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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 "programs II can be formulated for 

"computers", i.e. "automata" or 11human beings".· It is defined in three 

stages, the "strict language", the "extended language" anq. "representation 

language11
• 

b) For the definition partly the "English language", and partly a II formal 

language" is. used. In both languages, and also in the strict language 

and the extended language, typographical or syntactic marks are used which 

bear no relations to those used in the representation language. 

1.1.2. The Syntax ot the strict language. 

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

syntax is a set of "production rules" for "notions"; it is defined by means 
.... ~---·-----·-· ·•·-··· ·······--·-·. ------ .......... ·'t··, 

of "small syntactic marks", in this Report ;,_:1abcdefghijklmnopgrstuvwxyz\', 

"large syntactic marks 11
, in this Report 11ABCDEFCiHIJKIMNOPQRSTUVWXYZ}', and 

~'.6t her syn tact i·;··marks,Y, in this Report, -'.'po:i.nt-1!_ (II~ \') , ."camnla'!~ (II;"-!), 

,.:'colo~"'l.( 11
:\'..

1
_), 

11semicolorK~ ( 11
,,

11
) and "asterisk-~ (11,;,\f_.). {note that these 

marks are in another type font than the marks of this sentence • .} 

-~~+·t; 
b) A "protonotion" is a none..-rnpt~equence of small syntactic marks; a notion 

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

protonotion ending Vith 'symbol'. 

c) A production rule for a notion.consists of that notion, possibly 

preceded by an asterisk, followed by a colon, followed by a "direct pro­

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

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

com.mas; a member is either a notion and is then said to be 11productive11 

{ , or ~ont erminal, } or is a symbol { , which is terminal,} or is empty. 



1. 1. 2. continued 

e) A "production" o:f a given notion is either a direct proouction of that 

given notion or a list of notions ~btained by replacing a productive member 

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

productive member. 

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

of whose members is productive. 

{In the production rule 
(~J.abl;ap-;;I~~~;~i-: _i_n_t_e!:S_r_a_l_p_a_rt __ o_p_t_i_o_n_,_f~;:~-ti~;;t~ 

(5.1.2.1. b) of the strict language, the list of notions ·'}ntegral part ___ _ 

·-option 2 fractional part ')is a direct production of the notion {1va.r:iable. 

· point numeral-~ containing two members, both of which are productive. A 

terminal production of this same notion is 
-----· - ····-----··--·-----··-··--- .. ,--, .... _____ ,_ -------~-"-----------· -----------? 

('digit zero SYt!lbol, J?Oint SYJAbol 2 digit one symbol'f) 

Th~ member, ~,di-~it zero SYm.:bol!.), is an example of a (terminal) symbol. 

Th(-°~7;~-wa~::biiiI:t~::~ia. i-~~- slithy tove~ ~ \ff¼Ppxzj.tjjmjt;-io1i¥¥i®- is neither 

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

with ·'symbol'\ and no product ion rule for it is given ( 1. 1. 5. e,cJ;:} i; ) • } 

1.1.3. The syntax of the metalanguage 

a) The production rules of the strict language are partly enumerated and 

partly generated with the aid of a "metalanguage" whose syntax is a set of 

product ion rules for "metanotions 11
• 

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

c) A production rule for a metanotion consists of that metanotion follow­

ed by a colon, followed by a direct production or that metanotion, i.e • .J a 

"list of metanotions", and followed by a point. 

h-l"!IV!"'~t;; 
d) A list of metanotions is a :@#fP;j1,J) &rni!l,;y sequence of "metamembers" 

separated by blanks; a metamember is either a meta.notion and is then said 

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

?~;~11) 



1.1.3. continued 

e) A production pf a given metanotion is either a d;irect production of 

that given metano~ion or a list of metanotions obta~~ed by replacing a 
t· 

productive metam.~ber in some production of the given metanotion by a 
-:t1. . 

direct production of that productive metam.ember.. ',i 

f) A terminal production of a metanotion is a production of that metanotiq~ 

none of whose metamembers is productive. 

{In the production rule(1TAG_: ___ r:;~~~--~-/, derived from 1.2.1.'t:;-, 

(:~EI'~-~ 1) is a direct production of the metanoti~n ~AG'~~ consisting of one t 

meta.member which is productive. A particular terminal production of the 

metanotion :'TAG'' is ,'letter x!" (see 1.2.1.S,ITT~ In the production rule 
. ·-- ::::.::----- .... ______ ····- ···- . " 

(_EMPTY~ : -~/•/ ( 1. 2. 1. i), the metanotio!l(_~~TY'; has a direct production 

which CerntZtir~p~ l]2;\0, 0/,~_r;ed?:11-irk/fif?r., l 

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 one of which consists of the part of that 

rule up to and including the first semicolon with that semicolon replaced 

by a point, and the second of which consists of a copy of that part of. 

the rule up to and including the colon, followed by the part of the 

original rule following its first semicolon, whereupon Step 1 is taken 

again; 

Step 2: A number of \product ion rules for the metanotion I ALPHA' { 1. 2. 1. t}, 
each of whose direct productions is another small syntactic mark, may be 

added. 

·--...... 
{For instance, the rule 'TAG: LETTER; TAG LEI'TER; TAG DIGIT'; from 

1.2.1.-i.. is replaced by the rules __ 'TAG : LETTER. __ and( 'TAG : TAGLETTER_i __ 
- ·-··· -·----· . ·-' ··.----------·-··-----·--·- -----

TAG DIGIT. ' , and the second of these is replaced by( __ 1TAG : TAG LETTER:- r-) 
--- -- ·--_-------.. -----------/ 

and, 

thus resulting in three rules from the original one. 

The reader may find it helpful to read 

by a II , and II• II , as "or a". } 

II , II . as ''.may be a", 11
, 

11 as "followed 



1.1.5. The production rules of the strict language 

a) The production rules of the strict language are all the rules obtain­

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

clusive under Syntax: 

Step 1 : Identical with Step 1 of 1. 1 .4 ; 
Step 2: If the given rule now 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 given rule, by 

that terminal production, whereupon the given rule is disca~ded and 

Step 2 is taken; otherwise, all blanks in the given rule are removed 

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

b) A nunber of production rules may be added for the notion 
,:·· . ·t Vl {4 2 1 b f} h h d. d . . b l , ind1cah ,.,_ • • • ,e, eac of w ose 1rect pro uct1ons is a sym o 

different from arry symbol given in this Renart { ; see also 3.1.2.c}. 

c) A number of production rules may be added for the notions('other 

comment it~~•){3.o.9.c} andC?.~her string;._}i,~1~1 {5.3.1.c} each of whose 

direct productions is a symbol different from any t:hru::act~:~::_·t'oken' with 

the restrictions that no( other-comment-iteni>is ~he(:io~~~~;;~~;i, and no 

'· other-string-item"'is theCquote-symbof·. 

{The rule 

'actual LOWPER bound 
. . .. ..._ 

strict LOWPER bound.'/ 

derived frcm 7. 1. 1. s by Step 1. is used in Step 2 to provide two production · 

rules of the strict language, viz. 
. . . . . --· . ·~--· ~-· .,.. . 

/ ,·~ctual <owerbound: strictlowerbound. r· and 

( 'actualupperbound:~trictuppefbound.' ; 

however, to ease the burden on the reader, who may more easily ignore 

blanks himself, some blanks will be retained in the symbols, notions and 

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

in the more readable form 

( 'actual lower bound 

\ 'actual upper bound 
'--.. 

·- ---"' ---·•-·"·-··-~···,.--~ ... - .. -. 
strict lower bound. and 

strict upper bound. 1 i. 



1.1.5. continued 

Note that 

"·· '.~ctual lower. boun.9:_ .= .. str_ic_i:; __ uppE!~- bound. ,--:: 

is not a production rule of the strict language, since the replacement of 

the metanotionCi_LOWPER i·1 by one of its productions must be consistent 

throughout. Since some metanotions have an infinite number of terminal 

productions, the number of notions of the strict language is infinite and 

the nunber of production rules for a given notion may be infinite; more­

over, since some metanotions have terminal productions of infinite length, 

sane notions are infinitely long. For examples see 4.1. 11 and 8.5.2.2. 

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 a6. 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 called the "textual order", an~ 11follow­

ing11 ("preceding") stands for "textually imn.ediately following 11 
( "textually 

immediately preceding 11
) 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. 

. CA Fi ~i =) . 
b) A sequence of symbols(\consisting of a second sequence of symbolsl~~u1 r1.0iondi,?.) 
preceded and/or followed by (a) nonempty sequence(s) of symbols""contains" 

that second sequence of symbols(~ 'fP~)JtJ-{l(rw;,li.rrr:oc7:L/tl,r.a.J.4) 
( j,,, a .re.cQi,., i,.~ /,p:,, . ~ ..,.,_ o/-.:::, W,;'tf., 

c) A "paranotion II yhen n~ ~ not bet ween "apostrophes tt ( 11 1 ") 

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

A paranotion is 

i) a symbol and it then denotes itself {e.g., ,;begin symbol'': denotes 
:l'begi~- s_:y_-mboli,~-}, or -·-·-··-· ·-

ii) a notion whose production rule(s) do(es) not begin with an asterisk, and 
./.,,,- -- ... __ , --------- .......... , /::'.--. ------------..... _ 

it then denotes itself {,e.g., (~plusminus"' denotes(,"plusmin°W?"}, or 
. -· -.- -·· ·--·-··-----



1.1.6. continued 

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

and it then denotes any of its direct product_ions {., which, in this Repo+t, 

always is a notion or a. symbol, e.g., \!itri:mElcript".(8.6.1.1.j) denotes 

\ "trimmer option"' or 0~sul:>~_e!!iP~'1}, or 

iv) a paranotion in which one or more "hyphen"s ( 11
-

11
) have been inserted 

and it then denotes those prqtonotiop.s denoted by that paranotion before· 

the insertion(s) {,.,e.g., t~;~/¥_YEJ-tl(:)~i!: denotes what ~~~Jsi~-~;;~~91.!!~~ 
denotes}, or 

v) a paranotion followed by 11s 11 or a paranotion ending with "y" in which 

that 11y 11 has been replaced by "ies" and it then denotes some number of 

those protonotions denoted by that para.notion before __ th~ !11:?di!ications 

{, e.g., ('t~imscripts."- denotes some number of~~_trimmer option"~ and/or 
-·--..---·-- -- ~· < 

(~y-~sc_ript"s and (.~'J>ri~r::t~;i,L denotes some number of the notions denoted 

by (1primary"}, or 

vi) a para.notion whose first small syntactic mark has been replaced by 

the corresponding large syntactic mark, and it then denotes those proto­

notions denoted by that para.notion before the modification{, e~g., 

('_i~~intTf{~;;,i,i denotes the notions denoted byC:i_id~~tifi~;-s-'1}, or 

vii) a paranotion in which a terminal production of (.'_SORTi' and/or of 

(~OMEi° and/or of ~~OID 1· h~~een omitted, and it then denotes those 

protonotions denoted by any~paranotion from which the given paranotion 

could be obtained by omitting a terminal production of ('SORT' and/or of 

'SOME,' and/or of ~OID~_{, e.g., 111hop 11
' denotes the notions denoted by 

~:MOID hop'') (8. 2. 7 -~. b), ~4~cj:~;tion 11
• denotes the notions denoted by 

"SO~-d~_C!:1:~Ea:tion", (6. 2.1. a,_ 7 .o~ 1. a)_ and ~~la~;~,, denotes the notions 

denoted by ( 11S ORTETY ~QJ11E MOIILclause" (6. 0 .1. a, 6. 0 .2. b, c ,d,f, 6. 3. 1. a, 
'---·-· -- ·-·- . --.~--··. 

6.4.1.a,c,d,e, 8.1.1.a), where~'SOR'I'ETY'" (~~SOME'\ (i'MOID'') stands for any 

terminal production of the metanotion (tSOR'I'~TY 1 ' (C'SOMEJ°, ,!Jl10ID,'')}. 

{As an aid to the reader. para.notions, 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. } 



1.1.6. continued 2 

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

occurrence of any syfilbol denoted by it and/or of any: terminal production 

of any notion den~ted by it. 
~ 
! 

e) An occurrence of a protonotion which is a member of a direct product+,ill, 
II # 'ilks--

of a given occurrence of a notion is a direct constituent of that occurrerl.fi~ 
"':., ~= 

of that notion; an occurrence of a protonotion which is a member of a 
~~~-

given production of a given occurrence of a notion is aHconstituentHof that 

given occurrence of that notion, provided.that it is not also a member of 

a production of another occurrence of either that notion or that protonotiqn 

which other occurrence is a member of the given production. \, '. 

{The te~minal production of iJ~tegra14~li~e~ (8 .. 6.1 .. 1..a) 81., viz. ,,_ 

fi_2_[_1_2_i_1 [.1.J]j, contains three occurrences of/' digi t-~n~-symbol 1) ( 3. 1. 1. b), 't},~ 
two occurrences of ·1 ~ub-symbol~1 (3.1.1.e) , '{,, and one occurrence of a · 

terminal production. of I iintegral-slice ') 82, viz. ;i 1 [ 1 J l which is a con­

stituent of S1. The first occurrence of h!;is a constituent of 81; the 

second and third are constituents of 82 and, since S2 is both ::tintegral-·-, 

--~ii;~-;)and a constituent of 81, not constituents of 81. The first 1 

occurrence of '-,Cl is a direct constituent of S1 and the second is a direct 

constituent of S2 but not a constituent of S1. } 

f) A paranotion tiM..tlfti1j,Jl1e,.cxr._vr1,rt,,1CBS,,t:J/jJroronP.7lfJJ?~'S. of all of which ~re 

(direct) constituents of occurrences of notions denoted by a second para­

notion is a (direct) constituent of that second paranotion. {e.g., since 

paranotions stand for occurrences of terminal productions (d), (j := 1 is 

a constituent assignation· (8.3.1.1.a) of the~_as~ign~tion\i := ,j··;·:-1, but 

not of the serial-c\lause (6.1.1.a) Ji := j :; 1; k := 2)nor of the"-~s_sign_- __ _ 

ations·/,j := 1 (and\k := i := j := H The,_13._ss_ign~tfqrr:j: ___ ;__=~J)is not a direct 

constituent of the,assignatfon·[{ := j := ·1/, but it is a direct constituent 

source of that 1assignatio~- (8. 3. 1. 1. b).} 



1.1.6. continued 3 

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

a paranotion of that second paranotion ~i.e._, "direct_ constituent of", whi~h 

would occur frequently under Semantics_,will usually be shortened to "or"", · · 

"its II or even "the 11
, e.g., in i := 1, i is its ·destination ( 8. 3 .1 .. 1. b ,c) or 

i is the or a destination of i := 1, whereas, i is a constituent destination 

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

h) In sections 2 up to 8 under ·"semantics" a. meaning is associated with 

occurrence! of certain sequences of symbol~ by means of sentences in the· 

English language, as a series of processes (the "elaboration" of those 

occurrences of sequences of symbols as terminal productions of given notions), 

each ca.using a specific effect • .Any of these processes may be replaced by 

any process which causes the same effect. 

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

and another notion which is a direct production of the given notion, then 

its "preelaboration" ("prevalue", "premode", 11prescope") as terminal pro­

duction of the given notion is its elaboration ("valuen, "mode", "scope") 

as terminal production of that other notion; except as otherwise specified 

{8.2}, elaboration (value, mode, scope) of a sequence of symbols as 

terminal productions of a given notion is its preelaboration (prevalue, 

premode, prescope) as terminal production of that notion. {e.g., the 

elaboration (value, mode, scope) of the reference-to-real-confrontation 

(8.3.0.1.a) x := 3.14 is its.preelaboration which is its elaboration 

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

{The syntax o~ 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 product-
aChoic 

ion rules inducing~ preelaboration, eeg. derived from rules 6.2.1.e 

and_6.4._1~d (balancing of modes; _S_?e !:ls? 2~3"a't"&1/f!op;7 u<&z_~/,l,f,h-1~-­
~ cJ,./( 7• 2, /, ~ cU<.A_ ?_, 4./, "- ( t!/14:t. 'iJ/,,7l!J11;A4t-,r;_,( ;,vu£✓-uZ:to,.v? 1' l,,V/COO n, c.., 

1--?bt,....·'!1"·11~t{ /7--0::hci?Zo,,v cf .,UN/7!::7:J'.,,.)., i ✓ ' . 

() If something is left undefined or is said to be undefined, this means 

that it is not de foldn.ed by this Report alone, and that, for its ,"'dP-f.:,i ~­
£±ion, 'information from outside this Report has to be taken into accotmt. 

L,J) ti -r;;;-~t /'?,-;du,e,liB1-1 ftZ i~ /ftP.z;;;;i,o/;o,,J ;, l'lffeWe.!'11-od'/,'fl Arv ~ 
yzr~ wui~rLL o1,z,<;~7 h rlt.d l_w~~ ,6J!w"'(hQ. (///ho_f~?i:;~~ !wet;·~ 
f 'f/i_a,.f /u!7 a-,,t-~~- Ctyx;fa,;;f.te.L t,-;, /'f.:.J her~~; e 1 · > v:-je(j)t-ue, Tu '2hL _w 
t?,u.,i;t,&J--tr4-' a; teJ,1114~ pu:dac~v d 1/'1CJiJ£/ t1 

12fc?.e-.,-,ce- 'to ud mal.e ~~; 
..1:~ ' I · / · · l ~ 



1.1.7. The extended language 

The extended language encompasses the strict language; Le • .,, a program 

in the strict language, possibly subjected·to a number of notational 

changes by virtue of 11 extensions" given in Chapter 9 is a program. in the 

extended language and has the same meaning. {e.g., real x, y, z means the 

same as real x, ~ y~ ~ z by 9.2.c.} 

1.1.8. The representation language 

a) The representation language represents the extended language; i.e.J 

a program in the extended language, in which all symbols are replaced by 

certain typographical marks by virtue of 11representations 11
, given in 

section 3.1.1, and in which all commas {not comma-symbols} are deleted, is 

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

b) Each version of the language in which representations are used which 

are sufficiently close to the given representationSto be recognised with­

out further elucidation is also a representation language. A version of 

the language in which notati_ons or representations are used which are not 

obviously associated with those defined here, is. a "publication language 11 

or "hardware language" {i.e. a version of the language suited to the 

supposed preference of the human or mechanical interpreter of the 

language}. 

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

symbol in the representatiort·language.} 

begin 

begin 
begin 

begin 

begin 

begin 

begin 



1.2 The metaproduction rules 

1.2.1. Metaproduction rules of modes 

a) MODE 

b) MOOD 

MOOD 

TYPE 

UNITED. 

STOWED. 

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

d) PLAIN : INTREAL; boolean; character. 

e) INTREAL: INTEGER REAL. 

f) INTEGRAL: LONGSETY integral. 

g) REAL: LONGSETY real. 

h) LONGSETY: long LONGSETY EMPTY. 

i) EMPTY : . 

j) PROCEDURE : procedure PARAMETY MOID. 

k) PARAMETY: with PARAMETERS ; EMPTY. 

1) PARAMETERS : PARAMETER; PARAMETERS and PARAMETER, 

m) PARAMETER: MODE parameter. 

n) MOID: MODE ; void. 

o) STOWED 

p) FIELDS 

structured with FIELDS ; row of MODE. 

FIELD; FIELDS and FIELD. 

q) FIELD: MODE field TAG. 

r) TAG: LETTER j TAG LETTER 

s) LETTER: letter ALPHA. 

t) ALPHA : a 

p 

b 

q 

u) DIGIT : digit 

v) FIGURE : zero 

·eight 

C 

r 

d 

s 

FIGURE. 

; one j 

; nine. 

e 

t 

two 

TAG DIGIT. 

f g .h 

u V w 

three four 

w) UNITED ; union of MOOD and MOODS mode 

x) MOODS ; MOOD ; MOODS and MOOD. 

i 

X 

j 

y 

five 

k 

z 

1 ; m ; n 

aleph. 

six seven 

0 

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

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

1.2.2. Metaproduction rules associated with modes 

a) PRIMITIVE : integral real boolean character format. 

b) ROWS : row of ; ROWS row of. 

c) ROWSETY: ROWS ; EMPTY. 



1.2.2. continued 

d) ROWWSETY: ROWSETY, 

e) NONROW: NONSTOWED structured with FIELDS. 

f) NONSTOWED: TYPE ; UNITED. 

g) REFETY: reference to; EMPTY. 

h) NONPROC : PLAIN; format; procedure with PARAMETERS MO!D ;. 

reference to NONPROC; structured with FIELDS ; row of NONPROC 

UNITED, 

i) PRAM: procedure with LMODE parameter and RMODE parameter MOID 

procedure with RMODE parameter MOID . 

j) LMODE MODf. 

k) RMODE MODE. 

1) MOOT : MOOD . 

m) LMOODSETY MOODS and EMPTY, 

n) RMOODSETY and MOODS EMPTY. 

o) LOSETY: LMOODSETY. 

p) BOX: LMOODSETY box. 

q) LFIELDSETY FIELDS and EMPTY, 

r) 

s) 

RFIELDSETY and FIELDS EMPTY. 

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 i 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 declapation ; CLAUSE.· 

MOID clause. b) CLAUSE 
':· 

c) 

d) 

e) 

f) 

g) 

h) 

SOME : serial , .. unitary ; CLOSED ; choice ; THEt.SE. 

CLOSED close~; collateral; conditional. 
' 

THELSE then i else. 

SORTETY: SORT; EMPTY. 

SORT: strong; FIRM. 

FEAT : firm ; weak ; soft. 

i) STRONGETY : strong ; EMPTY. 

j) STIRM: strong; firm. 

k) ADAPTED : ADJUSTED ; widened ; :.Y'Owed ; hipped ; voided. 

1) ADJUSTED : FITTED; procedured; united. 

m) FITTED : dereferenced; deprocedured. 

1.2.4. Metaproducti9n rules associated with coercends 

a) COERCEND : MOID FORM. 

b) FORM : confrontation ; FORESE. 

c) FORESE: ADIC formula; cohesion; base. 

d) ADIC : PRIORITY; monadic. 

e) PRIORITY : priority NUMBER .• 

f) NUMBER : one; TWO; THREE; FOUR; FIVE; SIX; SEVEN; 

EIGHT ; NINE. 

g) 

h) 

i) 

j) 

k) 

1) 
m) 

n) 

TWO : one plus one. 

THREE : TWO plus one. 

FOUR : THREE plus one. 

FIVE: FOUR plus one. 
I 

SIX: FIVE plus one. 

SEVEN SIX plus one. 

EIGHT SEVEN plus one. 

NIJIJ'E : EIGHT plus one. 



1.2.5. Other metaproduction rules 

a) VICTAL VIRf\.CT ; formal. 

virtual; actual. b) VIRACT 

___ c_) ___ ~~~EI: ___ _:1-~::. ~-2:1_!'~:.:.~. _ d) LtJCAl: t'oca~· ~t~ 
e) ANY : KIND ; suppressible KIND ; replicatable KIND ; 

replicatable suppressible KIND. 

f) KIND: sign; zero; digit ; point ; exponent; complex; 

string; character. 

q) NOTION: ALPHA; NOTION ALPHA. 
• '.J 

4,) SEPARATOR: LIST separator; go on syrµbol; completer; 

sequencer; statement interlude option. 

l) LIST : list ; sequence. 

{Rule fj implies that all protonotions (1.1.2.b) are productions 

(1. 1.3.e) of the mets.notion (1.1.3.b) 1NOTION 1 
; for the use of this 

metanotion, see 3.0.1.b,c,d,g,h.} 

1.3.Pragmatics 

{"Well 'slithy' means 'lithe' and 'slimy' ••• ., 

You see it's like a portmanteau - there are 

two meanings packed into one word." 

Through the Looking Glass, Lewis Carroll. } 

{Merely corroborative detail,_intended to 

give artistic verisimilitude to an other­

wise bald and unconvincing narrative. 

Mikado. W. S. Gilbert. } 

Scattered throughout this Report a.re 11prag:matic" remarks included 
i 

between the braces t and}. These do not form part of the definition of 

the language but are intended to help the reader to understand the im­

plications of the definitions and to find corresponding sections or rules. 

{The rules under Syntax are interpreted with cross-references to be 

inter:;;::-cG-:d. as follows. Let a 11hypernotion 11 be either a protonotion or 

a sequer.c~ of one or more metanotions, possibly preceded and/or separated 

and/or followed by protonotions; then, each rule consists of a hypernotion 

followed by a colon followed by one or more hypernotions separated by ,. 
commas. or semicolons, and is closed by a point. By virtue of 1.1.5~a,. 

Step 2, e&ch hypernotion yields eventually one or more protonotions. 



1 • 3. continued 

In each rule, a h;y-pernotion appearing before (after) the colon is followeq: :. 

by indicators of 1\he rules in which a hypernotion yielding one or more 

protonotions alsq1yielded by the first hypernotion~*ppears after (before} 1 

the colon or ind4ators of the representations in s~ction 3. 1. 1 of the i:t 
symbols yielded by the first hypernotion. Here, an indicator is, in 

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

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

i) the indicators whose section number is that of the section in which 

they appear, are given first and their section number is omitted; e.g., 
113.0.3.b" appears as "b 11 in section 113.0.311

~ 

ii) all points are omitted and 10 appears as A; e.g., "3.0.~.a" appears 

as 11 303a" elsewhere; 

iii) a fi~al 1 is omitted; e.g.~11811a" appears as 1181a"; 

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 hare replaced by 

more helpful Lndicators; e.g.;i'n 6.1.1.d, 11chain of strong voidunits 

separated by go on symbols {30c}" appears as "chain of strong void 

units {e} separated by go on symbols ··{31f}"; also, indicatb:tS 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 a hypernotion appearing after that 
hic,le 

colon, is indicated by "-"_; f'.e_:. 9 in 8.6,o. 1.a after "MOIDAidentifier" 

appears {41b,-} since 4. 1.1.b yields production rules for all notions 
n,cru. 111!.'v./.tz_ 

yielded by 'MODE"'identifier' but not for 'voidl\identifier', and no 

other rule does. 

Some of the pragmatic remarks are examples in the representation 

language. In these examples, identifiers occur out of conteA~ from their 

defining occurrences. Unless otherwise specified, these occurrences 

identify those in the standard-prelude (e .g.p see 10. 3.k for random and 

10.3.a for pi), or those in: 



1.3. continued 2 

int i, J, k, m, n ; real a, b, x, y ; bool p, g_, overflow ; 

char c ; format f ; bytes r ; string_ s ; bits t ; compl w, z ; 

ref ~ xx, yy ; [ 1 :n]real x1, y1 ; [ 1 :m, 1 :n]real x2 ; 

[1:n,1:n]~ y2; [1:n]int i1 ; [1:m,1:nJint i2; 

proc_ xory = ref' real : (random < • 5 I x I y) ; 

pro_£ ~cos = (int i )rea3=_ cos ( 2 X pi X i / n) ; 

J2E££_ nsin = (int i)real sin(2 x. pi .x. i / n) ; 

12roc g = (real u)real : (arctan(u) - a + i.i - 1) ; 

Eroc stop = (~ ( l ~ t )j _; · · 

exit : princeton: grenoble st pierre de chartreuse : 

kootwijk: warsaw: zandvoort : amsterdam: tirrenia: 

north berwick : x := 1. } 



2. The computer and the program 

{The programmer is concerned with particular-pro~ra.m.s ( 2. 1.d). These 

are always contained in a program (2.1.a), which also: contains a standard­

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

10), and possibly a. library-prelude, i.e. a declarat4on-prelude which may 

depend upon the implementation.} · :;, 

2.1. Syntax 

a) program: open symbol{31e}, standard prelude{b}, 

library prelude{c} option, particular program{d}~ 

close symbol{31e}. 

b) standard prelude{a} : declaration prelude{61b}. 

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

d) particular •progr_,am{a} : labe1{61k} sequence option, 

open symbol{31e}, strong serial void clause{61a}; close symbol{31e}., 

2.2. Terminology {
11When I use a word," Humpty Dumpty said, in 
rather a scornful tone, "it means just what 
I choose it to mean - neither more rior less." 

Through the Looking Glass, Lewis Carroll. } 

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

computer which performs a set of "actions 11 {2. 2. 5}, the elaboration of 

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

between which, at any given time, certain "relationships 11 {2. 2. 2} may 
11hold". 

2. 2.1 Objects 

Each object is either "external" or 11internal". External objects are 

occii.rrences of terminal productions {1.1.2.f} of .notions. Internal objects 

a:::-e "instances" of 11values 11 {2.2.3}. 

2.2.2. Relationships 

a~ ~elations hips either are "permanent 11
• i.e. independent of the program 

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



2.2.2. continued 

Each relationship is either between external objects or between an extern-

al object and an internal object or between internal. objects. ~ 

b) The relationships ·between external objects are: to contain {1.1.6.b}i 

to be a · constituent or ,:direct constituent" of {1.1.6.e} and "to "\!:, 

identify11 {c}. 

c) A given occurrence of a terminal production of 'MABEL identifier' 

{4.1.a} ('MODE mode indication 1 {4.2.1.b} or 'PRIORITY indication'{4.2.1.e}, 

'PR.AM .ADIC operator'{4.3.1.c,d}) where "MABEL" ( 11MODE 11
, "PRIORITY", 11PRAM1

\ 

11.ADIC") stands for any terminal production of the metanotion 'MABEL' ( 'MOf>E', 

'PRIORITY', 1 P~', '.ADIC') may identify a "defining occurrencej of the ;, 

same terminal production. 
_j_(',f' / T- j /· . // I/ Z... 1/.'' , // 

ha1<att,,;'11 -turt_,.#.,;,f t'CC.<-t-H,•1u!f:' > 7:;{'/Ja-"(," -✓tS """".;"} a?c<'~✓<-ce 
/ t,' (, ;?' ~1; 

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

uto possess". 

. t j t'ltt "l:C'ta 2,' H<'l ~r 

e) An external .object considered asAa terminal production of a given 
arr 1,u1 u·=e. of 

notion may possess!\ a value,. termed 11the" value of the external object 

when it is clear which notfon is meant; ;,1 q.hd-~; lta~, /life) ;;,..,,,dcu«!e- f{ ti: /,o{l__J 

-~: 

, / I 

fktcce., 11 
1; JG?i~•kmx.d ✓-.l!,r,1,,,'t;,u...i ,0,, /ft k~u( i{ 11 a /14.J ,-u,/ue -✓,vi.~. ;f 0 tfe,t,,t. ::-at.;,//u:/if:-+t,t 0#,et,hC: 

in«t- · 
f) A: identifier (operator) may possess a value ({more specifically} 

a 11routine 11 {2.2.3.4}). This relationship is caused to hold by the 
I 

elaboration of an identity-declaration {7.4.1.a} (operation-declaration 

~~:.5.1.a}J 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 

mc.y be caused to possess a value by its elaboration as terminal production 

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

2laboration~ if any, of~ that external object is 

''initiated", whereupon it ceases to pos,sess that value. 



2.2.2. continued 2 

h) The relationships between. internal objects LJ4-t4,;.g;Q4 are: 11to be· of 

the same mode as 11
, "to be equivalent to tt, "to be smaller than"; "to be a 

component of" and "to refer to". (l :?~(c4,w4) 1:t_;{ 'lo f!.LL·i;.'t;;,'WY\/ t>c_f}'Yt?~ r-k ti¥ a 
( C'.-,,, ,;,.,,.?z:m!C ,cf ci.) Je,~J ,Pk~ . .l(,/4t.7 t{T::Je?.v ,:::;-./ J,,,v;z::i~ tJ/' 1kt ~ ~ a,.,,,-,c. 
4""7 (£:.,fj M-v1~,,u, o( ~ .k~,J -~ • 
i) _1 value may be of the same mode as another~; this relationship is 

permanent/ 2,2, 4,IA}, 

_l A11 ~i-~-a: ,f .ct, 

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 relation~ 

ships is defined at all for a given pair of values,_ then either it does 

not hold, or it does hold and is permanent. 

AH h,Jb-:,,ucet/ a.,, 

k) ,k- given value is a component of another -a.2"$6- 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 

·~ or of one of its components. 

1) Any 0 name 11 {2.2.3.5~}, except "nil" {2.2.3.5.a}, refers to one in­

stance of another value. This relationship {may be caused to hold by an 
.ji,-1,,d,:u,-& t-/ //i.ic . . 

"assignment 11 (8. 3.1.2.c) of that A value to that name and} continues to hold 

until another imitance of a value is cauBed to be :referred to by that 

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

to "refer·s to". 

2.2.3. Values 

Values are 

iE) "plain values" {~:wh-ieh----s.-re-4+±t1-e-pE+R±e+1b o e 1 :;,., '"J:IY'Ht:§1'. ·," ""d jJ:;:s; 

.:e;J;-e;l;m:-~-- . ~::-;:_;-· -~ 

~~1-¥ "structured" values {2.2.3.2} or "multiple" values {2.2.3.3~}, which 

are composed of other values,~:m,~~ 
.·• ·. , '('fi t. II d II II { 4 } . . .:: J.:... . .J . rou 1nes an formats 2. 2.3. "' • which are certain sequences of 

symbols ~Dli~~~Spr...e:t1$,;..allr¥-§~.,,. ~~'-'<-t:, 

<names ~~~~t~~~i:'1+1471i=nif}·:rJ:f..,,--=.prf2Enam~.-=-. 

l '2.:2.-2.f_,'2,'2.~.s 1· 



2.2.3.1. Plain values 

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

real number, or is a truth value or character. 

b) An arithmetic value .has a "length number", i.e. a positive integer 

characterising the degree of discrimination with which.the value is kept 

in the computer. The number of integers (real numbers) of given length . 

number that can be distinguished increases with the length.number up to 

a certain length number, the number·of different lenghts of integers 

(real numbers) {10.~.a,c}, after which it.is constant. 

c) For each pair of integers (real numbers) of the same length number, 

the relationship to be smaller than is defined {10.~.2.a, 10.3.3.a}. 

For each pair of integers of the same length number, a third integer of 

that length number may exist, the first integer "minus" the other one 

{10.3.2.g}. Finally~ for each pair of real numbers of the same length 

number, three real numbers of that length number may exist, the first 

real number "minus" ("times 11
, "divided by11 )°the other one {10.;3.3.g,l,m,}; 

,, 
these real numbers are obtained 11in the sense of numerical analysi:s 11

, i.e. 

by performing the operations known in mathematics by these terms on real· 

numbers whieh lliay de~iate slightly from the given ones{; this deviation 

is left undefined in this Report}. 

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

of that length number. Also, each integer (real number) of given length 

number is equivalent to an integer (real number) whose length number is ,, 
greater by one. These eq_ui valences permit the "widening" {8. 2. 5}~f an 

integer into a real\nurnber and the increase of the length number of an 

integ,e.z1 or real number. The inverse tra.I1sforrnations a~e only possible on 
(ttA-t/M~u•Uc t/a.(l:M) cl-n "•ti}h°"( 

those real numbers which are equivalent to a value of smaller length 
/\ t\ 

number). 

e) A truth value is either 11true" or !'false". 



2.2.3.1. continued. 

f) Each character has an "integral equivalent" {10.1.h}, i.e. a non­

negative int.eger '~f iength number one; this relati9A~hip is defined only t :;'· 

in so far that different characters have different integral equivalents: 
. ; . . lj 

t 
2.2.3.2. Structured values 

{Yea, f.r_om the table of my memory 
I'll wipe away all trivial fond records. 

Hamlet, William Shakespeare.} 

A structured value is composed of a number of other values, its 

fields, in a given order, each of which is "selected11 {8.5.2.2.step 2} 

by a specific field-selector {7.1.1.i}. 

2.2.3.3. Multiple values 

a) A multiple valu~ is composed of a 11descriptor 11 and a number of other 

values, its elements, each of which is selected {8.6.1.2. Step 7} by a 

specific integer, its "index". 

b) The descriptor consists of an "offset", c, and some number, n ~,O, 

of "quintuples" (li, ui, di, Si, ti) of integers, i = 1, ••• , n; li 

J.S the i-th 11 lower 
s. 

J. the i-th "lower 

i = 1 ' ... ,n' u· J. < 

J.S zero; otherwise, 

bound", u· J. the 

state" and t· J. 

li' then the 

i-th "upper bound", di the i-th "stride", 

the i-th "upper statett. If for any i, 

number of elements in the multiple value 

it is \: 

(u1 - 11 + 1)· X ••• x (un - ln + 1). 

The descriptor "describes" each element for which there exists an n-tuple 

(r1, ••• , rn) of i~tegers satisfying, for ~ach i = 1, ••• , n, li ~ ri ~ ui, 

and that element is selected by·c + (r1 - 11) x d1 + ••• + (rn - ln) x dn• 

{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 

corresponding to that state differs from that in the given value.} 

c) 
c,l(/d 1; ( k . 

A subvalue of a given multiple value is a multiple value referred to 
" ,. 

by)the value o:f a slice {8.6.1} the value of whose primary {8.6.1.1.a} u 
{ref'-ers to) the given multiple value. 



2.2.3.4. Routines and formats 

A routine' (format) is a sequence of symbols which is the same as some 

closed-clause {6.3.1.a} (format-denotation {5.511.d})o 

2.2.3.5. Na.mes 

a) There is one. name, nil, whose "scope" {2 .. 2.4._2} is the program and 

which does not refer to any value; any other na.rne is created by the 

elaboration of an actual-declarer {7.1.2.c. St~p 8}v'and refe~s to 

precisely one instance of a value}. . J a2,,,,:,;e,/-~d f J.Z-b.2, So/17} .· 
en ti du!;o f J.l,J2. aj {, 

lit'~ 

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

its fields there refers a na.rne uniquely determined by the given name 

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

the given name. 

c) If a given name refers to a given multiple value {2.2.3.3}, then to 

each element (each multiple value composed of a descriptor and elements 

which are a proper subset of the elements) of the given multiple value 

there refers a name uniquely determined by the given name and the index of 

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

that of the given name. 

2.2.4. Modes and scopes 

2.2.4.1. Modes 

a) A "mode" is any terminal production of 'MODE 1 { 1. 2. 1. a}. Each instance 

{2.2.1} of a value is of one specific mode which is a terminal production 

of '"MOO.u 1
· {1.2.1.b}; furthermore, all instances of a given value other· 

tha..YJ. nil {2.2.3.5.a} are of one same mode_, lk1nodi. v/!Llpe,,~<c., it'l.6.<£.J t'h.:-,/ 4,, 

1t.77 1
~ r/ a f v./?'~ 1~✓-1i;;;,,e.e cj a ,Ut..fu ,; ti /tc,,J ;;,,? 1/i;u:..,: tf /li,,-.J H-u"?tt d;[.; //~ /4;:~. h-u,cu.. 

44 hf-<- ;?!!'Yn P'h4fcvt,-$e..J2., 
b) The mode of a truth value (character, format) is 'boolean' ('character', 

'format'). 

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

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



2.2.4.1. continued 

d) The mode of a structured \ralue is. 'structured with' followed by one 

or more "portrayals II separat~i by 1 ~d. -r ,· orie correspo_nciing to each field. 

taken in the same order; eacli ·portr~yal being · a mode followed by 1f?e.&i•· 
followed by a terminal produc::iion of 'TAGi {1.2.1.~} whose terminal pro­

duction {field::-sele,ctor~ ~elcicts ·.{2.2.3.2} th~t f~eld_; if~~~~, 
a ./i?ce>u,4 ~ ~f lt.'.e h«Jch.. Ht ~ . ( tX-/~ah ~. en./4~~ ~ tr, . . .. 

e) The mode of a multiple vaiue is· a terinin~l p;oduction of 1NONROW' 

{1.2.2.e} preceded by as many times ."row of" as there are quintuples iµ 

f) The mode of a. routine is ·a. terminal :production o:f' 'PROCEDURE' 

{1 .2. 1.q}. 

g) The mode of a name is 're:f'erenc(jl to' foilowed by another mode .. 

{See 7.1.2.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 (elem·ents), 

that of a routine or format possessed by a given denotation {5.4.1.a, 

5.5.1.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 terminal production, "if 

any, an applied occurrence of which but not a defining occurrence 

(indication-defining occurrence, operator-defining occurrence) of 

which is contained in that denotation,- and otherwise, the progranl, and 

that of' a name is some {8.5.1~2.b} range. 

{Suit the action to the word, 
the word to the action. 

Hamlet, William Shakespeare.} 

An action is "elementary''.J?~-- "collateral11
_ •. A s_~ria.,;t. action consi$ts 

of actions which talte place one after the otherb 



2. 2. 5. .continued 

A collateral action consists of actions merged in time; i.e._;,it consists 

of the elementary actions which make up those actions_provided only that 

each elementary action of each of those actions which would take place 

before another elementary action of the same action when ~ot merged with 

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

The elaboration of the closed-clause {6. 3.1.a} following the first 

do-?ymbol {3.1.1:h} contained in the actual-parameter of the operation­

declaration {7.5.1.a} !o.4.a and the elaboration of the actual~parameter 

of the operation-declaration 1O.4.b are elementary actions. 

{What other actions are elementary is left undefined.} 

2. 3. Semantics {"I can explain all the poems that evet, 
were invented, - and a good many that 
haven't been invented just yet. 11 

Through the Looking Glass, 
Lewis Carroll. } 

a) The elaboration of a program is the elaboration of the closed-clause 

{6.3.1.a} consisting of the same sequence of symbols. {In this Report, 

the Syntax says which sequences of symbols are programs and the Semantics 

which actions are performed by the computer when elaborating a program. 

Both Syntax and Semantics are recursive. Though certain sequences of 

symbols may be terminal productions of 'program' in more than one way 

(1.1.6.i), this syntactic ambiguity does not lead to a semantic ambi­

guity.} 

b) In ALGOL 68, a s~ecif'ic notation for external objects is used which, 

together with its recursive definition, makes it possible to handle and 

to distinguish between arbitrarily long sequences _of symbols, to distinguish 

between arbitrarily many different values of a given mode (except' 

'boolean') and to distinguish-between arbitrarily many modes, which allows 

arbitrarily many objects to occur in the computer and which allows the 

elaboration of ~ 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 s~~e possibilities. It is, on the contrary, not assumed that the com­

F--"cer can handle arbitrary amounts of presented information. 



2. 3. continued 

It is not assTu-ned that these two notations are the same or even that a 

one-to-one correspondence exists between them; in fact, the,set of different 

notations of objects of a given category may be finite. It is not 

assumed that the speed of the computer is sufficient to elaborate a given 

program within a prescribed lapse of time, nor that the number of objects 

and relationships that can be established is sufficient to elaborate it 

at all. 

c) A model of the hypothetical computer, using a physical machine, is 

said to be an 11implementation 11of ALGOL 68, if it does not restrict the 

use of the language in other respects than those mentioned above. Further­

more, if a language is defined whose particular-programs are particular­

programs of ALGOL 68 and have the same meaning, then that language is said 

to be a sublanguage of ALGOL 68. A model is said to be an implementation 

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

other respects than those mentioned above. 

{A sequence of symbols which is not a program but can be turned into 

one by deleting or inserting a certain number of symbols and not a smaller 

number could be regarded as a program with that nmnber of syntactical 

errors. Any program that can be obtained by deleting or inserting that 

number of symbols may be termed a 11possibly intended11 program. Whether a 

program or one of the possibly intended programs has.the effect its 

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

Report. } 

{In an implementation, the particular-program may be "compiled", i.e. 
I 

translated into an "object program11 in the code of the physical machine. 

Under circl.lr'.istances, it may be advantageous to compile parts of the 

particular-program independently, e.g. parts ,whicb are common to several 
fntc-tR-

particular-programs. If such a part containsAidentifiers (indications, 

operators) whose defining (indication-defining, operator-defining) 

occurrences (Chapter 4) are not contained in that part, then compilation 

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

a chain of formal-parameters (5.4.1.g) (mode-declarations (7.2.1.a) or 

priority-declarations (7.3.1.a), captions (7.5.1.b)) containing those 

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



2.3.c.continued 2 

{The definition of specific sublanguages and also the specification of 

actions not definable by any program (e.g., compilation or initiation of 

the elaboration), is not given in this Report. 

However. the definition of the language allows, for instance, to let a 

special representation of the comment-symbol different from the ones given 

in 3.1 .1 .i, viz • .£_ or comment, preferably J2. or pragma, have the effect 

that by a conment (3.0.9.b) beginning with and ending on this special 

representation, the computer is invited to implement some such sublanguage · 

or ALGOL 68 itself or to take some such undefinable action, as may be 

specified by the comment (e.g. , J2. algol 68 J2., · J2. run J2. or .E. dump .E,). } 

{.E, algol 68 12.· 

be&_iA proc J?. nonrec .E, 

p = p ; p ~ 

.E. run .E. J2. ? J2. 
Report on the Algorithmic 

Language 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) NOTION option: NOTION; EMPTY. 

c) 6hain of NOTIONs separated by SEPARATORs {c,d} : NOTION; 

NOTION, SEPAR~TOR {e,f,31f,61d,j,l} , 

chain of NOJ:IONs separated by SEPARATORs {c}. 

d) NOTION LIST chain of NOTIONs separated by LIST separato:M 

{c,e,f}. 

e) 

r) 
g) 

h) 

a) 

b) 

d) 

f) 

fist separator :.comma symbol{31e}. 

Sequence separator : EMPTY. 
r-----------------~ 

NOTION LIST proper : \..!'!?TION, LIST separator {e, f}, NOTION · 

I LIST {d}. 

NOTION pack.: open symbo1{31e}, NOTION, close symbol{31e}. 

{Examples: 

a ; 0 . +; int . if . ·nil· for ; ti ; 
' ' - , . ,_,_ 

0 . ; c) o, 1 ' 2 ; , 
0 . o, 1 ' 2 . e) . , , , , 

; g) 1 ' 2, 3 . h) ( 1 ' 2, 3) } , 

3.0.2. Letter token 

a)* letter token : LETTER {b}. 

b) LETTER{309d,41b,c,d, 55h,i,o,q, 552b,e,f, 553f, 554a,555b, 556b, 
...__, - - - -

a) 

557b, 71j} : LE'ITER symbol{31a}. 
'-' 

{Examples: 
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), format-denotations (5.5.1.a) and row-of­

character-denotations (5.3.1.a). } 

MATHEMATJSCH CENTRUl'i 



3.0.3. Denotation tokens 

a)* denotation token : number token{b} ; true syrnbol{31b} ; 

false symbol{31b}; formatter syrnbol{31b} ; 

b) 

c) 

d) 

e) 

a) 

b) 

c) 

d) 

e) 

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

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

times ten to the powe:tC~~l [31 bJ • 
digit token{b, 511b} : DIGIT{d}. 

. ,.__,. . 

DIGIT{c, 41d, 511a, 552c} : DIGIT symbol{31b}. .._, ~ __, 

flipflop{52b} : flip syrnbol{31b} ; flop syrnbol{31b}. 

{Examples! 

1 . ~; false . f ; . 1 • . . , , - , - , , -
1 ; • . ; 

'10 

1 ; 

' 
1 . , 
1 • 0 - , - } 

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

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

digit-token l, whereas other.!;_,e.g. the routine-symbol, serve only to 

construct denotations. } 

3.0.4. Action tokens 

a)* action token : operator token{b} ; equals symbo1{31c} ; 

CUYt.~d!,, symbol{31c}; confrontation token{d}. 

b) operator token{42e} : minus and becomes symbo1{31c} ; 

plus and beco~es symbol{31c}; times and becomes symbol{31c} ; 

over and becomes symbol{31c} ; modulo and becomes symbo1{31c} ; 

p,Z:Us and becomes symbol{31c} ; or syrnbol{31c} ; and symbol{31c}; 

differs from symbol{31c}; is less than syrnbo1{31c} ; 

is at most syrnbol{31c} ; is at least symbol{31c} ; . 

is greater than symbol{31c} ; plusmi.nus{c} ; times symbol{31c} ; 

quotient symbol{31c} ; modulo symbol{31c} ; over syrnbol{31c} ; . 
element symbol{31c} ; to the power symbol{31c} ; 

'lower bound symbol{31c}; upper bound symbol{31c} ; 

lower state symbol{31c}; upper state symbol{31c}; 

plus i times symbo1{31c}; absolute value of syrnbo1{31c}; 



3.0.4. continued 

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

lengthen s~pol{31 c} ; shorten symbol{31c} ; <p~.d symbol{31 c} ; 

sign symboljJ1c} ; round symbol{31 c} ; entier~tymbol{31 c} ~ 
real part o,• symbol{31c} ; :imaginary part of symbol{31c} ; 

conjugate symbol{31c}; binal- symbol{31c} ; 

booleans to bits symbol{31c} ; charactersto bytes symbo1{31c} , . 

down symbo1{31c} ; up symbol{31c}. 

c) · plusminus{512h, 55p} : plus symbol{31c} ; minus symbol{31cL .._,, 
d)* confrontation token: becomes symbol{31c}; 

a) 

b) 

c) 

d) 

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

is symbo1{31c} ; is not symbol{31c}. 

{Examples: 

+ . = ; val ; ·- . , .- , 
minus ; plus ; times ; over . ~; prus . V . A . 'f ; , 

' , , 
< ; ~ ; 2: . > . + . .x ; 4- ; ..t.• ; I ; elem ; t . lwb ; upb ; , , , .. , -. 

lws . ups ; .L ; abs . repr ; ,,; leng ; short . odd . sign; 
' 

, , , 
round ; entier ; -~; i1n . conj ; bin btb · -ctb ; ~ ; El?. - , ,_ 
+ ; - ; 

{Operator-tokens are constituents of formulas .(8.4.1.a). An 

operator-token may be catJSed to possess an operation by the elaboration 

of an operation-declaration ·(7•?•1.a). Confrontation-tokens are consti­

tuents of confrontations (8.3.0.1.a). } 

3.0.5. Declaration tbkens 

a)* declaration token: PRIMITIVE symbol{31d} ; long symbol{3ld} ; 

structure symbo1{31d}; reference to symbol{31d} ; 

flexible symbo1{31d} ; either symbol{31d} ; procedure symbo1{31d} ; 

union of symbol{31d}; mode symbo1{31d} ; complex symbol{31d} ; 

bits symbol{31d}; bytes symbo1{31d} ; string symbo1{31d} ; 

, file symbo1{31d} ; priority symbol{31d} ; local symbol{31d}; 

operation symbo1{31d}. 



3. O. 5. continued . 

{Examples: 

a) int ; long; struct ; ref; flex; either; proc ; union;~; 

compl ; bits ; bytes ; string ; file ; priority ; l:2.£_ ; .£e_. } 

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

(7.1.1.a), which specifymodes,'(2.2.4), or of declarations (7.2.1.a, 

7.3.1.a, 7.4.1.b, 7.5.1.b).}. 

3.0.6. Syntactic tokens 

a)* syntactic token : open symbo1{31e} ; close symbol{31e} ; 

a) 

comma symbol{31e}; parallel symbo1{31e} ; sub symbol{31e}; 

bus symbo1{31e} ; up to symbo1{31e} ; at symbo1{31e} ; 

if symbo1{31e} ; THELSE syrnbol{31e} ; fi symbol{31e} ; 
{31e} 

of symbol {31 e} ; void symbol ; label symbol {31 e}. 
. • A 

{Examples: 

( ; ) ; , ; par ; [ ; J ; 
void; : } 

. . . , 

{Syntactic-tokens separate external objects or group them to­

gether.} 

3.0.7. Sequencing tokens 

a)* sequencing token: go on symbol{31f} ; completion 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.c,d,j,l, 8.2.7.1.d). } 



3.0.8. Hip tokens 

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

{Examples: 

a) skip ; nil } 

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

3.0.9. Extra tokens and comments· 

a)* extra token : for symbo1{31h} ; from symbol{31h} ; by symbol{31h} ; 

to symbol{31h} ; while symbol{31h} ; do symbol{31h} ; 

b) 

c) 

d) 

then if symbol{31h} ; else if symbol{31h} ; 

case sym.bol{31h} ; in symbol{31h} ; esac symbol{31h}. 

comment{9.1} : comment symbol{31i}, 

comment item{c}seq_uence option, ·comment symboi{31i}. 

comment item{b} : character token{d}; 

other comment item{1.1.5.c} .. ~::; <·. 
c_, 

character token{53c} : LE'r-TER{302b} ; number token{303b} ; 
I\ . 

plus i times symbol{31c}; open symbol{31e}; 

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

{Examples: 

a) for ; ~ ; l'i:.; !£; whil~ ; do ; ~; ~; ~; in ; 

~; 

b) .£ with respect to c; 

c) w ; ? ; 

d) a ; 1 ; i ; ( ; V • ; , } 

{Extra-tokens and comments may occur in constructions which, by 

virtue of the extensions of Chapter 9, stand for constructions in which 

no extra-tokens or comments occur. Thus, a program containing an extra­

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

but not conversely.} 



3.0.10. Special tokens 

a)* special token. : quote symbol{31j} ; comment symbpl{31j}; 

indic~n:bri{ 1. 1. 5. b}. 

{ExamplesE 
a) u • C • 

' - ' 

3.1. Symbols 

? } 

J. :; 
J 
' 

3.1.1. Representations 

a) Letter tokens 

symbol representation 

letter a symbol{302b} a 

letter b symbol{302b} b 

letter c symbo1{302b} C 

letter d symbo1{302b} d 

letter e symbol {302b} e 

letter f symbo1{302b} f 

letter g symbol{302b} g 

letter h symbol{302b} h 

letter i symbo1{302b} i 

letter j symbol {302b} j 

letter k symbo1{302b} k 

letter 1 symbol{302"tj} l 

letter m symbol{302b} m 

symbol represent at ion 

letter n symbol{302b} n 

letter o symbol{302b} 0 

letter p symbo1{302b} p 

letter g_ symbo1{302b} q 

letter r symbo1{302b}. r 

letter s symbol{302b} s 

letter t symbol{302b} t 

letter u symbol{302b} u 

letter v symbo1{302b} V 

letter w symbol{302b} w 

letter x symbo1{302b} X 

letter y symbol{302b} y 

letter z symbol{302b} t 



3.1.1. continued 

b) Denotation to~ens 

symbol 

•Ii, 
j 

digit zero symbol{303d} 

digit one symbo1{303d, 73b} 
. .....,, 

digit two symbo1{303d, 73c} 
.._/ 

digit three symbol{303d, 73d} _, 
digit four symbol{303d, 73e} ___, 

digit five symbol{303d, 73f} __, 

digit six symbol{~03d,_,73g} 

digit seven symbo~{303d,.....,,73h} 

digit eight symbol{303d, 73i} 
~ 

digit nine· symbol{303d, 73j} ......, 

point symbol{303b, 512d, 553c} 
( ~ . -

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

( 
true symbol{513a} 

false symbol{513a} 

formatter symbol{55a} 

routine symbol{54b} 

flip symbol{303e} , 

flop symbol{303e} 

space symbo1{309d} 

c) Action tokens 

symbol 

minus and becomes symbol{304b} 

plus and becomes symbo1{304b} 

times and becomes symbol{304b} · 

over and become~ symbol{304b} 

modulo and becomes symbol{304b} 

prus and becomes symbol{304b} 

....,. 

representation 

0 

1 

2 

3 

4 

5 
6 

7 
8 

9 

true 

false 

f 

1 

0 

e 

representation 

minus 

plus 

times 

over 

modb 



3.1.1. continued 2 

symbol 

or symbol {304b} 

and symbol {304b} 

differs from symbol{304b} 

is less than symbol{304b} 

is at most symbol{304b} 

is at least sym.bol{304b} 

is greater than sym.bol{304b} 

times sym.bol{304b} 

4uotient symbol{304b} 

modulo sym.bol{304b} 

over sym.bol{304b} 

element sym.bo1{304b} 

to the power sym.bol{~04b} 

lower bound sym.bol{304b} 

upper bound sym.bol{304b} 

lower state symbol{304b} 

upper state sym.bol{304b} 

plus i times sym.bol{304b} 

absolute value of sym.bol{304b} 

representation symbol {304b} 

not symbol{304b} 

lengthen symbol{304b} 

shorten sym.bol{304b} 

odd symbol{304b} 

sign symbol{304b} 

round sym.bol{304b} 

entier symbo1{304b} 

real part of sym.bol{304b} 

imasinary part of symbol{304b} 

conjugate symbol{304b} 

·.:,:_;:..::;.l symbol { 304b} 

tooleans to bits symbol{304b} 

c~~c..:cacters to bytes symbol{304b} 

down sym.bol{304b} 

up sym.bol{304b} 

,;,. representation 

V 

A 

or· 

and 

f ne 

< lt 

s; le 

:2! ~ 

> ~ 

X * 

-.- quotient 

..;.: mod 

I 
elem 

t power. 

lwb 

.~ 

lws 

ups 

.L i 

abs 

not -· 
leng 

short 

odd 

sign 

round 

entier 

re 

im 

conj 

bin 

btb 

ctb 

down 

.£E. 



3.1.1. continued 3 

symbol 

plus syinbo1{304c} 

minus symbo1{304c} 

equals symbol{42e,72a,73a,74a,75a} 

derefore,,ce symbol {84h} 

becomes symbol{831b} 

conforms to symbo1{832b} 

conforms to and becomes symbol { 832b} 

is symbol{833b} 

is not symbol{833b} 

d) Declaration tokens 

symbol 

integral symbol{71c} 

real symbol{71c} 

boolean symbol{71c} 

character symbol{71c} 

format symbol{71c} 

long s;ymbol{42c,e,f,510b,52a,71d} 

structure symbol{71e,k} 

reference to symbol{711,m,n} 

flexible symbol{71s,u} 

either symbol{71u} 

procedure symbol{71Vi} 

union of symbol{71y} 

mode symbol{72a} 

complex symbol{42c} 

bits symbo1{42c} 

bytes symbol{42c} 

string symbol{42c} 

file symbol{42c} 

priority symbo1{73a} 

local symbol{851b} 

operation symbol{75b} 

representation· 

+ 

= 3 
val 

·-.- + 

.. ct . . 

. ·-.. - ctob 

·-. . -:". is 

·+ · . . is not isnot 

representation 

int -
real 

bool 

char 

format 

long 

struct 

ref 

flex 

either 

;proc 

union 

mode 

compl 

bits 

bytes 

string 

file 

:priority 

loc -
.212. 



3.1.1. continued 4 

e) Syntactic tokens 

symbol 

~pen symbol {21a,30g-:.>3o_9cl. ,S4 ~.J si4 €}; 

close symbol {21 a, 30fi_/?.0_g dj ~(?,l 95~:g} 

comma symbol {3oe:,:=,o.3¢j54{;5.54,ljGZ~ ~, 71 f, p12. )Pb1 t 1c) 

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

sub symbol{71o,861a} 

bus symbol{71o,861a} 

up to symbol{71q,861f} 

at symbol {861g} 

if symbol {6.4a} 

then symbol{64e} 

else symbol{64e} 

fi symbol{64a} 

of symbol{852a} 

void symbol {823b} 

label symbol{61k} 

f) Sequencing tokens 

symbol 

5"4-/; 
go on symbol{30c,61c,d,j} 

'I\ 

completion symbo1{61l;} · 
I 

go to symbol { 2 21d} 

g) Hip tokens 

symbol 

skip sy111bol{827t} 

nil symbo1{827e} 

representation 

( begin 

) end 

' 
comma 

.E_a!. 
[ ( 

J ) 

at 

( . if 

I then 

I else -
) fi 

of 

void 

representation 

exit 

go to goto 

representation 

skip 
nil 



3.1 ... 1. continued. 5 

h) Extra tokens 

symbol 

for symbol t 9'· bA1 g} 
from symbol [ q. ~~ a, t, c} 
by symbol i CJ, 3, Q 1 t, c} 
to symbol 1 q.~. a)c} 

while symbol 19. 3,. Cl> g,,c} 
do symbol f g. 3, a, t,cJ 
then if symbol fq,4,a.f 
else if' symbol {<J,4,Ci;lJ 
case symbol { g.<:J,·g;S d,,e} 
in symbol £ q,4, fl,,e;d,, ej 
esac symbol . f q,4, g,,~ d,e] 

i) Special tokens 

symbol 

quote symbol{514a,53a~b,d.} 

comment symbol{309b} 

3.1.2. Remarks · 

representation 

for 

from 

El. 
to 

while 

do 

I: thef 

l : elsf 

( case -
I in 

) esac 

represent at ion 

" 
C comment 

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

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

the text ( a > b then b I a fi, 

though acceptable to an automaton, would be more intelligible to a human 

in either of the two representations 

(a> b I b I a) 

or 

if a> b then b ~ a fi.} 



'-:-; 

~; 

3.1.2. continued 

b) A representation which· is a sequence of underlined or bold-faced 

marks or a sequence of marks between apostrophes is 4ifferent from the 

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

apostrophes. 

~ c) Representatiijns of other terminal prod~ctions of 'lette~ token' 

i {1.1.4.step 2}, i :, .. 1indicat;'1J.t!,. {1.1.5.b}, "other• comment -item' and 

'other-string it~m' {1.1.5.c} may be added, provided that no sequence 

of representations of symbols can b~ confu~ed with any other such 

sequence • {e.g., do if are representations of the do-symbol followed 

by the if-symbol, whereas~ might be an ill-chosen representation· of 

an other-indication.} 

d) T'ne fact that representations of the terminal productions of 'letter, 

token' given above a~e 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 an other terminal production of 'letter-token' 

{ 1 • 1 • 4 • Step 2}. 

· {F'or certain different symbols, one same representation is given, e.g. 

for the routine-symbol, up-to-symbol and label-symbol, the representation 
11

: 
11 is given. It follows uniquely from the syntax which of these three 

symbols is represented by an occurrence of ":" outside comments and row-of­

character-denotations • .AJ.so, some of the given representations appear to 

be "composite"; e.g.j.,the representation ":=" of the becomes-symbol appears 

to consist of 1
': 

11
, which looks like the representation ": 11 of the routine­

symbol, etc., and the representation "=" of the equals-symbol. It follows 

from the Syntax that 11 :=" or even 11 :=" can occur outside comments and · 

row-of-character-denotations as representation of the become·s-symbol only 

(since 11=11 cannot occur as representation. of a monadic-operator). Similar­

ly, the other given composite representa:ti'ons do not • ¢ause ambiguity. } 



4. Identification and the Gf>ntext ccmditions 

{A proper prpgra.m is a program satisfying the ~ontext c~nditions, 

e.g., if (real x •Lx := 1) is contained in a proper-program, then the 
-- '·: ~- ·.J . 

second occurrence pf xis a refere~ce-to-real-Jdentif:ier not_~olely 

because of some pr~duction·rule (though this might b~ 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 constr~ctions as~~=~-} 

4.1. Identifiers 

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

which the first is a letter-token, e.g. x1.)IiJ; t1lir:.,,:!.Ff=€:ireeph+~n left 1;: 

(_ Mod:-identifiers, are made to possess values· by the elaboration of identity-

4 
. /node- . 

declarations (7. • 1 •• a). Some "identifiers possessing values which are not 

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

Cm in int m = 4096. Identifiers possessing names which refer to such vaiues 

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

might be called pointers. Such terminology is not used in this Report • 
. /J'tocf!q_ . 

Here, all ii1,,•nl ifi "l ; , , Jcceyt fol lul cl-identifiers, possess values, which 

are or are not names.} 

4.1.1. Syntax 

a)* identifier : MA.BEL identifier{b}. 

b) MA.BEL identifier{54g,61k,827d,860a} : TAG{c,d,302b}. 

c) TAG LETTER{b,c,q,71j} :
0

TAG{c,d,302b}, LETTER{302b}. 

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

e)* range : SORTETY serial CLAUSE{61a} ; PROCEDURE denotation{54b} •. 

{Examp~es: 

b) x; xx; x1 ; amsterdam} 

{Rule b together with 1.2. 2.v and 1. 2.1~~gives ri~e to an infinity of 

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

productions of '¥LABEL' and 'TAG'. 



•?: 

For example, 
111-al.e . 

'real identifier : letter a letter b~ 1 
I\ 

is one such product+on rule. From rule c and 3.0.2.b, pne obtains 

'letter a letter l : letter a, letter 

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

'letter b .d b symbol. t letter 
' 

yielding 

'letter a symbol, letter b symbol' 
;node 

b. I 

' 
.ii I 

-~- l 
•; 

' 

as a terminal production of- a 'real/\ identifier_'. For additional insight 

into the function of rules c and d, see 7.1.1.h and 8.5.2J 

4.1.2. Identification of identifiers 

{The method of identification is first to distinguish between 

defining and applied occurrences of terminal productions of, 'MABEL 

identifier' and then to discover which defining occurrence is identified 

by a given applied occurrence. } 

a) A given occurrence of a terminal production of 'MABEL identifier' 

where "MABEL" stands for any terminal production of the metanotion 

'MABEL' is a defining occurrence if it follows a formal-declarer {7.1.1.~}, 

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 fler@&d the "home 11 and Step 2 is. taken; 

Step 2: If there exi~ts a smallest range containing the home, then this 

range, with the exclusion of all ranges contained.within it, is iermeri. 
the home ang 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 

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

it; otherwise, Step 2 is taken. 



{In the closed-clause (string s := 11 abc 11 
; s[3] i: !'d") ~ the first 

occurrence of sis a defining occurrence of a terminal production of 
-it,cde__ 

1reference-to-row-'pf-cha.racte;,-identifier'. The second occurrence of s 

identifies the first and, in order to satisfy the identification condition 
•'. 

(4. 1. 1. a), is also a terminal production of a 'referepce-to-row-of-boolean-~ 
rt 

identifier' • Identifiers have no inherent :meaning. }" 

4.2. Indications 

{Indications are used for modes, priorities and operators. 

The representation of indications chosen in this Report are sequences of 

bold-faced or underlined letters, e.g. compl and plus, but no production 

rule determines this sequence. The programmer may also create his own 

indications, with suitable representations, provided that they cannot be 

confused with an other 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} : mode standard{c} ; ·Ji~ indicatzL".1{1.1. 5.b}. 

c) mode standard{b} : string symbol{31d} ; file symbol{31d}; 

long symbol{31d} sequence option. complex symbol{31d}; 

long symbol{31d} sequence option, bits symbol{31d} ; 

long symboH31d} seg_uence option, bytes symbol{31d}. 

d)* ~djrt,7.c(~- indication : PRIORITY indication{e}. 

e) PRIORITY indication{43h,73a} : 

long symbol{31d} seg_uence option, operator token{304b} ; 

long syrn.bol{31d}
1 

sequence option, equals symbol{31c}; 

~ indica-n:."t::{1.1.5.b}. 

f) ~onadic indication{43c} : 

long symbol{31d} sequence.option. operator token{304b} ; 

~ indicaii.t"-_. { 1. 1. 5. b}. 

g;'"" 2.d.ic indication : ADIC indication{e,f}. 

\ 
) 

{Examples: 

b) ~],; primitive; 

c) string ; file ; long compl ; bits ; ~long bytes ; 

e) + ; = ; ? ; 



4. 2. 2. Identificati<;m of indic?,tiops .. 

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

a) A given occurrence of a terminal production ·of 'MODE mode indication' 

( 
1 PRIORITY indication 1 ) where 11MODE11 ("PRIORITY") stands for any terminal 

production of the meta.notion '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 11indication-applied­

occurrence11. 

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

(
1PRIORITY indication') (see a) is an indication-applied occurrence, then 

it may identify an indication-defining occurrence of the same terminal 

production found by using the steps of 4.i.2.b with Step 3 replaced by: 

"Step 3: If thejhome contains an indication-defining occurrence of the same 
~t.wtlo;,, 

te:rminalAof 'MOD~ mode indication' ('PRIORITY' indication'), then the 

given occurrence identifies it;:;; 

C. otherwise, Step 2 is taken. 11 

{Indications have no inherent meaning.::, 

c A terminal production of 'monadic indication' has no indication­

defining occurrence. } 

4. 3. Operators 

{Operators are either monadic, i.e. require a right operand only, 

or are dyadic, i.e. ~equire both a left and a right operand, e.g. 

abs x and x + y. Operators are made to possess routines by the elaboration 

of operation-declarations 
1 

{ 7. 5. 1. a). 

Operators are identified by observing the modes of their opera.~ds; e.g. 

x + y, x + i, i + x, i + j each involves a different operator, see 

1O.2.3.i, 1O.2.4.a, 1O.2.4.b and 1O.2.2.i. Though an operator knows the 

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

involved in the identification process. } ,. 



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

b) procedure with ~MODE parameter and RMODE parameter MOID PRIORITY -

operator{75b,ffi4b}: PRIORITY indication{42e}. 
~ . 

c) procedure with i{MODE parameter MOID monadic opera,or{75b,84g} 

monadic indication{42f}~ 

d)* dyadic operator: procedure with LMODE parameter and RMODE 

parameter MOID PRIORITY operator{b}. 

e)* monadic operator : 

procedure with RMODE parameter MOID monadic operator.{c}. 

{Examples: 

b) + 

c) abs } 

4.3.2. Identification of operators 

{The identification of operators is similar to that of identifiers 

and indications, except that different occurrences of one same terminal 

production of 'ADIC indication' may be occurrences of more than one ter­

minal production of 'PRAM ADIC operator' and, therefore, the modes of the 

operands must be considered. } 

a) A given -occurrence of a terminal production of 'PRAM ADIC operator' 

where "PRAM" ( "ADIC") stands for any terminal production of the metanotion 

'PRAM' ('ADIC') ·is an operator-defining occurrence if _it precedes the 

equals-symbol of an operation-declaration {7.5.1.a}; otherwise, it i.s an 

"operator-applied occurrence". 

b) If a giyen occurrence of a terminal production of 'PRAt~ ADIC operator' 

(see a) is an operator-applied occurrence, in a form:...:3. {8.4.1.a}, than it 

may identify an operator-defining occurrence of the S;....:;.e terminal product­

ion found by using the steps of 4. 1. 2. b, with Step 3 replaced by : 
11Step 3: If the home contains an operator-defining occ~mrrence, in an 

opera-t;ion-declaration {7.5.1.a,b} of a terminal production of 'PRAM ADIC 

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

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



4.3.2. continued 

metanotion 'LlvIODE' ( 'RJ.vIODE 1 ) (see 8.4.1.b,g} of the l~f't (right) operand· 

of that formula cari be firmly coerced to {4.4.3.a} th~ mode specified by 
~ ;· 

the first (second) ~irtual-para.meter{7.1.1.x} contai~ed in the virtual-• . . 
plan{7. 5.1. b} of that operation .... declaration,. then the given occurrence 

identifies that operator-defining occurrence; otherwise, Step 2 is taken." 

aw 
{Operators have no inherent meaning; operator-defining occurrence 

I\ 

i~ made- to possess a routine (2.2.3.4) by the elaboration of an operation-

declaration (7.5.1.a). . ~/4 dy,:i:dq: 
A given indication may be 90th a ~~-indication and a~­

t4n.ctk 
operator. As a¥¥¥!: i:t)-indication, it identifies its indication-defining 

~,d/4: 
occurrence. As a ;r;n , 1 ty-operator, it may identify an operator-defining 

occurrence, which possesses a routine. Since the indication preceding 

the equals-symbol of an operation-declarati~n is 8.1:1 indication-application 

and an operator-definition (but not an operator-application). it follows 
• . ✓,, k 

h t . h . ' . d t . f . c'-7"' • that t e set of nose occurrences w: icn i en i y a given :li' , : 3 -operator 

is a subset of those occurrences which identify the same ptZ.%:zr-indication. 

In the closed-clause 

begin_Teal x,y := 1.5; ~riority min= 6; 
.£12. min = (real a, b)real (a > b I b I a) ; 

x := y min pi/ 2 end, -- --. -
the first occurrence of min is an indication-defining priority-SIX-indication. 

The second occurrence· of min is indication-applied and identifies the first 

occurrence (4.2.2), whereas, at.the same textual position, min is also 

operator-defined as a [prrr]-priority-SIX-operator 

:f;s£: l:-1JH)LL/ )' ..D*.\' J::;,,::,d£IO,i:' (;t' $1 l·t, 2 t .i;, i ,; :; ; : , d ·e1'. di..,, , 
fl 11 I • 

~~ \.thd, 5 b c:, i I ,fi¥f,f\§, where Cprr] stands for procedure-with-real-
1 .. 

I II II J • I • 
parameter-and-real-parameter, and [prrr] for [prr]-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 

ff¼---ifi#i§if--§s:..20 3 #:::tiE:'§-f-¥44.-fu§[by SIX q)S4§#¥ rn! 1, 111c:e; because of' 

the identification condition (4.4.1.a), a [prrr]-priority-SIX-opersf-ru~. 

This identification of the priority-operator is made because: 

i) min occurs in an operation-declaration, 

ii) the ba~:e y can be firmly coerced to the mode specif~ed by real. 
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iii) the formula pi/ 2 is a priori of the mode specified by real, 

iv) min is thus;;;.;.r,111] ,,Jji:i,hy...:\tR q;i;:mza-co:t, entli 

because of the identification condition s-d. , ii 

[prrr]-priority-SIX-operator. 
first -Hi,ree 

If the· - · · · conditionswere not satisfied, then the search for 

another defining occurrence would be continued in-the same range, or 

failing that, in a surrounding range. } 

4.4. Context conditions 

{Though this be madness, yet 
there is method in 1t. 

Hamlet, William. Shakespeare.} 

A "proper" program 1.s a program satisfying the context conditions; 

a 11meaningful 11 program is a proper program whose elaboration is ·defined by 

this Report {Whether all programs, only proper programs, or only meaning­

ful programs are "ALGOL 68 11 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 on 

'identifier' ( 1 indication' t I o~erator') and each applied ( indication­

applied, operator-applied) occurrences identifying it are occurrences 

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

b) No proper program contains an applied (indication-applied, operator­

applied) occurrence of a termi.nal production of a notion ending on 

'identifier' ('indication') 'operator') ;--ihich does not' identify a de:fining 

(indic~tion-defining~ operator-defining) occurrence. 



4.4.2. The uni~ueness condition ,. 

a) A "reach" is~ range {4.1.1.e} with the exclusioJP. of all its constituep.t 
;~:~-

ranges. ~ . 
~,f.J .\ ! ~~;. -.~ i 

b) 

~_:_.:,.:i ,, '::.. . . ; f ~:· .. ~! 
No proper program contains a reach{a} containing two defining (indicaB~ijP-. 

't"' 

defining) occurrences of a given terminal production of a notion ending on 

'identifier' ('indication'). 

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

(real x, real x; sin(3.14)), -- . 
(real y ; int y; sin(3.14))', 

(real p; p: go top; sin(3.14)), 

(mode a= real; mode a= bool · sin(3.14)), --- -- --- _, 
(priority b = 5; priority b = 6; sin(3.14)) 

is contained in a proper program. } 

c) Ifo proper progra.Il). contains a reach containing two operation-declarations 

whose first constituent operators are the same terminal productions of a 

notion ending on 'indication' and all of whose corresponding constituent 

virtual-parameters {7.5.1.b, 5.4.1.c,d,e, 7.1.1.x} are virtual-declarers 

specifying modes loosely related to one another {4.4.3.c}. 

{e.g. ' neither the closed-clause 

(£12,~ = (int a, int b)int (a> b a I b) . , 
(int a, int b) raie (a> b I I b) sin(3.14)) £12.~ = I a ; 

nor 

(a > b I a b) ; (.£2. ~ = ( int a, ref int b )int 

.£e. ~ = (ref int a,-~ b)int (a >bl a b); sin(3.14)) 

1.s contained in any proper program, but 

(.£E. ~ = (int a, int b).ir..2a~: (a > b I a I b) ; 

.£2.~ = (real a, real b)1et:u.f1.: (a> b I a I b); sin(3.14)) 

may be. } 

ffe 
{In the pragrnatic remarks in the se~uel, 11in the reach of,.,, declarationn 

stands for "in a position where all identifications are as in a reach con­

taining the declaration". } 



4.4.3. The mode conditions 

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

if the notion consisting of that second mode followed.by 'base' is a 

production of the notion consisting of 'firm' ( 'strongly united to') 

followed by the given mode followed by 'base' {se~ 8.2}. 

{e.g.) the mode specified by reai is firmly coerced from the mode 

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

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

specified by union(int, real). is united from those specified by int and 
f. 

real. } 

b) Two modes are 11related 11 to one another if they are both firmly 

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

c) Two modes are 11loosely related" if they either are related or are 

'row of LMODE' and 'row of RMODE' where 0 LMODE 11 and 11RMODE 11 stand for 

different loosely related modes. ,, 

' \• 

{e.g._, the modes specified by :proc real and ref real are related and," 

hence, loosely related and those specified by []real ·and by[]~ real 

are loosely related but not related.} 

d) No proper program contains a declarer {7.1.1.a} specifying a mode 

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

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

proper program.} 

0) No proper progra."ll contains a declarer {7.1.1.a} the constituent field­

selectors {7.1.1.i} pf two of whose constituent field-declarators {7.1.1.~} 

are the same sequence of symbols.· 

{e.g., the declarer struct(int i, bool i) is not contained in any 

:p:-:ope::.· program, but struct(int i, struct(int i,·bool j) j) may be.}·· 

4.4.4. ':'he declaration condition 

s.) A r.,;)C.::.c::-indication {4. 2. 1. b} contained in an actual-declarer {7. 1. Lb} 

is II shielded II if 

i) it · or is contained in a 

referc::.ce-to-symbol {3 .1. 1. d} 
i·J 2t {:, 01. .0 c~~i.ed. ;., a 

cfce i#Z .z,z;;;_,, C:Ot~ );,, a 

k,- o/,,.,,,_,~I',) 0'L 

·t 

virtual-declarer {7 .1.1.b} following a 

in a field-declarator {7. 1. 1 .g}. or · 
,,Z'v~4/!-(J&::c:t'~1.,, e:,,---z"a-/,u;,.-,{ J,, a. r&'-

~lTe,a-<.' -~~ ;;~~ CL ¥✓u.cC -
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'~ii,} 

i:\c) 

it is:.,QtintatnedJn a virtual.:;~arameter {7.t.1.~}, or 

it is contaf~ed in a virtual-declarer followin~.a virtual-parameters-
;,,;:: ·: i 

pack { 5 • 4. 1 • j } , ~ll:' ,, · 
)$ .~: 

;y) it is contaifed in a strict-lower-bound or strict-upper-bound 

{7.1. 1.IJ,}. 

{e.g., person is shielded in struct(int age, ~ person father), but 

not in s truct ( int age, person uncle) and .P. is shielded in p17op (g) .P. but 

not in union(int, [Jp).} 

b) An actual-de·clarer {7. 1. 1. b} may 11show 11 a given mode-indication· 

{4. 2. 1. b} ; this is determined in the following steps: 

Step 1: If it is, or contains and does not shield, a mode-indication which 

is the sa~e terminal product~on as the given mode-indication, then it 

shows the given mode-indication; otherwise, Step 2 is taken: 

Step 2: If it is, or FOntains an~ot shield an occurrence.of a not 
11encountered11 terminal production of 'mode indication 1 , then that 

terminal product.ion is remembered to have been· encountered zjd the, , . 

occurrence is replaced by a copy of the actual-declarer of that mode..: -

declaration { 7. 2. 1. a} which contains the indication-defining occurrence 

{4.2.2.b} identified by the occurrence to be replaced~nd Step 1 is 

taken; other1-rise, it does not show tJ;le given mode-indication. 

{e.g., in the declarations ~ ~ = [ 1 :' 2]b, b = union(~ d). 

d = struc~ (_~ .§:_ e.) ~ ~ = proc (int)~,· the mode-indications shown by 

[1:2]b are }:z_ and d.} 

c) 
17-2.1.a} 

No proper program contains a· mode-declaration whose mode-indication is 
/I 

shown .by its actual-declarer •. 
. ' 

j 
., 

' · {e.g., no proper program contains: one of the following declarations: 

mode~=~;~ b' = ~, ~ = [1:10]b :; mode _s! = []ref union(proc(d)d, proc d) ; 

mode parson= struct(int age, parson uncle) } 

l ;; Mee.u.r.t4::t, tt ZiJu t:L7 .foJ't'W~ ,¥ /ynt,,~a '° ~t ~ ~ __ 

dt::ztd- kc:~ "o/,· zo/✓~ ~ ,:U!/~ - t~ ·-~(ah~-_ 
at~- &i~4 ) (7,1,1.i) I?; ~' ~ "7 //~~:-/~ ~~. 
(/1~;;;,d - "fft-t. - ,&;i,,,,4) { )7; /, /, s J .J 



5. Denotations 

{Denotations, e.g. 3. 14 or 11 abc" are terminal prodti.ctions of notions 
:;,i 

whose value is independent of the elaboration of the pro{iram. In other 

languages ~hey are sometimes called "literals" or "constants".} 

5.0.1. Syntax 

a)* denotation: PLAIN denotation{510b,51a,511a,512a,513a,514a}; 

structured with row of boolean field LENGTHETY letter aleph denot­

ation{52a} ; row of character denotation{53a} ; 

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

{Examples: 

a) 3.14 ; 101 ; "algol.!..report" ; ((bool a)int 

f5df} 

5.0.2. Semantics 

(a I 1 I o)) ; 

a) Each occurrence of a terminal production of a given notion generating 

a uenotation possesses an instance of one same value whose mode is that 

e:r.:.veloped by that notion; its elaboration involves no action. 

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

chuc.cter denotation 1 , is of the mode 'row of character'.} 

5.1. Plain denotatiQns 

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

v2-l-...e::;, e.g. ; , 3.14, true and "a".} 

* a) plain c,___;· .. )tation PLAIN denotation{510b,511a,512a 9 513a,514a}. 

o) long,=~._ :., denotation{860a} : 

lon,:; ~-·· -._,:'..{31d}, INTREAL denotation{511a,512a}. 



5.1.0.2. Semantics 

a) A plain-den9tation possesses a plain value {2.2.3.1} , but plain values 
I, 

possessed by different plain-denotations are not necessarily different {e.g., 

123.4 and 1.234e+2}. 

b) The value of a denotation consisting of a number{, possibly zero,} 

of long-symbols followed by an integral-denotation (real~denotation) 

is the 11 a priori" value of that integral-denotation (real-denotatio,n) 

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

{Examples: 

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

5.~.:.2. Semantics 

The a priori value of an integral-denotation is the integer which in 

decimal notation is that integral-denotation in the representation 

lc:.::i~uage {1.1.8}. {See also 5.1.0.2.b.} 

~. · .• 2. Real denota.tions 

a) real deLo~ation{860a,510b} : 

variable point numeral{b}; floating point numeral{e}. 

-o) v,_~•i,able point numeral{a} : 

inte,.,,;.·al part{c} option, fractional part{d}. 

c) i: ;egra~ part{b} : integral denotation {511a}. 



5~1.2.1. continued 

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

e) floating point ~umeral{a} : stagnant part{f}, exponent part{g}. 

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

nurneral{b}. 

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

ten{h}. 

h) 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) 1.23e-4 f) 1 . 1.23 . ' , 

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

5.1.2.2. Semantics 

a) The a priori value of a fractional-part is the a priori value of its 

integral-denotation devided by ten as many times as there are digit-tokens 

in the fractional-part. 

b) The a priori value of a variable-point-numeral is the sum in the sense 

of numerical analysis of zero, the a priori value of its integral-part, 

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

c) The a priori value of an exponent-part is ten raised to the a priori 

value of the integral-denotation in its power-of-ten if that power-of-ten 

does not begin with a minus-symbol; otherwise, it is one-tenth raised to 

the a priori value of that integral-denotation. 

d) The a priori value of a floating-point-numeral is the product in the 

sense of numerical analysis of the a priori value~ of its stagnant-pa.rt 

and exponent-part {see also 5.1.0.2.b}. 

5.1.3. Boolean denotations 

a) boolean denotation{860a} true symbol{31b} false symbo1{31b}. 



5.1.3.1. continued 

{Examples: 

a) true; false} 

5.1.3.2. Semantics 

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

5.1.4. Character denotations 

5.1.4.1. Syntax 

a) character.denotation{860a} : 

quote symbol{31i}, string symbol{531b}, quote symbol{31i}. 

{Examples: 

a) "a" } 

5.1.4.2. Semantics · 

The value of a character-denotation is a new instance of the character 

possessed {5.3.2.a} by its string-item {5.3.1.b} if that string-item is a 

character-token or an other-string-item; otherwise, {if that string-item is 

a quote-image,} then it is a new instance of the character possessed by 

the quote symbol. 

5.2. Bits denotations 

{There are two kinds of denotations of structured or multiple values 

viz., bits, e.g. 1.2.!1., and string, e.g. "abc". These denotations differ in 

that a string denotation contains zero or two or more string.;.items but a 

bits denotation may contain one or more flipflops. (See also character­

denotations 5.1.4.)} 

' 5.2.1. Syntax 

a) structur, with row of boolean field LENGTH LENGTHETY letter aleph 

denotation{8COa} : long symbo1{31d}, structured with row of boolean field 

LENGTHETY letter aleph denotation {a, b}. 
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b) structured with row of boolean field letter aleph denotation{860a} 

flipflop{303e} sequence. 

{Examples: 

a) long 1011 ; 

b) 1011} 

5.2.2. Semantics 

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

for the value of L bits width {10.1.g}, L standing for as many times long 

as there are long-symbols in the denotation; _if m ~ n, then the value of 

the structured-with-row-of-boolean-field-letter-aleph-denotation is a 

structured value with one field selected by letter-aleph, that field being 

a multiple value {2.2.3.3} whose descriptor has an offset 1 and one 

quintuple (1,n,1,1,1) and whose element with index "j" is a new instance 

of false for j = 1, ••• , n-m, and for j = n-m+1, ••• , n is a new instance 

of true (false) if the i-th constituent flipflop (i = j + m - n) of the 

denotation is a flip-symbol (flop-symbol). 

5.3. Row of character denotations 

{The denotations of strings always begin and end with a quote-symbol, 

e.g. "abc". If it is necessary to include a quote within a string, then 

the quote-symbol is doubled, e.g. "this.!..is.!..a.!..g_uote. 111111
• Since the syntax 

nowhere allows string- or character-denotations to follow one another, am­

biguities do not arise.} 

5.3.1. Syntax 

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

quote symbol{31i}, string item{c}, seg_uence proper, g_uote symbo1{31i}. 

b) emptlf $tring{a} : quote symbol{31i}, g_uote symbol{31i}. 

c) string item{a} : character token{309d}; 

quote image{d} ; other string item{1.1.5.c}. 

d) quote image{c} : quote symbo1{31i}, g_uote symbol{31i}. 
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{Examples: 

a) 1111 
; "abc" ; 111111a.+.b11

t
1.!..is .!..a.!.. formula ; 

c) a ; "" ; ? ; 

5.3. 2. Semantics 

b) 1111 ; 

d) 1111 } 

a) Each character-token and other.-string-i tem, as well as the quote-symbol · 

{not quote-image} possesses a unique character. 

b) The value of a row-of-character-denotation is a multiple value 2.2.3.3 

whose descriptor has an offset 1 and one quintuple (1,n,1,1,1), where n 

stands for the number of string-items containep. in the denotation. For · 

i = 1, ••• ,n, the element with index i of that multiple value is a new in­

stance of the character possessed by the i-th string-item, and? otherwise, 

{if that string-item is a quote-image} is a new instance of the character 

possessed by the quote-symbol. 

{The construction "a" is a character-denotation, not a string denotation. 

However, in all strong positions, e.g. strings := 0 a", it will be rowed 

to a multiple value {8.2.6}. Elsewhere, where a multiple value is required, 

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

5.4. Routine denotations 

{A routine-denotation, e.g. ((real a, b)real: (a> b I b I a)), always 

has a routine-symbol(:). To the left of this symbol stand the formal­

parameters, e.g. (~ a, b), and a declarer specifying the mode of the 

value delivered, if any, e.g. real. To the right of the routine-symbo~ is 

the body, e.g. (a> b I b I a), which is a unitary-~lause. The whole is 

enclosed between an open-symbol and a close-symbol, but they may often be 

omitted, see the extension 9.2.d. It is essential that, in general, a 

routine-denotation be closed, for otherwise denotations like 

(int sintzoff)void : (int branqua.rt)void : lewi (wodon) -could also be 

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

also declared as an operator accepting a routine as_le.f't operand. } 



5.4.1. Syntax: 

a)* routine denotation: PROCEDURE denotation{b}. 

b) procedure PARAMETY MOID denotation{86Oa} : 

open symbol{31e}, formal procedure PARAMETY MOID plan{c,d}, 

routine symbol{31b},MOID body{i}, close symbol{31e}. 

c) VICTAL procedure with PARAMETERS MOID plan{b,75b,71w} : 

VICTAL P.ARAMETERS{e,g,71x,74b} pack, virtual MOID declarer{g,71b}. 

d) VICTAL procedure MOID plan{b,71w} : virtual MOID declarer{h,71b}. 

e) VICTAL PARAMETERS and P.ARAMETER{c,b,862a} : 

VICTAL PARAMETERS{e,g,71x,74b}, semicomma{f}, 

VICTAL PARA1'\:!ETER{g,71x,74b}. 

f) semicomma{e} : comma symbol{31e} ; g9 on symbol{31f}. 

g) formal MODE parameter{c,e,74a} : 

formal MODE declarer{71b}, MODE identifier{41b}. 

h) virtual void declarer{c,d} : EMPTY. 

i) MOID body{b} : strong MOID unit{61e}. 

j)* VICTAL para.meters pack: VICTAL PARAMETERS{e,f,71y,74b} pack. 

{Examples: 

b) ( (bool a, b) bool (a I b I false)) ; (: X ·- 3.14) . .- ' 
c) (bool a, b)bool ; 

d) void ; 

e) bool a, bool b ; 

f) . ; . , , , 
g) bool a . 

' 
i) (a l b I false) ; X •-.- 3.14} 

5.4.2. Semantics 

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

it in the following steps: 

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

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

then Step 3 is taken; otherwise, an equals-symbol foll?wed by a skip­

symbol is inserted in the copy following the last identifier in each 
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copied constituent formal-parameter of that formal-parameters-pack; 

the open-symbol of that formal-para.meters-pack is deleted and its close­

symbol is replaced by a go-on-symbol; 

Step 3: If the virtual-declarer of its formal-plan is empty, then the 

routine-symbol which follows it is deleted; otherwise, the routine­

symbol is replaced by a becomes-symbol, and an open-symbol followed by 

a dereference-symbol is placed before and a close-symbol is placed after 

the copy ; 

Step 4: An open-symbol is placed before and a close-symbol is placed after 

the copy, and the copy, thus modified, is the routine possessed by the 

routine-denotation. 

{The routine possessed by p1 after the elaboration of proc p1 =: 

tirrenia (, in the strict language, proc p1 = (: tirrenia)) is (tirrenia); 

that possessed by p2 after the elaboration of proc p2 = real : xx is 

(val(~ := xx)); that possessed by p3 after the elaboration of 

proc p3 = (int a)~: (a > 0 I xx I yy), is (~(int a = ski.J2. ; 

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

of proc p4 = (~ a, b) : (a > b I stop) is (real a = skip 9 ~ b = skip ; 

(a> b I stop)). A routine is the same sequence of symbols as some closed­

clause (6.3.1). For the use of routines, see 8.4 (formulas), 8.2.2 

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

5.5. Format denotations 

5. 5. 1. Syntax 

a) format denotation{860a} : formatter symbol{31b}, 

collection{b} list, formatter symbo1{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,556a,557a,-} option, 

insertion{d} option. 
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d) insertion{b,c,m,552b,f,554a,557a}: 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 {f} option. 

g) replication{f,k,557a}: dynamic replication{h}; 

integral denotation{51a}. 

h) dynamic replication{g} : letter n{302b}, strong integral 

unitf612e}pack. 

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 denota.tion{514a,531a}, 

replicated literal{k} sequence option. 

k) replicated literal{j} replica.tion{g}~ STRING denotation{514a.,531a.}. 

{Examples: 

a) £p"table.:.of"x10a.,n(lim-1) (16x3zd ,3x10(2x+ .12de+2d"+jx.'.'si+.1 Ode+2d) )p!, ; 

b) p"table,:_of"x10a ; 3:x:10(2x+ .. 12de+2d"+jx"si+.10de+2d) ; 

c) 120kc( "mon", "tues", "wednes", "thurs", 11fri", "satur", "sun11
) "day!' ; p ; 

d) p"table,:_of":x: ; "day" ; 

e) p"table..:..ofu ; 

g) n(lim-1) ; 10; 

h) n(lim-1) ; 

j) "+jx" ; 
k) 20 11

• 
11 

} 

1) sign mould{552a,553a,d,e} : loose replica.table zero fram.e{m}, 

sign fra.m.e{p} ; loose sign fram.e{m}. 

m) loose ANY frame{l,552d,553b,d,555a,556a,557a} 

insertion{d} option, ANY frame{n,p,q,557b}. 

n) replica.table ANY frame{m} : replicator{f}, ANY fram.e{o ,q},. 

o) zero frame{n,552e} : letter z{302b}. 

p) sign frame{l,m} : plusminus{304c}. 

q) suppressible ANY frame{n,m,557a} : letter s{302b}option, 

ANY frame{552e,553c,f,555b,556b}. 
' . 

r) * f'rame : ANY frame. 
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{Examples: 

1) "="12z+ ; 2x+ ; 

m) 11=" 12z ; 

n) 12z ; 

q) si ; 10a } 

{aa) Three ways of "transput" (i.e. 11input" 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. 

bb) A format may be associated with a file by a call of format (10.5.3.a), 

outf (10.5.3.1 .a) or inf (10.5.3.2.a), thereby causing the transform.at 

which is that format to be elaborated (5.5.8.1.b), the collection-list 

which is the same sequence of symbols as the resulting 11string11 (i.e. value· 

of mode 'row-of-character') to be unfolded (cc), the resulting picture-

list to be the current format of the file and its first constituent picture 

to be the current picture of the file(; e.g., af'ter the call format 

(f1,!_;pt,3(3d.d)lf) the current format of the file f1 is pt, 3d.d, 3d.d, 

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

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

list: 

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 

result consists of the first insertion-option of the collection, 

followed by as many copies of the result of unfolding the collection­

list of its collection-list pack as is the value of its replicator, 

separated by comma-symbols, followed by its last insertion-option 

(; e.g., -clie result of unfolding 3k"ab"2(10a)l is 3k"ab11 10a, 10al) ; 
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c) if the collection-list is a collection-list-proper, then the result 

consists of the result of unfolding the collection of that collection­

list-proper, followed by a comma-symbol, followed by the result of 

unfolding its collection-list (; e.g., the result of unfolding 

10a,pn(i)(d.2d)"." is 10a,p"." when the value of i is zero). 

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

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

transput takes place in the following steps: 

Step 1: The values to be transput are elaborated collaterally and the 

result is straightened (10.5.0) into a series of values, the first of 

which, if any, is made to be the current value; 

Step 2: If the current picture of the file is an insertion, then that in­

sertion is performed (gg), the next picture, if any, is made to be the 

current picture of the file and Step 2 is taken; otherwise, Step 3 is 

taken; 

Step 3: If the series of values is empty or exhausted, then the transput 

is accomplished; otherwise, if the picture-list is exhausted, then 

formatend of the file is called, a routine which may be provided by the 

programmer (10.5.1.kk); 

Step 4: If the current value is compatible with (nn) the current picture, 

then that value is transput under control of that picture; otherwise, 

value error of the file is called, a routine which may be provided by 

the ·programmer; 

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

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

ee) The value of the empty replicator is one; the value of a replication 

which is an integral-denotation is the value of that denotation; the value 

of a dynamic-replication is the value of its strong-integral-unit if that 

value is positive, and zero otherwise. 

ff) Transput occurs at the current "position" (i.e. p8iJ;e number, line 

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

certain limits (10.5.1.1.j,k,1) some character is "present", depending on 

the contents of the file and on its "conversion-key" (10.5.1.11). 
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gg) An insertion is performed by performing its constituent alignments 

and, on output (input), "writing" ("requiring") its constituent literals 

one after the other. 

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

where n stands for the value of the preceding replicator: 

a) letter-k ca.uses the current char number to be set ton; 

b) letter-x ca.uses the char number to be incremented by rt (10.5.1.2,0) ; 

c) letter-y ca.uses the char number to be decremented by n ( 10. 5 .1 .2 .p) _; 

d) letter-l causes the line number to be incremented by n and the char 

number to be reset to one (10.5.1.2.q) ; 

e) letter-p ca~ses the page number to be incremented by n, and both the 

line number and the char number to be reset to one ( 10 .• 5 .1 • 2 .r). 
' ,1 I 

ii) A literal is written by writing the characters (strings) possessed 

by its constituent (row-of-)cha.racter-denota.tions ea.ch as many times as 

is the value of the preceding replica.tor; a· string is wr:i:tten by writing 

its elements one after the other;- a character is written :by causing the 

character to be present 1;1,t the current position of the i'i~, thereby 

obliterating the character that was present, and then inc~ementing the 

char number by one.A literal is :r.equired,by requiring the rcharacters 

(strings) possessed by its constituent (row..;of-)cha.racter,..,denota.tions, 

each as many times as is the value of th~ preceding replicator; a string 
is required by requiring its elements on~ after the other; a character 

is required by incrementing the char number by one if the :.character is 

present at the current position of the file; otherwise, the further 

elaboration is undefined. 

jj) When a string whose number 01' chara.cters is given i~·"read", then 

that number of characters are read and t~e result .is a st~ing whose elements 

a.re those characters; when a string is read under control. 1pf a given 

"terminator-string", then, as long as the. line is not exh~~sted, characters 

are read up to but not including ,the first character whip~ is the same as 

some elethent of the terminator-string, and the result is~ string whose 

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

is the character present at the current position of the f~le, and the 

char number of the file is incremented-~f! one. 

j! 

I 
I 

I 
I 
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k.k) The mode specified by a picture is that enveloped by its pattern, 

if any. The number of characters specified by a picture is the sum of the 

numbers specified by its constituent frames and the number specified by a 

frame is equal to the value of its preceding replicator, if any~ and one 

otherwise. 

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

steps: 

Step 1: The value is converted by an appropriate output routine 

(10.5.2.1.c,d,e) to a string of as many characters as specified by the 

picture (; if the pattern of the picture is an integral-pattern, then 

this conversion takes place to a base equal ½O the radix, if present, 

and base ten otherwise); if this number of characters is not sufficient, 

then value error of the file is called, a routine which may be provided 

by the programmer (10.5.1.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 positive, 

then a space, and, otherwise, the character specified by the sign-frame; 

this character is shifted in that part of the string specified by the 

sign-mould as far to the right as possible across all leading zeroes, 

and those zeroes are replaced by spaces(; e.g., under the sign-mould 

4z+. the string possessed by "+0003" becomes that possessed by ".!..!.!.+3 11
); 

if the picture does not contain a sign-mould and the value is negative, 

then valu~ erro~ of the file is called; 

Step 3: Leading zeroes in those parts of the string specified by any 

remaining zero-frames are replaced by spaces(; e.g., under the picture 

zdzd2d, the integer possessed by 180168 becomes the string possessed by­

"18..:..16811; 

Step 4: For all frames occurring in the picture, first the preceding in­

sertion, if any, is performed, and next ,if the frame is not "suppressed" 

(, i.e. preceded by letter-s), then that part of the string specified by 

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

consti~uent frame is performed. 

(; e.g., editing under the picture zd11
-

11 zd"-19"zd the integer possessed 

by 180168 causes the string possessed by 18-..!.1-1968 to be written). 
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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 

performing the following process for all frames occurring in the picture, 

viz. first, the insertion, if any, preceding the frame is performed and 

next, as many characters are obtained as a.re specified by the frame; 

each of those characters is obtained, 

if the frame is not suppressed, then by reading from the file a 

character, and, if the frame is a digit- (point-, exponent-, complex-) 

frame and the character is not a digit (point, ten to the power, plus 

i times), then calling char error of the file (10.5.1.kk.) with 

as its parameter a zero (point, ten to the power, plus i times) and 

if the frame is suppressed, then by taking, if the frame is a digit­

(zero-, point-, exponent-. complex-, character-) frame a zero (zero, 

point, times ten to the power, plus i times); 

Step 2: Those parts, if any, of the st-ring 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, disagreement 

of the file is called; if this character is a space, and the sign-frame 

is a minus-symbol, then it is replaced by a plus-symbol(; e.g., if in 

Step 1 under control.of 3z-d, the string possessed by".!..:..~ 39" is 

obtained, then in Step 2 that possessed by 11+39" is obtained); 

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

ing zero-frames are replaced by zeroes; 

Step 4: The string is converted by an appropriate imput routine 

(10.5.2.2.c,d,e) into a value of the given mode, if possible, and, other­

wise, value error- of the file is called(; e.g., if max int(10.1.b) is 

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

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

a) on output~ there exists some mode which is the mode specified by the 

picture preceded by zero or more times 'long', such that that mode is 

strongly coerced from the given mode; 

b) on input, ther~ 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. 
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(A value of mode 'reference-to-long-integral' is on putput compatible 
rt . . .~ 

with a picture th~ specifies the mode 'real', but~~ on input.)) 
if 
r 

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 successf'ully input again from that 

file under control of the same picture, starting at the same position, 

provided that the contents of the file are not changed in between; if the 

picture does not contain a letter-k or letter-y as alignment, and the 

picture does not contain any digit-frames or character-frames preceded by 

letter-s, then the second value, obtained on input, is equal (approxumate­

ly equal) to the given value if th~s is a string, integer or truth value 

(is a real value; output of this second value to the file has the same 

effect on the contents of the file as output of the given value under 

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

5.5.2. Syntax of integral patterns 

a) integral pattern{55e} : radix mould{b} option, sign mould{55e} option, 

integral mould{d} ; integral choice pattern{f}. 

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

c) radix{b} : digit two{303d} ; digit four{303d} ; digit eight{303d} ; 

digit one{303d}, digit zero{303d} ; digit one{303d}, digit six{303d}. 

d) integral mould{a,553b,d,e} : loose replicatable suppressible digit 

fra.m.e{551m} sequence. 

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

f) integral choice pattern{a} : insertion{55d} option, letter c{302b}, 

literal{55j} list pack. 

{Examples: 

a) 2r6d30sd ; 12z+d ; zd"-"zd"-19"2d ; 

120kcf'mon11
, "tues", "wednes", "thurs", 11fri 11

, "satur", "sun") ; 

b) 2r ; 

c) 2; 4; 8; 10 ; 16; 

d) zd"-"zd"-19"2d; 

f) 120kc ( "mon", "tues 11
, 

11wednes", "thurs 11
," fri 11

, 
11 satur", 11 sun 11 ) } 
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{If a given value is transput under control of an i~tegral pattern 

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

preceding the letter-c is performed, and, 

a) on output, letting n stand for the integral value to be output, if 

n > 0 and the number of literals in the constituent literal-list-pack 

is at least n, then then-th literal is written on the file; other­

wise, the further elaboration is undefined; 

b) on input, one of the constituent literals of the constituent literal­

list-pack is required on the file; if the i-th constituent is the first 

one present, then the value is i; if none of these literals is present, 

then the further elaboration is undefined; 

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

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

of the picture. } 

5.5.3. Syntax of real patterns 

a) real pattern{55c,556a} : sign mould{551l} option, real mould{b} ; 

floating point mould{d}. 

b) real mould{a,e} : integral mould{5.5.2,d}, loose suppressible 

point frame{55m}, integral mould{552d}option; loose suppressible 

point frame{55m}, integral mould{552d}. 

c) point frame{55q} : point symbol{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{551} ~ption, INTREAL mould{552d,553b}. 

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

{Examples: 

a) +12d; +d. 11de+2d; 

b) d.11d; .12d; 

d) +d.11de+2d ; 

e) +d. 11 d } 

-{If a v~"~e is transput under control of a real-pattern, then it is on 

output edite~ &nd on input indited under control of the picture. } // 



5.5.4. Syntax of boo+ean patterns 

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

boolean choice mould{b} option. ;c 
b) boolean choice mould{a} : open symbol{31c}, literal,{55g}, 

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

{Examples: 

a) l 11 result 11 14xb; b( 11 ","error") ; 

b) ( 1111 
• 

11 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 ( 11 111
,

11 011
). 

The insertion, if any, preceding the letter-bis performed, and, 

a) on output, if the truth value to be output is true, then the first 

constituent literal of the constituent choice-,mould is -written, and, 

otherwise, the second; 

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

mould is required on the file; if the first literal is present, then 

the value true is found; otherwise, if the second literal is present, 

then the value false is found; otherwise, the further elaboration is 

undefined; 

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 fram.e{55m}. 

o) character fram.e{55q} : letter a{302b}. 

{Example: 

"."a } 

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

s~:· v.;;.ent pattern is a character pattern, then on output '(input) the value 

-c,dited ( indited) under control of the picture. } 



5.5.6. Syntax of complex patterns 

; ~ 

COMPLEX pattern{55t} : real pattern{553a}, 
~ 'L 

complex frame{55t}, real pattern{553a}. 

complex frame{55q} letter b{3O2b}. 

c)* complex pattern: COMPLEX pattern. 

{Example: 

a) 2x+ .12de+2d11+jx"si+ .10de+2d } 

loose suppressible 
Ji 
\I 

{If a given value is transput under control of a pictu;re whose con­

stituent pattern is a complex pattern, then on output (in~ht) the value is 

edited (indited) under control of the picture. } 

5.5.7. Syntax of string patterns 

a) row of character patte~n{55c} : loose string frame{55m} ; 

loose replicatable suppressible character ·rrame{55m} sequence proper; 

insertion{55d} option, replication{55g}, suppressible character 

frame{55q}. 

b) string frame{55m} : letter t{3O2b}. 

{Examples: 

a) lt ; 5a3sa5a; p11 table~of"x1Oa} 

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

is a row-of-character-pattern, then, if the pattern is a loose-string-frame, 

then 

a) the constituent insertion, if any, is performed~ 

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

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 

terminatorstring referenced by the file (1O.5.1.mm); 

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

otherwise, 

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

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

b) on input, the string is indited, } 



5. 5.8. Tre.nsform.ats 

a) structured with row of character field letter aleph letter aleph trans­

. format{741b} : firm format unit{61e}. 

{Example: (x~O I f5df. f5d";.."f)}· 

{Transformats are used exclusively as actual-parameters of formatted 

transput routines; for reasons of efficiency, the programmer has deliberately 
· -·-b;~~ ~ade unable to use them elsewhere ·by the choice· of letter aleph. 

Although transformats are not denotations at all, they a.re handled 

here because of their close connection to formats. } 

5.5.8.1. Semantics 

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

same sequence of. symbols as the given format-denotation. 

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

Step 1: It is preelaborated {1 .1 .6.f} ; 

Step 2: A format-denbtation is considered which is the same sequence 

of symbols as the format obtained in Step 1 ; 

Step 3: All constituent dynamic-replications {5.5.1.h} of the considered 

format-denotation are elaborated collaterallf {6 .3.2.a}, where the 

elaboration of a dynamic-replication is that of its constituent serial­

expression ; 

Step lr: Each of those dynamic-replications is replaced by an integral­

denotation {5.1 .1} which possesses the same value as that dynamic­

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

furthermore; every replicator which is empty is replaced by a digit-one ; 

Step 5: That row-of-character-denotation {5.3} is considered which is 

obtained by replacing in the considered format-denotation as modified in 

Step 4 each constituent quote symbol by a quote image {5.3.1.d} and 

the first and the last constituent formatter-symbol by a quote-symbol ; 

Step 6: A new instance of the value of the considered row-of-cha.racter­

denotation is made to be .the {only} field of a new instance of a struc­

tured value {2.2.3.2} whose mode is that obtained by deleting •trans­

form.at' from that notion ending with 1transformat' of which the given ,, 
transform.at is a terminal production ; 

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. Declaravions may be unitary, , 

e.g. reai x, or c~llateral, e.g. reai x., y. Clauses )llay be unitary, e.g. 

x:= 7, collateral/ e.g., (x:= 1., y:= 2), closed, e,~• (x + y) or conditi~n .. 

al, e.g. :!:.f. x > 0 then x ~ 0 fi (which may be wri~ten(x > 0 I x j 0)). a 
Most clauses will be of a certain "sort"~ i.e. strong, weak~ firm or soft,'( 

which determines how the coercions should be effected. The sort is 

"passed on" in the production rules for clauses and may be modified by 

"balancing11 in serial-, collateral- and conditional-clauses. } 

6.0.1. Syntax 

a)* SOME phrase 

70a,81aL 

SORIBTY SOME PHRASE {61a,62a,b,c,d,f,63a~64a,c,d,e, 

b)* SOME expression SORI'EI'Y SOME MODE clause {61a,62b,c,d,f,63a, 

64a,c,d,e,81al. 

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

6.0.2. Semantics 

a) The elaboration of a phrase begins when it is initiated, it may be 
11interrupted", "halted" or "resumed11

, and it ends by being terminated or 

completed, whereupon, if the phrase 11 appoints 11 a unitary-phrase as its 
11successor", then the elaboration of that unitary-phrase is initiated. 

b) The elaboration of a phrase may be interrupted by an action {e.g.· 

overflow} not specified by the phrase but ta.ken by the computer if its 

limitations do not ~ermit satisfactory elaboration. {Whether, after an 

interruption, the elaboration of the phrase is resumed, the elaboration 

of some unitary-phrase is initiated or the elaboration of the program 

ends, is left undefined in this Report. }· 

c) The elaboration of a phrase may be halted {10.4.a}, ·i.e. no further 

actions constituting the elaboration of that phrase take place until the 
' 

elaboration of the phrase is resumed {10.4.b}, if at all. 

\ 



6.0.2. continued 

d} A given clause :Ls "protected" in the following stfps: 

Step 1: If the given clause contains a defining occurrence {4.1.2.a}(an ~· 
indication-defining occurrence {4. 2.2.a}) of a term.JnaJ. production of· a.1.tf,t'iit,,, 

ll-?1~t:fJ'v 'identifier 1 ('indication') which also occurs outside it. then that { 

defining (indication-defining) occurren.ce and all occurrences identify- ·\ 

ing it are replaced by occurrences of one same terminal production of f-lf~t1Pitc;-.., 
§#fi!::fifu-..t§::ettl &±trlJ;ei4t-fe@4; which does not occur in the program and 

Step 1 is taken; otherwise, Step 2 is taken; 

Step 2: If the given clause containp an qperator-defining occurrence 
a. ;uj{J01-7 htdinff t,')'V 

{4.3.2.a} of a terminal production or .... 11ndication' which also occurs ,· 

outside it, then that operator-defining occurrence and all occurrences 

identifying it ~h~ replaced by occurrences of one same new terminal 
·fJici:[' 1uJti(/'n/ 

production of ~ which does not occur in the program and . 

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

complete; • chtadic... 
Step 3: If the indication is a tfe:tt4/e-H-ey-indication, then Step 4 is taken; 

otherwise, Step 2 is taken; 

Step 4: A copy is made of the priority-declaration containing the 

ir:jication which, before the replacement in Step 2, was identified by 

~hat operator-defining-occurrence; that indication in the copy is 

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

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

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

following the given clause, and Step 2 is taken. 

{Clauses are protected in order to allow unhampered definitions of 

j_d2ntifiers., indicatJi1ons and operators within ranges and to permit a 

~ccningful call, within a ra..'1.ge, of a procedure declared outside it. } 

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

Romeo and Juliet, William Shakespeare. } 



6.1. Serial clauses 

{Serial-clauses are built from unitary-clauses and declarations 
~ l 

with the help of go;pn-symbols (;) and completion-s~ols (. or exit), 
·J t• 

~ e.g., (x > 0 I x:= 11 I 7,,J; y. "l: y + 1 , where the val~ of the clause 
~ ~ 

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

declaration-prelude, e.g., int n:= 1; in int n:= 7; x:= y + n. Labels 

may appear in only three syntactic positions within serial-clauses: 

after a canpletion-symbol (here a label is obligatory, e.g., .Z:), in 

a sequencer (e.g., ;Z:, or at the beginning of a clause-train (i.e. one 

or more unitary-clauses separated by sequencers, e.g., i: x:= 1; y:= 2). 
A declaration-prelude may contain constituent void-clauses (statements), 

but it does not begin or end with one~ (e.g •• [7 : n]reaZ iiK:7; for i 

to n do &t 7[ i] := i x i; real, y;), however, these void-clauses may not be 

labelled. ~ preface or a prelude always ends with a go-on-symbol. The 

modes of some serial-clauses must be balanced (6.1.l.g). For remarks 

concerning the balancing of modes see 6. 4. 1. } . 
G, -{. ,-J, S d,ritax . 

a) SORI'EI'Y serial CLAUSE {21d,55h,63a,64b,e} 

declaration prelude{b} option,7 

I suite of SOR'IBTY CLAUSE trains{f,g}. 

b) declaration prelude{a,21b,c} : chain of declaration 

prefaces{c} separated by statement interlude{d} options. 

c) declaration preface{b} : 

d) 

e) 

f) 

g) 

unitary declaration{70a};go on symbol{31f} ; 

collateral declaration{62a}~ go on symbo1{31f}. 

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

separated by go on symbols{31f}, go on symbo1{31f}. 

SORl.'ETY MOID unii;{d,i, 558a,62b ,c ,e ,h, 71t, 74b ,831 f, 861h;i} 

SORIBrY ·un1 tary · rJIOID clause { 81 a} • 

suite of STRONGErY CLAUSE trains{a,g} 

chain of STRONGETI CLAUSE trains{h} separated by CONtpleters{l}. 
Ff::Af FE-AT 

suite of ~ CLAUSE trains { a,g} : ~ CLAUSE train{h} ; 
FEAT v 

.~~:t CLAUSE train{h} ,completer{l} .,-1 
f suite of strong CLAUSE trains{ f} ; 

strong CLAUSE train{h}, completer{l}.,J 
suite of ~mM CLAUSE trains{ct},. 

fEAT 0 



6.1.1. continued 

h) SORTETY IV'DID claupe train{f.,g} : label{k} sequence 9ption., 

statement prelie{i} option., SORTETY MOID unit{e h•; 
i) statement preludfh} : chain of strong void units{~l; 

separate<'I by sequencers{j}, sequencer{j}. \: 
j) sequencer{.L} : go on symbo1{31f}., label {k} sequence option. 
k) label{h.,j.,1,21d} : label identifier{41b}., label symbo1{31e}o 

1) completer{f.,g} completion symbo1{31f}., label{k}. 

{Examples: 

a) real a := 0 ; 7,7: t2: x := a + 7 ; (p I Z.3) ; 

(x > O I ZJ Ix := 7 - x); false. -is: y := y + 1; EJ:!:£.; 
b) real a:= 0; ; 

c) real a := 0 ; ; int i, j ; ; 

d) x := 0 ; (in ~ x ; ·x := 0 ; ·real y ; ) ; 

e) false ; 

r) 7,7: "l2: x :=a+ 7; (p I ZS); 7 
/ (x > 0 I Z3 I x := 7 - x); faZse. 1 Z3: y := y + 1 ; true ; 

h) Z 7 : Z2: x : = a + 1 ; ( p I Z3) ; 7 
( (x > 0 I ZJ I x := 7 - x) ; false ~ 

i ) x : = a + 7 ; ( p I ZJ) ; ( x > 0 I ZJ x : = 7 ... x) ; 

j) ; 7A: l5: ; 

k) l4: ; 

1) • ZJ: } 

6. 1. 2. Semantics 

a) The elaboration of a serial-clause is initiated by protecting it 

{6.0.2.d} and.then initiating the elaboration of its textually first 

constituent unitary-phrase. 

b) The completion of the elaboration of a unitary-phrase preceding a 

go-on-symbol initiates the elaboration of the textually first unitary­
phrase after that go-on-symbol. 

c) The elaboration of a serial-clause is 

~ int~rrupted (halted, resumed) upon the interruption (halting, resumption) 

of a constituent unitary-phrase; 
~ terminated upon the termination of the elaboration of a constituent 

unitary-phrase appointing a successor outside the serial-clause, and that 

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



6.1.2. continued: 

d) The elaborat{~n of a serial-clause is completed 1upon the completion 

of the elaboratid! of its textually last constitue4~·un:i.tary-clause 
:-; . . : i 

that of a consti:tent 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 vaJ.ue .of the serial-clause is 

undefined}. 

{In y := (x := 1. 2 ; 3. 4), the value of the serial-.ct'ause .x := 7. 2 ; ~. 4 
:.s 

is the real number possessed by 3.4. In xx:= (reaZ r := 0.1; r), the value 
._:,. 

of the serial-clause reaZ r := O. 7; r is undefined since the scope of the i 

name possessed by r is the serial-clause itself, 'Whereas, in y := (real, r \ 
\ 

:= 0.7; r), the serial-clause real- r := O. 7; r possesses a real value.} 

6.2. Collateral phrases 

{Collateral-phrases contain two or more unitary-phrases separated by . 

corrma-symbols (., or a~nma) and, in the case of collaterai-clauses, are 

enclosed between an open-symbol ( ( or begin) and a close-s;ymbol ( ( or end), 

e.g. (x := 1., y :=·. 2) or real, x., !J!.El. y (usually real- x., y, see 9.2.c). 

The values of collateral-clauses which are not statements· (void-clauses) 

are either of multiple or of ~tructured mode, e.g. (1.2, 3.4) in (]reaZ x7 
= (1.2, 3.4) and in,aompl z := (1.2., 3.4). Here, the collateral-clause 

(1.2, 3.4) acquires the mode 'row of reaJ. 1 or the mode 'COMPLEX'. 

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

fields, for, otherwise, in the range of struat !!!. = (ref-'!!. m) ; !!!. nobuo, 

yoneda, the assignation nobuo· := (yoneda) would be -ambiguous. In the 

range of struct !. = (reaZ a);!. r, the construction r := (3. 14) is not 

an assignation, but a Et r := 3. 74 is .• It is possible to present a single 
value or no vaJ.ue at all as a multiple vaJ.ue, e~g. []~ x1 := ; 1 _[_]_!,.___e_a_Z_y_1_:_=_3___,,I 

Lout this involves a coercion known as '.' n,wing; see 8.2.6.} 

6.2.1. Syntax 

a) collateral declaration{61c} ; 7 I unitary declaration{70a} list proper. 



6.2.1. continued 

b) 

c) 

strong collateral void clause{81d} : parallel syml:)ol{31e} option, 
, • I 

strong void ~t{61e} list proper pack. [ · 
~ f '. 

strong collatertal row of l'fiODE clause{81d} 1, j 
?'t~ 

parallel symbol{31e} option,::) 1 

J strong JYDDE unit{6ie} list proper pack. 

d) ;fEf-\T collateral row of MODE clause{81d} : 

parallel symbol{31e} option, FE-A"T MODE balance{e} pack. 

e) FEP,T MODE balance{c} : FE'Aiti MODE unit{6ie}, 

corrnm. symbol{31b}, strong MODE unit{61e} list ; 

strong JYDDE unit{61e}., corona symboH31b}, FB\"T JYDDE unit{6ie}. 

strong MODE unit{61e}, comma symbol{31b}, F.181\1 MODE balance{e}. 

f) strong collateral structured with FIEWS and FIELD clause{81d} : 

parallel symbol {31e} option., 

strong structured with FIELDS and FIELD structure{g} pack. 

g) strong structured with FIELDS and FIELD structure{f ,g} : 

strong structured with FIELDS structure{g,h}., comna s;ymbol{31b}, 

strong structured with FIELD structure{h}. 

h) strong structured with MODE named TAG structure{g} 

strong JYDDE unit{6ie}. 

{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) + x7, supposing + has been declared also 
rNv ,,_ 

for 'ro·w of real 1 ) ; 

' 
e) (1.2., 3., 4) (in; (1.2., 3., 

r 1, 2. 3, 4; ( in I c 1., 2. 3., 

4) + x1); (1, 2.3) (in (7, 2.3) + x1) ; ,.,.,,.., 

4) + x1) ; ,.,_, 
f) (1., 2. 3) (in z := (1., 2. 3)) ; 

g) 7., 2. 3 ; 

h) 7 } 

6.2~2. Semantics 

' 
con.rtltuenfs- of an occu22fhCe d;/- a., 

a) If a=-m:;1nkri'E~~t:i..-tm+aJ+&-.-e:C tP-gEW.a terminal production of a notion 

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

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

-- .. 
t\MSTERDAM 

r 



6.2.2. continued 

initiated by initiating the elaboration of each of these constituents 5 

interrupted upon the interruption of the elaboration of any of these 

constituents, 

completed upon the compJ_etion of the elaboration of all of these 

constituents, and 

ter~inated upon the termination of the elaboration of any of these 

constituents, and if that constituent appoints a successor, then 

this is the successor of t·he given terminal production. 

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

unitar'y-declarations collaterally {a}. 

c) 

Step 

A collateral-clause is elaborated in the following steps: 

1: Its constituent U..'1i ts are elaborated ·collaterally {a} ; 
···-· ·····-·····-·- ,,.--····· . .. ·-····-·-·-····---·-·--·-·-·•-···-·-----. 2: 'If 't'lie·•·uotion genera.ting { 1 • 1 • o. c. vii} the collateral-clause 

envelopes { 1. 1. 6. j} a mode, then this mode is considered and Step 2 

is taken; othcrwise,{it envelopes 1void 1 and} the elaboration of the 

collateral-clause is complete; 

Step 3: If the considered mode begins with 'row of', then Step 4 

is taken; otherwise, new instances of the values obtained in Step 1 a.re 

m~de, in the given order, to be the fields of a new instance of a struc-

tu:red value { 2. 2. 3. 2.} ,_ ; this structured 

value i::, considered a..r1d Step 6 is talten ; 

Step 4: If the values of the units ootained in Step 1 are names {2.2.3 • .5} 

one or more of whicli refers to an element or subvalue having one or more 

states {2. 2. 3. 3 :· equal to zero. or if the values of these units are 

multiple values~ not all of whose corresponding upper (lower) bounds 

are eqt1.al, then the further elaboration is undefined; otherwise,. Step 5 
1.s tak.en ; 

S'..:;ep 5: A new instance of a multiple value, 

is created as follows: 

let "m" stand for the number of constituent units in the collateral­
clau3e; 

if 'the values obtained in Step 1 are not multiple values, 

then its element with ind.ex "i" is a new instance of the value of 

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

1 and o:.:ie q_uint uple ( 1 )m, 1 , 1 , 1 ) ; 
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otherwise, .those values are multiple values and the elements 

with indices (i - 1) x r + j, j = 1, ••• , ·r of' the new value, where \ 

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

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

and the descriptor of the new value is a ·copy of the descriptor of 
' the value of one of the constituent units into which an additional 

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

quintuple, the offset has been set to 1, d has been set to 1, and, n 
for i = n, n-1, ••• ,2, ·the stride d. 1 has been set to (u/-1. }+1 H x ld. f; 

1- · :i) 1 J. 

this new multiple value is considered and Step 6 is taken;. · 

Step 6: The value ~f the collateral-clause is the considered value; its~ 

b.:,==1.i.~ hi ":51,ep=:.2i /node Is the co12s1'clered mod0~ 

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. 

identification (Chapter 4) and protection (6.0.2.d) may arise in closed­
clauses, because 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.'ETY closed CLAUSE{81d} SORTETY serial CLAUSE{61a} pack. 

{Examples : . 

a) ·begin i : = i + 7 ,; j := j + 7 end ; (x + y} ;-

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

,. 

G.4. Conditional clauses 

{Conditional-clauses allow the programmer to. choose one out of a 
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pair of clauses, dep~nding on the value (which is of mode 'boolean') 

of a condition., e .. g. (x > 0 I x I 0). Here, x > 0 is the condition •. 
If the condition is true, then the value is x; otherwise, it is 0. · 

Conditional-clauses are generalized in the extensions 9.4.a,b,c, e.g. 

if. _x > 0 then x eZsJ; ' x < -1 then -(x ·+ 7 f eZse O fi, which has the 

s8Jlle effect as {~ > 0 Ix I (x < -7 I -{x + 1) I 0)). Unlike similar 

constructions in other languages, conditional-clauses are always 

enclosed between an if-symbol~ represented ~Y :f:.t. or by(, and a fi­

s;ymbol represented by fi or by ) • This enclosure· ai'ows both parts. 

of the choice~clause and the condition to contain serial-clauses. } 

6 .4o 1. Syntax 

a) SORIBTY conditional CLAUSE{81d} : if symbol{31e}, 

condition{b}, s9RTETY choice CLAUSE{c,d}, fi symbo1{31e}. 

b) condition{a} : strong serial bo?lean clause{61a}. 
c) STHONGETY choice CLAUSE{a} : 

8rRONGETY then CLAUSE{e}; STRONGEI'Y else CLAUSE{e} option. 
d) FE~~ choice CLAUSE{a} : 

FEAT then CLAUSE{eJ-, strong else CLAUSE{e} option ; 
strong 'then CLAUSE{e}, F.Ei\T else CLAUSE{eL 

e) SORIETY T.HEI.SE CLAUSE{c.,d} : 

. T'"rlELSE symbol {31e}, SORIBTY serial CLAUSE { 61a}. 

{Examples: 

a) · (x > 0 I x I 0) ; •if. overfZou> then exit fl ; 
b) x > O ; overfZow ;\ 

c) I x I O ; then exit ; 

d) (x > 0 Ix I 0) (in (x > 0 Ix I 0) + y) ; 

e) Ix ; I O ; then exit } 
I\ 

{Rule d illustrates the necessity for the "balancing" of modes 

(see aJ.so 6.1.1.g). Thus, if a choice-clause is, say, fir~, then at 

least one of its two constituent clauses must be firm, while the other 
th 

may be strong$ For example, in (p Ix I skip)+ (p I skip I y}, the 

conclitional-clause (p Ix I skip} is balanced by making Ix firm and· 

I skip_ strong, whereas (p I skip_ I y} is balanced by making I skip 

strong and I y firm. The example ( p I skiP, I skip) + y illustrates 
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that not both may ~e strong, for otherwise the opera~r + could not be 
~ , 

i-j 
.i identified. } 
•;·{ 
., 

6.4.2. Semantics 

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

Step 1: Its condition is elaborated ; 

Step 2: If the value of that condition is true, then the then-clause 

a.nd otherwise the else-clause, if any, 9f its choice-clause is considered ; 

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

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

clause elaborated in Step 3, if any. 

b) The elaboration of a conditional-clause is 

~ interrupted (halted, resumed) upon the interruption (halting, resumption) 

of the elabora~ion of the condition or the considered clause; 

ffi completed upon the completion of the elaboration of the considered 

clause, if any; otherwise, completed upon the completion of the 

elaboration of the condition ; 

¥"~ terminated upon the termination of the elaboration of the condition 

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

this is the successor of the conditional-clause. 

·, 



7. Unitary de.clarations 

{Unitary-declarations provide the indication-defining occurrences 

of mode-indications, e.g. string in mode string = [1 :flex}char and -l!!_im·~!l!!' dJaa.d.k­
' , :·~-indications, e.g. plus in priority plus = 1, * defining occurrence,s t:>f 

Jl)')cde-identifiers; e.g. x in real x, and the operatb,:-.... defining ·occurrences of 

operators, e.g. ~ ill £f2. abs = (int a) int : . (a}\) I. -a. I !:li). Declarations· 

occur in declaration-preludes (-6.1.1.b).} 

7. O. 1. Syntax 

· a) unitary declaration{61c,62a}· : mode declaration{72a} ; 

priority declaration{73a}; identity declaration{74a}; 

operation declaration{75a}. 

{Exa."11ples: 

a.) mode string~ = [ 1 : flex]~ ; priority plus = 1 ; 

int n1 = 4096 ; £I?. ¾ = (real a, b)int · round a f round b } 

7.0.2. Semantics 

wiocle-
.fu; /lidentifier ~ (operator ~) which was caused to possess a 

value by the elaboration of a declaration containing the defining (operator-
Ynode-

defining) occurrence of that.A identifier (operator) is caused to possess an 

undefined value upon termination or completion of the elaboration of the 

smallest range {4.1.1.e} containing that declaration. 

7.1. Declarers 

{Declarers are built from the symbols int, ~' bool, char, format, 

with the assistance of such symbols as long, ref, [ , ] ~. struct, union 

ar.d nroc. A declarer specifies a mode, e.g.~ specifies the mode 'real 1 • 

A declarer is either a declarator or a mode-indication, e.g. ~ is a 

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

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

are permitted. :&~ormal declarers have· the greatest freedom in this respect, 
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. ~ ie 
e.g., [ 1 :n]~, [ 1 :flex]~, [1 :either]~ and []~,~ aJ..111 formaJ.., 

but only the first two~ actual and only the lasts virtual.} 
~~le ~--k... 

7.1.1. Syntax 

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

b) VICTAL MODE declarer{h,l,m,n,o,w,y~z,54c,d,j~72a,851b,c} 

VICTAL MODE declaratorfo,d;e,k,l,m,n,o;v,y} ; 

MODE mode indication{42b}. 

c) VICTAL PRTI1ITIVE declarator{b,d} : PRIMITIVE symbol{31d}. 

d) VICTAL long INTREAL declarator{b,d} : 

long symbo1{31d}, VICTAL INTREAL declarator{c~d}. 

{Examples: 

b) real; bits 

c) int ; real ; bool ; char ; format ; 

d) long int ; lon{?; long_ real} 

e) VICTAL. structured with FIELDS declarator{b} : 

·structure symbol {31 d}, VICTAL FIELDS declarator{ f ,h,Jqpack. 

r) VICTA[ FIELDS and FIELD declarator{e,f,k} : 

\il(TAL FIELDS declarator{f,~l;f}J, comma symbol{31e}, VI:CT~L FIELD declarator{h):J. 

g)* fieli declarator : VIuT.ru:. FIELD declarator{h}~~. 

h) VJCTAI,;.: S,rOWf::D f.ie~ifdtTi¼ declarator{e ,f }: ; : 

VlCTAlSfO\VtJ;) declarer{b}, $1'DVtEPfi?.€Hl. TAG selector{j }. 

i)* field selector : FIELD selector{j}. 

j) MODE no.med TAG scllector {h,852a} TAG{302b,41c,d}. 

k) }tKT4L J~0l\lS.XO\NE:Q~B,t,rtt\$ declarator{Ct?;(J: 

'ViliJ.w;,Jl..;:/)t)N;§TOWEO;dllc.,&u.~fgf:J- ~S'.toW&:O,_fte.e4t~<?1~&t:to.1~!{jj,. 

{~...,,w: 

e) s kt (-s-"t~ t:i&. , [1: ti]'!£/~ ~~s, bf ~) J 

f) ~ u&, [-ttl1]1!/~ ~tr~id.~ ; 
f) [1:n]1!:(~ r~; 
i) ta& ) 
.-f~) d puca- s 
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{Rule hand k, together with 1.2.1.r,s,t,u,v and 4.1.1.c,d leads to 

an infinity of prod~ction rules of the strict language, thereby enabling ,, 

the syntax to "trans;fer" 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, s,ee 4. 4. 3, which implies that struct ( real x, int x) 

is not a (correct) declarer, whereas struct(~ x, struct(int x, ~ p) p} 

is. Notice, however, that the use ?fa given fi~ld-selector in two different 

declarers within a given reach does not cause ambiguity. Thus, ~ ~ = , 

struct(strine; name, ref~ next) and mode 14E!, = struct(ref ~next,~ 

~ value) may both occur in the same reach. } 

1) VIRACT reference to MODE declarator{b} : 

reference to symbol{31d}, virtual MODE declarer{b}. 

m) formal reference to STOWED declarator{b} t 

reference to symbol{31d}, formal STOWED declarer{b}. 

n) formal reference to NONSTOWED declarator{b} t 

reference to s;ymbol{31d}, virtual NONSTOWED declarator{b}. 

{Examples:, 

1) ref[ ]real ; 

m) ref[1:Jreal; ref[1:either, 1:flex]real; 

n) ref ref[]~ } 

{Rules 1, m and n imply that, for instance, ref[1:either]~ x may be 

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

o) VICTAL ROWS structured with FIELDS declarator{b} : 

sub symbol{31e}, VICTAL ROWrower {9,r}, bus s;ymbo1{31e}, 

VICTAL structured with FIELDS declarer{b}. 

p) VICTAL ROWS NONSTOWED declarator : 

sub symbol{31e}, VICTAL ROWS rower {9,r}, bus s;ymbol{31e}
9 

virtual NONSTOWED declarer{b}. 

q) VICTAL row of ROWS rower{o-,p} : 

VICTAL row of rower{q}, comm.a s;ymbol{31e}, VICTAL ROWS rower{p,q}. ,, 
r) VICTAL row of rower{o,p} : 

VICTAL lower bou.nd{r,s,u}, up to s;ymbo1{31e}, VICTAL upper. BOUND{r,s,u}. 

s) virtual LOWPER bound{q} : EMPTY. 

t) actual LOWPER bound{q}: strict LOWPER bound{t} ; 

strict LOWPER bound{t} option; flexible synibol{31d} .. 
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Uj strict LOWPER bound.{s ,u,861:f'} strong integral unit{61e}. 

\I.) formal LOWPER bound{g) : 

o) 

p) 
g_) 
't) 

t) 
u) 
V-) 

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

strict LOWPER bound{t} option~ either sym.bol{31dh 

f£x~: 
!) :.n,J r~t ct ti: 'r) J uol. a_, vJ l) ; 
[1:m,1:nJ?d[J'lQJ. :> 

1 :m, 1: n ; 

1 :m ; 

m ; m flex ; flex ; 

m ; 

m flex ; either} 

J. an,./~ ht a, fa,,~ /4/a,ifv 

T Ike~~~ 

{The.flexible-symbol, either-symbol, strict-lower-bound and 

strict-upper-boun{};j_s_erve to prescribe states and bounds o~ultiple 

valuet possessed by}actual-parameterf· The flexible-symbol in~ 

[1:flex]char s = t prescribes that a name referring to a multiple 

value with upper state O (i.e. the upper bound may vary) will be 

possessed by s; the either-symbol in ref[ 1 :n either]~ s = t 

prescribes that that upper state is either O or 1 (i.e. the upper 

bo1md may be variable or fixed) and the absence of both flexible­

symbol and either-symbol in ref[ 1 :n]char s = t prescribes that that 

upper state is 1 (i.e. the upper bound must be fixed). Independently, 

n in ref[ 1 :n either ]char s = t or in ref[ 1 :n]char s = 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 O, t~en that upper bound may well be changed later on 

by an assignation. The absence of a strict-upper-bound in ref[1:flex] 

char s = t does not restrict the upper bound in that way. Similar 

remarks apply to strict-lower-bounds. The flexible-symbol; strict­

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

(8.5)} 

W) VICTAL PROCEDURE declarator{b} : 
' 

procedure symbbl{31d}, virtual PROCEDURE plrui{54c,d}. 

x) virtual MODE parruneter{54c~e} : virtual MODE declarer{b}. 
'* _JJ para.meters pack : VICTAL PARAMETERS{w ,54e ,f', 74b} :pack. 
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{Examples: 

w) proc ; -oroc (~, int) ; proc (~)bool ; 

x) ~} 

Z) Vf[lAL ~ 1 MtJOfJS ~ MOOD m.xu ~~ l(J 1 

~ oj ~o--( f s/tlJ~ Mool}s~ Moo,(Jeuu{ ~ ~/aa}~· 

113/ Lf/O0P~ETY /11001) ~ ur ,80%{Z,1-#l_,ccj: 
LIJ.CJOJ)S't;"TJ/ ~~ NooLJ ~ B<1x f ~ccj. 

&) Ll10o/Jr:ETY d!&ded LOSETY MCOD e-n~/. @'c,x /atv-l~ccj : 
LMct>lJSE-TY c~ LoSF7Y MOO.lJ c~ MCOL> ~ #(!Y)( f lft'} _; 
l/11.£10.J>SETY ~~ LoSETY MooJJ aud dtn< f c2q,,,ddj, 

C<)LMOOJJS'ETY ctJnd LtJS'FtY NtJcJO e'-?u?i HooTa-,t .Sc>X (aq,ccj •' 
Lf.1.0oD!::'G-TY c~t LtJS-ETY MooT thc--d/vfOal) ~ BoX [~cc}_; 

1.1:1oolJS£TY ~ LoSGTY MOtJ,£} a,~I MtJoj) .end Not1r and 8ox {rcj J . 
L Hool>SGTV ~ Lo~GTY MooJJ ~ Moor t:::h?d Box f1.u?/4'dj. 

dd) ~ HOoJJS t:hrd MtJalJ Box ( d~ cc1ftJ: . .·. 
~ MOtJJ)S a.,,d.. .lvx /ddjee}; [l)N#?ui ~ C f3te}> NCOJJ E~X /J1;.?;J-

PI?} ~ MtJolJ ~ ~x /dd'J ,• #()()JJ -6oxfl!'}· 
,,,. ,.., . " . . . 

/I) MOOJJS a~/ Moo.!) g<YX (dd} _; 

k~ f_ ~,/;,((.?;a'},-, ~-#Cl~ a~e../ MooLJ ./tJ-?< (ttdj rd!> 
~ef/1 1 /tloo.J)S a.p,.e( #OtJj) /1-U'ed ,1;;:,a:'ctr--~ f12.~) • 

Moo:l> ~t!r-?( /tlt1~eJ ,' /At/),;/;:,;.,/ #tJtJ.1} ~ ///. 

[ £~;/4r : 

~) t~ (2ed:, tt,~ (inr, lod' ), ttMUrM (~~✓))__; 
I 

t?M,u»v ['!i,._) t~, I~) ?ca[Jj (h,14 2ea4rf ~ !i.~ IW1M- )),. 

fef It/ 4 ✓ttJ rt, l/&tr6t., : #/ r 1/fa~-~ ,, ~ fan·:. ~ 2~ /~ ~ ~ ~/ 

a~t 1'l:-!aJ // r tll£( f Ii; .U/)( )tc-io!UJ!i&)v:J 1t/4,A ~ ~ l'f'4zA i ~ 1t'AIAz~ 

:·A'JA6~ 11tr!J7A/1 tuur/ 12,,At'A-t'/, /3,&-/ff &Kat'~ Ml- 14..- 4-~$kl--) 

&itud- l'l ~(,di'-~ -1- L-lt'tl - Jnp,d,- cfr~~hy' • ~ 
c'kzw fn r-G0J i:1 ~ Jh't~~~(_ a¢,,_/;(-7 ~~4~ M,Udv~ 

.fed d l"ltl' c~ k<L ~df.t _. J,. • / //J. • >"' ✓. . l - tn<W?/ a?t ~oa ,ln4,'¥'~ ,,.., ~ 

~1~tt!la-~ ~~?} ~ J'.2.-1./,/f;(c;.d tJ,4:JAt;T~ 

~ ~ri (.ta -1.1,(. t'j. :f ~;.1~ L. ~,, ~ct£,,. "'c,t;,,~/ 
p rv J F ~ 

"E Ja,1/ 4~ ~ I 
'/:f,'.'',\'<ff\~·'"''t,'•:r····, 
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7.1.2. Semantics 

a) A given declarer specifies that mode which is obtained by deleting 

'declarer' and the terminal production of the metanotion 'VICTAL' from 

that direct production {1.1.2.c} of the notion 'declarer' of which the 

given declarer is a production. 

b) A given declarer is develpped as follows: 

Step: If it is, or contains, a mode-indication which is an actual declarer 

or formal-declare~, then that indication is replaced by a copy of the 

actual-declarer of that mode-declaration {7.2} which contains its indication­

defining occurrence 1{4.2.2.b}, and the Step is taken; otherwise, the develop­

ment of the declarer has been accomplished. } 

{A declarer is developed during the elaboration· of an actual-declarer 

(c) or identity-declaration (7.4.2.Step 1)o} 

c) A given actual-declarer is elaborated in the follow~ng steps: 

Step 1: It is developed {b}; 
' Step 2: If it now begins with a structure symbol, then Step 4 is taken; 

otherwise, if it now begins with a sub-symbol, then Step 5 is taken; 

otherwise, if it now begins with a union-of-symbol, then Step 3 is taken; 

otherwise, a new instance of a value of the mode specified {a} by the 

s;i ven actual-declarer is considered and Ste;p 8 is talten ; 



7.1.2. continued 

Step 3: Some mode is considered which does not begin with 'union of' 

and from which the mode specified by the given actual-declarer is 

united {4.4.3.a}, a new instance of a value whose scope is the program 

and which is of the considered mode is considered and Step 8 is taken ; 

Step 4: All its constituent actualideclarers are elaborated collaterally 

{6.3.2.a}; the values referred to by the values {names} of these actual­

declarers are made, in the given order, to be the fields of a new 

instance of a structured value of the mode specified by the given 

actual-declarer; this structured value is considered, and Step 8 is 

taken ; 

Step 5: All its constituent strict-lower-bounds and strict-upper-bounds 

are elaborated collaterally; 

Step 6: A descriptor {2.2.3.3} is established consisting of an offset 1 

and as many q_uintuples, say "ri", as there a.re constituent actual-row-of­

rowers in the give.n declarer; 'if the i-th of these actual-row-of-rowers 

contains a strict~lower-bound (strict-upper-bound), then li (ui) is set 

equal to its value; otherwise, li (ui) is undefined; if the i-th of these 

actual-row-of-rowers contains an actual-lower-bound (actual-upper-bound) 

which is or contains the flexible-symbol, then Si (ti) is set to 0, 

otherwise, Si (ti) is set to 1; next dn is set to 1, and, for i = n, 

n-1, ••• , 2, the stride di-1 is set to (ui - li + 1) x di; 

, Step '(: The descriptor is made to be the descriptor of a multiple value 

of the mode specified by the given actual-declarer; :g=~i! its elements 

au .,/~,I, aJ fo~ : l/11:.t. &wt ~1iPnt" ~lt.M. of & ~ adua I- /4 ~ 1-7 ~ • 
· ru"t«tt -d£el~;, Ike,. ;t d:, a&/~ a -?u~ Pf'U?nU tut.d ~act' ✓~t-k; tJf A.eN" • 

____ } -~~~=-.£~ --mk ½~~~.f~L~ ~~--1~ .i.. ~~,, -~~ .a/J--m.,,,,;:t- ,· 
i is a new instance of some value of some mode {not beginning with 'union 

of' and} such that th~ mode specified by the last constituent virtual­

declarer is or is ·.united from {4.4.3.a} it; this multiple value is 

considered; \ _ 

Step 8: A name {2.2.3.5} different from all other names and whose mode . 
is 'reference to' followed by the mode specified by the actual-declarer, ' 

I • • 

is created and made to refer to the considered value; this name is the 

value of the given actual-declarer. :s ............. . 

T. 2. Mode ,_declarations 

i. 
I 

f 

{Mode declarations provide the indication-defining occurrences of mode­

indications, which act as abbreviations for declarers built from primitive 

syrn.bols, e.g.~ strin$ = [1:flex]~, o:.Lstr1ict(string title, ~~:ne:>...-t). 



7.2. continued 

In this last example, the mode-indication is riot only· a convenient 

abbreviation 1:>ut it is essential to t~e declaration. }, 

7; 2. 1. Syntax 

a) mode declaration{70a} : mode symbol{3id}, 

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

actual MODE declarer{71b}. 

{Examples: 

a) ~ string = [ 1 :flex]char ; 

struct com:pl = (real re~ irn) (see 9.2.b,c) ; 

union primitive = (int, ·real, ~' char, format) (see 9.2.b) } 

7.2.2. Semantics 

The elaboration of a mode-declaration involves no action. 

{See 4.4.4 .c concerning certain mode-declarations, e.g. ~ !:_ = ~, 

which are not contained in proper programs.} 

7.3. Priority declarations 

{Priority-declarations provide the indication-defining occurrence;:, of 

~-indications, e.g~ .2. in priority £ = 6, which may then be used in the 

declara:tion of dyadic operations .. : Priori~ies f!om 1 to 9· are available. 

Since monadic-operators have effectively only one.priority level .(8.4.1.g), 
' which is higher th~ that o_f al~ dyadic-o~era,~ors; the? do not appear in 

priority-declara~ions.} _ .. 

7.3 .. 1. Syntax 

a) priority declaration{70a} : priority symbol{31d}, 

priority NUMBER indication{42e}, equals symbo1{31~}, 

Nffi1BER token{b,c,d,e,f,g,h,i,j}. 

b) one token{a} digit one symbo1{31b}. 

c) TWO token{a} digit two symb9i{31b}~ 

d) THREE token{a} : digit th:re~ symboi{31b}. 
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e) FOUR token{a} . digit four s;ymbol{31b}. . 
f) FIVE token{a} . digit five symbol {31b} • . 
g) SIX token{a} : digit six s;ymbol{31bJ. 

h) SEV"EN token{a} digit seven s;ymboi {31b}. 

i) EIGHT token{a} digit eight sym.bol{31b}. 

j) NINE token{a} . di~it nine . sym'i;>0l {31b} ~ . 

{Example: 

a) prioriti + = 6} 

7. 3. 2. Semantics · 

The elaboration of a priority-declaration involves no action. 

{For a summary of the standard p~iority-declarations, see the .remarks in 

8.4.2.} 

7.4. Identity-declarations 

lkfJr/R-
{rdentity-dec1arations provide~ defining occurrences of~identifiers, 

e.g. x in~ x (which is a.n ~_:viation of~~ x. = loc ~' see 

9.2.a). Their elaboration causes identifiers to possess values; :h iJre: ~ 
~ ~ 

fin-;,fa£iib x is made to possess a n·ame which refers to some real value.} 

7. 4 • 1 • Syntax 

a) identity declara'tion{70a} : formal ~ODE parameter{5'1, 

equals symbol { 31 c}, actual MODE parameter{b}. 

b) actual MODE parameter{a,54c,e,75a;862a} : 

a) 

strong MODE unit{61e} ; MODE local generator{851b~-} ; 

MODE local assignation{831b ,-} ~· MODE transformat{55ga, ... } .. 

{Examples: 

~ 'e = 2. 718281828459045 ; int e = abs i ; 

~ d = ~(z x conj z.) ; . r~f[ ,]~al.= a[, :k] ; . 

ref ~ x1k = x1 [kJ ; com:pl tini t = 1 ; 

proc iEi time= clock t cycles; 



7.4.1. continued 

(The following declarations are given first without, and then with, 

the extensions of 9.2) 
~ ~ x = loc ~ ; real x ; 
ref int sum= lee int := O·; int sum:= 0 ; ---- ---- -
ref [, ]real a = loc[1 :m, 1 :n]real := x2 ; [1 :m, 1 :n]rea.1 a := x2 ; 

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

12roc vers = (real-x)~ : . 1 - cos (x) ; . . 
~ P.!££.(real)~ p = ~ proc(~)real ; 

proc (~)real p ; 

ref :proc(~)~ q = 12.£. proc(real)~ ·:= 

( (:real x)real : (x > 0 I :x: I 1)) ; 

proc q := (~ x)~ · (1: > 0 I x l 1) ; 

b) abs i ; loc ~ ; ·l.2£. ~ ·:= 0 ; f+d.11de+2df. } 

7 .lJ..2. Semantics 

An identity-declaration is elaborated in.the following steps: 

Step 1: The formal-declarer of its formal-parameter is developed 

{7.1.2.b} 

Step 2: Its actual-parameter and ~.11 &~~~S strict-lower-bounds 
~am"'dt,.. 

and strict-upper-bounds~ that formal-declarer, as possibly modified 

.in Step 1 J_are elaborated colla~erally _{6.3.2.a}_;~ 1if the value of 

the actual-parameter is a name, then the value to which that name refers, 

or otherwise the value itself, is considered; 

Step 3: If the considered value is an element or subvalue of a multiple 

value {2.2.3.3} having one or more states equal to zero, then the 

further elaboration1 is undefined; otherwise, e:1 er l.t 1 ;i 1,ois<:n '§e--------' . . 

Seep 4: If the considered value is not a multiple value, then Step 7 
is taken; otherwise, if the ValU(;? of the. actual-parai:neter is not a 

name, then Step 6 is taken; 
Ce4~(i-.. 

Step 5: For each · flexible-symbol-option ,,."d the formal-

dcclurer, as possibly modified in Step 1~the corresponding state is 

checked, i.e.} if that flexible-symbol-option is the flexible-symbol 

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

then the further elaboration is undefined; otherwise, Step 6 is taken; 

Step 6: For each §=~~=~ stri_ct..:.lower-bot.md. and strict-upper- bound iiii!~el h,, 

l l w "°t ~ ,;, a.a; .f"lud_ ~- 1-.d. ,,,_ .f/uet-~-&.t · · 
ti;a7akd h-, ;r J 



7.11.2. continued k:/;w1 toJ~et ;,~~--/$~~--~ ~ 
.d'iiel'-~- k,,,,.tt ~~..i ffl ~ 

the formal-declarer, as possibly modi:f.'ied in Step 1 , A. { the corresponding. 

bound is ch~cked, i.e.} if its value is not the sam~ as the corresponding• 

bound in the considered value, then the further elaboration is undefined; · 

otherwise, Step 7 is taken; 

Step T: The identifier of the formal-parameter is made to possess iii:'::1:£8:li!E'" 

the value of the actual-para.meter. 

{According to Step 6, the e1aporation of the declaration [1:2]real x1 = 

(1.2,3.4,5.6) is undefined and according to Step 5 the elaboration of the 
. . 

declaration ref[1:flex]~x1 = [1:2]real :=·(1.2,3.4) is undefined. 
I • • 

The elaboration of the declaration [1:1flex]real x1 = (1.2,3.4) is well 

defined but its effect is also obtain~d by the elaboration of the less 

confusing declaration [J~x1 = (1~2-,3.4).} 

7.5. Operation declarations 

{Operation-declarations prdvide the operator-defining occurrences of 

operators~ e.g.,.£E. v =(real a, b;)~: (random< .5 I a I b), which contains 

an operator-defining occurrence lof 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 involvingithe same ~di(;..:-..,~· 

indication may occur in the same reach, see 10.2.2.i, 10~2.3.i, etc.} 

T. 5. 1. Syntax 

a) operation declaration{70a} : 'PRAM~ caption{b}, 

equals symbol{p1c}, actual.PRAM~ parameter{74bh 

b) PRAM~ caption{a}.: operati_ori symbol{31d}, 

virtual PRAM~ plan{54c}, PRAM i.mrli ADIC ope~ator{43b ~c:.1. 

{Examples: 

a) op A= (bool a, b)bool : (a I b l· false) -- - -
_££ abs = (real a)~ : (a < 0 I -a I a) (see 9.2.d;eJ 

b) .9.:2.(bool, bool)bool A ; ££(real)~~ } 



7.5.2. Semantics 

An operation-declaration is elaborated in the following steps:. 

Step 1 : Its a~tual-parameter is elabotated ; 

Step 2: The operator of its caption i~ 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 

-9.E. A = (~ john, £EE.£ bool mccarthy)!?..£2! : (john I mccarthy I false), 

possesses the same value as it would if A identified the operator-defining 

occurrence of A in the operation-declaration 

~ A = (bool a, b)bool : (a. I b I false), 
. - - ., 

except, possibly, when the elaQoration of q involves side effects on 

that or p.} 

i. 

.1· 



8. Unitary c~auses 

{Unitary-clauses may oc~ur as actual~parameters, e.g. x in sin(x), 

as sources in assignations, e.g. yin x := y, as strict-lower (upper)-bound~, 

new-lower (upp~r)-bounds or subscripts, e.g. m, 0 and n in x2[:m~ O,n], ' 

as bodies in routine-den~ota.tions, e.g. i plus 1 in ({ref int i)int : i plus 1), 

or may be used to construct serial- or collateral-clauses, e.g. x := 1 in 

(x := 1 ; y := 2) or in (x := 1, y := 2). Unitary-clauses either a.re closed, 

collateral or conditional, or a.t'e 11coercends 11
• There are four kinds· of 

coercends: confrontations, e.g. x := 1, formulas, e.g. x + 1, cohesions, 

e.g. next 2.£ cell, and bases, e.g. x. These coercends and the closed-, 

collateral- and conditional-clauses are grouped into the following four 

classes, each class being a subclass of the next: primaries, which may be 

subscripted and parametrized, e.g. x1 and sin in x1[i] and sin(x); secondaries, 

from which fields maY, be selected, e.g. z in re of z, an.d 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, and, finally,· unitary-clauses, which is the 

largest class. Thus, r of s (i) means that s is first called or subscripted 

~nd a field is then selected, while (r or s)(i) means that the field is 

selected first. .Also; r E! s + t · means .t!hat the field is1 selected from s 

before elaborating the routine possessed by+, while to force the elabora-

tion of+ first, one must writer of (s + t). } -.-

8.1.1. Syntax 

\ 
a) SORTE'.I'Y unitary MOID clause{61 eJ 

SORTETY MOID tertiary{b}. ; (' , , 

SORTETY MOID confrontation{,820d,e ,f ,g,830a,-},. 

b) SORTETY MOID t.ertia.ry{a,831e,832a,833a.} : 

SORTETY MOID secondary{c} ; . 

SORTETY MOID ADIC formula.{820d,e,f,g,84b;g}. 
I 

c) SORTE?Y MOID seconda.ry{b,84f,852a} : 

SORTETY MOID primary{d}; 
~- -•' ••· 'H ~-' • ... • 

SORTETY MO ID cohesion { 820d, e , :f\ g , a·,o a} • 



!l 
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d) SORTE•:ry MOID prilnary{c,861~;862a} 

SORTETY CLOSED MOID clause{62b,c,d,:t\63a~64a,-} ; 

SORTETY MOID base{820d,e,f ;g,860a}. 

{Examples: 

a) X ; X := 1 ; 

b) X ; X + 1 ; 

c) X; ~; 

d) (x + 1) ; X } 

8.2. Coercends 

{Coercends are of four kinds: bases, e.g. x, cohesions, e.g. re of. z, . 
formulas, e.g. x + y and confrontatidn~, e.g. x := 1. These notions are 

collectively considered as coercends because it is in their production 

rules that the basic coercions occur. 

In current programming 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 vaJ.ue which is then assigned 

to x. In ALGOL 68, such implicit changes of mode are known as coercions, 

a...d are reflected in the syntax. Certain coercions available in other 

languages, suoh as i := x, are not permi~ted. One must write i := round x 

or i := entier x, for in this situation it is felt advisable for the 

programmer to sta~e 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, ro·wing, hipping and voiding. In x + 3.14, 

the base x, whose a priori mode is 'reference to reaJ.', is dereferenced to 

'real'; in x := random, the base random, whose a priori mode is 'procedure 

real 1 
, is deprocedured to 'real'; in proc p = go to north berwick, the 

jump, go to north berwick, which.has no a priori mode, is procedured to 

'procedure void'; in union(int; real) ir := 1 ~ the base 1, whose a priori 
- - merk. 

mode is . 'integral', is united to.' union of integral and' realt; in x := 1 

the base ~,, whose a priori mode is t integral', is widened.· ·to I reaJ. 1 ; in 

string s := 'a', the base 'a', vrl'fose a p:tio:d mode is 'ch~acter', is 

·fl"'owed to 1rov of character 1 ~ ifl: ,.x := s~i;Q, the skip .skip, which has no 

a priori mode, is hipped to 'rea.JL•,. and in (x := 1 ; y ~=i ~) the confrontation 
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8.2. continued 

x := 1, whose a priori mode is 'reference to real', is voided (i.e. its 

value is ignored). 

The kinds of coercion which are used depend upon three things: 

"syntactic position", a priori mode and a posteriori mode (i.e. the 

modes before and after coercion). There are four sorts of syntactic 
• • II t II ·•t• , • t al t positions. They are: s rong posi ions, i~e. ac u -paratl).e ers, e.g. 

x in sin(x), sources, e.g. x in y := x, conditions, e.g. x > 0 in . 

(x > 0 l x I 0), subscripts, e./ i in,'x1[i] etc.; 11 fi:nn.", positions, i.e • 
. ~,.d;i/ e', 1· 'f. 5'd £., . . . . . . . ( ) · 

operands, e.g. x in x + y,Aa.nd certain primaries, e.g. si~ in sin x; 
11 1._reak.11 positions, e.g. certain p:timaries, e.g .. x1 in x1ti] and certain 

secondaries, e.g. z in re of z; bd II sor"t11 positions,· i.e. destinations, 

e.g. x in x := y, certain other tertiaries, e.g. xx in xx :=: x, and 

monadic-operands in depressions,,e.g. xx in val.xx. 

Strong positions are so called 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 fl.,.'}> operands, in 

which widening, , rc~ing, hipping and -v-oiding must be excluded, since, 

otherwise, the identification of the operations involved 'i:n: i -1• j, x + y 

(supposing+ to be declared also for 'row of real'), i + skiE and i + algol 

could not be properly made. In the weak positions, only deproceduring 

and dereferencing are permit.ted, and special care must be talrnn that~ 

referencing ~~~~~~~~~iiiii!§l~ removES a 'reference to I ei3 t:4, ct: 11,lt 
f v-efe-Y'e->1 c e To 1 • • 

1"fG,P-T 1 ,11i'' •i The x1 in x1[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 ':procedure's. Thus in soft 

positions only deproceduring is perfor:med .• 

In the producti9ns of a notion, the sort (strong, firm, wealc, soft) 

of position is passed on, or modified during balancing (to strong) and 

leads to basic coercions which appear in the production rules for coercends; 

moreover, the coercion must be completely e~~ended in these rules. For 

example, yin x := y is a real-source and therefore a strong-real-unit 

(8.3.1.1.f); the sort 'stro~g' is passed through the productions of 

'strong real unit' until a 'strong real base' is reached (8.1.1.d); this 

is then produced to I strongly deri.\!:f'erenced to real base 1 • (,8.2. 0.1.d), next 

to . 'refer~nce to real base i ( 8. 2. ~. 1. a) >and finally to 'reference to real 

identifier' (8.6.0.1.a). }·· 



8.2.0.1. Syntax 

a.)* coercend: SOR'l' COERCEND{d,e,f,g,830a,84b,g,850a,860a, .. }; 

SORTly ADAfTED to COERCEND{821a,b:,822a,b ,c,823a,$24a,825a, b ,c ;d,826a, 

827a,8:-2$a,b ,-} .. 

b) ,\; SORT coercend : SORT COERCEND { d, e , f ,g}. 

c) * SORTly ADAPTED coercend ! 801:f.Tl:y .ADAPTED to COERCEND. · 

d) strong COERCEND{81a,b,c,d} : 

COERCEND{830a,84b,g,850a,86oa,-} ; 

strongly .ADAPTED 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,860a,-} ; 

firmly .ADJUSTED to COERCEND{821a,822a,823a,824a,-}. 

f) wealt COERCEND{81a,b,c,d} : COERCEND{830a,84b,g,850a,860a,-}; 

weakly FITTED to COERCEND{821b ,822b}. 

g) soft COERCEND{81a,b,c,d,84f} f:, COERGEND{83~a,84b,g,850a,860a} ; 

softly deproced\lred 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) x1 (in x1 [i]) ~ zz(in re .2.f. zz.-. j,.,, Me. .'?.l()e! of rd, (JJittpC zz ,;) ,; 
8) x (in x := 1) ; xory (in xory := 3.14) } 

8.2.1. Dereferenced coercends 

{Coercends a.re ·dereferenced when it is required that an initial 
1 reference to' should be removed .from the a priori mode; e.g. in 

x := y,the a priori n19de of y is 'reference to real' but the a posteriori 

1aode required in this strong position is 'real'. Here y possesses a name 

which refers to a real value and it is the real value which is assigned to 

x, not the name·. } 



8 .2. 1. 1. Syntax 

a) STIR.VJ.ly dereferenced to MODE FORM{a,820d,e,822a,823a,824a,825a,b,826a} 

reference to MODE FORM{830a,84b,g,850a,86oa} ; .. 

STIRM.ly FITTED to reference to MODE FORM{a,822a}. 

b) weal{ly dereferenced to reference to MODE FORM{b,820f} 

reference to reference t~ MODE ~ORM{830a,84b,g,850a,860a}; 

weakly FITTED to reference to reference to MODE FOBM{b ,822b}. 

{Examples: 

a) y(inx:=yorinx+y)';yy(inx:=yyorinx+yy); 

b) x:i ( 1 11 x1[iJ) ; rx1 (in rx1[i] in the reach of ref[~]real rx1j)} 

8.2.1.2. Seuantics 

A dereferenced-coercend is 0elaborated in the following steps: 
• I 

Step 1: It is preelaborated {1. 1~6 .. i} ~ • 

Step 2: If the value obtained in Step 1 is not nil, then ti:1.e value of 
copy 

the dereferenced-coercend is a · of the.vatue referred to 

by the name obtained in Step 1 {;otherwise, the further elaboration is 

undefined}. 

{Weak dereferencing must look ahead so that it does not remove a 

'reference to' which precedes a mode which is 'NONREF'. For example, in 

x1[i] := y, the _:primary x1 should;not be::dereferencecibut;:;the base x1[i] is. } 
j Y fn,. 'Xf [lJ?'>uut -le a. ?ta,n<L • ~ 'XfLiJ-1- ;1,, ~ t?ri h. h6t ~u-r,cecl. 

' • I 

8.2.~. Deprocedured coercends 

{Coercends are deprocedured when it'is required that:a.n 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 treal •. Here the routine possessed by 

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

8.2.2.1. Syntax 

,l 

a) STIRMly deprocedured to MOID F.ORESE{a,820d,e,821a,824a~:825a,b,826a.,828b} 

procedure MOID FORESE{84b,g,850a,86da}; 

STIR.\lly FITTED to procedure MOID FORESE{a,821a.L 



8.2.2.1. continued 

b) weakly deprocedured to MODE FORESE{820f,821b} : 

procedure MODE FORESE{84b,g,8~0a,860a} ; 

firmly FITTED to. procedure MODE,FORESE{a,821a}. 

c) softly deprocedured to MODE FORESE{c,820g} : 

procedure MODE F'ORESE{84b ,g, 8:foa, 860a} ; 

softly deprocedured to procedure MODE FORESt{c}. 

{Examples: 

a) random (in x := random or: in x + random) ; 

b) rz (in re .2.f. rz in the reach of proc rz = compl 

c) xory (in xory := 1) } 

8.2.2.2. Semantics 
,. 

I 

(random,random)) ; 

A deprocedured7coercend i=s elaborated in the following steps: 

Step 1: It is preelaborated {1.1.6.i} 1and a copy is made of' {the routine 

which is} the resulting value; 

Step 2: The deprocedured-coercend is :replaced by the ,copy obtained in 

Step 1, and the elaboration of the copy is initiated; if this elaboration 

is completed or terminated, then the copy is replaced by the deprocedured­

coercend before the elaboration of< a successor is initiated. 

{See also 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 
l 

be turned into procedures without parameters), e.g. x :i= 1 in :proc real 

p := x := 1. However, special .~are must be taken with procedures which 

deliver no value, in order tha'tt claU!se:s like (proc p,: q ; p := q := stop) 

shou;i.d not be.ambiguous. Here the routine possessed by stop is assigned 

to q_ and then to p, but is not; elaborated. In (proc p ~ p := x := 1) 

however, 1 is not assigned to :jc, but' that routine whioh assigns 1 to x 
• 

is assi,gned to p. The relevant synta:it is described by the productions 

of rule 8.2.3.1.b.} 



8.2. 3. 1. Syntax 

a) STIRMly proced~ed to procedure MOID FORM{a;820d,e,824a,826a} 

MOID FORM{830a,84b-,g,850a, 860a,-} ; 

b) 

STIRMly dereferenced to MOID FORM{821a~-}; 

STIRMly procedured to MOID FORM{a,-} ; 

STIID,1ly united to MOID FQffi,1{ 824a,-} ; 

STIRMJ.y widened to MOID FORM{825a,b,-} ; 

STIRMJ..y arrayed to MOID F'ORM{826a,-}, ; 

STIRMly provisional MOID FORM{b,-}. 

strongly provisional void thPftt:t.i:/t'c.; ~ { aj: . · · 

Vo-ic( . s-r,t/4( .{J'lef. . ., ,:s-afl:.: j N,CIYf~OC ch,;,~iG o/ua,,,,d {JI/ j • 

{Examples: 

a) 3.14 (in proc real p :== 3.14); x (in -proc ~ p = x) ; 

3.14 (in proc .:eroc ~ ::f; 3.1~)'; 

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

1 (in proc ~ p := 1) ;;· 1 (i11 ,proc[]int p := 1) ; 

3 .14 (in vroc p := 3. 14) ·; 

b) void (l')(i bi:,. 1):--~-,c;,,, /4J:J!.c./>. :=.: 1:ftM {rx 1 = -1)) J 

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}jand an open­

symbol followed by a routine-symbol is placed before and a close­

symbol is placed after the cow; 

Step 2: The mode ob~ained by deleting 'ly procedured to' and the 
I 

terminal productions of 1STIRM' and 'FORM' from that notion as 

terminal production of which the procedured-coer?end Is elaborated, 

is considered; if this considered mode is not I procedure void I then 

the initial 1 procedure' is deleted :from the considered mode and a 

virtual-declarer specifying the wnde so obtained is inserted between 

the open-symbol and the routine-symbol in the copy; 

Step 3: The routine possessed b;y- the :l:·outine-denotatio;· {5.4 .. 2} obtained 
(, 

in Step 2 is the value of the \procedured-coercend. 

J.. J ~ J,,,,,,;Qd V0U-5y,,tAC,r~1f"IM 1 ee/7, ~ ~ 



8.2.3.2. continued 

{~;he elaboration of (~ : (p I X r ;_x)) yields the rotltine 
• ·' ~ l I 

(val (real:= (p I x I -x))), whereas' that of the strong-conditional-- - , 

procedure-reai-clause (p I x I : ~x) yib:lds either the routine 

(val (real :~ x)) or the routin~ (vai
1 
(~ := ~x)), depending on the 

value of p. Similarly, the elahbratioh'of (~:(x := x + 1 ·; y)) yields 

the routine {ru (~ := (x := x + 1 ; y))) ~ whereas that of the strong-
- , 

closed-procedure-rea.l.:.clause (x := x + 1 ; y) y~elds, apart from· a change 

in°the value of x, the routine (~ (real t= y) ). } 

8.2.4. United coercends 

i 
{Coercends are united when it is required that the a priori mode 

should be changed to a. mode united fr6m (~-.4.3.a) it, ·eiig. in 

union(int,' real) ir := 2~ the hS:se 2 is of a priori mod~ ':integral' 

but the source of th~s assignation requires the mode ''Union of integral 

and real:t'l'l4da.. 1 
.} 

8.2.4.1. Syntax 
• •• ••~ , <"'"~•-••••OW --•v• 

: ~' 

.a) S'TIRM_--'7 tui,e'tz ,'t, ~ /:,o/{X).{):.~ #OoLJS htPc6.-MMf$20~~g2,1"J12~.: 

~ ouf f MOQD ~ /4'0:WS' ~ Fbt:?M /'1}; _ 
1' and Haw a,,,/ /,IC()bS. ,uf-~ o/ MooD .,,,ot4 HJRM fcj, 

·/J ~~of Lf./JOo.l)SETY Ma1P IJM(X)l)JETY /JU:dl foRMfcy : 

MOoJJ f=oRM f J.loa.JJ'44j/ j,ro0Jloa},; 
~ F/Tic?D Z, ;i-tOOb FoRM fd'2l~J;u~ j 

H ~cWd ~ fo/t)oZ) RJRN f !2Jq,, -J # 

c) 7-LNOAJJ.rF?Y au,1 #()02> ~ 1 /1-e t-~. f Na:iff' P?~ ~t0Y f aJ : . 
; af LN.'()OIJSfJY HOOIJ a,M J..W/Jo.OSl?TY 1t,i:/ ~ 1 ~ ind. 10/?M fc;d'.J-> 

(LLY!O 0.l)S'/;Ty J?HQ<DP.JcTY '1? f ~ / Na:1.os ,::2d ~LJ PtJ>de. RJRM fc; dj, 

d) f Nool) ~ McJO.t)S ~ /1-<Jt ON!l!F!I) rO~ fcj .' 

· ~ f NCLJL> ~ No02Js .nuc~ faeN f Jt ft) .fs-04 J'6tJC1'~ - J J 

H ;=1,n;-.l) t ~/.1:,(XJ.J) ~~ ~ ro~f/2/~ 12.eey. 



3. 2 .Li .1. contir.lued 

2· J 

I 

/. ' .J 

) 

( In 011~tLn~, 1 st.t'Ol;C I leads to I firm I i;1 order that unions like that 

-i•,rcolv,;; ·;11 u,~.;o,1i~rt ,~"al) jr •::.: 1 sl1 ould not caus 0 "n:b·;a:u·it_ies. In -•"' .J...,',.,.,\.., _,. , .. ,.t. .!..\_.:::..:'.:.!__, .:...~ • <II .. Ii,;;. t..t. ..L- -

c::::.n cx0.n:::ile, if tLe ba::;c 1 is widened it cannot then be united., i.e. 

1.:1 the order of p1·oductions i:1 the syntax, uni·t;ing co.nnot be followed 

·oy ,ridening. } 



8.2.5. Widened coercends 

{Coercends are widened when it is required that the a priori mode 

snould be changed from 'integral' to 'real' or from '~eal' to 1 COMPtEX', . 

e.g. 1 in z :=. 1, or from'.BITS~to 'row of boolean~;or from 'BYTES' to 1row 

of character!. } 

8.2.5.1. Syntax 

a) strongly widened to LONGSETY real FORM{b,820d,823a,826a} 

LONGSETY integral FORM{830a,84b,g,850a,860a}; 

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

b) strongly widened to structured with REAL named letter r letter e 
' ' . 

and REAL named letter i lette; m FQRJ.\1{820d,823a,826a} 

REAL FORM{830a,84b ,g ,850a,860a} ; •· 

strongly FITTED to REAL FOID1{821a·:,822a} ; 

strongly widened to REAL FORM{a}. • ;' c 1< 
' . 

c) strongly widened to row of bodlean FORM{820d,823a 1 826a} 

BITS FORM{830a, 84b ,g ,850a,860a} ; 

strongly FITTED to BITS FORM{821a,822a}. 

d) strongly widened to row of character FORM{820d,823a·,826a} : • 

BYTES FOR.\1{830a,84b,g,850a,860a} ; ,; 

a) 

b) 

c) 

d) 

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

{Examples: 

1 (in X := 

3.14 (in z 

1 0 1 • --- , t 

ctb 11 a.bc 11 

1 ) . i ( 
' ·- 3·. 14) . -

(in [ 1 . .. 

,, 

in X := i) ; 
•' . X (in z ·1:= , 

3] bool b1 := 

x) ; 1 (in z := 1) 

(p I ,j_ .Q. .:!.. I t) ; 

; r (in1 s := (p I Ctb "abc" I r)) } 

8.2.5.2. Semantics 

A widened-coercend is elaborated in the following.st~ps: 

Step 1: It is preelaborated { 1. 1.6.i} arid ,the value yielded is considered; 

Step 2: If the considered value is~ an int~ger, then the v~lue of the 

widened-coerceri.d is a new instance of that real nUD1ber which is 
(,, , 

eq_uivalent to that integer {2.2.3.1.d}; otherwise, if the considered 

value is a real number, then the value of the widened-coercend is a 

new instance of that structured {complex (10.2.5)} value composed : 
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8.2.7. Hipped coercends 

r ~ r~ 

{Coercends a.re hipped when 'they a.r; s,kius J·umps or n 'h · 1 T , ,· • , tt:i. i s. hough 

there is no a priori mode, what ever. mode i_-~ re qui· red by th. e. 
1 

_ context, is 

adopted. e rt • 1 k. , , •e,•., in ~ x = s ·ip) the base,~ sld12., which has no a priori 
mode, is 1 i d t , l' · Y, r1 r '" 
, ,. 1 ppe. 0 rea. • Since h~.pped ~~~re ends a.re so ~:e,ry acco)odating 3 

•10 Ovher coercions may follow them. (in the elaboration ord~r); otherwis.e 

2-'·~igu~ties might appear, Consider·; for €]SIDple, the several l'l'""'ings 0 / 

11m.on( 1 nt real bool char) u •- i-l.k. 1 ,. · · · · .::;___, _, _, _ •- ~, supposing uniting could follow 

hipping. } '~ 

8.2.7.1. Syntax 

a) strong1y,hipped to MOID base{820d} ~10ID hop {b} ; MOID, ·nihil {e, - } • · 

b) MOID hop{a} : skip{c} ; jump{d}t 

c) skip{b} ! skip symbol{31g}. 

,1 



8.2.7.1. continued 

d) jump{b} : go to symbol {31f} option; ,label identifie1:{41b}. 

;, e) reference to MODE, nihil{a} : nil syn;i.bol{31g}. 

a) 

b) 

c) 

{Examples: 

skip . nil , 
skip go 

skin . 
--"'- ' 

. , 
to grenoble ; 

d) go to grenoble; st pierre de qhartreuse; 

e) nil } 

8.2.7.2. Semantics 

a) The value of a skip is a new(instan~e of some value ~hose mode is 

that obtained in the following steps:'. , ! 

Step 1 : The mode obtained by delet'ing 'hop I from that notion ending with 
• ;th t;'Z!-(!4-VVµ,:£ qt 

'hop' of which the skip is/\a terminal production is considered; 

Step 2: If the considered mode begins with 'union of', then some m~de 

which does not begin with 'union of' and from which the considered 
4,4. 3, a, 

mode is united {2 2,b 1,h} is considered instead; the considered mode 

is the mode of the value of the: skip •. · '" 

b) A jump is elaborated in the following steps: 

Step 1: The mode obtained by deleting 'hop' from that notion ending with 
' &ht c;r;!t!~ri1,L,t,i.,b2 r./.. 

'hop I of which the jump is/\ a terminal production is considered ; 

Step 2: If the considered mode does not bfti?gin with 'proce:dure', then the 

elaboration of the unitary-clause which is the jump is terminated and 

it appoints as its successor the, first unitary-clause t.extuaJ.ly after 
: • < • ! 

the defining occurrJnce {in a la"b.el (4.1.2)} of the lab!r.}-identifier. 

occurring in the jurrp; otherwise, Step 3, is taken ; 
' , 

Step 3: A copy is made of the jump, and an ppen-symboL followed by a 
,,, '. '' ' 

routine-symbol is placed before ~d a :Yl~se-symbol is p~~ced af'ter 

the copy; if the considered mo~e; is not ,'procedure void', then the 

initial 'procedure' is deleted from the considered mode and a .virtual 

declarer specifying the mode so obtained is inserted between the open-

s;yml)ol and the routine-symbol in the copy; the value of the jump is that of 

the routine-denotation consisting of the same sequence of s;ymbols as the copy. 

c) The elaboration of a nihil involves no action~ its vaJ.tu;e.is a nevr 

instance of nil {2.2.3.5.a} whose,., mode Jp that obtained by deleting 
t, I 
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.t'ht ~~ ¥ 
'nihil' from that notion ending'with inihil.' of which the nihil is,._a terminal· 

production. 

{Skips play a role in the semantics o:f' routi11e-denotations (5.4.2. 

Step 2) and calls (8.6.2.2.Step.4). Moreover~ they a.re useful in a number 

of programming situations, like e.g., 

i) supplying an actual-parameter (7.4.1.b) whose value,is irrelevant 

or is to be calculated later; e.g. ·r(3, skip) where f does not use 

its second actual-para.mete~ if th~ value of the •rirst actual-para.meter 

is positive; see also 11.11..ax ; 
j 

· ii) supplying a constituent Ui.'1it of a collateral-clause (6.2.1.b,c,e,h), 

e.g. [1 : 4]~ x1 := (3.14, skin, 1.68, skip) ; 

iii) as a dunmy statement (6.0.1.c) in those rare situations where the 

use of a completer is inappropriate, e.g. 1: skip) in 10.4.a. 

A jump is useful as a clause to terminate the elaboration of another 

clause when certain requirements. are not met, e.g. go tt> .texit in y := 

if x.::. 0 then sqrt(x) else go tq exit !fi, or fin (j > af,I f I j) from 

10.2.3.r. 

If e 1, e2 and e3 are label-identi,fiers, then the r.e8rder might recognize 

tha effect of the declaration [Jproc switch= (e1,e2,e31 and the statement 

switch[i]; however, the declaration [1 : flex]proc switch:== (e1,e2,e3) is 

perhaps more :powerful, since assignations like switch[2] := e1 and 

switch := (e1,e2,e3,e4) are possible. 

A nihil is useful particularly whe~e structured values are connected 

to one another in .that a field olf each structured value:l:ri'efers to another 

one except for one or more struc,tured :values where the fiield does not refer 

to anything at all; such a field, must then be nil. } 
I 

8. 2. 8. Voided coercends : · 

{Coercends are voided when ft is required that their.values (and there­

fore modes) should be ignored, e.g. in (x := 1 ; y := 2), the confrontation 

x := 1, whose a priori mode is 'referenc:e to real', is voided (see 6.1.1.i) • . 
Confrontations must be treated differently from the other coercends in order 

that, e.g. in (E!.Q,£ p ; p := stop ; p), the confrontation p := stop does not 

involve the elaboration of stop, ~'but il1lt the last occurrenae of p, the routine 

11ossessed by stop is elabo1~ated~ 1p ··· 1i l :, 
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o.) strongly voided to void confrontation {820d} MODE confrontation {830a}. 

b) strongly voided to void FORESE{820d,h} : 

NONPROC FORESE~84b,g,850a,860a}; 
i ~ 

strongly deprocedured to NONPROC FORESE{822a}. 

{Examples: 
,; 

a) x := 1 (in (x := 1 ; y := 2)) ; 

b) :x: ; random ( in (x ; random ; skip)) ·} 

{The value obtained by elaborating (i.e. preelaborating 1.1.6.i) a 

voided-coercend is discarded.} 

{In the reach of the declaration [J:r,roc switch = (e:1 ~2,e3) and. the clause­

train e1 :e2:e3:stop, the construction switch ; stop is not a serial-clause 
' 

because switch is not, a strong-void-un~t. In fact, switch cannot be deprocedured, 

because its mode begins with •ro~ of' a.rid no coercion will remove the 'row of' 

and it cannot be 'voided' because 'row of procedure void' is not a terminaJ. 

production of 'NONPROC'. However, the elaboration of switch[2] ; skip will 

involve a jump to the label e2. }; 

8.3. Confrontations 4 • 
I L 

8.3.0.1. Syntax 
; ;1 

a) MODE confrontation{ 81 a,820d,E:!_,.f ,g ,8:2na,b, 823a, b ,824a,825a,b ,c ,d,826a,828a} 

MODE nonlocal ~ssignation{8$1b,-}),; 

MODE conformity relation{832a,-} ; 

MODE identity relation{833a,-}. 

{Examples: 

a) x : == 3. 14 ; ec : : e ( see 11. 1_ 1 • ci) ; xx xory} 

8.3.1. Assignations 

{In assignations, e.g-.. x :== 3.14, a value is assigned to a name. In x :== 

3.14, the value possessed by the ,kource,p.14 is a.ssigned:~o the vaJ.ue (name) 

possessed by x. A distinction must be mad:e between I?,Onlocal-assignations whict 
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a:::·e u..'1itary--cla.uses, and local-assignai;;i.ons which are not. A local-­

assignation is an actual-parame~er and:thus may be used tb -initialize 

e, declaration, e.g. loc real_:~ 3.14, whi~h is contained in ~.x .-

3.14, bef'ore the eJ\.i;ension of: 9.2.a is made. } 

8.3.1.1. Syntax 

a)* assignation : MODE LOCAL assignation{b ,-}.· 

b) reference to MODE LOCAL assignatio17-{830a,74b} 

reference to MODE LOCAL destination{d,e}, 

. beco::nes symbol{31c}, MODE source{f}. 

c )''' destination : MODE LOCAL destinati;n {d,e ,-}. 

d) reference to MODE local destination{b} : 

reference to MODE local generator£851b}. 

e) reference to MODE. nonlocal de:stinatfa:m {b} 

soft reference to MODE tertiary{81b}. 

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

{Examples: 

b ) x : = 1 ; loc ~ : = 3. 14 ; 

d) loc real 

e) X ; 

f) 1 3.14} 

8.3.1.2. Semantics 

1 
! 

,., 

a) When a given inst;i,,nce o:f' a vaiue is· superseded by another instance 

of a value, then the name which rsfers td the given instance is caused to 

:.~efer to that other instance, and; moreover, each name which refers to 

an instance of a multiple or structured value of which the given instance 

is a component {2.2.2.k} is caused to refer to the instance of the multiple 

or structured value which is established by replacing that component by 

that other instance., 

o) When an element (a field) of a given :multiple (structured) value is 

:::;ur>ex·seded by another instance o:f;>a value; then the mo-de of the thereby­

cstablished. multiple (structur~a.)\yalue"is that of' the given value. 
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, A-n>~t~e1p,.. 
. c.) ~A value is assigned to a name in the following steps: 

Step 1: If the given value does .not refer to an element or subvalue of 

a multiple value _having one or·more states equal to zero {2.2.3.3.b}, 

if the scope of the given name is not larger than the scope of the 

give~ value {2.2.4.2} and if the giv~n name is not nil., then Step·2 

is ta.ken; {otherwise, the further elaboration is undefined;} 
kw~ua.. ,f 1-/.e . ' 

St12p 2: The A value referred to by the g~ven name is considered; if the 

mode of the given name does not begin with 'reference.to union of' 
I~~ Pitt.a/ . . 

and the considered~ is~a multiple value or~ Ptructured value, 
. .Ju,jla-,,ia, 

then Step 3 is taken; othe1~vise, th~ considered~ is superseded 

{a} by a 1 =;r cyrt+,,,. ·1 of the given~ and the assignment has been 

accomplished 

Step 3: lf the considered value is a structured value, ~hen Step 5 is 

taken; otherwise, applying the;notation of 2.2.3.3.b to;iits descriptor, 

for i = 1, ••• , n, ifs.= 0 (t. = O:);., then 1. (u.) ics·(set to the value 
J. J. J. J. 

of the i-th lower bound (i-th upper bound) in the descriptor of the 

given value; moreover, for i = n, n-1:,· ••• , 2, the stJr;i.de, d. 
1

, is 
J.-

set to (u. - 1. + 1) >< d.; finally, i.f, 1 some s. = 0 or Et.~ = 0, then 
J. J. J. J. l 

the descriptor of the considered value; as modified abio~e, is made to 

be the descriptor of a new insi1ance olf' ,a multiple value.,which is of the 

same mode as .the considered value, and this new instant:e is made to be 

referred to by the given name and is considered instead,; 
l 11 

Step 4: If for all i, i = 1 , ••• 7, n, the bound l. ( u. ) in: the descriptor 
J. .l 

of the considered value, as possibly modified in Step 3, is equal to 

1. (u.:) in the descriptor of the given·:value, then Ste=p,5 is taken 
J. .L 

{; otherwise, the f'\,ITther elaboration is undefined} ; ,, 

Step 5: Each field (element, if My}. ofc .the given value is assigned 

Un an order which is left undefined}',t.o the name refe:ttriing to the 

corresponding field (element, it any),·of the consid.ered;ivalue and the 

assignment has been accomplishe~. 

d) An assignation is elaborated in the 'following steps: 

Step 1: Its destination and source are elaborated collat~rally {6.2.2.a} ; 

Step 2: T~e value of its source is assigned to the value {name} of its 

destination ; 

Step 3: The value of the assignation 

i·ts destination. 

,, 
is ';!4 

/tEl , "' t 11@e of' the value of 
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{Observe that (x, y) :== (L2, 3.4} is not an assignation, since 

(x, y) is not 

-;f (6.2.1.c,d,f) 

a destJnat{on; the mode o_f the value of. a collateral-clause 
r:11 -

does iit begin with 1reference to 1 but yith 1row of' 
t'·: . . ;; · . . :-is. 

·5, 

or 'structured with' i } · 
;,r 
r 

: 8. 3. 2. Conformity reJ,ations 

{The purpose of confonnity-relat~ons is to enable the programmer 

to find out the cm1 rent mode of an' instance of a value if the context 

only restricts this mode to be one of a number of given modes. See. 

for example 11.11.q,r,s,ak,al,am~ Conformity relations are thus used 

in conjunction with unions. } 

' (/ l, {I would to God they would either 
. . A I 

conform, or be m~re wise, and not 

be catched! 

Diary, 7 Aug. 1664, Samuel Pepys.}. 

8.3.2.1. Syntax 

a) boolean conformity relation [830a} )i 

b) 

a) 

b) 

soft reference to LMODE t~rtiaryf81b}, 

conformity relator{b}, RMODE tertiary{81b}. 
,~ ' i ~ 

conformity relator{a} : conrorms to'symbol{31c}; 

conforms to and. becomes :symbol{31_c}. 

{Examples: 

ec : : e ( see 11 .\11. g_) ; ev : := e (s:ee 11.11.r); 

8.3.2.2. Semantics 

t.: 

A conformity-relation is elaboratecl in the following steps: 

Step 1: Its tertiaries are elabdrated :c6llaterally {6.~. 2.a} and the value 
I 

of its,. textually last tertiary• is considered ; 

Step 2: If the mode of the valui. of its te:>..-tually first tertiary is 'reference 

to' followed by a mode which -!~\,~ ip ~united f~om {1~. 4. 3. a} the mode of the 
I ' l ' 

considered value, then the value of the conformity--reJ.a;tion is true and 

Step 4 is taken; otherwise, Step 3 is taken; 
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Step 3: If the considered value refers to another value, then this other 

value is considered instead. and Step 2 is taken; otherwise, the value 

of the conformity-relation is false and Step 4 is taken; 

Step. 4: If its conformi ty-relator is · a conforms-to-and-becomes-symbol 

mid the value of the conformity ... relation is true, then the considered 

value is assigned {8.3.1.2.c} to the ~alue of the textually first 

tertiar-J. 

{.Although not suggested by t~e.wording of Step 2, the, possibly, 

m0st obvious applications of conf~rmity-relations are those in which 
1It.¾:IODE' (8.3.2.1.a) begins with 1union of' whereas 'LMODE' does not. 

T'Den, the mode of the considered value (Step 1) is not 'RMODE' (which is 

united from it) and the conformity-relation serves to ask whether this 

mode is 1 LMODE' and, if so and if!the c0rtformity-relator 1~ a conforms­

to-and-beccmes-symbol, to assign this v~lhe to a name whdse mode does 

not begin with 'reference to union:of' and, thereby, make this value 
• I 

easily available elsewhere. (See, ~.g.,:r,.g_,r,s,z,aa,akJa.9..,am,ar). 

Observe that if the considered value· is an integer a.hd the mode of 

its te)..'t ually first tertiary is ':tefere:rice to' followed 1::iyJ a mode which 

is or is Uhited from the mode 'real' but not from 'integral', then the 

value of the conformity-relation :is false~ Thus,,in ,::q.ti::dast w:H:h S:sidq;i:Hit:iorg 

no automatic widening from 'integ!t'al' to ~ real I takes place. For example, 

in 1mion(~, ~) rb ; rb : := 1, no -v-a:lue is assigned ~to rb, but in 

rb ::= 1.0 :a.,,nd-,~ 1•b,:= 1.0;:,' )+.,1the., assignment/ takes place. 

Rule 8.3.2.1.b is the only rule in: the syntax which allovl-8,ithe· production 

of uncoerced clause~, i.e. those produced:from 1RMODE tertiary'. } 

.\ 

8.3.3. Identity-relations 
' 



a) boolean id.entity relation{830a} ! 

soft reference to MODE tertia.r~{ 81b}, identity· relator{b}, 

strong reference.to MODE'tertiari{81b} ; 

strong reference to MODE"terti~ry{~1b.},. identity :telator{b}, 

soft reference to MODE tertia.ry'{81b}. 

b) identity relator{a} : is .. symbol {31c} ; is not symbol{31c}. 

{Exa.'11.ples : 

a) xory ·-· . -. X ; xx . ·-· .-. X ; 

b) .- . ; ·+· . . } 

8.3.3.2. Semantics 

An identity-relation is e,'.1ra.bora.~~q in the followip~ steps:· 

Step 1: Its tertiaries are elaborated collaterally{6.2.2.a} ~ 

Step 2: If its identity-relator is an ~s-symbol (is-no~-pymbol) then the 

value of the identity-relation is true (false) if the values {names} 
, J' I • 

obtained in Step: are the san1ie a.nd3~alse (true) othr,J:fise. 

{Assuming the assignations xx:= yy := x, the value of the identity­

relation xx :=: yy is false because xx and yy, though of the sa.'11e 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 val xx :=: ~ yy possesses the 

value true. The value of the identity-relation xx :=: xory has a 1/2 

probability of being true because the value possessed by xx (effectively 

val xx here, bec~use of coercion) is the na.'11e possessed by x, and the 

routine possessed by xory (see ~ .3); wh~n elaborated, fi~lds either the 

norae possessed by x1or, with eqtial probibility, the name?possessed by y. 

In the identity-relation, the programme~ is usually as'iq:lrig a specific 
• ,: , " C , 

question concerning names and th-us the' level of reference is of crucial 

importance. Thus at least orie o/lthe tektiaries of an i:d~ntity-relation 

muzt be soft, i.e. must involve only de~roceduring and certainly no 

dereferencing. The construction-~ i:in x, xx, xory, nil~:=:~ 

j in y, ill.£, xory, re of z ,YY -~ is' a;n exa'Ilple of a delicately balanced 

identi ty-£relation in which the mode is 'reference to re?_l;'. 

Ob~erve that the vaiue of ·the f'orinu'.la: 1 = 2 is 'false\ whereas l :=: 2 

is not an identity-relation, siri~e the Vhlues of ·its tettiaries are not 
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names. Also .f.2d3d.f :=: f5df is not an identity-relatipn, whereas f2d3df = 

f5df is a formula, but involves an operation which is hot included in the 

standard-prelude.} 

8.4. Formulas 

t 
{Fonnulas are either dY.a~ic., e.~. x + i, or monadic, e.g. abs x. 

a fuutt'J:e~t1. P-~1-,e. J-.H,../4 
A formula has.l\at least oneAoperator or =¥~Clr-symbol. The order of 

elaboration of a formula is determined by the priority of its operators; 

monadic formulas are elaborate~ first and then the dyadic formulas from 

the highest to the lowest priority. Since the ~M,,,..Cl.-symbol is not an 

operator. ·the programmer is ppevente!dJ. from changing i tls1 meaning. } 

8. 4. 1. Syntax 

a)* SORTEfY forraula: SORTETY MOID ADIC formula{b,g,820d,e,f,g}. 

b) MOID PRIORITY formula{81b,820d,e,f,g,821a,b,822a,b,c,823a,b,824a,825a, 

b, c ,d, 826·a, 828b} : firm LMODE PRIORITY operand { d}, 

procedure with LMODE parameter and RMODE parameter MOID 

PRIORITY operan..t-{f.5"6}, firm RJ.vJ:ODE PRIORITY plus- ,one operand{d,e}. 

c) * operand : FIRM MODE ADIC operand {d·, f}. V 

d) firm MODE PRIORITY operandf'.b,d} : firm 'MODE PRIORIIDY formula{820e} ; 

firm MODE PRIORITY plus one opera.r:i-d{d,e}. C'. -

e) firm MODE pr_iority NINE pl'i:.ls one operand{b,d} , , 

firm MODE monadic operand{f}. 

f) FE-ATMODE monad~c operand{e,g,h1f23.i}::PEA'i-10DE monadic formula{820e,g} ; 

FEAT MODE secondary{81cJ. 

g) MOID monadic formula {81b, 820d,e, f ,g, 821 a,b, 822a, b ;c~823a,b ,824a, 825a, b, 

c,d,826a,828b} : MOID depressiori{h,-}; 

h) 

procedure with R.'\liODE parameter MOID monadic 

firm R\10DE monadic operand {f}. 11 

MODE depression {g} : dw(edvre symbol {31 c}, 

soft reference to MODE monadic operandif}. 

{Examples: 

b) X + y 

d) X X y ; X ; 
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names. Also .f2d3df :==: f5df is no·t an identity-relation, whereas f2d3df = 

f5df is a formula, but involves an operation. which i~ not .included in the 

standard-p~elud~.} 

8.4. Formulas 

{Formulas are either dyadic, e.g. x + i, or monadic, e.g. ~ x. 

A formula has at least one operator or ~-symbol. The order of 

elaboration of a formula is d1termined by the priority of its operators; 

monadic forn1ulas are elaborated first and then the dyadic formulas from 

the highest to the lowest priority. Since the -e/a,~d!,-symbol is not an 

operator. the programmer is prevented f1•on1 changing its meani~g. } 

8.4.1. Syntax 

a)* SORTETY formula: SORTETY MOID ADIC formula{b,g,82Qd,e,f,g}. 

b) MOID PRIORITY formula{81b,820d,e,f;g,821a,b,822a,b,c,823a,b,824a,825a, 
. . 

b,c,d,826a,828b} : firm LMODE PRIORITY operand{d}, 

procedure with LMODE para:lneter- and RMODE parameter MOID 

PRIORITY operator{43b}, firm RMODE PRIORITY plusi one operand{d,e}. 
l . 

c)* operand : FIRM MODE ADIC operand{d~f}. 

d) firm MODE PRIORITY operand{b,d} : firm MODE PRIORITY formula{820e} ; 

firm MODE PRIORITY plus one operand{d,e}. 

e) firm MODE priority NINE plus one operand {b, d} : 

f_irm'MODE monadic operand{f}. 

f) Fl=AT MODE monadtc operand{e,g,h.,823£~FEA..T MODE monadic formula{820e,g} ; 

F~AT. MODE secondary{81c}. 

g) MOID monadic formula{81b ,820d,e ,f ,g,821a,b ,822a,b ,c ,823a,b ,824a,825a,b, 

c,d,826a,828b} : MOID depression{h,--} ; 

procedure with RMODE parameter MOID monadic operator{43l:i}, 

firm HM ODE monadic oper !'3.nd { f} • 

h) MODE depression{g} : <Wo/_e.lR!t.;$ symbol {31 c}; 

sof~ reference to MODE monadic operand{f}. ,, 

{Examples: 

b) X + y i! 

d) X X y ; X ; 
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f) abs X . , 
\ val xx . abs X . g; 

' 
, 

h) val xx } 

8.1+.2. Se.YIJ.antics 

a) A formula, other than a ~epression, is elaborated in the following 

steps: 

Step 1 : The formula is replaced by a copy of' the routine :possessed by the 

operator-defining occurrence:of its operator {7.5.2, 4~3.2.b} ; 
Step 2: The copy is treated as a closed-clause and 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 form.al-par~eter is replaced by a copy of the 

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

nonadic-operator, then the skip-symbol following the equals-symbol follow­

ing its textually second copied formal-parameter is replaced by a copy 

of the textually second operand of the formula; 

Step 4: The elaboration of tl1e copy is initiated; its ·value, if' any, is 

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

then the copy is replaced by the formula before the elaboration of a 

successor is initiated. 

b) A depression is elaborated in the following steps: 

Step 1: Its operand is elaborated ; 

Step 2: If the nrune 6btai~~d in Step 1 is not nil, then the value .of the 

depression is a ·:~~- :- ., _ , of the value referred to by the name .obtained 

in Step 1 {; otherwise, the further elaboration is. undefined}. 

I 

The following table surr,marises the priorities of the operators declared 

in the standard-priorities (1_0._2.0). 

~~a.elk_' ,. monadic 

1 2 3 4 5 6 7 8:' 9 ( 1 O) ,, 
I 

minus V I\ = < - X 4 J. ..., - -P .dmm M -
-plus ' .J. ::; + -i ~ abs bin repr -r ---- . 
times 2. i .!. • ttj:1, · .~1eng' short tw~ . ,. ' ! • -over > I k ~ sign 1:/!.!_ -- ·-: 

moclb e'.Leni £:lji i·tiund entier -- -i 

2:,:::~ ~ im conj~ 
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tt f J k 1u;t p1.uld':J,, if'£ ~ tu. a t ht ~ ~€ht.,, J ht~_, 
Observe that/\the ~alue of (-1 ~ 2 + 4 = 5) and that of (4 - 1 ~ 2 = 3) 

both are true, since the first minus symbol is a monadic~operator; 

whereas the second is dyadic •. (U:though the syntax determines the order 

in which formulas are elaborated, parentheses may well be used to im­

prove readability; e.g. (a Ab) v (-, a "-, b) instead of a /\ b v-, a /\-, b. 

In the formula x + y x 2, · both y and 2 are primaries, which allows y 

to be a firm-priority-SEVEN-operand and 2 to be a fi:rm-priority-EIGHT­

o:perand. The formula y x 2 is then of priority SEVEN.· ·si~ce .x is also a· 

primary, and therefore a firm-priority-SIX-operand, then x + y x 2 is a 

priority-SIX-formula. The effect of x + y x 2 is thus the same as x + (y x 2). 

The operand which follows. the ~~symbol i~, ('!- depression is 

soft rather than firm because its ela?oration should.not involve dereferencing.} 

,: :1 

. ' 
8. 5. Cohesions· 

{Cohesions ar~ of two kinds: nonlocal-generators, e.g. string, or 

selections, e.g. re of z. Coh,esions are distinct from bases in order that 

constructions like a £f b[i] may be parsed without knowing the mode of a 

and b. Cohesions may not be subscripted or parametrize_a.~· but they may be 

selected from, e.g. father £f. a~gol in· fati1er £f. fathe·F }!.!.. algol.} 
' . 

8.5.0.1. Syntax 
I•• 
I ; 

a) MODE cohesio:n{81c,820d,e,f,g,821a,b,822a,b,c,823a,b;824a,8~5a,b,826a, 

828b} : MODE n9nlocal generator{851c}; MODE selection{852~}. 

{Examples: 

a) real (in xx:= real:= 3.14) ; re of z } 

8.5.1. Generators 

,, 

{And as irn~gination .bQdies forth 

The forms of things unknown, the :poet!s pen 

Turns them to shapes, and gives to airy nothing 

A local h?,bitation and a name. 

A Midsummer-night's Dream,. WiJ.liwn Shakespeare.} 
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{The elaboration of a generator, e.g.~ in xx:=~:= 3.14 

or loc real in ref real x = 12£ real (usually written~ x, by extension 

9.2.a) involves the creation of a name~ i.e. the reservation of storage. 

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

reservation of storage in a run-time stack, whereas nonlocal-generators 

iJ.--,ply the reservation of storage in another· region, ~·it the "heap''., in 

which garbage-collection techniques ma-y be used for storage retrieval. 

Since this is usually less efficient , nonlocal-generators should be 
,', . \ 

avoided by the inexperienced ~~qgrammer. The temptation to use nonlocal-

cenerators unnecessarily, is reduced by the extension 9.2.a, which applies 

o,"ly to local-generators. Local-generators are not cohesions but occur as 

actual-parameters (see 7.4.1.b)):i.nd, therefore, may occur in declarations. } 

8.5.1.1. Syntax 

2.)* generator : MODE LOCAL generator{b,c~-}. 
' '. 

b) reference to MODE local generator{74b,831d} ! 

local symbo1{31d}, actual MODE det:1arer{71b}. 

c) reference to MODE nonlocal generator{85Oa} 

actual MODE declarer{71b}. 

{Examples: 

b) 12..£ ~ ; 
c) ~} 

8.5.1.2. S~nantics 

a) A generator is elaborated in the following steps: 

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

Step 2: The value of the generator is ~he value {ri.ame) 

,\ 

obtained in Step 1.-

b) The scope {2.2.l+.2} of the Value o/ J local-generator is the smallest 

ro.:16c containing that generator; that of a nonlocal-generator is the program. 

{The closed~clause 

(E_ef' ~a~ xx ; (·E.;:,."t;__ rea.1 X = real := pi ; XX := x) ; xx = pi) 

possesses the value true, but the closed-plause 

(:::-cf!.'.~ xx ; (.E_~ x :== pi ; x.."'<: := x) ; xx = pi} 

possesses an undefined value since the name referred to by the name possesse~ 

by :xx becomes undefined 'upc:>11 the completion of the elaboration of· the inner 
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range, which is the scope of the name :possessed by x {7. O. 2). The closed-clause 

( (ref real Y..x ; real :x: := pi ; xx := x) = pi)· 

however, possesses the value true. } 

8.5.2. Selections 

{A selection selects a field from a structured value; e.g., re of z 

aelects the first real field (usually~ the real part) of the value 

l)ossessed by z. If z is a name, then re gf z is also a name, but if w is 

a complex value, then re of w is a real value, not the name referring to a 

real value. } 

8.5.2.1. Syntax 

a) REFETY MODE sele~tion{850a}.: MODE named T_AG selector{71j}, 

of symbol { 31 e}, weak REFETY structured with LFIELDSErY · 

MODE named TAG RFIELDSETY seconda1~y{81c}. 

{Examples: The following examples· axe assumed in the· reach of 

the declar~tions: 

s t::cuct lan~ua6e = ( int age, ~ lang~a-$.e father) ; 

1§:-2.C'~~ algol : = ( 1 O, ~llfrsU§JS~ : = ( 1 4, ~) ) 
languas.:::. :pl 1 = ( 4, algol) ; 

a) age 91 pl 1 ; father 91 algol } 

: :1 

{Rule a ensures that the value of the secondary has a field selecte~ 

lJy the field-selector in the selection (see 7. 1.1.e,f ,h,ji·and the remarks 

below 7 .1. 1 and 8. 5. 2. 2). lll\F5hl:=:i63•a!311:es::!a:e::e==B11:ff An identifier=which is the 

sn.me sequence of symbols as a field-selector in the same reach creates 

no ambiguity. Thus age of algol := age is a· (possibly confusing to the 
- . l-11fdR.. -

human) assignation if th~ second occurrence of age is an 1il:ltegral7'identifier.} 

8.5.2.2. Semantics 

A selection is elaborated in the following steps: 

Step 1: Its secondary is elaboraied, arid the structured value wh:l.ch is, or 

is referred to by, the value of that secondary is considered ; 
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., 
Step 2: If the valJ;te of the secondary is a name, then.the value of the 

. '·, • ! 
selection is a n~:yr instance of the name which refe:r:;~ to that field of 1 ,, 
the considered sttuctured value selected by its field-selector; 

~ . -~-
it is a new insta\ce of {the value which is} that field itself. 

JJ ,: 

{In the examples of 8.5.2.1, age 2.:£ algol is a reference-to-integral­

selection, and, by 8.5.0.1.a, a reference-to-integral-cohesion, but age of 
' -

pl 1 is an integral-selection and: an :i;ntegral-cohesion. It follows that age 

of algal may appear as a dest:i.nation (-8.3.1.1.e) in an assignation but age 

of pl 1 may not. Similarly, algol .is a reference-to-Uanguage]-base but pl 1 

is a [larrguage]-base and no assignment may be mad~ to pl 1. (Here [language] 
. U((,Mn<!2 - to -

stands for structured-with-integral-~-[age]-and-Jlanguage]-~4- . 

[rather] ai:d [age J stands for le'tter-a-,.letter-g-letter-e. etc.) The selection 

father f:!! pl 1, however, is a ret:erence .... to-[language]-selection and thus a 

reference-to-[langu.age]- cohesion whose value is the nain.e possessed by 

algol. It follows that the identity-relation father of pl1 :=: algol 
' -

possesses the value true. If father 2£ pl 1 is used as a destination in 

an assignation, there is no change in the name which is·a field of the 

structured value possessed by pl 1, but there :iµay. well be a. change in the 

[language] referred to by that name. J3y similar r'easoning and because the 

operators~ and im possess routines (10.2.5.b,c) which rdeliver values 

whose mode is I real' and not I reference' to real r; re of. z := im w is an 

assignation, but~ z := .:!:.!!! w is not. } 

8 .6. Bases 

{Bases are denotations, e.g. 3.14, identifiers, e.g. x, slices, e.g. 

xHi] and cal.&-, e.g. sin(.x). Bases are generally elaborated first. They may 

be subscripted, parametrized arid:' select€d from and are :often used as opera."lds.} 

8.6.0.1. Syntax 

a) MOID base{81d,820d,e,f,g,821a,b,82~a,b,c,823a,b,824a,$25a,b,c,d,826a, . . 

828b} : MOID slice{861a,-} ; MOID call{862a} ; MOID. denota.tion{510b, 

511a,512a,513a,514a,52!~53a,54b,55a,-}.; MC)ID :identifier{41b,-}. 
l'i. 
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i) subscript{b,c,e} : strong integral unit{61e}. 

j )* trimscript : trimmer{f} option ; subscript{i}. 

k)* indexer: ROWS leaving ROWSETY indexer{b,c;d,e}. 

{Examples: 

a) x1[i] ; x2[i,j] . x2[i] ; .x1 [2:n] ; 
' 

b) 2:n,j 1,2:n ; 

c) i,j . 
' 

d) 2:n . 
' 

e) i ; 

f) 2:n . 2:n at 0 ; 
' - ~ 

c;) at 0 ; 
1, ) u 0 ; 

i) i } 

{In rule a, 'ROWS I reflects the number, of trimscripts in the slice, 
1ROHSE·1'Y 1 the number of these which are trinuner-options and 'ROWWSETY' 

the number of I row of1 not involiJ-ed in :the indexer. In the slices 

x2[i,j], x2[i.,2:n], x2Ci], these numbers are (2,0,0), (2,'1,0) and (1,0,1) 

respectively. Because of rules d and 7 ;1.1.t, 2:3~0 ; 2:n ; 2: ; :5 and :at0 

are trimmers, while rules band d allow trimmers to be omitted. } 

8.6.1.2. Semantics 

A slice is elaborated in the following steps: 
r 

Step 1: Its primary, and all constituent' strict;-lower-bourids, strict-

upper-bounds and 1\evt-lower-bounds of' 1 its indexer are el.aborated collaterally 

{ ,,. 0 I') } • o.c:..c..a , 

Step 2: '?he 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 trimscr:i.pt following the sub-symbol is considered, and a 

pointer, "i 11
, is set to 1 ; 

Step 4: If the ·considered trimscript is not a subscript; then S-t;,ep 5 is 
' 

taken; otherwise, letting 11k 11 stand for its value, if li ::; k ~ ui' then 

the offset in the copy is incr~aSE;d b,Y (k - li) X di' the i-th quintuple 

is "marked", and Step 6. is takeri; 'Otherwise, the further. elaboration is 
,- . '~ 

;x.:dcfined ; 
·<,~-'.j '..>'.' . 
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Step 5: '111e values 111 11
, 

11 u11 and 111' 11 are determined from the considered· 

trin:.script as follows: 

if the considered trimscript contains a strict-lower-bound (strict­

upper-botmd), then 1 (u) is its Vl:l.lue; otherwise, 1 (u). is li (ui).; 

if it contains a new-lower.:..bound, then l' is its value; otherwise, 

l 1 J.S 1 ; 

if now li :s; 1 and us; ui, then the offset in the copy is increased.by 

(1 - 1.) x d., and then 1. is replaced by 1' and u. by (l' -·l) + u.;. 
J. J. 1 J. ' 

otherwise, the further elaboration is undefined ; 

Step 6·: If the considered trims·c:l:'ipt i's followed by a comma-symbol, then 

the trimscript following that collJ!lla-symbol is considered instead, i is 

increased by 1, and Step 4 is taken; otherwise$ all quintuples in the 

copy which were marked by Step 4 a.re removed, and Step 7 is taken; 

Step 7: If the copy now contains ,at least one quintuple, then the multiple 

value conposed of !he copy and 1 those 41ements of the considered value 

which it describes and whose mode is that obtained by deleting 'slice' 

and the initial I reference to'; if ariy~ from that notion ending with 

I slice' of which the slice is a terminal production, is considered 

instead; other1vise, the element of the considered value selected by 

{the index equal to} the offset in the copy is consider·ed instead ; 

Step 8: If the value of the primary is a name, then the value of the slice 

is a new instance of the ~a.me which refers to the considered value, and, 

otherwise, is a new instance of the considered value itself. 

{A trimmer restricts the pos_sible v~lues of a subscript and changes 

its notation: first, the .value of the subscript is restricted to run 

f:;:om the value of the strict-lower-bound to the value of ~he strict-upper-
1 

bom1d, both given in 'the old nota:tion; ne1.'t, all restricted values of that 

subscript are changed by adding the same amount to each 9f them, such that 

the lowest value then equals the value of the new-lower-bound. Thus, the 

assignations y1[ 1 :n..'.1 j ::: x:1[2:n] ; y1 [r1] := x1[ 1] ; x1 :.= y1 effect a 

cyclic permutation of the elements of x1~ } 

8.6.2. Calls 
, .• I 

8.6.2.1. Syntax 

I 

a) MOID call {860a} : firm procedure with PARAME'.rERS MOID p:dmary{811d}, 

actual P .AR.A..rvJETERS { 54e; 74b} jia¢k. 
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· {Exam.ples: 

a) sin(x) } 

8. 6 • 2. 2. Semantics 

A call is elaborated in the following steps: 

Step 1: Its primary is elaborated and a copy is made or' { the routine which 

is} its value ; 

Step 2: Tne call is replaced by that copy; 

Step 3: That copy is treated as a closed-clause and is protected {6.0.2.d} 

Step 4: '.I'he copy as possibly modified by Step 3 is further modified by 

replacing the skip-symbols following the equals-symbols following the 

copied f.orrnal-parameters {5.4.2.step 2} in the textual orde.r by the 

actual-parameters of the call taken in the same order ; 

Step 5: The elaboration of the copy is initiated; its value, if any, is 

that of the call; if this elaboration is completed or· tenninated, then 

the copy is replaced by the call before the elaboration of a successor 

is initiated. 

The call samelson (m, (~ j) ~ x1 [j J ) as contained in the 

reach of the declaration 

E!O..£ samelson = (int n, J?_roc(i-E.!)~· f)~ : 

begin long ~ s := !5?E.[ 0 ; for i to n do s plus leng f(i) 4 2 ; 

short long sqrt(s) ~ 

is elaborated by. considering (Step 1) the closed-clause 

(v3.l(int. n = s];:i12_, :proc(int)~ f = skiP, ; ~ := 

E,g}n lOE£ ~ s := long O ; for i to n do s plus leng f(i) ,t- 2 ; 

~£! long sg_rt(s) ~)). 

Gup:posing that n, s, f and i do not occur elsewhere in the program, this 

closed-clause is protected (Step· 3) without further alteration. The actual­

paror.1eters are now inserted (Step 4), yielding the closed-clause 

(~(int n = m, ,P£.9.£.(in~)~ f = (int j )~ : x1[j] ; ~ := 

bE:r:in lonr; !~ s := lonfi O ; 19£. i 1£. n .£2_ s ~ leng f(i) 4 2 ; 

short long sqrt (s) end)) , ,, -
ar,d 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 

nene possessed by m, and f postiesses the! same routine as .that possessed by 
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the routine-denotation ((int j)real : x1[j]). 'Du:i:-ing the_elaboration of 

this and its inner nested closed-ciauses (9.3), the· elaboration of f(i) 

itself involves the elaboration of the closed-clause (val(ill j = i ; y! 
~ 

real:~ x1[j] )), and, within this inner closed-clause, the first'occurrenct 
', ~ 

of J possesses the same integer as that referred to by the .name possessed by 
' l) 

i. } 



9. Extensions 

a) An extension is the insertion of a comment between two symbols or the 

replacement of a certain sequence of symbols, possibly satisfying certain 

restrictions, by another sequence of symbols. 

b) No extension may be performed within a comment {3.0.9.b} or 

row-of-character-denotation {5.3}. 

c) Some extensions are given in the representation language, except 

that 

A, Band C stand for strong-integral-unitary-clauses {8.1.1.a}, 

D for a strong-unitary-boolean-clause {8.1.1.a}, 

E for a strong-unitary-void-clause {8.1.1.a}, 

F and G for unitary-clauses {8.1.1.a}, 

H for a unitary-clause-list-proper {8.1.1 .a}, 

I, J, ~, L for mode-identifiers {4.1.1.b}, 

Mand M1 for label-identifiers {4.1.1.b}, 

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

0 for a conformity-relater {8.3.2.1}, 
p for an indication {4.2.1.a}, 

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

R for a routine-denotation {5.4.1.a}, 

S for the standard-prelude {2.1 .b, 10} if the extension is performed out­

side the standard-prelude and, otherwise, for the empty sequence of 

symbols, 

T for a condition followed by a choice-clause {6.4.1.c,d}, 

U for a declarer {7.1.1.a}, 

V for a formal-declarer {7.1 .1.b} aJ.l of whose form.al-row-of-rowers 

{7.1.1.q} are empty, 

W for a tertiary {8.1.1.b}, 

X and Y for a soft-reference-to-tertiary {8.1.1.b}, and 

Z for a soft-reference-to-tertiary-list-proper {8.1.1.b}. 

d) Each representation of a symbol appearing in sections 9.1 up to 

9.5 may be replaced by any other representation, if any) of the same 

symbol. 



9. 1. Comments {A source of innocent merriment. · 
. Mikado, . W .S. Gilbert. } 

A comment 

:, {but see 9.b}. 

{3.6.9.b} may be inserted between any two symbol's 

· {e.g., (m > n I m I n) ma.y be r~placed by 

(m > n Im c the l!tt'ger of the two c In).}. 

$1. 2. Cont:rnctions 

a) ref VI ::: loc U where U and V specify the same mode {7 .1.2 .• a}may be - -
replaced by UI. 

·{e.g., E.£f_ ~ x =~~may be replaced by real x and 

ref bool p = loc bool ::= true may be replaced by bool p ::= true.} --.--. --· - . ----r,: -
' 

b) node P = struct may be replaced by struct P = and mode P = uni.on -- __ ,, . -: 

by tm5.o~ P =. 
{e.g., moc.e com1?J. = struct(~ J."e., im) (see also '9.2.c) may be 

:,.'eplaced by struct cor.:ml = (~ re, im).} ~ 

{e.g.,~ x~ ~ y -~= 1.2 may be replaced by~ x, y ::= 1.2, 

but ~ x, ~ 'y = 1 .2 may not be replaced by real x, ,y = 1.2, since the . 
first occurrence of~ is an actual-declarer whereas the second is a formal-

declarer. Note also that mode ? = ~, ~ E. = ~ may be replaced, by 

mode b = bool, .::_ = ~' etc.} 
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,,., d) If an actual-pa'.bameter {7. 4. 1. b} ,(source {8. 3 .1.1 /f'}) is a routine-
1'· 

denotation {5.4.1.ai (routine-denotifi.on not beginning 't,tith (: ), then its· .,,. 

first open-symbol ant,!. last cbse-symbol. {both 3 .1.1.e }{in.~Y simultaneously 

be omitted. 

{e.g., .e:E. + = ( (;.!!~. a)l:E1 a) may be replaced. by 9l?. + = (~ a) int ftlj 

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

the same mode, then J?.E.2.£ QI =. R may be replaced by :proc I = R, 2l2. QJ> = R by 

_££ P = R, and .12roc QIN·, t= R by .:P.!.2£. N : 1= R. 

{e.g.~ _pro_c (ref int) incr = (~ i_nt i): i ~ 1 may be replaced by 

1:-roc _:f:ncr = (~ int i) : i ;el.us 1, 2.:e. (~ ~) ~ ~ = (ref int i) int 

: i ~ 1 may be replaced by .£J2. ~ = (!.::f int i) int : i minus 1 , and 

J,?E.2.£ (~) ~ p = (~ x) ~ : round x, obtained by ~.2.a,d from 

2-:_ef ~ (~) int p = loc ;er,o.c (~). i-~ : ~= ( (~ ·x) int : round x) 

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

f) [ : J may be replaced by [] , [ :·1 by· [ , , , : , by 

[ : at by [ ~' and , : ~ by , ,E1• 
{e.g., [:] ~maybe replaced by [] ~•} 

9.3. Repetitive Statements 

a) 'I'lle unitary-statement {6.0.1.c} 

ber:in int J ·: = A-, int K = B L = C• 
- - - . , ' 
M: if S (K>0IJ::;;Ll:K<0!J;:;:L!true) 

~ int I = if; (DIE; {S,Jj != J + K)_; f£O. to M) 

end, 

' ':] by '] ' 

w:1cre J, K, L and .M do not occur in D, .E, or S, and where I differs from 

J and K, may be replaced by · 

for I frEPl A ]?.:z. B ~ C ~e D ~ E~ 

and if, moreover, I does not occur in Dor E, then !2!, I~ may be 

replaced by ~• 
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b) The unitary-stl;l,tement {6.0.1.c} 

1?,,£g;in in! J ; : 7 A , int K = B; 

M : (Jnt I = J"; (DIE; (s;,J ~~ = J + K); £@. to M)) 

where J, Kand M do not occur in D, E or S, and where '.I: differs from 

J and K, may be replaced by 

12!. I ~ A £l B. while D ~ E, 

and if, moreover, I does not occµr in D or E, then .f2!. I ~ ff).ay be 

replaced by~• 

c) ~ 1 £.r_ may be replaced by El,, 1?.l, 1 !£ by .!.£, 1?.l, 1 while by while, 

and ~•:hile_ ~ ~ by _££,. 

{e.g.~ for i ~ 1 .PX. 1 !.2_ n while ~ ~ x _Elus a may be replaced 

by .:!£ n do x :el.us. a. Note that to O -9:£ S and while false .£2. S do not cause 

S to be elaborated ?,t all, whereas .32. S causes S to be elaborated repeatedly 

until it is terminated or inte.rrupted.} 

9.4. Contracted conditional cl~uses 

{The flb't-rers that bloom iri the spring, Tra la, 

Have nothing to do with the case. 

Mikado, W.S. Gilbert. 

a) ~ if T fi .fi may be replaced by~ T .fi and 

~ if T fi Ji by~ T fi. 

{e.g., if p then princeton else if q then grenoble else zandvoort fi fi - - -- - -~- --
r.1ay be replaced by if p then princeton elsf q then grenoble else zandvoort - -- ,_ - -
fi or by (p I princeton j : q I grenoble I zandvoort) • Many more examples 

ure given in 10.5.} 

b) (int~ I= A; if SI= 1 ~ F ~ S(I = 2 j ~) ~ G fi), where I 

does not occur in F,G or S, may be reDlaced by~ A in.F, G ~ 

{or by (Aj F, G)}. 

c) (in-t I= A; if s:..t= 1 ~ F ~~(SI= 1) in H ~ fi), where 

I does not occur in F, H or S, may be replaced by 

~~ A j.n F, H ~ {or by (A I r~ H)}. ,' 

3;~:~ .:; i ~S~~:g::::w;,..,_µJ:.-JJ:.JJci.ii4-ciis,.j~;;tm. e:s.;.-a,g-s):.\¼J 11 J. n U • '11 • w ; c34· 

} 



9.4. continued 

d) (((XO W I M), (YOW I M 1)) ; ((false I~) I skip)\ M F .M1 G), 

where Mand M1 do not occur in F and/or G, may be replaced by 

~ X, YOW in F, G esac {or by (X, YOW IF, G)}. 

e) (((XO W IM) , (X, Z OW I H)). M: F), where M does not occur in 

F and/or H, may be replaced by 

~ X, Z O W in F, H ~ {or by (.X, Z O W I F, H)}. 

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