.6n:1 t lliten,lng. He Wa.6 
:ta.lung the ball.oon out., and pu;t;tlng U 
ba.c.k. aga-ln, a.6 · happy a.6 c.oui.d be. • •• 
W~nn,le-the-Pooh, A.A. M-len.e.} 

a) Zoak (stand in); Zoak (stand out); Zoak (stand baak) 



11. Examples 

11.1. Complex square root 

A declaration in which compsqrt is a procedure-with-[cornplex]
pararneter-[cornplex]-mode-identifier (here [complex] stands for structured
with-real-field-letter-r-letter-e-and-real-field-letter-i-letter-m.}: 

a) proc compsqrt = (compl z) ¢ the square root whose real part is 
nonnegative of the complex nwnber z ¢ ~; 

b) begin real x = re z, y = im z; 
c) real rp = sqrt Tfobs x + sqrt (x t 2 + y t 2)) I 2); 
d) real ip = (rp = 0IO I y I (2 x rp)); 
e ) ( x :2= 0 I rp .L ip I abs ip .L ( y :2= 0 I rp I - rp J) 
f} end 

[cornplex]-calls {8.6.2} using compsqrt: 

g) compsqrt (w) 
h} compsqrt (- 3.14) 
i) compsqrt (- 1) 

11.2. Innerproduct 1 

A declaration in which innerproduct 1 is a procedure-with-integr-al
parameter-and-procedure-with-integr-al-parameter-real-pararneter-and
procedure-with-integr-al-parameter-real-pararneter-real-mode-identifier: 

a) proc innerproduct 1 = (int n, proc (int) real x, y) real : 
comment the innerproduct of tuJo vectors, each with n components, 
x (i}, y (i), i = 1, ••• , n, where x and y are arbitrary mappings 
from integer to real number comment 

b) begii; lE!:!a._real s := 1£!JfJ.. 0; 
c) for -z. to ·n do s plus 1£!:fL x (i) x Zeng y (i); 
d) short s 
e) end 

Real-calls {8.6.2} using innerproduct 1: 

f) innerproduct 1 (m, (int j) real : xl [j], (int j) real yl [j]) 
g) innerproduct 1 (n, nsin, ncos) 

11.3. Innerproduct 2 

A declaration in which innerproduct 2 is a procedure-with-reference-to
row-of-real-parameter-and-reference-to-row-of-real-parameter-real-mode
identifier: 

a} proc innerproduct 2 = (ref [1:] real a; ref [1: fa] real b) real : 
¢ the innerproduct of tuJo vectors a and b with equal nwnber of 

elements ¢ 
b) begin long real s := 1£!:!fJ... O; 
c) for i to f a do s +:=~a [i] x ~ b [i]; 
d) short s 
e) end 
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Real-calls using innerproduct .2: 

f) innerproduct 2 (xl, yl) 
g) innerproduct 2 (y2 [2], y2 [, 3]) 

11.4. Innerproduct 3 

A declaration in which innerproduct 3 is a procedure-with-reference-to
integral-parameter-and-integral-parameter-and-procedure-real-parameter-and
procedure-real-parameter-real-mode-identifier: 

a) ~ innerproduct 3 = (ref int i, int n, proc rea"l xi, yi) rea"l : 
¢ the innerproduct of two vectors whose n e"lements are the va"lues of 

the expressions xi and yi and which depend, in genera"l, on the va"lue 
of i ¢ 

b) begin lE!HL rea"l s := lE!HL O; 
c) fork ton do (i := k; s +:=~xix ~yi); 
d} shorts 
e} end 

A real-call using innerproduct 3: 

f} innerproduct 3 (j, B, :r:1 [j], yl [j + 1]) 

11.5. Largest element 

A declaration in which absmax is a procedure-with-reference-to-row-of
row-of-real-pararneter-and-reference-to-real-parameter-and-reference-to
integraI-parameter-and-reference-to-integral-parameter-void-mode-identifier: 

a) proc_absmax = (ref [1:, 1:] rea"l a, ¢ resu"lt ¢ ref rea"l y, 
b) ~ subscripts ¢ ref int i., kl. : 

¢ the abso"lute va"lue of the e"lement of greatest absoZute va"lue of the 
matrix a is assigned toy, and the subscripts of this e"lement to i 
and k ¢ 

c) begin y := - 1; 
d} for p to 1 !:!£l?. a do for q to 2 upb a do 
e} f:f. abs a [p., q] > y then y := abs a [(i := p), (k := q)] fi. 
f) end 

Void-calls using absmax: 

g) absmax (:r:2, :r:, i., j) 
h) absmax (x2, :r:, "loc int, "loc int) 



11.6. Euler summation 

a} ~ euler = (pr<:c (int) real f, real eps, int tim) real : 
9 the sum for 1, from 1 to infini.ty of f(iT;"' computedby 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 ¢ ·· 

b) begin int n := 1, t; real mn, ds := eps; [1 : 16] real m; 
c) real sum:= (m [1] := f (1)) I 2; 
d) for i from 2 while (t := (abs ds < eps I t + 1 I 1)) 5 tim do 
e) begin mn := f (i); 
f) fork to n do begin mn := ((ds := mn) + m [k]) I 2; 
g) m [k] := ds end; 
h) sum pZ,us (ds := (abs mn < abs m [n] An< 16 
i) n plus 1; m [n] := mn; mn I 2 mn)) 
j) end; 
k) sum 
l) end 

A call using euler: 

m) euler ((int i) real (odd i I - 1 I i I 1 I i), 110-6, 2) 

11.7. The norm of a vector 

a) ~ norm = (;Jf/ [1:] real, a) real, : 
9 the eucli an norm of the vector a¢ 

b) (lEEIJ.. real s := lEEIJ.. O; 
c) for k to upb a do s plus 1fE1fL a [kJ t 2; 
d) short long sqrt (s)) 

For a use of norm as a call, see 11.8.e. 

11.8. Determinant of a matrix 

a} pr<:c det = (ref [1 :, 1 : J real a; ref [1 : Y£l2. aJ int p) real : 
b} if.. upb a = 2 upb a 
c) 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 7, x u with all u [k, k] = 1. The vector p gives as output 
the pivotal row indices; the k-th pivot is chosen in the k-th coiumn 
of 7, such that abs 7, [i, k] I row norm is maximal. ¢ 

d) [1 : n] real v; real d := 1, r := - 1, s, pivot; 
e) for i to n do v [ i] : = norm ( a [ i]); 
f) for k to n do 
g) begin int kl = k - 1; ref int pk = p [k]; 
h) ref[,] real al= a[, 1 : kl], au= a [1 kl]; 
i) ref[] real ak = a [k], ka =a[, k], 
j) alk = al [k], kau =au[, kJ; 



11 • 8. continued 

k) for i from k to n d.o 
l) begin ref real, a?k = ka [i]; 
m) :!:.f. (e := abe (aik -:= innerproduct 2 (al, [i], kau)) Iv [iJ) > X' 

n) then X' := a; pk := i fi. 
o) end; 
p) v [pk] := v [k]; pivot := ka [pk]; ref [] real, apk = a [pk]; 
q) for j to n d.o 
r) begin ref real, akj = ak [j], apkj = apk [j]; 
s) X' := akj; akj := :!:.f. j s; k then apkj 
t) e 7,ee ( apkj - innerproduct 2 ( al,k, au [, j]J J / pivot fi.; 
u) :!:.f. pk =I= k then apkj := - X' fi. 
v) end; 
w) d x:= pivot 
x} end; 
y) d 
z) ii. 

A call using det: 

aa) det (y2, i1) 

11.9. Greatest common divisor 

a) ~ ecd = (int a, b) int : · 
¢ the ereateet common divisor of two integers¢ 

b) (b = O I abe a I ecd (b, a ¼: b)) 

A call using ecd: 

c) ecd (n, 124) 

11.10. Continued fraction 

a) £2._ I = ([1 : J real, a; [1 : up~ a] real, b) real, : 
comment the vatue of a I b ~8 that of the continued fraction 
a1 I (b1 + a2 I (b2 + ••• an I bn) ••• ) comment 

b) (upb a= o I o I a [1] I (b [1] + a [2 :J / b [2 :JJJ 

A formula using/: 

c) :r:1 I y1 

{The use of recursion may 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.} 



J1.11. Formula manipulation 

a) 
b) 
c) 
d) 
e) 
f) 
g) 
h) 
i) 

begin union form = (ref aonst, ref var, ref tripZ,e, ref aaU); 
struat aonst = (real, val,ue); 
struat ·var = (string name, real, vaZ,ue); 
struat tripl,e = (form Z,eft operand, int operator, form right operand); 
struat function= (ref var bound var, form body); 
struat aaU = (ref function function name, form parameter); 
int pl,us = 1, minus= 2, times= 3, by= 4, to= 5; 
heap aonst zero, one; val,ue £i. zero := O; val,ue £i. one := 1; 
EE_ = = (form a, ref aonst b) 

bool, : (ref aonst ea; (ea : := a I ea :=: b I fal,se)); 
j) EE_+= (form a, b) 

form : ( a = zero I b I : 
k) EE_ - = (form a, b) form 
1) EE.. x = (form a, b) form 

b = zero I a I tripl,e := (a, pZ,us, b)); 
(b = zero I a I tripl,e := (a, minus, b)); 
( a = zero v b = zero I zero I : a = one I b 
I: b = one I a I tripZ,e := (a, times, b)); 

m) .£l?._ I = (form a, b) form (a = zero A -, (b = zero) I zero 
I: b = one I a I tripZ,e := (a, by, b)); 

n) .£l?._ t = (form a, ref aonst b) form : (a = one v (b :=: zero) I one 
-- I: b :=: one I a I trisie := (a, to, bJJ; 

o) proa derivative of= (form e, ¢ with respect to ref~ :cl form : 
p) begin ref aonst ea; ref var ev; ref tripl,e et; ref aaU ef; 
q) aase ev, et, ef ::= e in 
r) -rev ¢ (ev :=: x I one I zero), 
s) ¢ et ¢ begin form u = l,eft operand £i_ et, v = right operand £i_ et; 
t) fo:t'm udash = derivative of (u, ¢ with respect to ¢ :r:), 
u) vdash = derivative of (v, ¢ unth respeat to¢ :r:); 
v) aase operator £i_ et in 
w) udash + vdash, udash - vdash, 
x) u x vdash + udash xv, (udash - et x vdash) Iv, 
y) ( ea : : = v I v x u + 

z) 
aa) 
ab) 
ac) 
ad) 

(heap aonst a; vaiue £i. a := val,ue £i. ea - l;a) x udash) 
esaa 

e~ 
¢ ef ¢ be~in 1Jef f.unation f =-funCJtio~ name £i. ef; 

orm g = parameter £i. ef; 
ref ~ y = bound var £i. f; 
heapfunation fdash := (y, derivative of (body £i. f, y)); 
(aal,1, := (fdash, g)) x derivative of (g, x) 

end 
ae) out ¢ ea Tzero 

esaa ¢ ev, et, ef, ea ¢ 
erufTderivative ¢; 

af) proa val,ue of= (form e) real, 
ag) begin ref aonst ea; ref var ev; 1"ef tripZ,e et; ref aaU ef; 
ah) aase ea, ev, et, ef ::= e in 
ai) --rea ¢ val,ue £i. ea, 1 

-

aj) ¢ ev ¢ val,ue £i. ev, 
ak) ¢ et ¢ begin real, u = val,ue of {1,eft operand £i. et), 
al) v = vaiue of (right operand £i_ et); 
am) aase operator £i. et in 
an) u + v, u - v, u Xv, u Iv, e:x:p {v X 1,n (u)) esaa 

end, 
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ao) ¢ ef ¢ begin l'ef function f = function name !l[ ef; 
ap) value !l[ bound Val' !l[ f := value of (pal'ametel' !l[ ef); 
aq) value of (body !l[ f) 

end 
esac ¢ ec, ev, et, ef ¢ 

endTvalue of¢; 
ar) heap fol'TTI f, g; !E!EE Val' a := ("a", "'), b := (''b", "'), x := ("x", "'); 
as) stal't hel'e: Pead ((value !l[ a, value !l[ b, value !l[x)); 
at) f :=a+ x I (b + x); g := (f + one) T(f - one); 
au) pl'int ((value !l[ a, value !l[ b, value !l[ x, 

value of (del'ivative of (g, ¢ with l'espect to¢ x)))) 
end ¢ example of fol'TTIUla manipulation ¢ 

11.12. Information retrieval 

a) begin 

b) 
c) 
d) 
e) 
f) 

g) 

h) 

i) 

j) 
k) 
l) 
m) 
n) 
o) 
p) 
q) 

r) client: 

s) 
t) authol': 
u) publ: 
v) 
w) 
x) 
y) 
z) 
aa) 

mode l'a = l'ef auth~ l'b = l'ef book~ 
stl'Uct auth = (stl'ing name, l'a next, l'b book), 

book= (stl'ing title, l'b next); 
l'a auth, fil'st auth := nil, last auth; l'b book; 
Btl'ing name, title; int i; file input, output; 
open (input,, !'emote ~n); open (output,, !'emote out); 
outf (output, $p 

"to.:..entel'.:..a.:..new.:..authol',.:..type.:..""authol'"",.:..a.:..space,.:..and.:..his.:.. 
name. "l, 

"to.:..entel'.:..a.:..new.:J;ook,.:..type.:..""book"",.:..a.:..space,.:..the.:..name.:..of.:.. 
the.:..authol',.:..a.:..neW.:..Une;.:..and.:..the.:..titZ,e. "Z, 

"f Ol' .:..a.:..Usting.:..of .:..the.:J;ooks .:PY.:..an.:..authol' ,.:..type.:.." "list"",.:.. 
a.:..space ,.:..and.:.. his.:..name. "Z, 

"todind.:..the.:..authol'.:..of .:..a.:Pook,.:..type.:..""find"",.:..a.:..new.:..Une1~ 
and. the • ti tie. "Z, 

"to.:..end;:;_type.:..""end"""aZ,$, ". 11
); 

pl'oc update= 
: :!:.f.. (ra : first auth) :=: nil 
then auth := first auth := last auth := auth := (name, 0 , 0 ) 

eise auth := first auth; while (ra : auth) :=I=: nil do 
-- (name = name !l[ authT°known I auth : = next !l[ auth); 

last auth : = next !l[ last auth : = auth : = auth : = 
(name, 0 , 0 ); known: skip --

fi ¢ end declal'ation prelude sequence¢; 
inf (input., $c ( "author", ''book", "list", "find", "end",""), x30al, 

BOal,$, i); 
case i in author, publ,, list, find, end, erl'or esac; 
in (input, name); update; client; 
in (input, (name, title)); update; 

:!:.f.. (rb : book !l[ auth) :=: nil 
then book !l[ auth := book := (title, 0 ) 

else book := book !l[ auth; while (rb : next !l[ book) :=I=: nil do 
(title= title !l[ book I client I book := next !l[ book); 

(title =I= title !l[ book I next !l[ book:= book := (titl,e,o)) 
fi; client; 
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ab) list: 
ac) 
ad) 
ae) 
af) 
ag) 
ah) 

ai) 
aj) 

ak) 
al) find: 
am) 
an) 
ao) 
ap) 
aq) 

ar) 
as) 
at) 
au) 
av) end: 
aw) 
ax) error: 
ay) 

end 

in (input, name); update; 
outf (output, $p"a:uthor:..!..1130all$, name); 

f:t. (rb : book 9i_ auth) :=: nil, 
then put (output, "no.:Publications") 
else while (rb : book) :f: nil do 
-- begin f:t. line number (output)= max line [remote out] 

then outf (output, $41k"continued..!..on..!..next_:Page"p 
"author: • "30a41k 11continued"ll$, name) 

f:!:..; outf (output, $l30al$, title 9i_ book); 
book := next 9i_ book 

end 
f:!:..; client; 

in (input, (loc strp, title)); auth := first a:uth; 
while (ra : auth) : : nil do 

begin book : = book 9i_ auth; 
while (rb : book) :f: nil do 

f:t. tit le = title 9i_ book 

end; 

then outf (output, $l"author:..!.."30a$, name 9i_ auth); 
client 

else book : = next 9i_ book 
f:!:..; auth : = next 9i_ auth 

outf ( output, $l"unknown"l$,); client; 
put (output, (new page, "signed..!..off", close)); 
close (input). 
put (output, (new line, "mistake,..!..try..!..again. ")); 
new line (input); client 

11.13. Cooperating sequential processes 

a) begin int nmb magazine slots., nmb producers, nmb consumers; 
b) read-r7nmb magazine slots, nmb producers, nmb consumers)); 
c) [1 : nmb producers] file infile, [1 : nmb consumers] file outfile; 
d) f2J'__ i to· nmb producers do open (infile [i],, inchannel [i]); 

7 inchannel and outchannel are defined in a surrounding range ¢ 
e) for i to nmb consumers do open (outfile [i],, outchannel [i]); 
f) mode EEfl.f!.. = [1 : 60, 1 : 132] char; 
g) IT: nmb magazine slots] ref page magazine; 
h) int¢ pointers of a cyclic magazine¢ index:= 1, exdex := 1; 
i) sema full slots = I O, free slots = I nmb magazine slots, 
j ) ---:rii buffer busy = I 1, out buffer busy = I 1; 
k) proc par call = (proc (int) p, int n) ¢ calls n incarnations of p in 
1) parallel ¢ : (n > 0 I par (p (n}, par call (p, n - 1))); 
m) proc producer = (int i) : do (~~page; get (infile [i], page); 
n) + free slots; + in buffer busy; 
o) magazine [index] := page; index¾::= nmb magazine slots+:= 1; 
p) t full slots; tin buffer busy); 
q) proc consumer = (int i) : do (EEfi.f!.. page; 
r) + full slots; + out buffer busy; 
s) page := magazine [exdex]; exdex t::= nmb magazine slots+:= 1; 
t) t free slots; tout buffer busy; put (outfile [i], page)); 
u) par (par call (producer, nmb producers), 

par call (consumer, nmb consumers)) 
end 



11.14. Towers of Hanoi 

a) begin proa p = (int me, d.e, ma) : 
b) (ma> 0 Ip (me, 6 - me - d.e, ma - 1); 
c) out (stand out, (me, d.e, ma)); 

¢ move from peg 'me ' to peg 'd.e ' pieae 'ma ' ¢ 
d) p (6 - me - de, de, ma - 1)); 
e) for k to 8 do ( outf ( stand out, $1, "k.:..= .:.."d7,, 

n((2tk+15)t16)(2(2(4(3(d)x)x)x)7,)$, k); 
r) p (1, 2, k)) 

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 
ALGOL 68 program 4.4 
apostrophe 1.1.6.c 
applied occurrence 4.1.2.a 
appoint 6.0.2.a 
a priori value 5.1.0.2.b 
arithmetic value 2.2.3.1.a 
assign 2.2.2.1, 8.3.1.2.c 
asterisk 1.1.2.a 
automaton 1.1.1.a 
backfile 10,5,1,aa,cc 
balance 6, 6.4.1 
blind alley 1.1.2.d 
bold-face shift 3,1.2.b 
case clause 9.4.c,d 
channel 10.5.1.aa,bb 
character 2.2,3.1.a,f 
close a file 10.5.1.ii 
collateral 2.2,5,a, 6.2.2.a 
colon 1,1,2.a 
comma 1.1.2.a 
compatible 5,5,1,dd,nn 
compile 2,3.c 
component of 2.2,2,h 
composite 3.1.2.d 
complete 6.0.2.a 
computer 1.1.1.a 
conformity case clause 9.4.g 
constant 5 
constituent 1.1.6.f 
contain 1.1.6.b 
conversion key 5.5.1.ff 
copy 2.2.4.1.a 
create a file 10,5.1,gg 
defining occurrence 2.2.2.c, 4.1.2,a 
denote 1.1.6.c 
deproceduring 8.2, 8.2.2 
dereferencing 8.2, 8.2.1 
descendent 1.1.6.e,f 
describe 2.2,3.3,b 
descriptor 2.2,3,3,a 
develop 7,1.2.c 
direct constituent 1.1.6.e,f 
direct descendent 1.1.6.e 
direct production 1.1.2.c 
divided by 2.2.3,1,c 

edit 5,5,1,11 
elaborate collaterally 6.2.2.a 
elaboration 1.1.6.h, 6.0.2.a 
element 2.2.2.k 
end of file 10.5.1.cc 
English language 1.1.1.b 
envelop 1.1.6.j 
environment enquiry 10.1 
equivalent to 2.2.2.h 
establish a file 10,5,1,gg 
expect 5,5.1,gg 
extended language 1.1.1.a 
extension 1.1,7 
external object 2.2.1 
na.l6e. 2.2.3.1.e 
field 2.2.2.k 
file 5,5,1,aa, 10.5.1, 10.5.1.ee 
firmly coerced from 4.4,3.a 
firm position 8.2 
follow 1.1.6.a 
formal language 1,1.1.b 
format 2.2,3, 2.2,3.4, 5,5 
halt 6.0.2.a 
hardware language 1 • 1 • 8. b 
heap 8.5.1 
hipping 8.2, 8.2,7 
hold 2.2 
home 4.1.2.b 
human being 1.1.1.a 
hypernotion 1,3 
hyphen 1.1.6.c.iv 
identification string 10.5.1.cc 
identify 2.2.2.b,c 
implementation 2,3.c 
index 2.2.3,3.a 
indication-applied occurrence 4.2.2.a 
indication-defining occurrence 
indit 5,5.1.mm /2.2.2.c, 4.2.2.a 
initiate 2.2.2.g, 6.0.2.a 
input 5.5.1.aa, 10,5 
inseparable 2.2.5.a 
instance 2. 2. 1 
integer 2.2.3.1.a,b,c,d 
integral equivalent 2.2.3.1.f 
internal object 2.2.1 
interrupt 6.0.2.a 
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·in the reach of 4.4.2.c 
in the sense of numerical analysis 

2.2.3.1.c 
large syntactic marks 1.1.2.a 
layout procedure 10.5.2.1 
length number 2.2.3.1.b 
light-face shift 3.1.2.b 
list of metanotions 1.1.3.c 
list of notions 1.1.2.c 
literal 5 
lock a file 10.5.1.ii 
loosely related 4.4.3.c 
lower bound 2.2.3.3.b 
lower state 2.2.3.3.b 
meaningful (progr>am) 4.4 
member 1.1.2.d 
metalanguage 1.1.3.a 
metamember 1.1.3.d 
metanotion 1.1.3.a 
minus 2.2.3.1.c 
mode 1.1.6.i, 2.2.4.1.a 
multiple value 2.2.3, 2.2.3.3 
name 2.2.2.l, 2.2.3.5 
nle. 2.2.2.l, 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.d, 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.d 
position of the file 5.5.1.ff 
possess 2.2.2.d 
possibly intended (progr>am) 2.3.c 
pragmatic remark 1,3 
precede 1.1.6.a 
preelaboration 1.1.6.i 
premode 1.1.6.i 
prescope 1.1.6.i 
present 5.5.1.ff 
prevalue 1.1.6.i 
proceduring 8.2, 8.2.3 
production 1.1.2.e 

production rule 1.1.2.a 
production tree 1.1.6.e 
productive 1.1.2.d 
proper (progr>am) 4.4 
protect 6.0.2.d, 7.1.2.b 
protonotion 1.1.2.b 
publication language 1.1.8.b 
quintuple 2.2.3.3.b 
random access 10.5.1.bb 
reach 4.4.2.a, 4.4.2.c 
read 5.5.1.jj 
real number 2.2.3.1.a,b,c,d 
refer to 2.2.2.h 
related 4.4.3,b 
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 4.4.4.a 
show 4.4.4.b 
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.dd, 10.5.0.2 
strict language 1.1.1.a 
stride 2.2.3,3,b 
string 5,3.2 
strongly coerced from 4.4~3.a 
strong position 8.2 
structured value 2.2.3, 2.2.3.2 
structured from 2.2.4.1.d 
subvalue 2.2.2.k 
successor 6.0.2.a 
supersede 8.3.1.2.a 
suppress 5.5.1.ll 
symbol 1.1.2.b 
synchronization operation 10.4 
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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.jj 
textual order 1 . 1 . 6. a 
times 2.2.3.1.c 
transput 5.5.1.aa, 10.5 
transput declaration 10.5 
tltu.e 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.b 
value 1.1.6.i, 2.2.3 
voiding 8.2, 8.2.8 · 
weak position 8.2 
widening 2.2.3.1.d, 8.2, 8.2.5 
write 5.5.1.gg 

{Venn eben, wo BegJU.66e 6eh.een, 
Va. .6-t.e.U.:t un Wo4t zWL l!.ec.hten Zut -oich un. 
fru.u,~, J.W. van Goe;the.} 

12.2. Paranotions 

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 a conventional way. 

absolute value of symbol 3.1.1.c 
action token 3.0.4.a 
actual declarator 7.1.1.c,d,e,l,o,p, 
- declarer 7.1.1.b /w,cc 
- lower bound 7.1.1.t 
- parameter 7.4.1.b 
- row of rower 7.1.1.r 
- upper bound 7.1.1.t 
adic indication 4.2.1.g 
alignment 5.5.1.i 
and symbol 3.1.1.c 
assignation 8.3.1.1.a 
at symbol 3.1.1.e 
balance 6.2.1.e 
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.d, 10.2.8.a 
boolean choice mould 5.5.4.b 
- denotation 5.1.3.1.a 
- pattern 5.5.4.a 
booleans to bits symbol 3.1.1.c 
boolean - 3.1.1.d 
boundscript 8.6.1.1.1 
bus symbol 3.1.1.e 
by - 3, 1. 1.h 
bytes - 3.1.1.d, 10.2.9.a 
call 8.6.2.1.a 
caption 7.5.1.b 
cast 8.3.4.1.a 
- of symbol 3.1.1.c 
chain 3.0.1.c 
character denotation 5. 1. 4·. 1 .a 

character frame 5,5.5.b 
- pattern 5.5.5.a 
characters to bytes symbol 3.1.1.c 
character - 3.1.1.d 
- token 3.0.9.d 
choice clause 6.4.1.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.b 
comment 3.0.9.b 
- item 3.0.9.c 
- symbol 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, 10.2.7.a 
condition 6.4.1.b 
conditional clause 6.4.1.a 
conformity relation 8.3.2.1.a 
- relator 8.3.2.1.b 
conforms to and becomes symbol 

3.1.1.c 
- - symbol 3.1.1.c 
confrontation 8.3.0.1.a 
- token 3.0.4.d 
conjugate of symbol 3.1.1.c 
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constant 6.0.1.d 
declaration 6.2.1.a, 7.0.1.a 
- prelude 6.1.1.b 
- token 3,0,5,a 
declarer 7.1.1.a 
denotation 5.0.1.a 
- token 3.0.3.a 
destination 8.3.1.1.b 
differs from symbol 3,1,1.c 
digit eight 3,0,3,d 
- - symbol 3,1,1,b 
- five 3,0.3.d 
- - symbol 3,1.1,b 
- four 3.0.3.d 
- - symbol 3.1.1.b 
- frame 5,5.2.e 
- nine 3,0,3,d 
- - symbol 3,1,1,b 
- one 3.0.3,d 
- - symbol 3,1.1.b 
- seven 3,0,3,d 
- - symbol 3,1.1.b 
- six 3,0,3.d 
- - symbol 3,1.1.b 
- three 3,0,3.d 
- - symbol 3,1,1,b 
- token 3,0,3,c 
- two 3,0,3,d 
- - symbol 3,1.1.b 
- zero 3.,0,3,d 
- - symbol 3,1.1.b 
divided by and becomes symbol 3,1.1.c 
- - symbol 3,1.1.c 
do symbol 3,1.1.h 
down - 3, 1. 1.c 
dyadic formula 8.4.1,h 
- indicant 1.1,5,b 
- indication 4.2.1.d 
- operator 4,3,1,d 
dynamic replication 5,5,1,h 
either symbol 3,1.1.d 
else clause 6.4.1.e 
- if symbol 3,1,1.h 
- symbol 3.1.1.e, 9.4 
end symbol 3,1.1.e 
equals - 3,1.1.c 
exit 2.1.e 
exponent frame 5,5,3,f 
- part 5,1.2.1.g 
expression 6.0.1.b 
extra token 3,0,9,a 
false symbol 3,1,1.b 
field declarator 7,1.1.g 
- selector 7,1.1.i 
file symbol 3,1.1.d, 10,5,1,2 

fi symbol 3,1.1.e, 9,4 
flexible - 3,1.1.d 
flipflop 3,0,3,e 
flip symbol 3.1.1.b 
floating point mould 5,5,3,d 
- - numeral 5,1.2.1.e 
flop symbol 3.1.1.b 
formal declarator 7,1.1.c,d,e,m,n,o, 
- declarer 7,1.1.b /p,w,cc 
- lower bound 7,1.1.v 
- parameter 5,4.1.e 
- row of rower 7,1.1.r 
- upper bound 7.1.1.v 
format denotation 5,5.1.a 
- symbol 3.1.1,d 
formatter - 3,1.1.b 
formula 8.4.1.a 
for symbol 3,1.1.h 
fractional part 5,1.2.1.d 
frame 5.5.1.r 
from symbol 3,1.1.h 
generator 8.5.1.1.a 
global - 8.5.1.1.c 
gomma 5 .4.1,d ' 
go on symbol 3.1.1.f 
- to - 3.1.1.f 
heap - 3.1.1,d 
hip token 3.0.8.a 
identifier 4.1.1.a 
identity declaration 7,4.1.a 
- relation 8,3,3,1.a 
- relator 8,3,3,1,b 
if symbol 3,1.1.e, 9,4 
imaginary part of - 3,1.1.c 
indexer 8.6.1.1.k 
indicant 1.1.5.b 
indication 4.2.1.a 
insert 5,5.1.e 
insertion 5.5.1.d 
integral choice pattern 5,5,2,f 
- denotation 5,1.1.1.a 
- mould 5,5.2,d 
- part 5.1.2.1.c 
- pattern 5.5.2.a 
- symbol 3,1.1.d 
is at least - 3.1.1.c 
- - most - 3,1.1.c 
- greater than - 3,1.1.c 
- less - - 3,1.1.c 
- not - 3,1.1.c 
- symbol 3.1.1.c 
label 6. 1 • 1 • k 
- identifier 4.1.1.b 
- symbol 3,1.1.e 
lengthen - 3,1.1.c 
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letter a 3.0.2.b 
- - symbol 3.1.1.a 
- aleph 3.0.2.b 
- b 3.0.2.b 

symbol 3.1.1.a 
- c 3.0.2.b 

symbol 3.1.1.a 
- d 3.0.2.b 

symbol 3.1.1.a 
- e 3.0.2.b 
- - symbol 3.1.1.a 
- f 3.0.2.b 

symbol 3.1.1.a 
- g 3.0.2.b 
- - symbol 3.1.1.a 
- h 3.0.2.b 

symbol 3.1.1.a 
- i 3.0.2.b 
- - symbol 3.1.1.a 
- j 3.0.2.b 
- - symbol 3.1.1.a 
- k 3.0.2.b 

symbol 3.1.1.a 
- 1 3.0.2.b 
- - symbol 3.1.1.a 
- m 3.0.2.b 
- - symbol 3.1.1.a 
- n 3.0.2.b 
- - symbol 3.1.1.a 
- o 3.0.2.b 
- - symbol 3.1.1.a 
- p 3.0.2.b 
- - symbol 3.1.1.a 
- g_ 3.0.2.b 

symbol 3.1.1.a 
- r 3.0.2.b 

symbol 3.1.1.a 
- s 3.0.2.b 

symbol 3.1.1.a 
- t 3.0.2.b 
- token 3.0.2.a 
- t symbol 3.1.1.a 
- u 3,0.2.b 

symbol 3.1.1.a 
- V 3.0.2,b 
- - symbol 3.1.1.a 
- w 3.0.2.b 
- - symbol 3.1.1.a 
- X 3.0.2.b 

symbol 3.1.1.a 
- y 3.0.2.b 

symbol 3. 1. 1.a 
- z 3.0.2.b 
- - symbol 3.1.1.a 
library postlude 2.1.f 

library prelude 2.1.c 
list 3.0.1.d 
- proper 3.0.1.g 
- separator 3.0.1.e 
literal 5.5.1.j 
local generator 8.5.1.1.b 
- symbol 3.1.1.d 
long denotation 5.1.0.1.b 
- symbol 3.1.1.d 
loose replicatable suppressible 

character frame 5.5.1.m 
- - - digit - 5.5.1.m 
- - zero - 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 
- state - - 3.1.1.c 
minus and becomes - 3.1.1.c 
- symbol 3.1.1.c 
mode declaration 7.2.1.a 
- identifier 4.1.1.b 
- indication 4.2.1.b 
- standard 4.2.1.c 
- symbol 3.1.1.d 
modulo and becomes symbol 3.1.1.c 
- symbol 3.1.1.c 
monadic formula 8.4.1.g 
- indicant 1.1.5.b 
- indication 4.2.1.f 
- operand 8.4.1.f 
- operator 4.3.1.e 
new lower bound 8.6.1.1.h 
- - - part 8.6.1.1.g 
nil symbol 3.1.1.g 
not - 3.1.1.c 
number token 3.0.3.b 
odd symbol 3.1.1.c 
of - 3.1.1.e 
one token 7.3.1.b 
- plus one - 7.3.1.c 
- - - plus one - 7.3.1.d 

- - plus one - 7.3.1.e 
- - - - plus one - 7.3.1.f 
- - - - - - plus one - 7,3.1.g 

open symbol 3.1.1.e 
operand 8.4.1.c 

- plus one -

- - - plus one -
7.3.1.i 

- plus one 
- 7.3.1.j 

operation declaration 7.5.1.a 
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operation symbol 3.1.1.d 
operator 4.3.1.a,b,c 
- token 3.0.4.b 
option 3.0.1.b 
or symbol 3.1.1.c 
over and becomes - 3.1.1.c 
- symbol 3.1.1.c 
pack 3.0.1.h 
package 3.0.1.i 
parallel symbol 3.1.1.e 
parameters pack 7.1.1.bb 
particular program 2.1.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 3.0.4.c 
plus symbol 3.1.1.c 
point frame 5.5.3.c 
- symbol 3.1.1.b 
power of ten 5.1.2.1.i 
primary 8.1.1.d 
priority declaration 7.3.1.a 
- one indication 4.2.1.e 
- - plus one - 4.2.1.e 
- - - - plus one - 4.2.1.e 

plus one - 4.2.1.e 
- - - plus one - 4.2.1.e 

- plus one -
4.2.1.e 

- - plus one -
4.2.1.e 

- - plus one 
- 4.2.1.e 

- - - - plus 
one - 4.2.1.e 

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 - 4,3.1.b 
- plus one -

4.3.1.b 
- - plus one -

4.3, 1.b 
- - plus one 

-4.3.1.b 
- - - plus 

one - 4.3.1.b 
- symbol 3.1.1.d 
procedure 6.0.1.f 
- symbol 3.1.1.d 
program 2.1.a 
prus and becomes symbol 3,1,1.c 

quote image 5,1.4.1.c 
- symbol 3.1.1,i 
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.d 
reference to - 3.1.1.d 
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.b 
- - - pattern 5.5,7,b 
- display 6.o.1.h 
secondary 8.1.1.c 
selection 8.5.2.1.a 
sema symbol 3.1.1.d, 10.4.a,b,c,d 
sequence 3.0.1.d 
- proper 3,0.1,g 
sequencer 6.1.1.j 
sequence separator 3,0,1.f 
sequencing token 3,0.7.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.i 
- prelude 6.1.1.c 
strict lower bound 7,1.1.u 
- upper - 7.1.1.u 
string denotation 5,3,1.a 
- frame 5.5.7,c 
- item 5,1.4.1.b 
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string pattern 5.5.7.a 
- symbol 3.1.1.d, 10.2.10.a 
structure 6.2.1.g,h 
- display 6.0.1.g 
- symbol 3.1.1.d 
subscript 8.6.1.1~i 
sub symbol 3.1.1.e 
suite of clause trains 6.1.1.f,g 
suppressible character frame 5.5.1.q 
- complex - 5.5.1.q 
- digit - 5.5.1.q 
- exponent - 5.5.1.q 
- point - 5.5.1.q 
syntactic token 3.0.6.a 
tertiary 8.1.1.b 
th element of symbol 3.1.1.c 
then clause 6.4.1.e 
- if symbol 3.1.1.h 
- symbol 3.1.1.e, 9.4 
times and becomes symbol 3.1.1.c 
- ten to the power choice 5.1.2.1.h 
- - - - - symbol 3.1.1.b 
- symbol 3-1~1.c 
to - 3.1 .1.h 

transformat 5.5.8.1.a 
trimmer 8.6.1.1.f 
trimscript 8.6.1.1.j 
true symbol 3.1.1.b 
union of - 3.1.1.d 
unit 6.1.1.e 
unitary clause 8.1.1.a 
- declaration 7.0.1.a 
upper bound of symbol 3.1.1.c 
- state - - 3.1.1.c 
up - 3.1.1.c 
- to - 3.1.1.e 
variable 6.0.1.e 
- point numeral 5.1.2.1.b 
virtual declarator 7.1.1.c,d,e,l,o,p, 
- declarer 7.1.1.b /w,cc 
- lower bound 7.1.1.s 
- parameter 7.1.1.y 
- row of rower 7.1.1.r 
- upper bound 7.1.1.s 
- void declarer 7.1.1.z 
while symbol 3.1.1.h 
zero frame 5.5.1.0 


