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0.1. IntrodJ·ction to version 1, nJvenber H73. 

ALGOL 6d is defined by the Reoort on the Al~orith~ic 
La n g u a g e AL i.:.i:) L 6 8 ( A . v a :1 l'i i j n 5 a a rd en ( :i:'.. d ) , ,fo n e r i s c h e 
Mathematik, 14, 79-21d, 1959), ~hich ivill be referred to as 
''tne Report''. 

ALGOL 6d/19 is a subset of ALGOL 68, formally defined by a set 
of rules modifying the Report. It's also called ALGJ~72. 

This Reference Man~al is intended as a complete, but informal 
description of the language, to3ether with information about 
its implementation on an IBM360/3J conputer, operating under D03. 
Most of the implementation information is given in Appendices. 

Appendix 2 contains a context-free granmar for the language ; 
it ~ay be very useful for the programmer as a snort syntactic 

~ definition. A somewhat modified use of the formalism of Appendix 2 
is made in this manual to g;ive the so-called "general constructio:1s 11 

of syntactic notions. 

• 

.. 

The technical terms used in this i1a'1ual are put between ''q.iotes" ( ") 
at their first appearance, or at some important use. They sometimes 
differ fro~ the ter~s used in the Report. fhey ~ill not always 
be defined . 

Some outstanding characteristics of ALGOL 68/19 and of its 
compiler are : 

- the mode constructions of ALGOL68 are included, with the 
exception of unions and structures ; no mode definition mechanisn is 
provided ; 

- no operator definition nechanis:n is provided ; 

the method of passing para~eters is that of ALGOL69 

- all procedures are 'void', i.e. there are no 'functions' 

- input-output is not that of ALGOL68, but there is a com~lete set 
of pnysical input and output routines, not using tne DOS- syste~ 

- no formats are implemented, but a set of conversion routines is 
provided to and from character strin~s. 

- ru'1time errors are checkej with localization and 'traceback' 
in particJlar, bounds of multiple values are cnecked 

- stora,;,;e organization is dyna:nic (no 'heap') ; 

t~e possibility of separate compilation of proced~res is ~rovidej. 

fhe design and the implementation of ALGOL 6d/19 a"e the ~ark 
of Guy LOJIS and Piet RYPE~3. They received a valuable pro1ra:nmin~ 
a id fro n A . i . J J t ~ t~ an j A . M 1 Cd A J X . 



0.2. lntr0duction to versio:1 2, rnarcn 1974. 

fhe success of the first version of ALJOL 6d/1J ~33 led U3 to 
introduce sane additions in order to facilitate the tasK of the 
programmer. The most important additions are the introduction in tne 
standard prelude of mathematical functions (~hich are no longer YQi1), 
and of formatted input-output on the standard jevices, the extension 
of the comparison operators ~g_ , .•. to character operands, 
the optional suppression of the redundant repetition of tne virtual 
parameters in a procedure declaration and the addition of a case­
statement. The DOS-source statement library can be use to 
include and update parts of pro~rams. 

A very fast link-and-go compiler has been implemented, with the only 
restriction that no separately compiled procedures are permitted. An 
overlay feature is also available. A set of plotting routines nas 
been included in the library prelude. 

0.3. Introduction of version 3, november 1975. 

ALGOL 6d/19 has been implemented under V~/CM3 on an 18M 370/158 
computer; this was the work of Guy LOJIS. 

Some modifications have been introduced to the language, such as: 

- O:)tional suppression of "apostro;::,bes" ( ') s,1rrou'.'lding; il1.(eywords' 1
, 

witn the restriction that keywords may no longer be used as identifiers; 

- modes of separately compiled proced1res are now tested for 
compatibility with pragnats; 

- addition of an original ncornmona feature; 

- addition of a powerfull conversational 11trace 11 at runtime; 

- complete insertion in the VM/CMS virtual system; 

- possibility of calling i!fJRfB/\N'' subprogra:ns; ... 

1. ~xamples of simple programs. 

a. Card-to-tape program. 

SX01: ~~&in [1:dO] QQ~r BU? ; 
1Q (TAK~(BU~,1 ,clO,EO~); 

TAPcW(2,BiJf, 1,8,'.)) 
) 

# repetition ; card inJut routine ff 
IJ tape out put fl 
U ~Oi is st~~1ard enj-of-file # 

b. Carj-to-tape progra~, with blockin~, a~j enj-of-file rn~r~. 



.. 

.. 

oe~in int JL = 1J; ll bloc~i~~ f3Jt8r J 
t.o.t. Dh1 = bJ*t,L; 11 cti,n,2nsion '.):' recorj I 
ll:UIMJ QQ~C JJ!; irrt ~; 

# t~is procedure replaces the st3nj3ri routine 20~: # 
~rQQ Sur=(: Q~~in. i( N ~t 1 

Q_Q ( 

) 

Q!lQ. 
) j 

tnQn 3Uf[1+(N-1 )*80]:= C~QC 255; 

fi . ,.___ ' 

# lo~ical end of file= X'i~' U 
TAP2W(2,dU!,1,01~) 

wn1( 2); STJP 

for I to BL 
~~-(N:=i~TAK~(BU?,1+(I-1)*d0,80,EOF)); 
TAPE1'/(2,BU!:<', 1,DIM) 

c. Quadratic equation solver. 

PnJG: Q.~in rQ§.l A,B,C,X1; 
GgTR(A); J~Trl(B); GSTR(C); #simplified input# 
if A ~ 0 
thQil PLJTS("a is zero"); gotQ PrlOG 
g_l_se pegi_!l 8::B/A;C:=C/A; 

[i 
~.!J.Q. 

gQ.t,.Q PRJG 

r e gl_ D = 3 itit 2 - 4 * C ; 
re£l SQT; 
if. D lt 0 
th~!l PUTS( 11 no real roots 11

); gQ.t,.Q PRJ] 

S:Jf: :SQrlT ( D); 
if B t 0 -- g_ 
th.iH! X 1 : = ( - B - S QT ) / 2 
el~~ X1:=(-d+.SQT)/2 
Ll ; 
PUTR(X1); PUf~(C/X1) 

# si~plified output# 

d. Recursive calculation of a ~reatest com~on divisor. 

PGC0: Q.Q&iQ 2CQQ PGCD = 
(( int A,a): it 8 ~~ o ttrn.rr P u r r c A ) 

~l~g_ PJC0(3,11 ].Q.Q. :l) 
U PGC0 calls itself# 

Ci 
) ; 

p:J CD ( 1 2 , d ) 



e. U~datin~ records on C~3-files. 

Q§.&in 
[J Q.l}_g_c_ ?ILE= ''ft.:.ST DATA A1''; /1Ct·1.S identification of the r'ILi~fl 
in1 L~NGfH = ~O; #length of records in the FILE# 
i n .t. i~ ; IJ nu mo er o f th e r e co r ct s t o b e u;:, d at e d fl 
[ 1 : L EN G f d ] Q.Jlgr. BUFF E R ; 
F O ~MAT ( 1 , '' 1 ( I :5 , L , .:3 d O ) 11 

) ; 

# a fornat is available on tne virtual reader I 
Q...t:QQ. EOi:"1 = (: Jlggin CL03E:(F'ILE); STOP ~D.1 ); 

# end of file procedure for the reader# 
0N(77,EOF1); # recuoerate end of file on reader # 
12.r.QQ. 2:iJt..,2 = (: Q.§IB.in PJTS(·'end of file on disl<"'); E:02'1 §.m!. ) ; 

# end of file procedure on the FILE# 

Q.Q ( 
GSf(N); # read number of the record to be u;:,dated # 
DISKR(FILS,N,BU?FER,1,LENGTH,EOF2); 

# read the ~-th record on the FILE # 
DI S PL Y( B U :? E it , 1 , L E r~ G T rl ) ; It d i s p l a y s on t e rm i n a 1 if 
]Sf(i3Ur:<'FER); JI read tne record to be u;,ctated ti 
CL03~(FILE); # close the input file; no~, 

it's used for output# 
DISKW(FILE,N,i3UFFER,1,LE~JTd); 
DISPLY(BUFFER,1,LENGTH) 

) # continue the loop# 

f. To~ers of nanoi. 

Q.~in 
Q.r.QQ. hanoi = ( ( int_ PEJ1, PciJ2, i~J.'-idSR ) : 
beg_ln int. wOz{K = 6-PC:G1-P2u2; 'ico11pute workpe'si 

i[ NJ,1t3£H g_t 0 
th~n HAi'JOI(Pt:u1 ,W0:1i<,N;J,'1:3Srt-1); 

[i 
~llQ 
) ; 

Fu 11 vtA T ( 3, "s 14, I 2, s 8 , I 2, s 7 , I 2 11 
) ; 

P J r ( i' mo v e f r o :n p e ~ 11 
, P 2>] 1 , '; t o ;J e g " , P r:: _; 2 , n o i e c e '1 , , ~ J :q -3 S :1 ) ; 

HANOI(~ORK,P~G2,NJM3SR-1) 

[QC I 1:.Q 5 do 
( PAGS; PJTI(I); LIIE(3); rlA.NOI(1,2,K) ) 

~llQ. 

g;. In:1er pro::luct. 
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H~N::<.:t{: 
g__~in 

io.t. RC:3; 
Q.r'._Q.Q. p jiJ l) = 

(( [] c~~l MAf1, ~Af2, cg[ r_g~l H~S ): 

) ; 

if l!Lt.2. MAT1 ne 1.~Q. i1AT2 Q.!:. !d_Q.Q. :1Ar1 (le ~.Q_Q. ,,J_~f2 
t.tl_grr PU Ls ( ·1 •••••• ,, l; rlC:S: =-3.276 d 
£!.~~ RE.S:=0; 

for l from 1 lAb MAT1 to uob MAT1 
9.Q.-( R~.S:;RE.3~MAf1[I]*i1AT2(I]) 

[i 

int N, M; GETI(N); G~TI(M); 
[N:t1] li§il :1AT1, MAf2; 
PRO:J ( 11AT 1, 11AT 2, R~.:3); PJTR (HES); 
[1:10] re.§.1 MAT; FJR:1AT(1,"*(1qo.0) 11

); G~T(l1AT); 
p ROD ( 11 AT ' ['1 IH ' R ~ .s ) ; F JR l'1 I\ T ( 3 ' Tl E 1 4 . 7 !I ) ; p J T ( RE s ) 

2 • .Sy,nbols. 

ALCiJL 68 11 programs 11 are written with "sy:nbols". Each sy:nbol 
possesses one or more ;'representations", which nay vary from one 
implementation to another. Tne symbols used in ~L3JL 68/19 are 
given in a~pendix d, together with their representations, 
to be used as input for qur compiler, and some other representations 
used in printed texts. 

Some symbols are single characters (letters, digits, special 
characters). Compositions of single chara8ters ~ay constitute one 
single symbol, e. 5 . ':=' is the 11 becomes-sy::nbol 11

• Other sy:nbols 
are represented by strings of characters in capital letters, enclosed 
or not between apostrophes (for punching) or in underlined lo~er case 
letters, or in boldface type (for printing). An example is ~ggin, or 
'BSGIN', or oEGIN, t:ie 11besin-symbol''. 

Unli~e ALGOL 68, ALGOL 63/19 does not provide for the definitio~ 
of new symbols. 

3. Aeaning of a progran. 

Tne meaning of a program is explained in terns of a ~ypothetical 
com;:rnter .-J'.1ich performs a set of riactions", the '1 elaboratio11" o~ the 
p r o 5 r a n . Th e co n ;., t1 t e r d ea l s ,., i t t1 a s e t o :: " o b j e c t s ' o e t 1-1 '= e n ,1 .1 i c ~1 , 

at a;1y ~iven time, certain ;irelationshios" may 'nold;'· 

Relation3hips are eitner "p2rmrnent 11
, i.e. ind·2oendent of the 

program and its elaboration, or actions may cause them to hold or to 
cease to ;1old. 

r<elation.3 '3.re bett1een objects, .-Jhic,1 can be 2it11er ''exteri11l' 1 '.)r 
n1nternal 11 • 
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ixternal objects a~pear in the progran, 
Exa~ples ) 14 ALPrl~ 

Internal objects are ''values'. 

Pa£<;e 6 

anj are strin~s of symbols. 
X + y 

An external object may ;'possess" a value (this is o:1e of the relations 
wnich 11ay hold between objects). 

Examples : 14 possesses the suggested value, 
; possesses no value. 

The various kinds of values are described in the next sectio~. 

4. Values. 

So~e values may be considered as ele11entary 
as follows : 

"Plain values" are : 

they are subdivided 

11arithmetic values 11
, i.e "inte 5 er'.' nunbers or "real" nu11oers, 

"truth values", 
''characters". 

11ror,nats 11
, as values, are not implemented in ALGOL 63/19, but 

a for-matted input-output :is available (see A.10). 

Otner values are constructed with the aid of elementary values. 

Tney are : "multiple values" (corresponjing to arrays in other 
languages) ; they will be described later ; 

''structured values" exist in AL:}tJL 68, but not in 
ALGOL 6d/19 ; 

''na:nes" anj "routines" will also be described later. 

Eac~ arithmetic value has a "length n1..111ber'1
, which cl1aracterizes 

the precision of its representation in storage. The nJ~ber of 
different length nu11bers 11ay vary from one computer to another. ie 
retain only two different length nu11bers, corresponding to the 
available precisions on ~n IBM/360 or 370 computer. Possible relations 
between arith~etic values will be defined later ; they correspond 
to the usual mathematical relations. 

Truth values are su~gested by their denotations 

Cnar::i.cter values are defined in each implementation by a set of 
::i.vailable clHracters (see A. 4.). 

5. .1od es. 

.. 
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t::3.ch value is of O11e specific ''node''. A :node ·n3.y b·::: 3ee:1 as 
the coJJ,non c;,3.racteristic Df a set of values. A 'TJ0je can :)e 
''specified" in a progran by a!1 external object called 3. ''declarer". 
In this text, we will also use terms t3.ken fron the syntax of tne 
Report; some of these ter~s are given belo~, to~etner 111th je~larers 
which specify modes. 

Value 

inte'5er 

real 

truth 

character 

routine 

multiple 

na11e 

Declarer 

begins 11ith Q.rOQ. 

be~ins with [] 
or [,] 
or ... ( 1) 

begins ·t1ith ref_ 

;-1od e 

'' inte~ral' or "long-inte,?;ral n 

rl real ,I Or '1 long-real fl 

'
1 boolean" 

'character'' 

be;ins with ilproced:1re" 

be~ins with ''row-of" 
or "ro,11-of-row-of ,, 
or ... ( 2) 

be~ins ;1ith ·'reference-to 1 

(1) a nu11oer of comma-symbols between [ and ] 
(2) a n'.lnber of times "row-of" 

6. Denotations. 

"Denotations" corresponi to consta:its in other languages. 

Tney are external objects which possess oermanent values, 
not dependent upon the elaboration of the program. 

Limitations on the values of denotations are to je founj in A.4. 

6.1. Integral denotatio:1s. 

Ex a .n p 1 es : O 4 096 0012 3 

Note : -1 is not a den::>tation, b'.lt a :nona::iic for.nu la (see 13). 

6.2. Real denotatio:1s. 

Sx8.mples : 0.000123 
. 12 3 

1.23~-4 
12t:25 

lQng 3.141592635 

:fote: 1. is not a den::>tation, but .1 is :1 real denot:ition. 

6.3. boolean denot3tion3. 
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6.4. Cnaracter denot3tions. 

Sacn character denotes itself, except the ''qu::>te-c\.nracter'', 
whicn is denoted by a double quote-sy~bal. fhe denotation is 
placed between t~o quote-symbols. 

Ex: "A"' II 
II 11111111 ·$c 1' 

' ' ·.P ' 
$$$.$. 

6.5. String denotations. 

A 6haracter string is not an elementary value ; its ~ode is 
'row-of-character' it has nevertheless a jenotation. 

E xa 11pl es : "ABC 11 

$A:$$a$$$ 
•
1 A B + C" 

(the value has five characters) 
(the value has seven characters) 
(empty string) 

tfotes 

"'' or $ $ 

1. A character string denotatio~ can only denote 
a value with 0, or 2, or more characters. If there 
is only one character between the quotes, it is a 
character denotation. 

2. Tne "space-character" is represented in a strin 5 by 
itself. At all other places, spaces may be freely 
used. 

6.6. Routine denotations. (see 21) 

7. Spaces and comments. 

113pac es" May be inserted bet ween ''symbols". They are also 
used as ''delimiters'' between "identifiers" a~d ''Kej'words''. 
They have no special rneanin1s outside '1 strings 11

• A space in a strin's 
is a "space-sy,nbol". 

•
1corn:nents" may be inserted every'!!,her:~ in a progra11. They are enclosed .. 

b et w e en t w o '' co '.Tl n en t - s y '.11 b o 1 s 11 
• F o u r rep res en t a t ions a re q; i v en f or 

this sy~bol: #, J, ~C and ~Q. ~C and ~Q will be used when tne co~~ent 
is intended to give infor~ation to the compiler at the beginnin~ of a 
progra.n (see 21. 1{ 11.1 21. 5). II anj .t denote the stanjard comnent 
symbol. 

C:xa'Tlples: 

12.r. Q.t:Q~ ( in.1.> EO? 1 Q.r. It EU? 1 is 1n external pr0ced,J re ,I 
~2 -~A1~1 QQ; ~A~~1 is a labelei co~mon , 
ll tnis mini-pro~ran calls i0r1: # 
Q~gin iU~1(-7) ~ng 
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d. Identifiers and identity-declarations. 
----------------------------------------

"Identifiers" are external objects wl1ich nay possess values. 

Exa~ples of identifiers : X 
Al 
t-1A #THLJ f/SA//LE11/I ( 1 ) 

fne first symbol of an identifier must be a letter, the next symbols 
~ay be letters or digits. In our implementation, the total 
number of symbols may not exceed 6, but see (1). 

Note also that identifiers cannot be choosen to be ''keyword.s". 

Unlike denotations, which ~assess pernanent values, moje identifiers 
are made to possess values by the elaboration of 
'' identity declarations n. Exa nples : 

regl A = 3. 14 ; 

Tnese two examples show the two possible syntactic ferns of an 
identity declaration. The former contains an "equal-sym'::>01 11 • 

In AL3JL 68/19, this is the only place where the aqual-syill~ol nas 
the representation '='. ,Tne second construction 
will be described in seciion 9. For the former the general 
construction is 

<virtual declarer> <identifier> = <expression>. 

(for procedures, there is a special rule ; see 22) 

r n e word 1
' vi rt u a 1 11 w i 11 be exp 1 a in e d in can n ·2! ct ion .-1 it h :nu lt i o 1 e 

values (section 20). It has no SJecial ~eaning outside that case. 

The declarer specifies some mode (see 5) ; the expression (see 13) 
must yield a value of the same mode. The simplest case of an expressio~ 
is a denotation, as in tne exam?le above. 

After elaboration of the first declaration, the identifier 
A possesses the value of 3.14, and that value can~ot be changed. 
It is in fact a "constant", represented in the progran (or in :Jart 
of it - see 27) by an identifier. ''Variables" ,1ill be described 
in the next section. 

After rea1in~ section 17, you ,1ill understand that the position 
3t the ri~ht of '=' is strong, ~hich ~eans that sone iutom3tic cn3nges 
of mode are possible there. 

The follo~ing sketch represents tne orocess of the elaboration 
of in~ A= -7 
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identifier inte~ral value 

l_A_l----------:-~1_: 
possesse3 

Jther exa~ples of valid declarations of the first kind are 

real PI= 3.141592 ; real PI2 = PI/2 
long int ONE= l~IlK 1 ; 
Ill::QQ. NO II T H I N ,::; fl = ( : s k iQ ) 

9. Na~es, and associated declarations. 

9.1. iJames. 

"Names'' are values (internal objects) , which may be seen as 
me~ory locations or addresses. There are of course no denotations 
for names, but there must be some possibility to ''create" names 

.. 

(this involves the reservation of memory), and to associate an identifier 
with it. This is achieved by a declaration of the second form, 
described hereafter. 

9.2. Creation of names. 

Example : real X ; 

The general construction of a declaration of this kind is 

<actual declarer> <identifier> , or illore generally, 

<actual declarer> <identifier>{, <identifier>}* ( 1) 

The process of the elaboration of the declaration r~~l X ~ay 
be summarized as follo~s : 

~e~ory space is allocated for a real number 
some real nu~ber is registered in it ; 
the identifier Xis macte·to possess the name 
(tne address) of the allocated ne~ory location. 

The sketch represents this process. 

identi­
fier 

address of 
a real 

some 
real 

: -~-: ---<t112ilrr>-->--: ::~: 
possesses refers to 

~ore technical terms to de3crioe the 
sane proces3 are : a ~a~e of the mode 'reference-to-real' 
is created ; that nane is made to 
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"refer to" some real value ; the identifier X 
is made to possess that name. 

To make a na~e refer to a given value, an assignation ~ay 
be used (Example : X := 3.14 ; see 12). 

Notes 1. The triplet identifier-na~e-value corresponds to the 
concept of a variable in other languages. 

2. A name is always 'specialized', i.e. it refers to 
a value of a given mode. 

3. To have the mode of a name, add 'reference to' 
before the mode specified by the declarer in the 
declaration ~hich creates that name. 

4. "to refer to" is a relation between two internal 
objects. 

An example of construction (1) 

real X, Y, Z; is equivalent to 

real Y real Z ; 

10. Deleted. 

11. The program. 

11 .1. General construction. 

The simplest general construction of a "progra~~ is 

[ <label> : ] <block> , 

where a "label" is an identifier ( if omitted, the label is 
considered to be 'MAINPG' ) and a 11block:1 has the follow-ing 
general construction: 

Q.~.!Jl <serial clause>· end 

and a <serial clause> : 

{ { <statement> ; }* <declaration> ; }* 
[<label> :]<statement> ( ;[<label>]<statement> }* 

In other words, a program is an optional label, followed by a block. 
Tne block itself is enclosed between a begin-symbol and an end-symbol, 
and is composed of some number of declarations (see 8 and 9) (this 
number may be 0), possibly interspersed with unlabeled statements, 
and follo~ed by at least one possibly labeled statement. 
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The allowed 11state,nents'' are : 

a "jump" : gotQ. <label> 
a "null-statement'' ~~i.Q 
a "block" (see above) 
an "assignation'' (see 12) 
a 11call 11 ( see 21) 
a 11conditional statement" 
a "repetitive statement" 

(see 18) 
(see 19) 

Page 12 

(see 11.4) 

The embedded block structure of ALGOL 68/19 follows from the 
fact that a block is a statement (and can be a constituent of 
another block). 

"Common" and "pragrnats" can also be used before or after a 
program (see 21.4. and 21.5.). 

11.2 Deleted. 

11.3. Elaboration of a program. 

The "elaboration" of a program is the elaboration of its bloc~, i.e. 
the "serial" elaboration of its declarations anj statements (serial 
means in the order in which they are written). This serial 
elaboration may be altered by the elaboration of a jump (see 11.4). 

11.4 Jumps. 

The label of a jump (see 11.1) must be the label of sone 
statement. 

The elaboration of a junp consits only in an alteration of the 
serial elaboration of the state~ents of a block : the next statement 
to be elaborated will be the statement which is preceded by the same 
identifier as tnat of the jump. This statement may be outside of 
the bloc~ (see 27.2). 

Example L g_g_t,Q L . (never write this) 

11.5. Sleips. 

A ski.Q may so,netimes be req11ired to place a label some.-1nere. 
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Exa:nple: Q_Q ( 
if COt~D tl.1§!1 g_Q_t_Q. E>W1 

~l§.§ 
fi• __ , 

Si~ u 1 : §.KiQ 
) 

12. Assignations. 

An assignation is a statement, the elaboration of which causes a 
name to refer to some value. 

Exa:nple X := 1.0 

In this exa11ple, the value possessed by the ''source'' 1.0 is 
assigned to the name ~hich is the value possessed by the 
'' d es t i n a t i on ll X . 

The general construction is 

<destination> := <source> 

The destination and the source are "expressions'' (see 13). 

Note : In Appendix 2, the destination and the source 
are given as 'expressions'. 

The mode of the destination ~as to be 'reference', followed by the 
mode of the source, so that the name possessed by the destination 
can be made to refer to the value of the source. In the exa~?le 
above, the mode of 1.0 is 'real', so that the mode identifier X 
must nave been declared 'reference-to-real' (see 9 a~d 27.2), 
for exa11ple by I'-eal X; 

In the example, after the elaboration of the assignation, tne 
memory location corresponding to X contains the arith~etic value 1, 
in floating point internal representation, single precision. 

Some auto~atic changes of mode are possible during the elaboration 
of an assignation ; they are kno·,rn as 11 coercions'' (see 17). 

13. Expressions. 

Expressions are external objects possessing values. 
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A'1 expression 8an oe: 

a~ ijentifier (see 8) 

a jenotation (see 6) 

a 11slice" (see 20.3) 

a " form u 1 a '' ( see 1 4 ) 

an expression between parentheses 

a call of a mathematical function 

14. Formulas. 

?:irr,e 14 

~xanples 

AL~dA 

1. 3 1~5 , t_ru§. , ''ab" 

X 1 [ i<] 

( X+ 1-Y) / 2. 5 

(A+B) 

3LHA+3) 

'' .t" ormulas" are used to instruct the comp:.i t er to perform 
operations in the ordinary sense. 

Fo!"':nulas are either "dyadic formulas Tl or "mon3.dic formulas". 

A dyajic formula is one "operator'' between two "operaridsn. 

example : Y-X. 

' A monadic formula is one operator, follo~ed Dy one operanj. 

Exa.nple : -X. 

Operand3 may be any expression (see 13). 

Because a formula ~ay be an operand of another formula, composite 
formulas are possible, like X+Y*Z, or X+Y+Z. 

The elaboration of a formula consits in the elaboration of the 
operands, followed by performin~ the operation. In co~posite 
formulas like the last two examples, the point is to knoA the orjer 
of elaboration, i.e. which formulas are to be considered as operands 
for another one. 

The a.'1swer is given by the "priority" rules. Each operator 
has one o~n priority. The operators available i'1 ALGJ~ 68/19 
are ~iven Delo~, together with their priorities. They are described 
in the following section (15). Tne effect of the priority rules 
will be described in section 16. 

.,. 
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priority 1 no:ie in AL.,.;.J:_,;JJ/1-J 
priority 2 Q.r. 
priority 3 ang 
priority 4 t19. Q~ 
priority 5 lt. :J,_g_ &Ei gt 
priority 6 - +- (dyadic) 
priority 7 * I over rn Q.9. 
oriority d fif Y.Q.Q lwb 
priority 9 none i 11 ALG0:..6d/19 
priority 10 (monadic operators) 

not - + g_Q_~ reg_r::_ Y.QQ. l'!LQ. 
lerrg §.h_Qrt QQ.Q. sia-n 

-·--Q-

C.Q@Q. ~tier. 

15. Description of the operators . 

"Operators" operate on no;:,eran::is" ..rith given modes, and yield results 
~1th given ~odes. 

15.1. Boolean operators. 
~ -----------------------

!'.!Q.t. ("not", monadic, priority 10) 
and (''and", dyadic/ priority 3) 
or ( "or'' , dyadic , pr i or it y 2 ) 

are tne usual boolean operators, operating on boolean values, a~d 
giving a boolean result. 

15.2. Co~oarison operators. 

~Q. ("eq1..1::11:1
, dyajic,priority 4) 

ne (''not equ::11·1 , dJaJic, priority 4) 
ll ( 11 less than", dya::iic, priority 5) 
le ("less or equal", dya::iic, priority 5) 
g~ ("~reater or eq 1.1=1l'', dyadic, priority 5) 
g_t_ ("greater tnan", dyadic, priority 5) 

are the usual comparison o;:>erators. They operate on arithmetic 
or character operan::is, and Jive a boolean result. 

If the operanis 1re arithmetic, both ~ust be of the saTie len~th, 
b~t each of the~ may be either integral or re1l. 

~xanples : 1) X lt 5 
2) t~e value of 1 lt 5 is th1t o~ true 
3) [1:NJ Qh_9.r_ A -- l[ A(lJ gq-~f; 

fo co1npare strin~s, use the pr-,.:>ce:L1re CJ,~P (Ap;:,enjix 3). 
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15.3. Arith~etic operators. 

a) '+' anj 
'*' a:ij '/' 

( "p 1 u 3 '' a '.11 ''minus 11 
, ct/ a j i c , j) r i o :--it y 6 ) 

(''ti:nesn and "dividej bJ', dy3.iic, priority 7) 

are tje arithnetic o~erator3 usually available by hardware on tne 
computers,dith aritnmetic operands, anj arithmetic results. 

Both operands must be of one sa~e length, anj the result is of 
that same length. Each operand ~ay be either integral or real. 
roe ~ode of the result of '/' is always '(long-)real'. 
fhe ~od~ of the result of '+' , '-' or '*' is also '(long-)real', unles3 if 
both operands are of the '(long-)integral'mode, in Nhich case the 
result is also of that same mode. 

Examples : A+1 
t3*A 

b) + anj - ( " plus " an d ''minus 11 
, mo n a d i c , p r i or it y 1 0 ) 

are the usual monadic operators on arithmetic operands. 

'+' has no effect 

Exam pl es: -X 
-1 
-(X+1) 
+X 

'-' changes the sign 

c) '**' ("u;:>'' dyadic, priority 8) 

is the exponentiation operator. 

Exanple : A *1 5 

Tne second operand nu3t be integral (not long-integral). 

The result has the mode of the first opera~j. 

Th~ elaboration of such a for~ula consits in successive 
multiplications, followed oy inversion, if the second operand is 
ne 5 ative. 

Tnere is no operator to raise a real value to the power another 
real value. Standard ~rithmetic functions should therefore be used. 
(see 211). 

15.4. Soecial operators. 

("over'' anj "11odulo", dyadic, priority 7) 

operate on inte~ral oneranis of nne 3~11e len~th, giving 1 result of 
the 3a·ne l~n'2;t'1. 

-> .i.1',;,•_.~-.. ' 
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The result of A QY§l: q
1 

is the result Q of the arithmetic 
division of A by B, defined by 

IAI = IBl*IQl+R, B ne O, A*B*Q g~ 0, 0 le R lt IBI 

The result of A mod Bis the value of RES= A-(A QY~~ 3)*B, 
if RSS is n:::>t negative; otherwise, it is RES+IBI. 

Examples 

The result of is 
10 Qyer 3 3 
10 Qyer -3 -3 

-10 OV§l: 3 -3 
-10 over -3 3 

10 .'.]Od 3 1 
10 ITJ.Od -3 1 

-10 ITJ.Od 3 2 
-10 mod -3 2 

b) QQQ and lwb (monadic, priority 10 
(dyadic, priority 8) 

(see 20. 4. , multiple values) 

c) l~n.g and short ( 11lengthen 11 and "shorten", monadic, priority 10) 

The operand has the mode int or ~eal . 

- leng, operating on an operand of the mode int or real , 
gives a result of the mode long ini, resp. long real, 
the value of which is the equivalent value of the operand (to be 
11 equivalent" is a relation whicl1 can hold between two values, see 3). 

- short, operating on an operand of the mode long in.i or long 
real , suppresses a long from the mode of the operand. 
If the operand has the mode long ini, the 
result is its equivalent short value, if any. If the operand has the 
mode long real , then the result is the nu~ber of the real 
mode whose value lies the nearest that of the operand. 

Examples leng x + long 1 

leng is an operator, 
long is part of the lon3-integral-den~tation 

lQJJ.g 1 

short long 123456789876 does not exist in 
our implementation, because there is no short equivalent of 
1234567d9876. 

d) QQ.Q. ("odd", monadic, priority 10) 

The operand has the mode in.1. or long in1. 

The result is of the mode hilill, and has the value of tru_fl 

,,,, 
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~· t~e 2perand is odd, else it has the value of false . 

("sign", ::10nadic, priority 10) 

fho :)erand has the ~ode 
or 

.. .. 
1.n.~ , or 
real or 

I't1c :'0sult is of the mode in~, a:1d 11as the value: 

-1 for a negative operand 
0 for zero 

+1 for a positive operand. 

("round", monadic, priority 10) 

'I' ,12 , ... 2sul t is resp. int or l_ong :i_nt . 

f~i: is the rounding operation. The value of the result must 
~ot Ji:fer fro~ the value of the operand by more than 0.5. The value 
of ~2UQ1 Xis that of entier (X+0.5). 

It ~hJuld be noted that the conversion from real to integral is 
:::.:. . .-:::J:.:; ::;;{plicit (see also the next aperator, entier ) . 

,;) ~2Iie_r ( 11entier 11 , monadic, priority 10) 

ft1c Gperand is real or long 1:eal 

T'.12 : ... esult is resp int_ or long int . Its value is the 
;rcatest integer the value of which is not greater than that of the 

i:::,3:-:i;)les: the result of 
th·e result of 
the result of 

entier 1.5 is 1 
entier -1.5 is -2 
smli.~.r 2.0 is 2 

h) J2;'l (trabsolute value of 11 , monadic, priority 10) 

1. If the operand is a character, then the result is an integral 
·.-_:.: l :.l :' ( :.1 ) d e in.!:. ) , the II int e gr a 1 equiv a 1 en t II of t l1 e c 11 a r a c t er ( this 

~ ~~~jine-dependent result, see Appendix 4). 

:r the operand has an arithmetic value, then the result is an 
- ·:

1
.·~ :.::'.:i.c value of the sa11e mode, the absolute value of the operand. 

("reorescntation O
f',, . , monajic, priority 10) 

:::''? i1vcr3e operator of ::lQ.Q operating on a character. 

: i ---. -:- -:'."J.>:d A i:::; an integral value (mode int. ) ; the t'C:J'..llt is 
': ~-':.J:-·.<:tor X, if any, for ,Jl1ich Q.Q§. X = A. 

I 
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In our implementation, ~~~~ ~ivea a result w~icn can je internally 
stored for every value of the operand fron Oto 255. Jutp~t of s~~e 
of tnese characters ~ay oe impossible on some devices, without ~o~ev~r 
giving rise to an error condition (see Appendix 4, givin~ tne 
available printer c~aracters). 

16. T~e elaboration of formulas. 

The effect of the priority rules in a for~ula nay be 
sunnarized as follows : 

If an operand is parenthesized, or if it is an identifier, a denotation, 
a subscripted identifier, or a call, then it is 'easily identified'. 

If tnis is not the case, the priority rules are used to identify the 
operands. The parenthesizing rules ~~ich follow nay be used for this 
purpose. 

Step 1 • Identify all the monadic operators. 
An operator is ~onadic if it is at the left of an easily 
identified operand, and preceded by another operator, or if 
it begins a formula. when a ~onadic operator is found, 
put parentheses around it and the next easily identified 
operand, then take step 1 again, otherwise, take step 2. 

Exa:nple : 

-X+Y becomes (-X)+Y 
X--Y becomes X-(-Y) 
X--Y+-Z beco~es X-(-Y)+(-Z) 

Step 2. To identify the operands of dyadic operators consider the 
leftmost operator of the highest priority, if any, not contained 
in a~ easily identified operanj, anj put parentheses 
around it and its two neighbourin~ easily identified operands, 
then take step 2 again. 

Exa'."!'!ple : 

X+Y-Z becomes (X+Y)+Z 
X+i*l becomes X+(Y*Z) 
X+Y*l**2 oeco~es X+(Y*(Z**2)) 
X+Y[I+J+K]*2 becomes X+(f([I+J+K]*2) 

At the end of the process, the expression is fully parenthesizej,anj 
all operands are easily identified. fne elaboration ~e~ins ~ith tne 
el3b~ration of tne operands of the outer~ost formula (this ~ay involve 
elaboration of inner form~las, with additional parenthesizing processes if 
needed, as in the last example above), followed oy the elaboration ~f 
t~e operation itself. 

These rules follow fro~ the 3yntax of Ap~endix 2, ~~ere 

< o 1 > st ::in is r o :-- a for ,TI 111 a . 
<O~i> stands fo:-- an ooerator ~ith priority i 
(i=l,2 .... 10). 
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It follo~s fr~n the rule 

<Oi> ::= <ui> <upi> <ui+1> 

tnat a formula like X+Y-l 
to rigt1t. 

will be elaborated fron left 

Note that 
w.1ereas 

nas the value 5, 
has the value 3, 

17. Coercions. 

a. ·'Coercions" are automatic ch:rnges of rnode, which are part 
of the elaboration of a progra~. These changes affect the values 
of expressions. 

lxa~ple : In the identity declaration ~~il X= 1, the mode 
of Xis 'real', whereas tne mode of 1 is 'integral'. 
Before making X to possess its value, the mode of 1 has to be 
cnanged fro~ 'integral' to 'real'. This is a coercion, known 
as "widening". 

Each coercion transformsithe "a priori" mode of an expressio:1 
into an "a posteriori" mode. 

b. Tne only coercions available in ALGOL 68/19 are "widening" 
an:! "dereferencing". 

~hen .-1idening, the a priori mode is 'integral' or 'long-integral', 
a1:! the a posteriori mode is 'real' or 'long-real', respectively. 

Tne value after coercion is the real value .-1hich is "equivalent" 
to the inte$ral value before coercion. Every inte1ral value of 
o~e len~th ~ust of course have an (exact) eq~ivalent real value of 
the sane len~th. 

Dereferencin; suppresses a 'reference-to' before the mode of 
tne ~iven value. Dereferencing is necessary, e.g. in the assignation 

X : = y 

if o~tn X and Y are of the 'referenca-to-real'rnode, beca~se 
it is the value to .-1hich ~ refers that is needed in the source, 
so a 'reference-to' has to be renoved fron its mode : it Roes fro~ 
tne a priori 'reference-to-real'mode to the a posteriori 'real' 
n0d e. 

r" C')er~i<)!'13 are not per'.nitte:j in all ''P~3itions" of expres-
si0ns. P).-:;ition.3 are chara~terized by the ..iorjs : ·'stron~", 
'' f i r n '' , ·'.) r '' w ~ a i< '' • 
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A Aea~ po3ition i1 that o~ the identifier of a 1lic2 
(e.g. Xl in Xl [KJ ; see 20. 3). 

A fir~ oosition is that of an operand in a formula (see 14). 

Strong positions are those of 

sources in assignations (see 12), 

expressions in declarations (see i), 

boun1s in declarations of multiple values 
(see 20) 

subscripts (see 20), 

expressions in repetitive statenents 
(see 19), 

the inte 5 ral expression in a case 
statement (see 1d), 

the boolean expression in a 
conditional statement (see 18), 

expressions used in calls (see 21.c), 

identifiers of calls (see 21). 

~ote. For some of the positions given as strong, a 'fir~' 
would nave been sufficient. They are ho~ever given as strong to 
avoid departing from the Report. 

d. fhe alloAed coercions are : 

- in a weak position : a nu11ber of times dereferencin~, leavin~ at 
least one ref · -- , 

- in a firm position a nu nber of ti :nes d eref er enc in~ ; 

- in a strong position a n~nber of times dereferencin~, possibly 
folloAed oy a widening. 

Exa11ples : ['_~~l 
r.~f. 
r.~[ 

X . 
' ['_~[_ 

r:g_[ 
r_~f. C.~Jil XXX 
ilJ.t III ; 

in ~ := 1 , 1 is Aidened to r_~ijl in its strong 
position ; 

in X ·- III III is dereferenced three ti~es, 
then it is ,lideri8.j 

in XX X + 1 , XX X is de reference ,-1 four t i ·n e 3 , to 
yield a real V3lue ; the operanj 1 is not widened (this is not per~itt~J 
in tne firm pa3ition ~r ~n oper3nj), but the operatio1 + ~1s bee, 
defined 3lso ~nen one operan1 13 re~l a~i the other one inte~r1l. 
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1d. Coojition3l stat~~ants. 

ld.1. If-st1.tement. 

1. 

2. i[ D lt 0 
t..lJ.~!1 PUf3 (·'NJ ROJfS 11

) 

STJP 
f.i 

3, ifD l_t_u 
t.J:rn.n. D:=0; PJTS(·'no roots") 
e 1 §.§. D : = SQRT ( D ) ; 

PUTR (-3+D)/(2*A) 
PJTR (-B-D)/(2*A) 

fi 

fne general construction of an "if-state:nent·' is 

if < expression> ttl§!l <statement>( ;<statenent> }* 
( el~g <statement>[ ;<statenent>}*}O 

fi 

The entire statement is enclosed bet~een the two special brackets 
i[ a:-id [i . 

fne expression must yield a boolean result 
(se-e 17). 

its position is strong 

Tn~ th~n -part is 11andatory; the ~l§.§. -part in ootional. 

Tne elaboration of a conditional statement consits of tne 
folloAing steps : 

elaoorate tna expression 

- i f i t s v a 1 u e i s tr!! g ,- e 1 ab o r at e t h e st ::1 t e 11 en t s o f t n e t iJ. ~ Q. -

part a~d s~ip the state11eats of the g!_~§ -oart, if a:-iy. 

- if its value is [~l§.~ , skip the state11ents of the t~~Q -part 
a~i ela~orate the statements of the ~!.~~ -part, if any. 

~ote t~at only stateTients may be conjitional, ~~ereas in ALCJL u3 
exores3io'1J also may be conditional. 

C3se-st1tenent. 

fne 11 '"!] :;r~-.sta.ten-2nt" provide3 1.'1 11 tet'native f'o:--' 3.J,1•" -~'J•nJ,:H1J if­
_, t 1 t f~;TI .-~ :1 t -1 ,i "l i C i1 '...! 0 ;J l rj O th'! r ,r/ i S := l O Ok Li ,< e: 
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i_[ C 1 t1t!1 3 1 
Ell~~ i[ C 2 tJ.sUl s 2 

Ell.2~ it 

Tne ~ener3l canstru8tion is 

gas~ <expression> 
in <state:nent1>, 

<state11ent2>, 
<state,nent 1\J> 

Q~t.<statement N+1> }O 
.~§.9.Q 

fhe expression must yield an integral result. Its P03ition is 3tron~. 

The in -part must contain at least one state:nent. 

The elaboration of the case-statement begins ~ith the elaooration 
of the expression. If its value is I, with 1 l~ I l~ N, 
then statement I is elaborated; otherwise, statement N+1 is elabo!"'ated. 

ifote tnat out skiQ esac is equivalent to ~§.Q. 

2:xa,nple: 

!2.!: 0 C SW If C rf = ( ( int N ) : 
Q.§.§.~ N in g_oto L 1 
Q~t. STOP 
esac ) ; 

int I ; ... S,'1ITCi-I( I) 

19. Repetitive state~ent. 

gg_to L.2 , gQ.tO L3 

~ x a n p 1 e 3 • 1 . [Q.I: I fr Q;n 1 0 Q:t. ·• 2 t.Q - 5 g_ Q. 
( A[I]:: A[I]+ 1 

i3[I]:= 8[1]+ 1 
) 

2. [Qr. I !ih.il~ A+I lt 10 Q.Q. (PJfI(I)) 

Tne general canstru8tion of the ''repetitive stateme'.lt'' is 

( for <identifier> }O i from <exo!"'ession> }O 
( ~y-<ex~re33ion> }O ( to-<ex~re~3ion> }O [ ~Qil~ <exoressio~> }O 
2.Q. ( <serial cl::11se> ) (see 11 .1.) 

rne identifier fallo~ing [Q.~ ~ust be considered as being je2larej 
tnere dith the mode 'inte~ral' ; it follo~s fro:n this th3t t~e 
progra~:ner cannot cnange its value. 

Tne first tnree expression3 :nu3t yield integral value3, 003sibly 
3fter 3o~e coercions, beca~se the position is stro~~- Tne 
expression 3fter ~n.ilg must yield a boolean V3lue. 



i\ L .] J ~ 6 d / 1 ) 

lf all p3.rts of tne state:neot 3re ::H'e3ent, tne se."'Ja'1tic3 are 
JescribeJ by the follot1in; e11ivalence 

f.Q.r: I from <l!'.1> Q.Y. <t:2> 
tQ <S3> tlhil§. <E4> QQ 
( <Cd/Ii.It~> ) 

is eq.1ivalent to 

Q.§.g.i_D. int J ; 
J := <El> ; 
int i< = <E2> 
int L = <8 3> 
b OQl_ t3 

11 if K gt_ 0 
then t3 == J l§. L 
£lse l[ i< lt O 

th§.U 3 := J g~ L 
e 1 §.§. B : = tr:_11g_ 
Li 

int I= J ; 
if. <a:4> 

f.i 

thg_n < C rl A I N > , 
J := J + K 
gotQ :-1 

fhe [Qr: I -part is reqJired only ~nen the value of I is used 
in the chain or in the expression after tlhil§.. 

I f t h e f.r:Q J1 - p 3. rt i s o ,nit t e d , t h e e ff e c t i s t h e sane 3. s wit n 
f rQm 1. 

If the ~Y. -cart is o~itted, the effect is the S3ne ~s ~ith 
QY. 1. 

If t h e tQ - ;:n rt is o :nit t e d , no t est ,1 il 1 be or o vi d e j by that 
~art on the value of I. 

rne ~hil§. - part ~ay be used to introduce some other test to 
end the loop it ~ay use the identifier of the [QC -o3rt. 

The effect of a [Q.!:. - [.CQ'll - Q.Y. - t_g_ - p3.rt ,n3y be su~TJ3ri::2d 
as follo"1S : 

If the identifier h3.s 3 value which does not exceed (see belo~) 
t~e value of th~ third e(pression, then the stateTients jet~een t12 
orac~ets after the 1Q are el3.borated. 

fhe first value to be con3idered for the ids~tifier 13 that o~ 
first expre3sion. 

'~.,·,-~,I/,,< cV . 
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ne~ value of tne identifier is con3idered. fnis ned valu2 i3 J~~a1n~j 
~J aiJin; the value of the seconj expression to tne o~eviou3 v1lue 
of the identifier. 

fo see if the V3lue of the identifier does not exceed tne value 
of the tniri expression, one ha3 to ta~e into account the si~n of 
the second expression : if it is negative (see tt1e exan;)le), 'to 
exceei' is 'to be less th3n'. 

W~en the value of the identifier exceeds that of the tnird 
expre3sion, the elaboration of the repetitive state~ent is ter~in~tej. 

~ote that even if the progra~mer changes a value in ~1, E2 or jJ 
by the ela~oration of the serial clause, this has no effect 
on the control of the loop, because the expressions are 
calculated only at the beginning of the elaboration of the repetitive 
clause. This is clear ~hen considering the equivalence given above. 

Note : fhe value of the ~hil~ -part is calculated and tested 
before any elaboration of the loop, anj thus it can change during 
that elaboration. 

20. :1u1tiple values. 

E:xa'.llples of declarations involving :'multiple values". 

[1:10] real X1, Z1; 
[1:10,-10:0J in1 X2; 
[ ] C.~!al Y 1 = X 1 ; 
[ J c h a r Ff = '' en j o f f i 1 e" ; 
[1:d)]-Q~ar 3urfER 

20.1. iJescription. 

A multiple value is an internal o~ject consisting of 

a 11descriptor'', ard a :1u1n~er of values, 

the "ele.11ents" of the :nultiple value, ea::!h of' ,nic.1 

nay be selected 'oy "s'loscripts". 

fne ,jescriptor ,-nay be seen as some nu11ber n of "jG;.1'Jlets· 1 (<i,-Ji) 
of inte~ers, i = 1, 2, ... , n. 

Ki is t n e i - th '' 1 owe r n ::> u 1 j 11 
, 

ui is t:1e i-th "upper bound:,. 

f he n ,111 be r n .., i 11 b c c a 11 e :j th e "ct i mens ion " o f t he nu l t i '.) 1 e 
v1lue; in our irn;:>lemciitation, tcie ·n.aximrn v::i.l11e or n i3 7. 

Tne T1n:--Jer of ele.·nent::; e>f the 1ultiple value is 

(U1 - ~1 + 1)*(U2 - ~2 + l)* ... *(U~ - ~n + 1) 
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if eacn factor of this product is positive ; other~i3e, it i3 zero. 

fhe 3ubscripts select an elenent in the usual ~atnematical day, 
i.e., to each n-tuple of inte~er3, the i-th of ~Jicn lies between 
tne corresponjin~ bound3, there corresponds one element of tne 
iD u lt i p 1 e v a 1 u e • 

20.2 Declarations of multiple values. 

~xa~ples of identity-declarations involving multiple values dere 
~iven at the be~inning of this section. 

Two constructions are possible, with or ~ithout an equal-sy~bol 
(see 5 and 9). ~e recall them: 

The first one is 

<virtual declarer> <identifier> = <expression> 

A ''virtual-declarer'' for a :nultiple value is a pair of special 
brackets, ' [' and ']' , the so-c:1lled 11sub-symbol'' and "Dus-symbol", 
~ith possibly a nu~ber of comma-symbols between them, follo~ed oy 
another (virtual) declarer not beginning ~ith brackets. 

E:xanples: [] real 
[ ' 'J-i.!11 
[] re[[,] long int 

rne nu~ber of empty places between brackets and/or co~mas specifie3 
tne di~ension of the multiple value. Only the first pair of 
oracKets ~ust be taken into account to determine tne dimension. 

~ote tnat no oounj3 are given in a virtual declarer. Tnis is not 
necess:1ry, because bounjs are provided in tne right hand side of the 
jeclaration. 

The modes specified oy the declarers a~ove are res~ectively : 

roA-of-real 
ro~-of-ro~-of-ro~-of-inte~ral 
row-of-referen~e-to-row-of-lon~-inte~ral 

(dimension 1) 
(di·nerision 3) 
(dimension 1) 

r n e express i on at the r i ~ 11 t hand s id e of th e e qua 1- s y .n b o 1 11 tl st 
yield a ~ultiple value. Because there are neither denotations nor 
operations for multiple values in AL~OL6~/19 (~1th t~e exceotion of 
ro~-of-character, see belo~), the only pos3ible expression there is 
an identifier (3d example at the beginnin~ of this section). In 
ALJOL 6~, other expre3sions are pos3ible. 

If tr1e mo,i·e is row-o:·-c:1aracter, then the expression ·n1y l1e a 
denotation (see the 4th exa~ple above). 

fne J~cJnd ~03Jible constru~tion i8 

<~~tu1l declarer> <identifier> [ , <id0ntifier> }t 



3ee the fir3t t,vo ex~noles 3t the be~in1in~ of tnis 3e~tion. 

" A c t u al de c 1 a re rs " f o r m 11 lt i n l e val u es be g in 1 i K e f ) r ,-, :1 l J e ~ l 3 r e rs 
Nitn tne fact th3.t ·1 D0u.1d ;:,airs'' must be g;iven b·2:tw2en tne 
brackets and/or tne co~mas, to allo~ the re~~ired ~enJrJ reJervation. 

A bounj-pair has the form 

<expression> : <expression> 

: is t n e '' u ;J - to - s i J1 o o 1 " . 

rne ?Osition of the expressions is stron~, they ~11st yield integral 
values. 

Example: [1:N,-1::1 Q.Y.er 2] int Aac 

Remem~er that the mode of the identifier AJC is 
reference-to-row-of-intesral. 

A declaration of this kind involves tne reservation of ~emory space 
for a multiple value of the mode specified jy t~e declarer. The value 
of the first expression of the i-th bound pair becones tne i-th lower 
bou~d (see 20.1) of the multiple value, and the value of the second 
exoression of the same bound pair becomes the i-th upper bound. 

Another exa:nple 

[ 1 : 1 0 ] r:~[ [ ] i r: ea l TR T R 

Only tne first pair of brackets may have bounds (and nust also 
have bounds in an actual declarer). In tnis exan~le, menory sp3ce 
is allocated for ten na~es (addresses). 

Note that two pairs of orackets never follo~ each other, i.e. the 
elements of a multiple value are never tnemselves ~ultiple values. 

2J.3. Use of multiple values. 

Exa~ples of state~ents (ta~ing into acco~nt the declarati~ns at 
the be~inning of this section) : 

C.~~l X ; 
X :: X1[1]; 
X 1 [ 1 J : = 2 ; 
X1[2]:= Y1[K+1]; 
Zl := X1 ; 
X2[1,-1J:= 0 

fhe ~eneral constru~tion 

<ide1tifier>[<expres1ion> ( , <cxpr03sion> }*] 

,uic~ .,p;:)e3.r3 in t:12 exc111ples 3bove is ~alled 3 ''slice'', or 
'' .3 J b .3 r~ r i pt e ·j i rj e n t i f i e r '' . l t i :::; ,, n e o t' t !1 2 po 3 3 i b l e 3 y n t ::i c t i C 
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for.ns of an exore3sion (see 13). 

It selects one ele~ent fro~ a multiole value, or its ajjress, 
according to the rules explained below. 

fne ~ode of the identifier must be~in ~ith 'ro~-of', or 
'reference-to-ro~-of'. The latter case may be obtained after 
dereferencing a ~u~ber of ti~es. Since the position of tne identifier 
i3 'weak', one 'reference-to' must be kept. 

fhe position of the expressions is strong. Since they ~ust yiel1 
inte1ra~ values, only derefencing is possible here. Tne 
vilues of the expressions are the subscripts dhich select an ele~ent 
~f tne ~ultiple value (see 20.1). 

fne nunber of s~bscripts must be equal to the n~mber of ro~-of's 
at tne beginning or after tne first reference-to of the mode ; this 
nean3 tnat only one elenent may be selected, anj not true 'slices' 
like in ALJOL 6d. 

If the mode of the identifier begins dith 'ro~-of', then the 
node of the slice is o~tained by removing all the row-of's at the 
Jeginnin~ of the ~ode: one ele~ent is selected oy the subscript(s). 

lxanple: in the assignation 

X :: Y1[1] 

t~e mode of Y1 is row-of-real ; 
t :1 e 11 o d e of Y1 [ 1 J is re a 1 ; 
t~e selected element is that with subscript 1. 

If tne mode of the identifier begins ,rith reference-to, then the 
~ode of the slice is obtained by removing 311 the ro~-of's dhicn 
i~mediately follow the first reference-to ; this ~eans that not an 
ele~ent of the multiple value is selected by the s~bscript(s), but 
its ajjress. 

T~is is necessary in a3si~nations like 

A1[1]:= 3.14 

fne ~oie of X1 is reference-to-ro~-of-real 
fhe ~oje of X1[1] is reference-to-real . 

. ~0.-1 ,re see .-1hy it is necessary to keep one reference-to in the 
~)j2 of tne identifier. 

~~ tne value is nee1ed, a1d not its address, one iereferen~in~ 
-1; o~~ur after tne selection of the name by the subscriJt(s). for 
'"c .. 'i -:1 .) l e ' l n 

~ 1 I 1 J X2[2,-2J 

:,~ nyje of the idei1tifier X2 is 

r..:: f' err~.,·; e- to - r o ,r- '1 f - r :> .-1- of - int e ;~ r a 1 
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tne a priori mJde of X2[2,-2]is 

reference-to-integral ; 

the position of a source being strong, X2 [2,-2] dill be dereferen~ed, 
then ~idened to give the a ?Osteriori mode real, w~ich is 
needed to be assigned to X1[1]. 

In the assignation Zl := Xl, a multiple value is assigned (after 
dereferencing) to the nane ~hich is the value of ll. 

A n o t h ~ r e x 3. :n p 1 e Fr [ 2 ] ~g_ 11 n " n a s t 11 e v a 1 u e of t. r u §. 

20.4 Tne operators !d.Q.Q :1nd lli.Q.. 

( '' u;::, p er bound " an d " 1 owe r bound 11 
) • 

These operators are monadic witn priority 10, 
o~ dyadic with priority 8. 

As dyadic operators, their first operand is an integer (:no.it; i!l!:. ) 
their second operand has a mode begin~ing 

with 'row of' . 

The result is an integral value (mode int_), the n-tn up::,er 
bound (resp. lo~er bound) of the nultiple value of the 3econd operand. 

As ~onadic operators, their operand is a multiple value. Tne 
result is the first upper bo~nd (resp. lower bound) of that ~ultiple 
value. 

C:xa11ples X := 3 
for.:: I 

!d.Q.Q. X 5 ; 
[r.Qill 1 w Q. X 1 @Q. X 1 Q.Q •••• 

These operators are esoecially valuable when passin~ a 11ultiole 
value to a procedure (see 21) : the bounds, which are ~art of the 
value (see 20.1), are passed togetner with the elements, and ~an ~e 
acceded in the procedure with the aid of the operato~s ~Q~ anj l~~ . 

. 21. R~~tines and procedures. 

21.1. Houtine. 

A ''routine'' is a value (internal o::>ject), wnici1 nay be possesseJ 
oy a routine denotation or an identifier. fhe node of a routine 
beJins with 'procedure'. fhis explain3 why ~e will someti~e3 
... -rite a "pro,cedure 11 instead of a routine. 

A rout i n e i s d e f i n e d 1. s :1 s e q u en c e o f 3 y m b o l s w '. 1 i c ·1 i s t h e .3 ,n1 e 
as some bloc~ (see 21.3). 

In nigh-level lan~u1.~es, there are ~ener3lly tAo constru2tion3 
'JC this rein::i: "suor.J;Jtines'', with or wit;1:Jut p:1r,rneter.3, .~:1ic:1 
J r c c i:I l 1 e ::i b y ' c :i 1 l ' - s t :i t c ~ en t 3 , an ::i " f u n ,") t i o :1 .J " , a 1 s o ..J i t n ) t' 
w i t n J u t p a r a n et er 3 , j e 1 i v e r i n r; ;1 v a 1 u f-! , ·-1 '1 j Ii ;1 i c \1 ~ 1 n tJ 2 o p ~"' r :11 :i :3 

in expressionJ. ~L]J:., 6d/1') ,,;ive3 t!1e ;v,:.nit)ility to ,i,2f'ine o:1ly 



t.1e forner .::,f tnese two constru-~tio1s. iht1ever, :'1-:i.tne·n1ticciL f 1.1'.lction-s 
jef1ned in tne sta1jard preluje (see 23 a1j Aopenjix 3) ~3y 
oe ~sed. In ALJOL 6d, both constructions nay be defined anj ~3ed. 

A ro~tine nay oe seen as a piece of progra~ (tne ro~tine den::itation), 
~Jich is ~ritten at some place, b~t has to be elaborated at 
s::,~e other place(s) (the call(s)). Tne para~eters are one ~ay to 
transfer jata fro~ or to the calling progran. Another ~ay to 
transfer data is to ~se the identification ~onditions (see 27.1) : 
it is possible to ~rite the progra~ so that an identifier possesses 
one sane value, inside and outside a routine. 

The node of a routine, like that of any other value, is specified 
oy a declarer, tne general constru~tion of which is 

Q.t.QQ.[ ( <virtual declarer> { , <virtual declarer> } * ) J 

2:xanples : 

2.r.2g_ ( iai ) 

procedure 

orocedure-with-integral-para~eter 

procedure-~ith-integral-oaraneter­
and-real-paraneter 

~eme~ber that virtual declarers ~ay not contain bou1ds, but only 
brackets and commas, if they contain declarers for multiple values. 

Sxa·npl e 

2~Q~ ([ ,] ~£al ,[] ini) 

Alt~ough the modes of the 11atne'Tiatical functions may not explicity 
ap?ear in any ALGJL fij/19 progra~, let us mention here tnat they are 
oarticular cases of 'TIJdes of proced~res delivering values. The declarer 
far such a mode is obtained from the general construction above 
by addin~ tne mode of the delivered value. 

2xa'Tiple 

The mode of the sine function is 
'orocedure-witn-real-paraneter-real' 
a~d it3 jeclarer could be 
Qroc ( real ) real 

2 1 • ,~ • Dec 1 a rat ions . 

Sxa11ples : 

1 ) II d ) e 3 '1 o t h i 11 ~ 'I 
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2) prOQ. ( r..§.f ~1 ) 
( ( r..~[ !:~.al 

X . - X + . -
) 

3 = 
X ) : 
1 

II 
fl 
II 

Pa.:se 31 

adds 1 to the value II 
to which fl 
the parameters refers# 

3) Qr.QQ. C = (( r_eal X, ref r..~~1 Y): Y::X) 
# assigns to the second parameter the value of tne first U 

4) 
( ( r..§.f 

Q§.g!_Q. 
r:eal X , Y) 

real Z ; 
Z : = X 
X : = y 
y : = z 

# permutes the values # 
# to ~hich the t~o # 
# parameters refer# 

The general construction for an identity declaration of tne first 
kind (with =) of a procedure-identifier is 

Qrog_[ ( <virtual declarer> ( , <virtual declarer> } * ) ] 
<identifier>= ([( <para:neter> (, <para11eter> }* )]: 

<statement> 

where <parameter> stands for 

<virtual declarer> <identifier> ( , <identifier> }* 

The second kind of a declaration is used to declare identifiers 
of the mode reference-to-procedure .... Examples are : 

5) Qr.QQ. E 1 , E2 

6) PJ:QQ. ( ref real ) F 

7) QCQQ. ( real 
' 

ref real ) G 

d) [ 1 : 3] QrO.Q. H 

The ~ode of Fin (6) is 
reference-to-procedure-with-reference-to-real-para~eter. 

Tne node of Hin (8) is : 
reference-to-row-of-procedure ; bounds must be given, beca~se the 
declarer is an actual declarer. 

The external objects appearing at the right of '=' in the 
declaration3 (1) to (4), and in the general construction folloNing 
tnem, are "routine denotations". In ALG·JL 63/19, this is the only 
place ~here they can appear. 

Note th3t the routine possessed by the identifier (A, B etc. ) 
after tne elaboration of its declaration is not the routine 
1e1Jtation, but a sli~ntly altered construction, wjich will in turn 
be altered before the elaboration of a call of this routine ; ~e ~ill 
only ~ive the final block ~hicn is elaborated (see 21 .3), 

-
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The syntax of a routine-denat3tion is given 3bave, as the p3rt 
of the syntax of a procedure declaration at the right of '-' ~e 
no~e : 

- the routine denotation is enclosed between an open- and a close­
symbol. 

- a 1'c3.st-of-symJol'' (:) is a~lw:tys present 
if any, from the statement ; 

it separates tne p3raneters, 

- the paraneters, if oresent, are enclosed between 3n open- and a 
close-symbol. In this case, there are two open-symbols at the 
be 5 inning of the denotation ; 

- the various kinds of statements are given in the grammar at 
Appendix 2 (see also 11.1) ; 

any one of them, but only one, may be present at the right of the 
cast-of-sy.nbol. ~xa.nples (1), (2) and (3) are clear enougi1. In 
ex3mple (4), the statement is 3 bloc~, which is one way to transform 
more th3n one state~ent, together with the necessary declarations 
preceding them, into a single statement. 

Next to the conditions of the grammar of the Appendix 2, the 
procedure declaration must satisfy the following condition about the 
p:1raneters : 

If the virtual and the formal parameters are present, then 
for each virtual declarer between the brackets at the left of the 
eqJal-symbol, there must be 'something' in the parameter list at 
the ri~ht of that symbol, and in the saille sequence 

- either the same declarer followed by an identifier (example 2), 

- or an identifier contained in an identifier list following the sa~e 
declarer (example : ~~QQ ( int, int) A= (( int 3, C) : 

Other~ise, the virtual declarers group at the left of the equal symjol 
~3Y be o~itted (this will generally be the case). 

Example 

Q.CQQ. ( i n t. , r e £1 ) A = ( ( int. a , ~g a 1 C ) : s 1< i2. ) 

may be replaced by 

QCQ~ A = (( int B, r.~~1. C): sk!.Q) 

21.3. Us'= :if ro;.1tines. 

Janes exan~le3 are given belo~; mJre will be ~iven later. for 
tne follo~ing ex~mples, consider the declarations at tne be~inning 
0f thi3 section, and 

• 
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9) 
1 0) 

,.: 1 : = 
..;'? • -w ~ • -

A • 
' E 1 

11) F' := J 
12) 
1 3) 
1 4) 
1 5 ) 
1 6 ) 
17) 
1 3 ) 
1 9 ) 
20) 

J := C 
A • 

' l:3 ( ,"1) 
t"(M) ; 
C(1,M) 
C ( ,"1, 1'1) 
D(M,N) ; 
H[3] :: E1 ; 
M::SIN(M+1.0)+C0S(C03(X)); 

Pa~e 3 3 

(9) to (12) are assignations (see 12), performed ~ith routines, (13) 
to (18) are "calls" of procedures deliverin~ no value ; (20) contains 
three calls of mathematical functions, delivering 'real' values. 

After the elaboration of (9), the name (address) possessed by £1 
refers to the value (routine) of A. The elaboration o~ (10) is 
analogous, but involves first a dereferencing of El. After the 
elaboration of (9) and (10), the na~es possessed by E1 and E2 both 

• refer to the sa~e routine. (11) and (12) show how the modes of tne 
source and of the destination must correspond in an assignation. 

The general construction of a call is 

<identifier> [ ( <expression> [ , <expression> } * ) ] 

The positions of the identlfier and of the expression are strong 
(see 17). 

Note : H[3] is not a call, because no subscript is allo~ed 
in a call. ro call the intended procedure, t~o instructions have to 
be used, for example 

E1 := d[3] ; E1; 

- (re~ember that 21 has the node 'procedure'). 

The ~oje of the identifier - after dereferencin~ if necessary, 
mu3t oegin ~ith procedure. fhe node of each expression - after 
coercion(s) if necessary - must be the sa~e as that of the 
corre3pon1in~ oaraneter in the declaration of the identifier (see 
nere.aft er). 

fne elaboration of a call of a procedure delivering no value is tne 
9laooratio~ of the bloc~ obtained as follows : 

1. A copy is Tiade of the routine-denotation of the 1eclaratio~ of 
t~e identifier of the call. 

2. Each ~ara~eter is replaced by an identity-declaration, ~here 
the left hanj 3ide of the equal-symjol is the oaraTieter itself, and 
t~e rignt hand side the corresponding expres3ion in t~e c3ll (the 
nunber of expressions ~uJt of course be equal to the nJnjer of 
identifier3 in the declarations, ~ith a~propriate TIOJes). 

fnis ~o~l1 ~ive, ~1th (2) ani (14) above: 
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ref real X = ;1 

~ith X insteaj of Min the call, de dould ho~ever come to 

ref real){= X 

dhich is unacceptable. To avoid such a situation ~hen it ap?ears, 
each occurrence of X inside the declaration of B should be replaced 
by another identifier, not already contained in the progran ; 
this replace~ent must occur before substitutin~ the declarations for 
the parameters. In the last exa~ple, one could obtain : 

c_ef r:~l X1 = X. 

3. rne O?en-symbol of the paraneter list is deleted. 

4. fhe close-symbol of the paraneter list and the cast-of-symbol 
following it are replaced by a goon-symbol (;). 

5. All comma-sy~bols of the para~eter list are replaced by goon­
sy,n!:>ols. 

6. The open-sy~bol and the close-symbol of the routine-denotation 
are respectively replaced by a begin-symbol and a end-sy~bol. 

The copy thus ~edified is elaborated ; if in the routine-denotation 
there is no jump (see 11 .4) to a label outside that bloc~, the 
next statement will be the state~ent following the call, if any. 

Exa~ples : 

1. The elaboration of A is the elaboration of 

2. The elaboration of B(M) is that of 

Q..§.glJl CT[ re~l X = ,4 ; 
X :: X + 1 

3. fhe elaboration of B(X) is that of 

g_~gi n ref re9.l_ X 1 = X ; 
X1 := X1 + 1 

The call i:3(3.14) is incorrect, because 3.14 nas t,1,e mode r:~g_l, 
whereas tne para'lleter has been declared r.~f. ref!l , and tl1ere is 
no 'Tlode c::rnversion adding a C..§.f. before another mode. Such 1 8all 
~J~ld oe reje~te1 by the syntactic a'1alyzer. 

u:1 the otner ha'l1, C(!1,:0 and C(1,rJ) are correct ((16) a'1j (17)) 
n~caJse t~e position of the expressions is stron~ : the~ ~ill 
o~ dereferenced to nave the mode real, wnereas tne 1 will be ~idenad 
to tne mode real. 

The position of the identifier in the call i3 ~lso stron~ ~ 



dereferencin~ off ~ill take place before tne elaooration of t~e 
call i(:•1) of (15). 

The elaboration of a call of a procedure deliverin~ a value follows 
the sane rules as above, with the exception that the bloc~ nas a value, 
which is the value of the call in tne expression in which it is containej. 

For example, the value of the call COS(X) is the 'real' value 
which is the nearest to the cosine of the value possessed by X. 

21.4. Separately compiled procedures. 

Programs using "separately compile1 procedures" must be prece1ed 
by pseudo-declarations to S?ecify the mode of these procedures ; the 
;,seudo-declaratio:1s are enclosed between two I2£. 's ( pra~-nat-sy:nbols), 
a~d separated by comma-symbols. 

rne separately compiled procedures themselves are simply proced~re­
declaratio!'ls. 

The order of compilation of separately compiled prograns has 
no special meaning. 

Exanple of a separately cornpiled procedure, itself using 
a:1other separately compiled procedure. 

PROG1(3) 

eng_ % of the ,nain progran J, 

QJ:. QJ:Q.Q. PRO 3 2 12.r. 
QJ:Q.Q. PR')G 1 = 

( ( irrt:. I ) : 
i[ I g.t__ 0 
tlJ.sHl P ,w::; 2 
fi 

) ff en1 of first procedure ff 

Q!:.Q.Q. p R :J J 2 = ( : p lJ'f ..3 ( ,, •••• ,, ) ) 

~ote tnat absolute 32curity is given to the orogranmer ~1th 
tne use of pragnats and separately co~piled procedure3: 

- if, in a prag~at, the ~ode of an identifier 
doe3n't correspon1 with the mode of an external procej~re 
or with tne moje of a previously conpiled pra~.nat, ~ 
3yntactical error arlse3. 

- a test is provldeJ to verify if the noie of a sep3rately 
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co~piled routine corr~spanjs to son3 pr3g~at (if no orJ~n1t 
is fo~nj, one is createj). 

- no test on pra~~3ts occJrs if option ~JJJC{ is 3ctive (t~i3 
~as no consequence on security, beca~se no T2Xr file i3 ~e1erat8J). 

Note tl1at the conpiler uses a'1d saves C.1.3 file.J t1it'.1 
f:i'ILSfY?E: 'PHA·:i:1Af' to co npi le suc,1 progra ns. 

If an error concerning a pragmat-identifier is detecteJ, all r2xr 
files of progra~s using this oragn1t-identifier are erasej. f~rthe~ore, 
the 'identifier PRAG~Af' file is also cras~i. 

21. 5. ·'Common" identifiers. 

for further inforillation about this feature, see A?Deniix 5. 

21 .6. Passing labels as para~eters. 

A trick can be used to pass a label as parameter or to jave 
a label in common. This is achieved by using a proceiure: 

~CQ~ GOTJ1 = (: ~QtQ LABiL1 ) 

You pass GOT01 as para~eter to another procedure or you ~a~e 
GOT01 an identifier in com~on. Calling this oara~eter will nave 
the desired effect. 

22. Deleted. 

23. Prelude ani postlude. 

A ~rogram actually ~ritten by a pro~ra~mer in ALJOL 6~ 
(called a ''particular pro 5 ran'') :nust be seen -3.s beein~ enclosej in 1:1 

outer bloc~, containing so~e ieclarations. Tnis bloc~ contains tne 
so-callei "stan1ard Jrelude 11 an1 "library preluje'', precedin:; tne 
oro~ran, and the ''stan-iard postluje'', follo>1inis it. 

The standard ~reluje of ALGOL 68/19 contains tne ooerator­
d2clarations (see 15) (tnere are no explicit operator je~lar3tions 
i n AL .:; !J L G d / 1'J ) a n ct t h e ct e c 1 a rat i on of t ri 2 :n at :1 e .n at i c ,1 1 f' · rn ~ t i 0c1 s 
(see 2:.1). 

The liorary prelude contain~ all i~olicit ct2clarations, o~n to 
3 particular i~plementation. fhe library preluje of ALJJ~ bd/11 
i3 ;ive1 in Ao~eniix 3. It cont3ins the d2clar1tions Jf ino~t/out~ut 
(se; 2S) and conversion routines (see 26), and otner utiliiy routines. 

3e~arately COTI)ilei oro~ed~re3, w~en b2ing 21llei in anot:1er 
;) r o.;,; ra :i , r:i u 3 t a L so be t no 1m; 11 t 3 s be i n; ,~ .:::, 1 t 1. L no j in V 1 e 1 i b r 1 r v 



oreluje. 

fhe 3tandard postlude cont3ins : 

2:XI'f: CP(''CL03S HDH11
); C?(''CL0.3S PJ.~"); 

CP( "CL0.3~ PRf i'Ji'dS :1U.~LI3f AL]OL.'') 

jote that everf program ~oes throu~n this standard ?ostlude, 
even if it terminates abnormally (with runti~e errors). 

24. ~ath~matical functions of the standard ~relude. 

11 ,'1 at .1 e ;n at i c a 1 f u n c t ions " are p r o vi ct e d in AL ,::; .J:.. 6 3 / 19 u '1 d e r 
tne form of procedures deliverin3 values, to be used in calls. 

S xa;n~l e 

i" : = SI tH X) 

rne mathematical sin~s of the value of Xis co~puted, and 
the result is the value of the call SIN(X) ; its mode is 'real'. 

All mathe~atical functions of the library prelude are ouilt along tn2 
sane line ; tneir na~es suggest the co~puted function, toJether dith 
the length of the argu~ent and result. The n~nerical algorith~s 
are those used in the corresponding ~0rlTrl4~-functions fro~ the 
Idi/350 J03 system. ! 

The table of Appendix 3 (A3.3) gives the identifiers ~sed, 
together ~ith their modes. Restrictions on tne values of the 
paraneter are also given, and the correspondin~ error 
code Nhen tne calc~lation fails. 

Sxamples of the use of rnatnem3tical functions. 

1. To calculate tne su~ of tne sq~ares of a sine anj a cosine. 

C.~£1 X , Y ; X : = 0 • 3 J ; 
Y:= 3I~(X)**2+CJ3(X)* 1 2 

2. To calculate a non inte~ral power of a real nunb2~. 

i:_g_~l_ A , X , Y ; 
A:= 3.14 ; X:: 3.15 
f : = S X P ( X * L t-1 ( fl. ) ) 

i J ·) t e : A * * X i s n o t o ,2 r m it t P. d :) ·2 c a u 3 e X i s r ea l , bu t U1 e 
routines (L)~XP ani (L)L~ ~ay be usej for the purpose. 

2'5. lnout and outout routin2.1. 

A C01iDlete set of' ''input/outp'.lt routine3" is ;")!"ovide,j in 
ALJJL oj/1~. fhey are not t~ose of ALGOL 6~. 
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Access to, and control of: 
one virtual carJ reaJer, 
on2 virtual card puncher, 
one virt~al line printer, 
one vi~tJal console, 
virtual tapes and disks. 

is naje possible by those routines. They are basic in the sense 
tnat they a~hieve the oasic transfers of data (characters or bJtes) 
and control of equipement. More elaborate routines can be ~ritten 
by the user, but all basic possibilities of the equipenent are 
available. 

Blocking and deblocking of the records must be done by the user. 
No simultaneity of input, output and processin~ is made 9ossible. 

Conversion of data fro~ and to character string can be done 
by using another set of routines (see 26). 

Tne exa~~les at the end of section 26 show how the input and 
output routines should be used in connection ~ith the conversion 
routines. 

26. Conversion ro~tines. Input-output with conversion. 

25.1. Basic conversion routines. 

The "conversion routines" of Appendix 3 (A.3.3) convert data 
to or fro~ character strin~ representation, from or to internal code 
corresponding to the mode of the data. The ~haracter string considered 
is part of another character string (in a tfpical use, an 
output or an input buffer). 

They will normally be used in conju1ction ~1th the in?ut and 
o~tput routines mentioned in section 25. Th~y are given by pair3, 
one normally used on in~ut, the other one 01 output, for the sa~e 
node of data. 

Exanples. 

1. Readin~ a card containing a character string a~d a real nunber. 

[1:::$0] g_t!_~r_ 3; [1:10] Q.J:l9;I: TITLS; int PAG::":· --- ' 
H~AD(B, 1,80); 
frlC(B,1 ,TITL~,1 ,10) 
I N I ( o , 2 1 , 2 , PA 1} ~ ) ; 

2. dritin~ a line with 1 title an1 a page nJ~ber (con3ider also 
the declaration3 of exa~ple 1 in ~onnection ~ith tne follo~in~ 
inst ruc:t io'1s). 

I 
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[ 1 : 1 2 0 ] c h s!.C L I N i!: ; 
BLANK(LIN~) ; 
FILL(LINE, 110, 4, HPAGE:11

); 

TrlC(TITLE,1,LINE, 30, 10); 
OUTI(LINE, 115, 2, PA3E); 
wRITE(1,LINE, 1, 120); 

26.2. Input-output of one element with ~onversion. 
-------------------------------------------------

A simplified set of combined input or output, and conversion routines 
is also part of the library prelude (see A3.6). They ~ake it 
possible to read one elementary value directly into a 'variable', and 
to write such a value on a line of the printer. 

Exa:nple : 

int_ A,8,C,D; 
GETI(A); G~TI(B); GETI(C); GETI(D); 
PUTR((A+B+C+D)/4); 

These instructions read 4 integral nu~bers, each one being 
punched on a separate card, and ~rint their arith~etic ~ean on 
one line of the printer with a standard floating point format. 

26.3. Formatted input-output. 

''Formatted input-output" is made possible using three routines 
FOR~AT, GET, PUT. 

The first one activates a "format 11 string to be used in the future 
input and output calls of ''GET" and "PUT". The routines GST and PUT 
have a variable number of parameters. Their elaboration is descri­
bed at appendix 10, together with their associated format calls. 

Simple example : 

int_ M,N ; M:=3; N::4; 
FORMAT ( 3, 11 2 ( I 4) 11 ) ; 

PUT(M,N); 
FOR:'1AT{1,11 .STrl~A:111

); [1:10].c.~l T; GET(N,T,M); 

27. Identification. Context. Scope. 

27.1. The identification process. 

A "range" is either a block, or a routine denotation or a do 
st at ei:nent. 

Each occurrence of an identifier in a program is either a 
"definin~ occurrence'', or a'1 "applied occurrence". 

• 



I 
AL -~JL.6,j/ 11 

A ;iven occurrence of an identifier is 3 definin~ occurrenc~ if it 
follods a jeclarer, or if it is 3 label (see 11). 

Jtner~ise it is an aoJlied occurrence. 

A ~iven a;:,plied occurrence of an identifier may 11 identifyH so,ne 
jefinin~ occurrence of the sane identifier by the follo~ing steps 

Step 1 : fhe given occurrence is termed the 'home', anj step 2 
is taken 

3tep 2 :_If there exists a smallest range containin~ the home, 
tnen this range, with the exclusion of all ranges contained within 
it, is termed the home, and step 3 is taken ; other~ise, there is no 
definin~ occurrence which the given occurrence identifies. 

3tep 3 : If the home contains a defining occurrence of the considered 
identifier, then the 5iven occurrence identifies it ; otherwise, 
step 2 is taken. 

2xample : in the following exanple, a defining occurrence of an 
identifier and an a~plied occurrence of the sane identifier are 
placed a~proximatively along the sane vertical line. 

Q..sRi.!1 real A Jl~gi.n r_~al A ' A . - 1 
eng_ 

A : = 1 
eng_ 

27.2. The identificatio~ conditions. 

(1) Tne node of a defining occurrence of an identifier, and that 
of an 3~~lied occurrence of the sa~e identifier ~hich identifies the 
first one, are ~ne same mode. 

Tnis 11e3ns tnat the mode specified in a declaration for a given 
identifier ·nust be considered as the definition Jf t11e node of the 
sane identifier in all apolied occurrences which identify the first one. 

(2) ~acn a~plied occurrence of an identifier 11ust identify sane 
d2finin~ occurrence af the same identifier (there must be a jeclaration 
for ever/ identifier or it must appear so11e~nere as a label ; the 
co11jition is in fact stron~er 1 see 27.1). 

It snould be noted that the defining occurrence of so~e identifier3 
':3'1 je fo·rnj in tne stanj:1rd prelude (see 23), or in the 
liorarf orelude of the particular implementation ; this is tne case 
fr;;-, tne l;-ibel ~XIf, and for tne identifier 3IN, for ex3.·n:,le, in 
Jur imolenentation (see 24 to 26). furtner, a true declarJtion TI3Y 

02 r~pla2ei by a pseuja-1eclaration at the head of tje pro~ran, 
b?t ... >?en ttJ.-) r2.r:-sy'TJ,,Jls (see 21.1-l.) or t·wo Q.Q-syn'.,ols (see-21.S.). 

a .i e ,_:: 1 1 r 3. t i o ·1 

• 
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of an identifier ~ust (lexico~r1)~ic3lly) precej8 e1c~ 10Jli~J 
occurence of it (tnis rule dJes not a~~ly to labels). 

As a co~sequence, to declare t~o ~Jtu1llJ recursive ~rJceiures, 
the followin1 tric~ has to je used : 

Q.r.Q.Q. P; 
2.r.2Q. A = 
Q__r.Q_Q_ 3 = 
P: :a; 

( • . p. ) • . . . . ' ' . . . ' 
( • • A • ) • .... ' ' . . . ' 

Another rule, which has notjing to do dith identification, ~ay be 
nentioned nere : before elaborating an instruction ~1th an apolie1 
occurrence of an identifier, the declaration containin~ the defining 
occurrence of that identifier nust have been elaborated. 
This na<es it possible to write meaningful pro~rans like this : 

int .:.J; 
3~TI(J); 
[ 1 : N ] r.~ a 1 X ; 

rlowever, the effect of these prograns is undefined (see A7.): 

g_otQ L; 
inl I; 

L: I:=1; 

gQJ;& L; 
Q.C..Q.Q. A = 

L: A; 
. •,• 

27,3, Tne uniqueness conditio~. 

A; %assune A Jses 1; 
irr1 I; 

S,~V2 CO,J(I) ,tsee 21.5./o 

A ;r re a c i111 is a r a '1 5 e , with th 2 ex c 1 us ion of a 11 it s cons t i tu 21 t 
ra1 5es. 

(3) Two definin 5 occurrences af the sa~e identifier ~3y not 3poear 
in the 3a~e reach. 

i~ x a :n p 1 e : re ~1 X ; 
tne exam~le of 27.1 

~~£1 X ; i~t X ; 
above is correct. 

27.4. Context conditio:13, 

is not allo~ed, bJt 

T n e ".! o n d i t i o n :3 ( 1 ) , ( 2 ) 3 :1 ,:J ( 3 ) a r e c a l l e d II c o n t 12 x t c o :1 j i t i ;) :1 3 :r • 

r~ey a~e chec~ej at co~~ile time. 

27.3. Scope condition3. 

,~'2 -:ire -iealin3 here ,litil a :H'ojlc·n of '.H)'.)tner ;{ird. It iJ ;ive'1 
t')~2tncr ,dt:1 t1-,:; cJntext cJn·iition.1, '.),,c.:11[,e it t1:L3 :,,J,"\'lin.r 
t8 dJ Aith r1n~cs. 

-



Eacn value (this is 3.r1 internal object) has on~ specific ·,1 s20:)e''. 

The scope of a plain value is the progran (see ~ and 11). 

T n e .scope of a n an c is t n e s ,n a 11 est ran~ e cont a i n in g th e d e cl a r 3 t ion 
J~ the identifier which possesses that name. 

fne sco?e of a ~ultiple value, and tnat of a routine, Nill be 
siven oelow. 

Let us first see Nhich oroblems arise in co~nection with scopes. 
It must first be understood that there are only problems Nith values 
involving na11es. Tnere is a "scope conditions" in assignations : 

(4) The sco?e of the source 11ust be not smaller than the scope 
J: t~e destination. 

T~is may be sketched as follows (the brackets represent scopes 
Jf corresponding values in an assignation fro~ right to left) : 

<-- or <--

is all O'NBd. 

~xa~ples of progra~s 

Q.~in 
inl Y 

y : = 2 
Q,§gin 

r:~r. 
Ii : = 

§!11 

int YY 
y 

is allo:fed. 

<--

is not alloNed. 

g_~:rin 

'f 

C.§[ i_nt XK 
int. Y 

t:?.~gin 
i!lt. X ; 

X : : 1 , 
X)C • - X 

end · --- ' xx 

is not 3.llofl2d. 

Tne reason Nhy the construction on the right is not allo:fed TI3f ~e 
~xJlainej by the following sketches 

") State after elabor~tion of ref int XX (outer block) ani 
~1t X (inner block) followed by_i_::_1_: 



• 

l -~-~-:---<_AQl_>-->--<_!_!_!_ _> 

: _x ___ : ---<_&Q.3_>-->--: _1_: 

2) State after elaboration of XX 
been cooiej into (2) : 

X the aiiress (1) has 

3) After leaving the inner bloc~, the right half of the sketc~ 
aoove 'disappears' i.e. the correspondin~ ~e~ory space ~ay have 
been freed and used for other purposes : 

l_:{X_l---<_&Ql_>-->--<_llQ.3_>--->--- ??·? 

The address (3) no.r1 refers to an unpredictable value (oer1aJs 
to no value at all). rne assignation f := XX is no lon~er oossiole. 

fne scope of a multiple value is the s~allest of tne scooes of its 
e 1 e :n "= n ts , if any ; o th er.,, i::, e , it is t h e pro '-s r a :n . T'.1 e s ,~ o o -2 of a 
~ultiole value can chan~e durin~ elaboration . 

Sxa.n:Jle 

l2£1i!'.l 
[1:2] ref _r~al_ff_; 

r.:~al X1 , 
Q~'lhD. r.:~il X2 ; 

~~~in [1 :2J r~r r~gl X{ ; 
XX[1J X1 , 
XX[2] X2 ; 910 
,{ X [ ,2 J X 1 !/ 2 11 

fn~ nane ~< refer3 ta 3 multiple ~alu~, th2 ~lene~ts Jf w~ic~ 
1rc n:i.1"33. 

After the elabor1ti0n of th0 a1si~n1tion if1ll, tn~ 3CoJe of t~1t 
;1 u l t i '.j l e I a l u e i 3 t n :1 t rJ f X ~ j a f t 1! r t !1 :: ? l 1 ~ l r 1 t L ;; n J " // , ' It , i t i ~, 
~"18.t Jf X1. 
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It is ~ecessary to kno~ the scope of a ~ultiole V3lue, oefore 
assi~ning it to a na~e. Tne assignation ii := XX would ~ot be 
valid, if it took the place of tne assignation d2J, but it ~ould 
1fter it. 

Being a dyna~ic condition, the scooe condition cannot be chec~ed 
at co~pile time. In our imolementation, it is not chec~ed at 
elaboration time either. ~hen not satisfied, it can prod~ce 
unpredictable results. 

The sco?e of a routine possessed by a given denotation Dis the 
s:nallest. range containing that denotation. 

Example with procedures: 

Q.~in 
Q.r.QQ. PROC1 = ((ref 12r.oc PAR): 

Q.§Sin 
2.C.Q.Q. A = ( : . . . • • • • . ) ; 
if fl a bool ea:i S XP R # t_hen PAR: =A g_l§.~ PAR: :STOP [i 

end 
);--
proQ. VAR; 
PR:JC 1 (VAR); 
VAR # this progra~ violates the sco?es condition 

if the value of EXPR is true# 
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A 1. 1~0.'l ~XISTINJ 
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A2. A context-free gran~ar of ALJOL 68/19. 

fi1e writin~ rules of the ·'context-free sra11:nar· 1 use the f'ollowin?; 
met a-sy:nbols 

< and> to enclose "'Tleta-notionsi' 

.. -.. - to separate a meta-notion fro~ its definition rules 
( this meta-sy;n':Jol can be read : 'is a', or 'must be a') 

(read 'or') to separate alternate definitions 

and } to enclose two or more alternate definitions 

l arid } * to en close a part of a def in it ion rule w:1ich nay be 
rep rodu-ced a nu,-::iber of times, including 0 

' 
{ and }+ idem, except at least one time , 

and }O iden, except O or one time, i.e. o~tional part.([ and ] 
are also used in the manual itself; when some ambiguity arises, 
refer to this appendix). 

Other marks stand for themselves, and are ALGOL 68 symbols. 
Aeta-notions and/or ALGOL 68 symbols, when not seoarated by 

~eta-symbols, must follow one another (but see 7). 

Sxa'Tlple: the rule for <depl> should be read (so~ewhat expanded) 

A declaration is 

either an actual declarer follo'tled oy ari identifier, anj pos­
sibly folloAed by other identifiers, with commas as separators, 
or a virtual declarer followed by an identifier, follo'tled by an 
eq1al-sym':Jol, followed by either an expression or a routine. 

There may be sone sli~ht departures fro~ the rules given above, 
~ut ~9 think they are obvious enou;h to need no furtner explanation. 

l.<~rogra~>::=f Qt <virt decl suite> Qt: QQ #see 21.5.# QQ }* 
[ [ < 1 a b e 1 > : } 0 < b 1 o c k > [ 3 A V E fl s e e 2 1 • 5 II } 0 : 

<virt decl> <id> = <routine> } 

<olock>::= Q~&irr <serial clause> ~rrq 

<serial cla,1se>:: =[ f <stat>;} 1 <decl>;} 1 

l <label>: }O<stat>l; l <label>: }O<stJ.t>} 1 

<ro~tine>::=( f(<oaran> [,<oara11>}*) }O: <stat>) 

<oara11>:: =<virt decl><id> [,<id>}* 

.2.<d,3cl>::=f<a2t dccl><i,-J> f,<id>} 1 : 

<virt i0cl><id> = [<exp~> : <routine> }! 
< vi rt :j e :'.! 1 '} ,j it ~ > : : = < vi Pt d 2 cl> < id > [ , <id> } * [ , <vi rt j ,~ c 1 > < i i > [ , < i. i > } * } * 
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<virt decl>::=i[l,}*J}O <virt :1,J:1ro,../ jecl> 

<act decl>::=l [<b:>unj>[, (bJu'lj>}lt] }J<virt nJ:1ro,.; jecl> 

<bou~d>: :=<expr> : <expr> 

<virt n0nr0,J decl>:: = ( i::.~f <virt decl> : 
( lQ!lK }O{ in~: i::.~~l J Q.QQl : ~h~c 

Q.I:QQ. ( ( <virt decl> { , <virt j eel>}* ) } 0 } 

3.<stat>::=( g_oto <id>: ~ki..ll: <block>: <expr> := <expr> 
<id> ( (<expr> ( ,<expr>}* ) }O : 

if <expr> thf.D. <stat> (;<stat>}*[ ~l§.~ <st3.t>(; <stat>}*} 0 [i 
[ [QI: <id> }O[ [r.Q'.l! <expr> }O{ Q.Y. <expr> }O{ tQ <exor> }O 
( -if1il~ <expr>}O do ( <serial clause> ) : 
c 3 s e < ex p r > in < s t a t > ( , < s t a t > } * ( QlJ. t < s t a t > } O e s ~.Q. } 

4. <expr>:: =01 

<Oi>: := (<Ji+1> : <Oi> <Opi> <Oi+1> } , i [tQfil 1 tQ 9 
<010>::=[<0p10><010> : (<expr>) : <base> } 

<base>::=[<id> [[ <expr> (, <expr>}*]}O <denotation> : 
<id>(<expr>[ ,<expr>}*)} 

<Jp2>:: = QC. <Op3>:: = §.!lQ. <Op4>:: = { gg_ : !lf. } 
(l)~5>::={ lt l l~ lg~ l gt_} <Op5>::= { - l +} 
<up7>::=[ * : /: Qyer: mod } <Op-3>::= ( ** l lld.Q.: lJ.2.Q.} 

• <Op10>::={ !:QlJ.D.Q. l §.ign. l Q.Q.Q. l §.QQrt l lf.D.!l: C.~Qt: ~Q~: 
not l UQb : l~b l entier l + : - } 

5. <id>:: =<label>::= <letter> (<letter>: <digit>}» 

<letter>::={ A : ... : Z} <di?;it>::={0 l ... : 9} 

<denotation>::= { [ lQ.!11} O{ <digit>}+: t..r.id~ : [i;!.l§.~ : 11
( <ite::i> I*" 

{ long }O[<digit>}+ E {+l-}O{<digit>}+ : 
[ 1QJ1g_ }O(<ctL;it>}*.{<di<sit>}+{E(+:}o (CH~it>}+}O} 

<iten>::= ( <al1y ch:1racter, except the :pate-character ('or$)> : 
<dou'.'.)le q,1ote-character ( '" or $t)> } 
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A3. Preludes and libraries. 

A3.1. Routines of the library prelude. 

The 'ALG63LIB TXTLIB S2' CMS file contains the library prelude 
of ALGOL68/19. 

Two kinds of routines can be found in this library : 

-·"standard routines 11 

mathematical routines (see A3.2) 

EXP, LN, SQRT, SIN, COS, TAN, ARSIN, ARCJS, ARTAN, 
LEXP, LLN, LSQRT, LSIN, LCOS, LTAN, LARSIN, LARCOS, LARTAN. 

conversion routines (see A3,3) 

TRC, FILL, INI, OUTI, INLI, OUTLI, INR, INLR, OUTR, OUTLR, 
OUTFR, OUTFLR, INB, 00TB, COMP. 

input-output routines : (see A3.4) 

READ, ~RITE, LINE, PAGE, PUNCH, ACCEPT, DISPLY, TAPER, TAP2~, 
WTM, RSW, BSR, CLOSE, DISKR, DISKW, FORMAT, GET, PUT. 

- "non-standard routines" 

which contain among others simplified input-output routines 
(see A3.6) : 

TAKE, STOP, EOF, GETI, GETLI, GETR, GETLR, GETa, G~TS, 
PJTI, PUTLI, PUTR, PUTLR, PUfB, PUTS, TIME, DATE, BLANK, 
DU~P, CMS, CP, ON, R~SET. 

Note: Programmer routines, which ~re the separately compiled 
procedures (see 21.4) and which need "pragmats" to be used 
~ay be catalogued in some 'TXTLIB' library (see A5.4). 



. 

• 

ALGJL6d/19 AP?i'hllX 3 

A3.2. 3tanjard routine3 : ~atne~atical functions. 
------------------------------------------------

~Cr.Qr. 
QQ:1~ 

r~rnr~ Q.[ 
oara:neter A 

EXP Ql:QQ ( !:_§,;J.l ) !'.:~£1 5Cl 
51 
52 
53 
5!~ 

A !_g X'42A2AC4?' (1) 
Lt~ 11 A g_t_ 0 
SQiH a A &~ 0 
SL~ II ~~§. A !..t X'45C9Cl~D3' 
cos ii ,, 
fAN :I 55 

56 
57 
53 
59 

" ( 2) 
A RS It~ H 

ARCOS 
,, II 

ARTAN ., no 1 i'l1itS 
LC::XP QX'..QQ. ( !..Q.!1& r.~~l) A lQ X'42ASAC4f' 

lono---= r.~al 
LLN II A g_t_ 0 
LSQRT :, A g_~ 0 
L:3Ii~ " 

60 
61 
62 
63 
64 
65 
66 
6d 

g_Q..§. A lt X'4JC902DA' 
LC03 ,, 

" 
LTAN " ,I 

LA rt.SIN II g_Q§. A 1£ 1 
LARCOS ,, 

ab§. A l.~ 1 
LARTAN 11 '.10 1 imit s 

(1) 'fjis denotation ~eans 'haxadeci'l1al 42AEAC4F' 

(2) Argument not to close to a (2k+1)-multiple of PI/2. 

A3.3. Standard routines: Conversions. 

A3.3.1. Cnaracters. 

There is no conversion here, but only transfer of ''substrin~s''. 

a. Transfer into the second strin; of a substring of the value 
referred to by tne first para~eter. 

Q.t:QQ. T t,C = 
({ r.:~[ [ J Q.Q.Jr. ,\' fl First striri;. ,1 

int I , II St3.rtinrs at the ch1racter A [ I ] , fl 
r.~r [ ] Q.trn.r. 3' II transfer into t3 , ff 
itJ.t l\ ' fl st3.rtin~ at the character J[tZ], II 
int J ) : If a substrin~ of len~th J It 

) 

~rr~r 11, if one of the followin~ conditio~3 is not s3tisfiei 

( 2 ) 
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I CJ'e :;;,._ l.liQ. A K gQ. l~Q. J 
l+J-1 l~ l!Q.Q. .1't K+J-1 lQ ~~~ 3 

() lt. J 

b. Transfer into the first string the value of the second one. 

Q.r:QQ. FILL = 
(( r:~f. 

int 
int_ 
[ ] 

) 

[ J Q.trnr: A, 
I ' 
J' 
g_:iar X) : 

ff 
fl 
fl 
fl 
ii 
# 
if 

iirst string. It 
A field beginnin~ at the c~aracter A[I] # 
and ~1th length J, ~ill receive the if 

string X. If Xis too long, it ff 
will be cut at the right ; if too short fl 
it will be left adjusted in tne field ff 
and oaddej to the right witn blanks fl 

~~ro~ 12, if one of the following conditions is not satisfiej 

I g§. 
I+J-1 
0 lt. J 

.Jote : use 3LANK to fill a string dith blanKs. 

~o~parison of substrings. 

::: ~ o ~ CJ ,·1? = 
-(([J~h~r A, int I, []~h~r B, int J,K, ref int. R): 

tJ 
Co~parison of two substrings, the first beginning at A[I], 
the second at B[J], with length K; the value of the 
result R is: 

-1 , when the first substrin_g is less than the second, 
O , dhen the first substrin~ is equal to the second, 

+1 , 'dhen the first substring is greater th,rn the seccrnd. 
fhe com~arison is made using the 'CLCL' A3SS~dLER instru~tion, 
~hich ~erfor~s a logical co~parison between the 'hexadecimal 
values' representing the strings. 

Error 10 occurs ~hen: 
K 1~ O, 
I l.t. 1:d.Q. A , 
J 1.t. l.'-i.Q. 13, 
I+K-1 g_t_ \::!.Q.Q. A, 
J +K-1 gt \d.Q.Q. d. 

h3.J.2. Integers. 

1 . Co r1 v er.Ji on ') f c 1 :1 r act er .3 of a st r in ~ to .11 i n t es r al v 1. 1 u e . 
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2.C.Q.Q. I:H = 
( ( r_g[ ( ] Q.Q. 9-C. A, ti Strin; A c.'.)nt':lins t e1e strin,; !I 

!I to be converted. II 
i!lt. I ii A field be:;in11in~ at A [I] , fl 
i!lt. J ' II anj ,1itl1 len~th J if J g_t_ 0' # 

fl ,1i th len1th 2 if J l~ '.)' II 
r.£f int y) : fl ..ri 11 become the value to t1hicn y refers, II 

If ,-1ith conver3ion (see below) if J 6.t.. 0 , !t 
II .-1ithout c,:,nversion otherwise fl 

) 

Erro:- 15 if one of t\1e fol lo·..ring conditio:-is is not satisfied 

- if J gt_ 0: 

if J ls o 

I g~ liQ A (conversion) 
I+J-1 1£ ~QQ. A 
J l~ 256 
the field contains at least one digit, followin~ an 

optional+ or - sign, witn optional ~lan<s at 
any place. No other character is ~sed. 

leading zeroes are ignored. 
the correspondin~ integral value is less than 32767 

and ~reater tnan -32763. 

I g£ l~Q. A (no conversion) 
I + 1 l§. Y.2.Q. A 

· b. Conversion of an integral value to characters. 

• 
Q.r_Q.Q. JUTI = 

(( re[ [ ] 

int I , 
int. J' 

irrt X) : 

.Q.hg_r. A, fl 
fl 
fl 
fl 
fl 
II 
II 
If 
fl 

~tring A receives the converted# 
value. ii 
A field beginnin~ at the cnaracter fl 
A[I], and dith length J if J gt_ 8, # 

d i t h 1 e n ? t h 2 i f J 1. ~ 0 , ·t 
~ill receive tne value of X, # 
converted to jeci~al cnaracters if fl 
J gt_ O,il 
,1ithout conver3ion otherwise. # 

The converted value is right ajjusted, anj has a ~in~s-si~n if 
necessary. 

~rror 17 if one of the followin~ conditions is not satisfied 

- if J gt O : I gg_ 1.-i.Q. A ( co:wersion) 
I+ J - 1 ls ld.!2!2. A 

- if J l~ 0 

J l~ 256 
toe field is lon~ enou;n to receive tne value 

I 3.~ lr!Q. A 
1+1 l<i ldQQ. A 

(no ~onver.3ion) 

r, Sonver3ion of ch~rJ~ter~ of~ strin~ t0 3 lon~-inte~r~l v~lu~. 
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P-rQ~ ( ~~f [J chJ.r 
='I see I'.'-JI, 

,I t!1en tne 

, lat , iat , c~[ L21; 
exc2::,t t:13.t if J l:::> ,J, i,i 

? ll 
- r 

...:rror lo in t~e sane co:1ditLrn3 3.3 for error 1'5, exce~t Vnt 
the linits of the inte~ral value are 2i31-1 a~j -2231 
if J l~ O, tnen 1+3 lg ~g~ A. 

ct. Conver3ion of 3 lon~-integral value to characters. 

~r~~ < r~r [J ~Q~c, int, int, lQuR int) 
J0fL1 n see 00fl, except that if J lQ o, # 

# then the len~th of the field is 4 instead of 2 J 

~rror ld in the sane conditions as for 17 in JUfl, except that 
if J l~ O, then 1+3 lg~~~ A 

A3.3.3. ~eal nuTibers. 

fhere are two in~ut routines, one for the ~oje 'real', a~d 
one for the ~ode 'long-real', and four output routines, one for 
every length nu~ber, one for output ~,ith or withoLlt exoonent part. 

a. Conversion of charactersi of a strin 5 to a real v~lue. 

12.t:Q~ rrrn = 
(( r:.~(. [ J Q.Q~C A, It String A contains the string# 

It to be converted. # 
int.. I' it A field beginning at 
int. J ' II 

# 
an.d ,1ith length 

.-1ith len(sth 

A[I]' !I 
J if J 
4 if J 

gt_ 0 If 
lg O ft 

r:._~f CQ§_l Y): It 
II 
ft 

will beco~e t~e value to which t 
with conversion (see belo~) if J 
without conversion otherwise. # 

Error 19 if one of the followin~ is not satisfied 

- if J gt O : I g~ l~~ A 
I+J-1 le ~12.Q A 
J 1~ 255 

( co:1versio:1) 

ref er s, !t 
g_t_ 0, IF 

tne field contains a n~~ber in deci~al form, consisting of 
either an optional + or - sign, 

an inte 5 ral part of 1 to J digits, 
the letter~ follo~ed oy an o~tional + or - sign and 
an exponent of 1 or 2 di~its, 

-or an option3l + or - si~n, 
an option3l inte~r3l part of m ( l~ ~) di~its, 
a point, 
a fraction3l p~rt 1 ta J-m ji~its, 
1n o~tion1l (letter i, follo~ed :)y 

an optional + a~ -si~n, anJ 
an e<p:)n2nt ot' 1 or? dir:i;its), 
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with blanks and non significant zeroes u3ed 
freely tnrou 5nJut the field. 

'fne value of the nu:nber, wnen nor:nalized unjer deci,nal for;n, 
must have an exponent not ~reater than 75 in absolute 
value. 

£xa~ples of valid strings :ld E 25 
• 1 

1. and 1.£3 are not valid. 

-5E.-3 
2.5~3 

- if J le O 1 g~ l~Q. A (no conversion) 
1+3 l§. Y.Q.Q A 
the value ~ust be a normalized floating point nu~ber. 

b. Conversion of characters of a string to a long-real value. 

proc (ref[] ghar , int , i.!11, C§.f. lQ.!1& r§.£1) 
li~Lrl :fl see lNR, except that for J J& O, the len~th of the fl 

ti field is 8 /J 

Error 20 in the same conditions as for 19 (lNR), except that 
the nunber of significant digits may be up to 18, anj 
if J le O, then one condition is 
1+7 l~ @Q. A. 

c. Conversion of a real val~e to characters, with exponent part . 

QCQQ OUfR : 

( ( ref [ ] g_har A, ft String A receives the II 
fl converted value. ft 

int. 1 ' II A field beginning at the c;1a racte r It 
io..t. J, It A[l] 

' 
and .-ii th length J if J O' t 

.:>.- 0 ft 
fl with len 5th 4 if J l.~ J If 

i.!11 J(, II will receive with K significant jecirnal 
/I digits if J CTt :;,._ 0' without c o n v e r 3 i o :1 ii 

r~.s.l X) : ft other·.-1ise, the value of X Ii 

) 
The for~at of the convertej value is a rignt-adjustej nu~ber, 

oadjed to the left ~ith blanks, and containing a - sign if necessary, 
a :::>oint, 
l deci~al di~its, 
tlie letter i:::, 
a+ or - sig;n, 

II 

a1 exoonent o~ 2 di~its. 

-

Nor~al rou~jin1 takes pla~e, if nec2ss1ry. 

~rror 21 ~ill be r3issd if one of the follo~in~ cJ:1iition3 is nJt 
33.tisfied 

. f' J '7t 0 l :lS l-i\2 A (co:1versio:1) 1 .. 0.-

I +J-1 lQ. \:!QQ A 
J lt 2j6 
J '7 0 :{ +-r) 

~:::.. 

:< st '.) 
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K lt. 19 
if J l~ 0 I -:re ::,._ l~l:l A 

I + 3 le !!Q.Q A 

d. Conversion of a lon~-re~l V3lue to characters, with exoonent oart. 

Q.£.~Q. ( ref[]char, int, int, int, l_ong r:eal_) OufLR 
=I see OLlfrl, except that the length of tne field is 8, # 

ti if J lt O ti 

irror 23·in the same conditions as error 21 (OUTR), except: 

if J le O: I+ 7 l~ !!Q.Q A 

e. Conversion of a real value to characters, without 
exponent part. 

oroc O;JTf'R 
(( 

) 

Q.h~C A, # like OUTR # r:ef [ J 
in.t I, 
int J, 
:!:.n.t K, 
real X): 

# but without exponent part. # 
It If J le O, no difference with JUTR II 

Tne for,nat is a right-adjust~d n1111ber, padded to the left with blan'«s, 
and consisting of : a - si~n if necessary, 

an integral part of S di~its, dependin~ on the 
value, 
a point, 
a fractional part of K digits. 

Error 22 will be raised if any of the following conditions is not 
satisfie-j : 

-if J g_t:_ 0 I g~ 1~12. A (co:1versio:1) 
I+J-1 le !!12Q A 
J l~ 2j6 
J g_~ ;(+3+2 
K ~t. 0 
I( + s l~ 18 

-if J l~ 0 I g~ 1.ra.!2 (no conversio:1) 
1+3 l~ !!12!2 A 

f. Conversion of a lon~-real value to characters, without 
ex?onent part. 

2l:.2Q. ( ref[Jchar, int, int, int, long_ real) JLlft''LR 
=# see OUfirl, except that the len~th of the field is 8 for# 

ti J lt O ti 

~~ror 24 in tne 33Tie coniitionJ as error 22, except, 
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if J lg 0: 1+7 1~ ~2~ A 

A3.3.4. Boolean values. 

a. Conversion of cnaracters of a string to a boolean value. 

Q.C.QQ. 1 N i3 = 
( ( ~f. [ ] .G.h.ar: A, ti .3tring A contains tne string /f 

II to !:>e converted. II 
in.!. I , ii A fie11 beginriing at A [I] , ff 
in.!. J, ti an1 with length J, if J gt o, # 

ff >'Vith length 1 , if J J& 0, It 
cg[ bOQl y) : # will be scanned, to find a value 

It to be assigned to y (see below) 
) 

if J le 0, then there is no conversion 

if J gt O, then the field is scanned, blanks are ignored, 
if tne first non blanK c~aracter is '1', then !_rug is 

assi~ned to I, 
if it is '0', then false is assigned to Y. 

Error 13 if one of the following conditions is not satisfied 

if J lg 0 I g§. l:\f Q. A ( no conversion) 
I lg Y.QQ. A 

if J gt_ 0 I g_§. l:\'.!Q. A (conversio!"l) 
I+J-1 le !UlQ. A 
J l.§. 255 

fl 
fl 

tne field contains more than one non blan'.< cnar.:1cter, 
or a non-0 or non-1 ch:i.racter. 

b. Conversion of a boolean value to characters. 

2.r.Q~ OUT:3 = 
(( r.~f. [ ] QQ.§.C A, ti String A receives the fl 

fl co:1verted v::tlue. II 
int. I, II A field beg inn in; at A [I] , II 
ill!. J , ff and .-Ii th length J if J o-t .:,._ 0 , 

ff with leng;th 1 if J lg 0,# 
Q_QQl. X) : 11 :t1il 1 receive the V ell U e of X IF 

ft (see beloi4) fl 
) 

if J le O, then there is '.10 conversion 

if J g_t 0, then the field receives a '1' i'1 its rigl1t-,-:J3t 
position if the value of Xis tr~g, anj a '0' other.-1ise. 

If 

f'.1~ other positions of the fiel1, if any, are filled ~itn blan~s. 

~rror 14 if one of the follo~in~ cJ1ditio1s is not s3tisfie1 
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- if J le 0 
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I g~ l!!.Q. A 
I+J-1 le ~Q.Q. A 
J le 256 

(conversion) 

I g~ l!!.Q. A (no conversion) 
I 1~ ~Q.Q. A 

Page 55 

I+J-1 le @Q. A I l~ ~Q.Q. A 
J l~ 256 

A3.4. Input and output routines. 

A3.4.1. Output to the printer. 

proc WRITE = 
(( ;l.nt K, 

ref [ ] char 

int I ' 
int_ J) 

) 

proc LINE= 

# 
A,# 

# 
# 
# 
# 
II 

Skip Klines before printing. fJ 
String A contains H 
the data to be output. # 
Starting from A[I], # 
output J characters# 
to the first J places of the# 
current line. fl 

(( int K) #Klines are skipped immediately. # ) 

.Q.r.OC PAGE=(: #body#) # The printer is positioned at the# 
# first line of the next page# 

Limits 0 l~ K lt 3 
0 1 t J l~ 132 
lwQ. A 1~ I 
I+J-1 le ~Q.Q. A. 

If not respected, error 30, for the three routines. 

An error 30 also occurs, when something wrong arises ~ith the 
virtual printer (not ready, not attached, ..... ). 

A3.4.2. Card reading and punching. 

g_rog_ READ = 
( ( c.~f. [ ] g_h_ar A, II String A will contain # 

II the data after input. # 
int I ' II Start filling A from A[I], fl 
int_ J ) : II with the first J characters of the 

fl next record ff 
) 

fl 
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Q..LQ.Q. P LJ 4~ C t"l = 

lfot es 

(( !:Elf [] Qh~C A,# String A cont~ins if 

) 

Limits 

i!lt.. I , 
in.t J) 

i'd.Q. l-\ lsi I 

# the data to be output. # 
# Starting from A[IJ # 
# cutout J ~haracters into the# 
U first J positions of# 
#anew record # 

I+ J - 1 lsl ~2Q. A 
O 11 J l~ do for RSAD an1 O 11 J lsl 80 for PJNCd 

· Errors if not respected : 31 (READ) or 32 ( PLJNCd). 

An "end of file'' is not detected by RSAD, but see TAt<E. 

An error 31 (READ) or 32 (PU~C~) also occurs, ~hen so~ething 
wrong arises with the virtual RDR or PCi (not ready, not 
attached, .... ). 

A3.4.3 Access to the terminal. 

QrOQ 

QJ:Q.Q 

;~ot es 

ACCEPT = 
(( ref [ ] Qtrnr: A, II String A will contain IJ 

# the data after input. fl 
int I' II Start filling A fro:n A[I] # 
inl J ) : fl with J characters II 

fl entered fro'Tl ter'.Tlinal. II 
) 

DIS PLY = 
(( c_ef [ ] g_b_ar A, II String A contains II 

fl the data to be output. 11 
int I ' # Start position in A : A [ I ] ; # 
i!ll J) : # output J characters into the # 

# first J positions of a ne..r line !f 
fF of terminal. # 

) 

Li~its: see card ·reading and punching, except O lt J lsl 13J 
Errors if not respected : 33 (ACC~PT) or 34 (DISPLY) 
An error 33 (ACCEPT) or 34 (DISPLY) also occurs wjen something 
wrong arises ~ith the virtual console (not ready, not attached, 
..... ) . 
A logical "end of file" ('*SO:' characters) is detected 
by ACClPT and provocates an error 38. 

A3.4.4 Access to m~gnetic tapes. 
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2.CQ.Q. TAP2,"' = 
(( iD.t t( ' 

r_§_f. [ J Q_Q_§_ r. A , 

int. I' 
illt. J ' 

Q.C.QQ. p) : 
) 

Q..C.QQ. TA Pi-~ = 
( ( .irrt. K 

' 
r:~r [ ] Q.h£r: A, 

in.t. I , 
int. J) : 

Q.r:QQ. .-/f,'1 = 
(( int. ;{ ) 

) 

Q_r_QQ. rl2>,,J = 
( ( int K ) : 

) 

if 

ti 
ii 
ff 
fJ 
ii 
ii 

ti 
If 
ff 
{I 

ft 
fl 

C~3 nJ~ber of tne virt~al taoe, 
1 ( 1 j 1 ) , 2 ( 1 :l 2 ) , . • , fl 

Strin~ A will contain U 
tne data after inpJt. # 
3tart filling A fro~ A[I], # 
~ith the first J cnaracters # 
of toe next recorj of tne t-3.'.)e. !/ 
P i 3 ca 11 e d o n e n J o f f i l ::; . ff. 

CMS nu'llber of the taoe # 
String A contains# 
the data to be outp~t. H 
Starting at A[I] , # 
J characters ,.;ill be used to# 
~rite a record on tape. # 

fl C:1S nu11ber of the ta;)e ff 
# ,.;rite a tape-mark. 'I: 1, 

II CM3 nu:nber of tne tape ii 
fl rewin:i the taoe. II 

Q._r_QQ. 33:l = 

Li'llits 

i~ote,3 

( ( int. K) : 

l'1Q. A l_g I 
1 1~ K l_g 4 

ft C~S number of the tape 1 
# oac~-space one record. # 

I+ J - 1 l_g ~Q.Q A 
J gt O in TAPiR 
J gt 17 in TAP2W 

Error 35 if one of the conditions is not satisfied. 
A~ error 35 is also detected, ~hen something Arong arises 
,1ith tr1e tape (unit not attacned, tap,e not reajy, ... ). 

1. Alternate tape-switcnin~ is i~nored. 

2 . ,J h e n , o n i n ;n1 t , J i s :; r 9 a t e r t h a n t 'l. e o ~1 y s i c ::i. 1 1 e ;1 Cs t :1 o :' 
tne recorJ, fillin~ witn bl3nks ac2ur3 ::i.t the ri~~t. 

3. Jne of the follo·t1in~ action:s can b,:3 L1e c1Jse ,):· 1 ta;::ie 
inout-autp~t error later on: 
- " o v e r - ;1 r i t i n Q; '' a re co r d ( n o t 1-1 :1 e n e :,c t e n d i rHi; a n e x i s t i n ~ 
file ~Y se::i.rcnin~ for the taoe-~1r~, b1c~so32in~ on2 
recorj 1~j startin~ to jrite) ; 
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- ,'1 cJ.11 of J'APi:K, follo.-1ed -oy ,'1 ::)111 of rAr>i-: . .; Jr t1I'.1. 

Aj.4.5. Access to rna~netic disks. 

R.!::QQ. CLOSS = ( ( [] Q.l_uu: FILE): 
# clo3es the currant C~S-FILi # ) 

Q.C.QQ. DISK R = 
(([]Q.Q~r: iILS, irrt I, r.~[[]QQiaC. A, irrt J, K, ~C.QQ. ~O?): 

) 

# reajs a record from the current CM3-fILE; 

ti 

I is the position of the record in the FILE, 
string A will contain the data after input; 
filling A begins at A[J], with the K first characters 
of the I-th record if I ~k O, or of the next record 
if I l~ 0. 
EOi is called when the end of the file is reached. 

lll:QQ. JISKw = 
(( [] Q.!liaC. FILE, int I, r~f. [] g_har A, int J, K ): 

# writes a record on the current CMS-FILE; 

!I 
) 

I is the position of the record in the FILE; 
string A contains the data to be output; 
starting at A[J], K characters will be used 
to construct the I-th record if I ~t O, or 
the next record if I le 0 

Error 37 occurs if one of the following conditions is not satisfied 
in DISKR or DISKw: 

J ~~ l'!lQ. A 
0 1~ I 

J + K-1 l~ tJJ2.Q. A 
1 le K le physical record length 

Error 36 (CLOSi) or 37 (DISKR or DIS~W) also occurs when so~ethins 
wrong arises with the ~ILE (file not found, ... ) (see the ASSS~dLE~ 
~acres FSOPiN, FSCLOSE, fsRgAo, fSA~ITE). 

Not es: 

the identifier FILE is the CMS identification for a file (FILS~~~i 
FILETYP~ fIL~~OJE); 

- if I 1~ O, the trans~ission ta<es ~lace sequentially, accordin~ to 
the last input-o~tput in the file; other1o1ise, I is tt1e position in 
the file (fir3t record ~~s nu~ber 1); 

- CL0.3S must be used to close a file p!"eviously used for in::,ut (o'...lto:1t), 
~hen now use1 for output (input); CLJS~ ~ay be used to ensure oroper 
closing of a file. 

- for furtner information about C~3 disK 1/0, see the ASS~MdL~R ~3cros 
i30P~~, FSCLOSE, FSR~AD, iSJriifi. 



AL~OL6d/19 AP?t::NDIX 3 

A3.4.6. Exa~ple of disk I/0. (See 3nother exaTI~le at 1.) 

h£&in 
[ ] c h §.!:. F I L S : " E !C D !\. T A A 1 " ; 
[1:100] Q.Q§.!:. JUiFSK; int P0S; 
GiTI(POS); ~STS(BUFf~~); 
# we u~date the PJS-th record of the FIL~, with SJffER # 

DISKJ(FILg,PQS,BU!FER,1,100); 
# now, we make a listing of the FILE# 

CL0.3E 0' ILE); 
Q£.QQ. SJ?=(: 12.~gin CLOSE(FIL~); ::3fOP ~D.Q ); 

do c 

) 

DIS~R(fILE,0,SU?fER,1,100,E0:); 
# reading is sequential, beca~se of the O # 
PUTS(BlJfl:"ER) 

A3.5. Non standard routines. 

a. Readin~ a card 

Q.!:.QQ. TAKE= 

) 

( ( re[ [] Qhar. A, int I, J, g_rog_ EO.t" ) : 
# This routine is equivalent to routine READ, but it tests 

for tne CMS virtual end-of-file on the virtual reader; a 
lo~ical end-of-file ('*EOF' characters) is also detected; 
wjen an end-of-file occurs, procedure ~JF is called; 

(f 

1 i :'.'Ii t at i o :1 s : I g ~ l~Q. A , I+ J - 1 l~ 1d.Q.Q. A , 0 lt J l_~ 3 0 . 
~unti~e error code is that of FILL (12) or READ (30). 

b. inding a oro~ram 

~r--o ( t ~XIT) g_rog_ :_) u. = : lQ._.Q -

ll tnis Jrace1~re can be used to stop the execution of a ~ro;ran, 
o !"' 3. 3 r:J3. r 3. n e t er o f t h e ;) r o c e du res TA P 2 R , r A Kc , DI .3 K r~ , . . . II 

c. 3tanjarj en1-of-file 
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Q.r'..QQ. s J? = 
( : 

APPi.::NOIX 3 

\2.~.;in PJfS(''E:dD OF' FIL~'); llprintertl 

Pa.,;e o1 

r-, ORM AT ( 4 , "S 2 O 11 
) ; P J r ( " SN D O ~, F IL S ' ) ; # t er .n in J. l # 

STOP 

# this procadure can be used in t~e sa~e context as 3fOP # 

d. Reading one data per card. 

Qr'..QQ. GETI = (( ref int I): 
~§Sin [1:dO]-chir 3UFFER 

Q.r'..QQ. EO? = ( : begin 

II 

FI LL ( B U f FE R , 1 , 8 0 , '' 2 N D OF F ILE IN 11 11 GET I 11 11 11 
) ; 

PJTS(BUfFErl); DISPLY(BU?FER,1,80); STOP 
.§.nd 

) ; 
TAKE(BJFFER,1,80,EO?) 
IJI(BUFFER,1,80,I) 

Q.L'.QQ. GETLI = (( re[ lQM J:.nt LI): 
begin [1:80] char. BV?FER 

oroQ. EO? = ( : ~.§.gin 
FILL ( J3 u FF ER , 1 , 8 0 , ,, END Or r ILE IN '1 11 J s r LI 11 11 •! ) 

PUT.3(i3Urr£R); DIS?LY(i3lJiFER,1,dO); STOP 
~ng_ 

) ; 
TAlE(3U?FSR,1,30,EOF) 
IJLI(dU?FER,1,dO,LI) 

2r'..QQ. GETR = (( ref real R): 
\2.~&irr [1:80]-Qrrir-3UFFE~ 

Q.r'..QQ. ~O? = ( : \2..§.girr 
t1,ILL c dU::-'FER, 1, do, 11 t:1'JD oF F' IL~ IN 1111 .Jt:TR 111111

) 

PLJfS(BU?F~R); DISPLi(t3U?F2:R,1,d0); 3TOP 
§.Il9. 

) ; 
TAKc(BUFFER,1,dO,EUF) 
IN~(dUFFiR,1,8Q,rl) 
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Q.t:Q~ JETLR = (( ref long real LR ) : 
Q.~gin [1:80] ~n_ar BUrFErl 

Q.tQ~ EOr = ( : begin 
FILL(BU?rER,1,80,''END •JF rILE IN 11

•
1 GETLR·'''") 

PJTS(3UFrER); DI3PLY(BU?fER,1,80); STOP 
E1UQ. 

) ; 
TAKE(dUFFER,1,80,~0F) 
INLR(BUFFER,1,ao,LR) 

Q.r.OC GETB = ( ( ref bool B): 
Q.~gin [1:80]-Qhac-au?FER 

) 

Q.r.Q~ E O? = ( : .Q.~g.i.!1 
Fr LL < a u !:"' f E R , 1 , 8 o , 11 EN D o F F r LE r t-J 11 11 GE r a 11 11 11 

) 

PUTS(BUFFER); DISPLY(BUFFER,1,80); STOP 
eng_ 

) ; 
TAKE(BUFfER,1,80,EOl) 
INB(BUFF~R,1,80,B) 

fil:QQ GETS= (( r:~f [] char 3UFFER): 
Q.~ln. 

) 

fil:Q~ EO? = ( : begin [1:80] ~Qa!'.: SUFFER ; 
FILL(BU:?FER,1,80,"Et~D 01." FILE IN 1111 JSTS 1

""') 

PUTS(BUFFER); DISPLY(BJfFER,1,dO); STOP 
~D.Q. 

) ; 
TAKt: (BUFFER, l\:!Q. 8 lJiFE R, Y.Q.Q. 9 UFFE R- l\iQ. BJiFE R+ 1 , 

EJi:i') 

e. Writin~ one data per line. 

QCQ~ PUTI = (( int I): 
12.~ in [ 1 : 20] 9.trn.r: 3 U Fr En ; 0 UT I ( Bur f ER , 1 , 2 0 , I) 

wHift:(1,BUrFER,1,20) 

) 

Q.CQ~ PufLI = (( lQn& int LI): 
Q_g_gj_Q [1:20] Q.t!.1C dUr'r~t{; OUTLI(BUt<'rER,1,20,LI) 

~riITi(1,3U11ER,1,20) 
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~CQQ PJfR = (( real R): 

!2.~in [1:30]-QIJ.ar:: BJf1•'ct1; Oufrl(JJt"r'1.n,1,3,J,6,H) 
~~RIT£( 1,:3Llr-.. FS'1, 1, 30) 

Q.!'.:QQ PUTLR = (( lQQg r:eal LR): 

Qgg i n [ 1 : 3 0 J Q trn.r 3 U FF E Ji ; O U fL R ( B Ur' r E R , 1 , 3 0 , 1 4 , L R ) 
WRITE ( 1,BUF!.7ER, 1, 30) 

) 

Q.I:Q~ PJTB = (( boo! 8): 
Q§.&in [1:10]Qhfil: 3UFFER , 

if n thgn 3UFF~R 
else BuFFER 
fi . 

. - " 
• - II . -

'TRUS I \I 

'FAL.SS'·' 
-- ' WRITE(l,BUFF~R,1,10) 

~QQ PUTS= (( [] char S): 
begin[lwl2._J :--U~Q.-~] char_qOFFER ; BU~FER :: S 

WRITE(l,BUffER, l~Q. S, @Q S- l~Q S+l) 

) 

f. Utilities. 
------------

~QQ ( r:~f [ ] QQ_g_I: ) TI fv1£ = ( ( r.gf [ ] Q\1gr: A ) 
# fhis routine puts the time of daf in A .,, it h the f orJJat Hr!. ;11/l. SS 

' left aligned right filled i-lith bl'.rnks ti II error if ld!2Q A - 1~'2. A +1 gt_ 255 ti II error if l:!Q.Q A - lwb A +1 lt :3 It II error code is ')) ll )--

and 

R!'.:QQ ( r~f [] Q~~r:) DAI'£= (( r~f [J QQ~r A ) : 
ff fhis routine puts the d1te in A 

with tne format ~1/DJ/tf , left ali~nej and ri~1t-filled ,1ith blan'.<:s fl 
ti error if \!QQ 
II error if lJJ2Q 
II error code is 

A - l.':iQ. A + 1 
A - lii!2. A+ 1 
r; :3 fl ) 

g_t_ 255 
Lt 3 11 

fl 
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Q.!:Q.Q. BLANK= 
(( r:~[ [] Qb_ar 3Ut<?crl ) : 

# Tnis orocedure fills a buffer dith ~lan~ ch3racter3. # 
fQ.C. I fC.QTI l~~ 8Ulf~R ~Q \U2 Q. 8 U i-, f S R Q.Q. ( J J / f ~ q [ I ] : : 11 

·' ) 

) 

Q.C.QQ. DU M 2 = 
( ( [ J char A ) : 

). 

# prints a DUMP usin~ the CP COM~AND 'DU~P'; 
Exanple: DU.1P("Er~C.10J") It 

QJ:QQ. C t'1.:3 = 

) 

(( [] ~har COM, r:ef irrl I ): 
# executes the C~.:3 co:nmand COM; I contains tha R2TUrlN-COD2 

~xample: CrlS(ttLIST * » D11 ,RC) # 

QJ:QQ. CP = 
( ( [] ch§.C. COi-1, C~[ int I ) : 

) 

# executes the CP comnand CO~; I contains the RETURN-CODE 
Exa:nple: CP( 111'1SG OP ...... ,'',RC) ti 



ALG:JL63/19 A?PC:JDIX 4 Page o:) 

A4. Inplementation characteristics. 

A4.1. Co~piler diagnostics. 

No 11co:npile-time diagnostics 11 are given in this manual, because of 
the co~pleteness and clarity of the error messages printed during 
a compilation. 

The ;'runtime diagnostics" are to be found in A7. 

A4.2. Available characters. 

Any character available on the hardware of the IBM 370 
machine is accepted by the compiler (256 available internal characters). 

No further limitations exist on tapes and disks and limitations 
on the available characters on special devices (TEKTRONIX, ... ) are 
to be found at another place. SET facilities of CP/CMS 
can also be used to represent characters. 

A4.3. Equivalence between characters and integers. 

Equivalence between characters available on the various devices 
which can be attached to a V~/CMS virtual machine are to be 
found elsewhere (3270, cable-print, EAI, Tektronics, ... ). 

A4.4. Limitations on denotations. 

1. Integral denotations are limited to 32767, but 'negative' 
integral values ~ust be not less than -32768. 

2. Long integral denotations are limited to 2147483647, but 'negative' 
long-integral values must be not less than -2147483648. 

3. Real denotations: 

-real: m~x 9 significant digits. 
-long real: ~ax 18 significant digits. 
-exponent: max 2 digits. 
-if we normalize the number: .X1 ... Xn 10**s, X1 n..g O, 

then Isl l~ 75. 

4. String denotations are limited to 127 characters. 
(This doesn't mean all row-of-character values are 
limited to 127: [1:20000]ch~t A is executable, but 
FILL (A, 1, 20000," ... #200 characters/J: ... ") is 
syntactically incorrect). 

A4.5. Runtime storage organization. 
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~e dill describe hereafter some general ide1s on 
tne "runtime storage organization" of this implem·entation of 
ALGOL68/19. 

A4.5.1. General organization. 

: SUPERVISOR 
I .------------I 
I PA 

:------------
: DA 
:--- ... --------

I 
I 
I 
I 
I I ,------------, 
I DS I 

PA program area 

<----

<---

begin address of 
available core 

end address of 
available core 

It contains the particular program, the separately 
compiled routines, if any, and (tne part of) the standard 
prelude needed for the program; see the LOAD MAP for 
further information about the map of the PA. 

DA data area 

It contains the 'static part' of the values of the 
identifiers used in the program; it is used as a 'stac~' 
(crescent order of addresses in core). 

DS dynanic stack 

It contains tne 'dynanic part', if any, of the values 
of the identifiers used in tne progra~; it is also used 
as a 'stac~' (decrescent order of addresses in core). 

Locatio~s in the DA and D3 are created at the elaboration 
~f declarations and are freed ~hen they are no longer accessible 
for the progran (when leaving the range of that location). 

H12 (General Purpose Register 12) is the base register used 
for PA; at any time of the elaboration of an ALGOL pro 5ram, 
it contains the be~in address of the current (external) orocedure 
being executed (main progra~ or 3eparately compiled routine). 

R13 (General Purpose Register 13) is the base re~ister used 
for DA; at any time of tne elaboration of an ALGOL pragra~, 
it contain3 the begin address of the data 1rea of the current procedure 
oein3 executed (main pro~ran or procejure). 

A4.5.2. i)3t::i are3.s. 
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,~.,,-_,_ 

(1) !)A for a 'bloc:<' 

I TOP(D3) I 
I I ---------, 

fOP(D,'\.) I 
I ---------, 
I 
I 

VALUES I 
I 
I 
I 
I 
I 
I 

The DA for a block is aligned on a ~ultiple of 4 bytes. 

TOP(DS) is the current top of the dynamic stack (4 bytes); 
it changes dynanically when declaring multiple values. 

TOP(DA) is static and gives the maximal address for the 
current DA, as long as we are in the reach of the block 
(4 bytes). 

VALUES are the locatio~s for the values of the identifiers 
declared in the reach of the bloc~ (see A4.5.3). 

(2) DA for the 'pro 6ram' 

--- -----!-
TOP(DS) I <--

' ---------, 
Q I 

DIS PLAY 

VALU2:.S 

The DA for the progra~ begins at the first available 
address after the PA (aligned on a multiple of 8 jytes). 

fOP(D3) 

DISPLAY 

last available address in care+ 1 

address of this DA. 

VALUE.3 : see ( 1). 

(3) DA for a 'procedure' 
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fJP(D . ..)) I 
I 

I I 1----------------1 
l fJP(DA) i 
I I 1----------------1 
i OLD PA 3ASt i 
I I 1----------------1 

JLO DA BASS i 
I I 1----------------1 
i ~~fuRN ADDR~SS i 
I I 1----------------1 
i PARA~EfERS i 
I I 1----------------1 
i DI3PLAY i 
I I 1----------------1 I I 
I I 
I 
I 
I 
I 
I 
I 
I 
I 

VALLJES 

Implicit para~eters 

> 

TOP(DS) and fOP(DA) : see (1). 

OLD PA :3AS::.: value of R12 of 

OLD DA BAS~ value of R13 of 

Ri::Tu,iN A DDRtSS . value of tne . 
routine. 

Explicit para~eters 

I~~licit paraITTeters 

the 'calling' procedure. 

the 'calling' procedure. 

return address to the 'callin::;' 

Locations for tne values of tne ~ara~eters (see A4.5.3. ). 

- Tne DISPLAY is a list of addresses of the DA of tne 
surrounding procedures (the address of tne current procedure 
bein~ t~e last in the DISPLAY). It is used to address 
locations of the values of the identifiers declared in 
procedures surrounding the current one. 

fhe length of the DISPLAY of a procedure is 
('level' of the procedure)*4 +4 bytes 

(~ain ~rogra~ a~d separately com?iled routine have level 0). 

- V ALfE.3 : see ( 1 ) . 

~~-5.3. Repre3entations of values. 

, ) .5:)'.)lean values . last bit in one byte in DA. . 
2 ) ,:,13.r:1cter values bJte, in o:i.. 

; 
I .Int'e,;er values : 2 b/te.3, - :1 l i ~n,2j .:)n 1. 1?' in 0 \. 

- ) _ J.1; inte::i:·::r v.1lue,1 11 byte 0
,, ali~nc!d Otl 1 1 q ' in i) \ • 
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) ) 

I) ) 

1 ) 

J:... ri j I 1 J ti l' !) ,-: ' ,) [ ! ;l !' ) , '' J j ; ,, 

H ~ 1 t V ,l l U•_:3 I\ '.) y t (! 3 
' 

,01 L i ~ n::: ·:1 "Hl 1 1 lj 
I in J:",. 

Lonr; re1l V.3.Lll·,.,!J ',) ~) yt ,:-1,... al i ·~n,~i ') (] l 
'/, I in J,'\. ,. ) 

I 
J .J I 

.11lltipl0 ·, d l u e., : J oytc ) 

' 
::¼l i -i;n-:d ') n "1 'ill , i (] iJ.\. 

: /\(JJV) I 
I 

I I ,---------, 
: /\{:·:L •'.1) : 

A(UV) is tne ~J~re33 of the DJP~ V8CTJH. 

!\(r~L>::,1) is the 1dJrcss of the ele-nents, ·,rnich stand in ti1e DJ. 

DJPt:: ViCJ\J!< (st:rnjin1~ in D,\) 

;~ l L l 
I I ,---------, 

L 1 l 01 l 

L·J lJ!~ 

--------, 
j is the nunb2r of di-nensions of the nultiple value (2 byte3). 

L i s t n e t o t a 1 n ·.1 n b er o ~ b; t e 3 !" 21 :..1 i red f o r t h e 21 e ;TI 2 n t J 

(2 oyte3). 

Li is the i-th loAer bounJ (2 oytes). 

Ui is t.1e i-th u;::,per boun::i. 1 lsi i l~ N 

D i = l l i - L i + 1 L, t h c i - t !1 s t r i d e ( :? b y t e s ) . 

j) Procedure value : 12 bytes, 1li,~nej on a '14, in O,'\. 

l A 1 
I I ,----, 
: A,! : 
I I ,----, 
: 1'\ 3 : 

A? .~lob·d li:Jpt:1y 1l!rc::H (1dir,~3'., ot' tr1c DI:;f'Ll\i of 
tne :;,1r·r·,1un·lin·~ ,wo,>:'l.1t~,~) (ll bytt'.;,). 

td ,';1\)t>'ll b1·1t~ re:i;L,t\~r (h,'l.'.:,C .1,llrCc-'1 ,)r tne ~'.\ ,"'lf ,'.)t~ 

,:;ep:1r,1t€~lV C~•)•TIPi lt~d ·no:1U[t• (c1n hl' tnt~ TH.i:1 :,r:)~:',,) 1"1.1:"'"'., 
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tne decl3r3tion of tne procedJra occ~rs) (~ byte3). 

9) C:xceptio:1s : 

(1) a primitive denotation (inte~er, real, long integer, 
lons real) stands in PA. 

(2) the value of an e~ternal oroced~re : A1 in PA. 
(3) a string denotation : elements in PA. 
(4) a string denotation as oara~eter 

(A(DV),A(ELSM),DOPZ VC:CTOR) 



AL.},J:... 68/ 19 

A4.6. ~xa~ple of an A33~1dL~R-co~oatible s~br~~tine. 
---------------------------------------------------

* ~~ ASSJ~E TdIS rlJJflN~ IS SALLSD fHJ 11 AN ALJJL PHJJ~AA; 
* IT'S iQL.JIVAL~NT TO: 
* 
* ~rQ~ rssr = < (int r, ~~[ int J): J:=I ) 
* 
* 
ALTt:ST C3ECT 
:i~] 1 EQU 1 
RS·J3 SQLl t3 
SASEREG EQLl 12 
PABA!-1i1tG EQu 13 
R~fU~NR3 EQU 14 
SRANCHR] SQU 15 
* 

* 

USHJJ *,BAS:::ti~G 
USI~u PARA~,PARA~rl£G 

* SAVE OLD rl£GISTERS AND SST NEW BASE REGISfSRS: 
* 

STM BASER~G,REfURNRG,O(REG8) 
LH PARA~REG,RE33 
LR 3ASEREG,BRANCHR~ 

* 
* 30DY OF fHE PRJC~DURE; 
* THE ~HOLE SET OF REGISTERS CAN 3S USED, 
* EXCEPT 3ASEREG A~D PARA~B~G: 
* 

L tEG1 ,J 
~vc 0(2,R~Glj,I 

* 
* RETURJ ro frli CALLiiG PROG~Ai: 
* 

L~ 3ASSR~G,R2TU~NRG,PAR~~ 
3rt RETL.JR,~RJ 

1 SAVS AR2A AND PARA.1£TER ZO,L~-:: 
* 
PA iiAi1 

I 
J 

DS£CT 
DS 5A SAVSAR8A 
DS :-I 
D3 A 
c:IJD 
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A5. Relations beb1e,3n t!le co,n·)iler a:1j t~1e V.1/C,13-Systen. 

--------------------------------------------------------
A5.1. nLir:-iitations" of tne .~o·npiler. 

ALGOL6d/19 programs are nunched in colu~ns 1 to do of a 
C~S file ~ith ?ILETYPE 'ALGJLCMS'. The com~iler scans only 
colu•nns 1 to 72; coluinns 73 to d0 1nay be used for 
nunbering purposes. 

fwo compilers exist: FALGOL 1"1~ich is a very fast nconpile and ~o" 
(executes immediately the source oro~ra~) and doesn't accept separately 
conpiled procedures nor common identifiers and ALGOLCMS wnich produces 
~odules to be assembled by the C~S loader program. 

Tneir principal limitations are: 
- ~enerated code for one module: at most 64K bytes (not includin~ 

constants, variables and multiple values); see also 21.4 and 21.5; 
- at most 64 blocks in a module; 
- at most 255 identifiers in a block. 

The compilers reside completely in core, which is one of the reasons fo~ 
their fastness (no ·~orkfiles' on disks for tables, ... ); they require 
virtual machines of at least 1d2K bytes. 

~hen the compilers are invoked, the input file must stand on a disk 
accessed in A, BIA, C/A ... 

A5.2. 11 Jptions". 

- Option LIST causes the compiler to produce a listing (C~S file 
~itn ~ILETYPB 'LISTING'; 

Option NJLI3f suppresses the LIST option (no listin~ is produced, 
even if syntactical errors have bean detected); 

- Option PrlINf causes tne conpiler to print the listin~, if any, 
directly on the virtual printer; 

- Option ~LliRINT suppresses the P~INT o~tion (the listing, if any, 
is a 'LL3fINJ' file); 

- Option X~i? causes the compiler to produce a cross-reference anj 
sy:,bol table; 

- Dntion NOX~if suopresses the XRS~ option; 

- OJtion O~C~ causes the compiler to produ2e an object nodule (C~5 file 
.-J i th l" I u:: r Y P c:: ' T t: X: r ' ) a :1 d C :J !'1 ,1iJ '.'J f i 1 e s , if n 2 e d e d ( s e 2 2 1 . 5 . ) ; 

- O~tion ~JD~C~ s~ppresses the U~CK OJtion (i~JD~CK is tne option taKen 
if syntactical errors arises); 

- 0Dtion frlAGi causes the comoiler to ~reo~re a future tra2e at runti~e 
( .r:r, e n e r qt i ') n o f a C ,'1 .3 f i l '3 '" i t h '.-' I L '~ f Y P :~ ' AL :] r i~ I\ C G: ' ; s e ~ ,\ D :) en J i x cl ; 



- Jption ~JfH1C~ 3~pJresses the fRAC~ o?tio:i. 

fne 11stand:1.rj options'' t:1.ken by the (!,.),n:'.)iler are: 

LIST, jQP~INf, ~UXRE~, DSC~, NOfRACE. 

A5.3. Callin 5 t~e compilers. 

The syntax of a call of the compilers is: 

{ ALGJLC~S I FALGOL} <filename> [<action> {<option>}* [)] ] 

~here <filenane> is a CMS filename and <option> is one of the allo~ej 
o;:,tions (see A5.2.). 

AS.4. Relocatable libraries. 

An 'ALG5dLid TXTLid 32' library exists, ~hich contains the stand:1.rd 
prelude of ALGOL6d/19. The c~s CO~'Tiand 'GLOaAL TXfLIB ALG58LIB' ~ust be uset 
to load or include object modules ~reduced by the ALGOLCM3 com~iler (this 
command is irrelevant for FALGOL). To use the facility of 11AUfOLI:E 11 

offered by the CMS loader, all separately compiled procedures must be 
edited in CMS files with filename 'ALXXXX .. ' and filetype 'ALGJLC~J', 
if the n:1.,ne of the procedure is 'XXXX .. '. Otherwise, the pro~ra~~er ca~ 
obviously choose the filena~e. 

Example: 

2.!:Q.Q. R 0 u r 1 = ( : . • . • ) 11 u s t be e d it e ct as a f i 1 e ' AL R JUT 1 AL G J L. C 1•1.3 ' , 
if you want the autolin~ of ROUT1; if not, you nust type tne IJ:LJD~ 
COr:1'113:'ld. 

The orogran11er can use tne facilities of CM5 to catalogue o~ject 
:nodules in private 'TXTLI3's. Like any other separately coTioile1 routine, 
catalogued routines are available in ALJJLG~/19 pro~raTis ~1th the use o~ 
''pragmats". 

A5.5. LinKa~e editing. 

The order of co~pilation or loading of seoarately coTIJilei o~o;ra~s 
is :neaninsfull. First 'LDAD' is considered to be t'le nain prosr1n. If yoJ 
~ant to chan~e the order in the loading, see the LOAD conmand. 

A5.6. Core image 11odules. 

Jse the CMS co~mand GE~~OU to catalo1ue a previously lo31ej 
pro~ram. Note that in ALGOL, you Tiij~t soecify the entry ooint 
w~en U3in~ GENAOJ, if tne nane of tne ~odule is ~hoose1 to 
be different from th-3 n,:Fn~ :Jf the :n:iin pro~ran. 
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Sx,inple: 

A??2::~DIX 5 P=u:e 74 

1) LJAD f2:3T 
J:.::fr10J f~ST(FRJ:1 ALT~ST 

ar 
LOAD Tt:ST 
uSt'L'10D ALTE.ST 

2) LUAD ft:.3T 
JiN~JD TSSf(iRO~ AL~AI~PJ 

or 
LOAD TS.ST 
G Et~ t·1:JJ ALr1A IN Pu 

if TiST ALGOLCMS contains: 

T23f: be~in skio end 



I , 

Seoarately co~Jiled oraJadures ~ay use mode-identifier3 defined 
l~ tne outer ~Q;irr-olock of sone main-pro;ra~. This is achieved in t~o 
3 t eps : 

- defining "labeled co:11:-nonsn or ''Coc'.l:-:1on bloc'.<s 11 to be saved at 
the enj of a ~ain program; 

u.sing pseudo cxnnon jeclarations at the begin:iins of a 
separately com~iled procedure. 

a. Saving a labeled coITT~on. 

After tl1e s.D.Q.-sym>Jl of a 'nain '.)rogra:n, the '.)rosrarn:ner can adj a 
<saved coJ1mon>: 

<saved com:non>:: = .SAVE <co:n:non blo::;k> {, <con:non bloc~>}:: 

<com~on block>::= {<comoon identifier> ALL : 
{<com:non identifier>}O (<id>{,<id>}*)} 

<common identifier>::= <id> (see Appendix 2) 

<Com~on identifier> will be the na~e of a <common bloc~>. ~hen 
:1ot present, the FILE~AME of the current compiled program is taken as 
<com:non identifier>. In a <saved common>, at most one <co~::1on 
identifier> may be taken to be optional. <Common identifier> may not 
:)e 'ALL'. 

<Id> must be a ~ode-identifier (no labels are allo~ej (1) ) 
defined in t!"le reac:1 of the outer begJ_;:i-block of the cu"'r·2:1t ::1ain 
progra~. If 'ALL' is used, the whole set of identifiers ~~clared in 
t 'n e re 3. c '.1 of th e out er be g,i_n- b 1 o ck is cons id ·er e d to be s av 2 j in t :1 e 
current <cJ~~on blo::;k>. The order of the identifiers has nJ sJecial 
':leanin 5 • 

(1) See also 21 .6, to have a label in co~mon. 

Note that ootion JZCK rnust be active to ensure proper saving of 
co~~ons. The co~Jiler uses and saves Ci3 files with ?ILETYP2 1 co;1~JJ 1 

to co~pile co~~on bloc{s. 

Before a sery3rately co::1Jiled orocedure, oseudo 
'J2 adjed, usin--; t':ie -:;02ciJ.l ·1 cJ1L:113t1t'' surroun:!ed by 
7.). TheJe decl~ratisns J.re conside~2d to be J.dded 

declarations "Jay 
r.o-ssr·-,,,1,:1ls (s"'·':> ....::.. .. - J .,~,.. ... . . ..... 1,._,, 

to tf1e library 

( c o TI T) n 1~ T'J n c n t > : : = ·} 1 < c '.) ;1 n J n i t ·9 n > { , < c ::rn .no n i t e 'TI> } * ~ n 
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<co~non item>::= <comma~ identifier> 
l ( t<L11>=}CJ <id2> {, (<Li1>:::}0 <.ii~> }* ) }O 

<c::,11,,100 ijentifier>::= <id1>::::: <id2>:::::<id> 

<Conm::,n identifier> must be t 01e nar1e of a <corn11on blo<~i<> definej 
in some main ~rogran. Wnen the ootional part of tne <co~mo~ item> is 
not oresent, the wnole set of identifiers of this <co~~on bloc~> is 
used, i.e. all identifiers present in the <common bloc~> c~n be us8d 
in tnis procedure. 

·Otherwise, <id2> must be an identifier contained in the current 
<co~mon block> and <id1> is the ne~ identifier associated with <id2>, 
i.e. <id1> can be used in this procedure instead of <id2>. If <id1> is 
not present, it's considered to be the sane as <id2>. 

The numoer and order of 
r~e ~ode of the identifiers 

tne identifiers nsve no 
is con3idered to be the 

s;iecial 11e:inin£s. 
sane as tne mode 

of tne corresoonding identifiers in tJe current <co~mon block>. 

c. 3ecurity ~hen using ca~rnon identifiers. 

Al;)solute security is given to the :Jro-.;ra.n,ner 'tJ':ien :1sin~ the 
c::,'TI::ion feature: when in a '.Tlain progra·n, a <co:11'Tion block> is saved and 
it doesn't 'correspond' (1) with a <common bloc~> having the sa~e 
<conno~ identifier> defined in a previous compilation of this nain 
progran, all T~Xf files of propedures using this co~mon are erased; 
furthe~ore, in separately com6iled routines using <comnon ite~s>, 
~odes of <co~non identifiers> are tested for compatibility. 

To en3ure tnis security, you must co~pile the ~ain ?ro~rams 
definin~ <co~~on blocks> Defore co~oiling subroutines usin~ the~. 
OtherAise, the comoiler will reject any attem~t to use a not yet saved 
co~non. Furtnenore, w~en re-campilin~ nain oro~rams (because of 
iojifications to declarations anj/or to <comnon blocks>, you Aould 
first erase C0,1.'10:J files; o':.her·.-lise the con;Jiler will orobably fini 
3yntactical errors. 

The ieclarations of identifiers saved in a <comnon bloc~> must 
nave jeen elaborated at runtime before they can be used in a orocedure 
usin~ this conman (see 27.1. Context conditions). 

(1) To 'corre3poni' ~eans that, for a ~iven identifier, the noie 
1~1 jisplacenent in the Data Areas at runtime are the sane in tne two 
<cTn·nGn bloc'.<s> (see A4.5.). 
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1 ) :,1 a i n ? r o g r a n : 

# we as3u~e this oro~ra~ is edited unjer 
tne n1ne of PROJ1 ALGOLCA3 Al 9 

Je:J'in __ ::,. __ 

irrt. A 1 ::: 5 ; 

int_ A2; [ A 1 : A 2 ] .r.~~l ,'1AT ; ••• 

2.r:QQ. TT ::: ( : . . . . . ) ; 

Q.QQ.l B; 

f'1; ..... P2(A2); ..... P3; ..... P4; ..... 

S A I/ t: CO i-11 AL L , C O .-12 ( A 1 , A 2 ) . , C O ;13 ( 3 , TT ) , A L L 

2) Subroutine 1: 

Q.Q. COi11 Q.Q 

Q_r_QQ_ p 1 ::; ( : 
# this routine can use ~1, A2, TT, B, MAT, ... ~ithout 

declarin3 them# 
) 

3) Subroutine 2: 

Q.Q COA2(A1,A2) Q.Q 

Q.rOQ. P2 = (( r.ftf int. A3): 
# this routine can use Al, A2 ~ithJut declarin~ them; 

note that ~odifyin~ A3 chan~es also tne value of A2 # 
) 

4) .:Subroutine 3: 

Q.Q COi3(ff1:TT) Q.Q 

2.r:QQ. P3 ::: (: fT 1 .... 
ll this has tne 3ane effect a3 callin~ Tf # 
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')) Subroutine I~: 

J/ ( 1 ) ;/ Q. Q. P R J ,j 1 Q..Q. #or (2)# QQ PrlJ]l(A3=A2,A1) QQ 

R.C.Q.Q. p 4 = ( : 
!I this routine can ine t!1e whole set of identifiers 

of tne main 9rogram (1), or only A1 a~1 A3 (A3 ~eans ~2) 
(2) of t~e main pro~ram # 

) 
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A7. riunti~e erro~s. 

A7.1. Llnrietected errors. 

Some execution ti~e errors are not detected. fney are 

scope condition not satisfied in an assignation 

- in a multiple value declaration for A, the condition 

-32K l~ Ui-Li+ 1 !.t.. 32i< 

is not satisfied for each (Ui, Li) of A; 

- In a multiple value declaration for A, the total number of 
bytes required for the elements of A is at least 32K ; 

undefined formula evaluation 

- uninitialized values ; 

- use of identifiers whose declaration nas not yet been 
elaborated (see 27.1, Context conditions). 

Tnese errors can cause unpredictable situations, in particular 
'' PRO,} RA'.'1 C f-ECKS '', at the )ti :ne the error occurs, or 1 at er. 

A7.2. Detected errors. 

So~e other errors (see A7.5) in the standard and non-stan1ard 
routines are detected at run time. They are handled Dy a ~ojule 
na:ned ''ALiERROR11

, not accessible for the ALGJL pro~ra:nrner. 

This ~odule prompts at your terminal the messa~e 

RJNTIM~ ERRJR XX ( message) 

and ~rites on tne virtual printer the messa~e 

RJ~fIM~ ERROR XX ( ~essa~e) 
AT UNIT Yf Of 3LOCK Zl 
PH~GRA~ ~A~S R~GISTfR = X'TTTf' 
DATA dAS~ rlS3ISTER = X'DDDD' 

frlAC~BASK fuLLOW3 

i~ is toe code of the error (see A7.5) ; 

Y'f. is tne u:iit n'..l"lber af the ALGJL-unit wl1ere the error 
occurs (see AJ.3) ; 

ZZ is the bloc~ nu~ber of the AL~0L-block ~:iere the erro~ 
occurs (see A'{. 3) ; 
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rrrr is the oe~in 31dress of the 'curre~t' 3eoarately co~1ilej 
routine (main or ~rJceJure) ~nich ~a3 ca~sed tne error 
(coie O or 1), or ~~ich 1as calle1 tne st3njard routine 
~hich causes the error Cotner co1es). 

~essage is a snort descriotion of the error. 

ro avoid printing of these messa~es an tne real printer, set 
tne CP co~~and 'SPOOL PBT ro *' in your 'PRJiILS'. 

The action after orinting the error messa~es is: gQtQ ~ilf , 
but see also the recovery of runtime errors in A7.7. 

A7.3. dloc~s and units. 

A "block" is a l2_g_g_in -block, a Q.Q. -blo·c~, or a proced..1re. 
Blocks are numbered in the order their begin-symbols appear ; this 
is tne same numbering as in the LISTI~G file. Blocks are 
numbered in the order they ap~ear in the program. 3lock 
number of a main program or of a separately compiled 
ro'Jtine is 1. 

A ·1 un it '' is : 

- tne 'opening of a bloc~ or pracejure' ; 

- a sta.te~ent, except if-statement and case-statement or 

a jeclaration (between ; ) ; or 

- an ' if part' ; or 

- 3 ' Q£2~ part' or 

- a ' [Q.r - [rQm. - g_y_ - t.Q - l,ihil~ -part' (even if not 
physically present), w~ich is unit 1 of the jo-loo~; or 

- a Jara~eter of the 3ST and PUT procedures 
( see FOR~Arrso I/J ) . 

Units are n'..lmbered in the orjer the/ ap~ear in each block. Tne 
'openin~ of a bloc~' has unit number 0. 

A7.4. nunti-ne error lo,calisatio:1. 

To locate precisely a runti~e error in a cro~ra~ 

- c~:13ider the runtime error n~ssa~e (A?.2) ; 

- loo~ in the LJAD MAP for the module with be~in ai1ress 
rrrr ; this is the mod~le where tne error has occurej ; 

- c~unt tne nunber of bloc~s 1ni unit3 to locate the unit 
,Piere tne eror ll'.13 occur<~i ( use tne LL:.;rr:~,,.i file ~:-1ic:1 cont:1ins 
the ~loak nu~bers ). 
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If a "oro,;,;ra'Tl chec'.<'' occ-1rs, AL$2:1iRJn ,.,ill also be cJ.llej. 
This ~odule pro~ots at yo~r ter~inal the ~e3s~ge 

PrlJJRAM CHiCK ( message 

and writes at the virtual printer the ~e3sage 

PROGRAM C~iCK XX (MS33A3~) INSTRUCTIO~ ADJRES3 = X'AAAA' 
AT UNIT ti OF BLOCK ZZ 
PROGRAA 3A3~ REGISTER= X'TfTT' 
DATA oA3~ R~GISTifl = X'DDDD' 

· frlACSoACK ~OLLOW3 

XX is tne code of the ''orogra11 check,. 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
1 3 
1 4 
15 

operation exception; 
privilegej operation; 
execute; 
protection exception; 
addressing exceotion; 
specification exception; 
data exception; 
fixed ~oint overflow exceotion; 
fixed point divide exception; 
decimal overflow exception; 
decimal divide exception; 
exponent overflow exceotion; 
exponent !underflow exception; 
significance; 
floating point divide exception. 

I~STRJCTION ADJR~SS is the virtual macnine address of the error. 

M~S3AGS, xx, YY, zz, rrrr, DJDJ and TRACEBACK FOLLOWS 
have the sa1le meaning as for the 'detected errors'. 

fo avoid printin~ of these messages on the real printer, 
the CP co~mand 'SPOOL PRT fO *' in your 'PrlJ?IL~'. 

If an 11 interru9t" occurs (caused by the virtual 11 interru?t-.<:ey 11
), 

AL$~RROR ~ill also be called; the message is: 

I~T~RRJPT AT UNif ii O? BLQCK Zl ........... . 

The virtual interruJt key is the CP comm3nd E(fER1AL; this can be 
usefull ·.-1:1en a program "loops" infinitely or to caJse i\Li])L tr1Je 
to be entered. 

If an error 4 ~as occured durin~ code ~eneration, t~e orogra~~er 
mu3t Know th~t units are nu~berei 'T!Odulo 255. 

A7.5. Codes of execution-time errors. 



JJ Tnere is 1Jt e1~~~1 ~3in stora~e :o exe2Jte t~e JrO?ran 
(toJ lar~e ~3tri2es, tJJ lar~e jata are3, ~3rtitio1 ?1 Jr ?2 

toJ l'::.r;e, 

J1 Suos~riJt is nJt Jet~ee1 tne je2~arej li~its, or 

, 8 I , -
,J 

2J 

5) 
JJ 
SJ 
') J 

3J 
3 '4 
37 

tne jes~riJtors 01 jot1 sijes o~ an assi~nation o~ a ~JltiJle 
val~e are not ide1ti~al. 

: J:1? , 1 T~: , 
2 rlLL I ' 1 3 :t:Sl3 1 4 )JT.3 ' 

--r ". - • 6 T ~: '. T 1 7 )JTI .l. ., 1 I ... ,,_ ... 1 '.) )UTLI 1 ) J. i ~ 
'L,:..:t 21 JJB 22 )j l i-"':, 23 JJT:...?- 24 JJ:i':LA 

SX? 1 L;~ -? ., J_ 3:.i~r - '.:I J .J SI:~ 54 2J3 
"T' • 55 :1. ~.SI ··J 57 _;:<CJ3 :i. \ 53 ;_ i f A:J 53 ' -:;; l p 1- ~ .... 

:;1 l' -, -... •, -, 62 L.31 ._._ -~ ;.. .) .,;_ ;~ l ' 53 L -':JS 64 T"'!"" I 
l- J. ,-,. 1 

:_.;231:J :: J LA1:j3 •j 7 . ~ "' ~ .. , ·~ L .. ;i .. .. ,. . ' 

w ..L ~'\ :i 3) ;:i ' ... - 31 -~::; 0 • l"t J:. 32 : :i:. . ... --l 33 : • :,: ::?T • .J.\,..., .• -" 
)T • ;:i• { ... .) . ~ . 35 TA?.:"::1 35 T' A ;; -:: ' -'---~-~ 3·S : CL.J3:': 37 "'I ... ,-

i.,/ .j : .... .1 
"-\ T ~- /' ~ '.:I; te:--".:i1.al ::J~ .J~..:::-\,. ·" ..J ., 7)-77 : fo:rnatt ed 1/J 

i....... .:-- ...... '. ,, -, ,. ;;"7'"' ,.J.,-..:i, ..... _\..):i. .. ../ 

..., ..., -~ .... ~ 
: ."'\.:.,..) :. l 9 7 : J :~ T I>1.:: 

7ne ~j~le set of exe2~tic~ err'):--s (i1.'.)Jt-out~ut errJ:--s, 
~J'.1versiJ"l errors, e:1j o~ ~ile 11. for:13tte1 i~'.)Jt-JJt~ut, errJrs 
i"l :1at:1e13.tical f"J"l~tiQ!13, ••• ) C3..'i je :n:ns3e1 3t r•..1.1ti'."'.e. 

fer tnat ~JrJose, tne ~'.)llo~in~ ie2la:--atio"ls are aijed to 
sta"l:13.!"1 '.)rel..1je (av3.ilaJle !l_it22~t o:--3.;""t::.ts). 

:J!"~~ J.~ = 
( ( io.t :.J ;:){iifIJ.J TJ 3:: 3Y?ASS::::) #, 

1r~~ ??J:n::ou~:: rJ 3:: ::~~:JT~J J 

~~::in 
~ :J~D is 31 i1te~er ~1J3e 131Je is t1e 2oje 1..1.,Je:-­

Jf t1e 2J11itiJ"l tJ Je re2overe1 ; it's V3l~e 23.n 
0111 oe 01e of t1e 1ete~te1 'rJ1ti~e errors', 
e:<~eot :r..1:1':.i":e errJ:--s J 1.1j ; . 

? :1 J ,::; i s t '.1 e p r J ~ e i J r ·= ;.; 1 i c 1 ,.; i 11 ::i e e l 3. ::; J r a t e i 
~1e1 tnis err~r oc~Jr3. 
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Q.CQ'~ d,~.;,,:r = 
(( i_r1t c,1~1Hrrru.J i'J •):·: :i::: . .i-·:r:1) 

rt:-~ r 

Li\d~Ll 

II C>H iJ i. :3 t h Q ,~ ~) i ~ nu "l r) ~ r o f an (~ r r () r ; 
U-ie :-:v:ite-ri r,:3'~ts th0 3t·Hvhri 3.ction f'".)r 
tn L; ':rror 

II 

beC1in ----~- -
'1Q 
( 

1'.:'.(}~l X, Y; Y::0.0; 

i_rit_ Elfr' = 7 7 ; 
p_~QQ. ECW 1 = ( : gotQ LIWEL 1 ) 
J:4 < r~u:", irn~,,) 

trit. i~~G = 52 
2,r o_~ EK t{ J :{ = 
( 

Y·- _rJ9J.O 
) , 
J -~ ( .E 1., , l"~ d HJ d) ; 

t''O H '"1 I\ T ( 1 , " 1 ( r' d . 4 ) " ) ; 
QQ ( JEJ'(X); Y:=Y+X) 

ll ~rien the en1 of file occurs, the loop ends 
a'ld ~e ~o to L~~EL1 H 

Y: :.3:.,ltH ( Y.) 

ll if Y. i3 ne~ative, a 3pecial value ~ill be 
computed for Y a'lj the pro~ra~ ~ill continue 
n orln -:illy fl 

iii~._;:·: T ( NI~ G ) ; II no pro -~ran :n er action for 
e r r o r s i n '.~ '.J H T II 

l'JJ'1{(Y.) 

- r n e p r ,., ;~ r a ·n in e r n u 3 t t1 e v <~ r y c :1 r e C u 1 1 ,-Ii t h t h e c i1 '.) i c e .:, f t 11 e o r o -
r ·~ , I u r c r1 P. p 1 s J (i 3 '1 :::; p :-1 r :rn e t c r t o ,).IJ a '1 :i H ~~ :3 r: I' ( s e c S c 0 ~H: C o n -
·li ti on .1 ( ,>7 • r 1 ) ) • nw t' u r t ri e r r~ L1 b-:1 r .1 t i o n J r t t1 e p r o :~ r a n ·n J y b e 
' u n l , ~ r l n .! d ' :3 :, i n U 1 c• n r~ x t ,:~ x ·1 ·n '.1 1 0 : 
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r~sr 

n 1 l u :.'11 1.1 J.. l\. I 

Q.~gin 
Q.Qgin 

Q~Q~ A:(: gQtQ L) 
OtH77,A); 

L ~ii.12 
~D.Q. ; 

[1:10,JJ int_ I,J ; F0zL1AT(1,"*(I4)' 1
) ; 

G~f(I,J) #if in this state~ent an enj of file oc­
curs, the ~ro~ra~ violates the sco~e conjitions and 
the further elaboration is undefinsd # 

If the progra~mer doesn't use these r~covering facilities, the 
standard action will be taken. 

- The total number of the byoassed errors cannot exceed 16 at any 
time of tne elaboration of an ALJOL63/19 progra~. 
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Ad. Symools and t~eir representations. 

letter A to l. (capitals) over QY.~.r. 
jizit 0 to 9 :nodulo 1Q.2 
point lower bounj liQ. 
divided by I ~nt.i~r 
u;:, * lt UJ;)er bOU'1d Id. Q. Q. 
::> 1 us + not 11Q.t. 
minus absol. value of i:!.Q.~ 
times if representation :::>f r:~12. r 
becones . - or . - len 3then l~rrg . -
cast of- or short en ~QQCt. 
open ( odd Q.;!,Q 
close ) sign ~i:s.ll 
comma 

' round C.Q\J.112 
sub (I or < or [ integral irrl 
bus I) or > or J real r..·~~1 
up to boolean QQQl 
laoel or cnar'.3.cter g_n_ar 
go on . ' or long lona ___ .::,_ 

q .1 :::>t e ,, or $ reference to ,... ,:) p 
'-C:::..!:.. 

eq U3.l S £Q. in f or;nulas pro:::~edure QI:QQ 

= otherwise be-~in t2.£~irr 
co:n:nent QI: before a progra'!l end ~D.:1 

co before a program 
fl ' i at :1ny place if i[ 

true t.r:Y.~ then t.ll.£2 
false [al§.g_ else £1~~ 
or or fi p• 

~-± 
a:1d ~!19. sot o gQl;_Q 
not eq.1al n_g_ St<iD ~ki!?.. 
is les.s th :i.n lt. for [Qr: 
less or e::i. l~ fro11 [r: QIT! 
gr. or eq. g_~ by Q.Y 
greater th:rn a-t 

0.- to t.Q 
ti ·nes ten to do 2Q 
t:1e power , 

~ .1•.1 i 1 e '-i.b.ilEl 
case Q.~2~ in in 
:)U t Q\J.t. eS3.C s~:1Q. 

rCeJ,·Drjs ca:1 '.:le punched in t-..rn ·,nys: with or -,.;ith:::>ut '':ioostrop".les" ('): 
Q.ggin for exa11ple, canoe represented as B'.:::_iIN or '3~1.:iIN'; b:.it d0:1't 
forget th3.t in tne C~3 version of AL~OL6~/19, key~ords can'.1::>t be used 
as ide11t ifiers. 
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AJ. Calling ?Orlfrl~N suoroutines. 

A 9 . 1 • Jen 2 r 3. l it i es . 

fhe possibility exists to call fQqf~A~ external subroutines 
.-1ithin ,iLJOL oro.~rams. Tnerefore, the pro,;ramner n,1st add 'FJRT' 
before ?ach virtual declaration of a fORTHAN subroutine in the 
' pr a g .n at ' ( 2 1. 4 ) be f ore h i s p r o ;,; r a n • 

Sxanpl<?: 

:Q.C. FO R r Q.!: Q Q. A 1 , A 2 , Q.C.QQ. ( i1t.) A 3 QJ: 
QC. FO:'tf oroc(int,ref int,ref[,]real) A4 QC. 

12.§.g_in §.!1Q. 

11eans t:1a t: 

- t~o external FORTRAN subroutines without paraneters are 
a;railable; 

- an external ALGOL procedure exists; 
- an external FORIRAN subroutine with three para~eters 

is available. 

fhe co11~iler provides a test to see if the virtual 
paraneters are of one of the following modes: 

- int, long int, real, lon1 real, char, bool (1) 
- ref int, ref long int, ref real, ref lQng_ real, 

ref char, ref bool 
- [Jcnar, ref[]char 
- t r:~f } 0 [ { , } * ] 'one of the mo j es ( 1 ) ' 

dnen encountering s~ch ~rag11ats, the compiler generates 
~~ ALJJL-FORTRAJ interface: when option DECK is active, 
it ~enerates a rexr file ALxxxx, if the na~e of the 
extern3l fO~fR1~ subroutine is 'xxx'. 

A~.2. Correspondence between ALGOL and FO~TrlAN para~eters. 

corresponds 
r:~[ }O i.rJ.t. 
CJ~[ }O 1.Q.tJ.1 int. 
c.~r. } 0 C.~':11. 
r.~[ } 0 l.2ni1 r.srnl 
r~r. }J <ltnc 
r.~[ }O b')Q.1 

r·~C }0 l] QQ.d!': 

r ;. c l [ l , } * l Ln t 

to 
IiHEJ~r{*2 
1NTEG:~R*4 
H~AL*4 
RC:.'\L*d 
LJ 1-1ICAL*1 
UJ,:;IC!-\L *1 

LU '] I C A L * 1 v 3. r i a b 1 e ( n ) 
w~ere n is the nunber of ele~9nts 
of tne ALJOL vqlue. 

I I~ f ·;: ::; ··>{ * 2 var i '3 b 1 e ( '.J 1 , ..• -~ '.) ) 
v1 ' 1 ,~ r c p i s t h ·9 n ·1 n b <? r ,1 f ct i ·n e n 3 i on 3 

of th2 value 1n1 the ~i 1r2 tne n~~ber 



af elements in eac~ Ji~2n3ion. 

Si~ilar corresoonjence for lQ.rrg int, real, long real, bool, cna~. 

A9.3. l~portant notes. 

1) The philosop~y of the use of ALGOL oara~eters is 
preserved by the interface: nevertheless, an ALGOL paraJJeter 
p3ssed without r:_g[ can have its value modified by the rO:lTt1A•\J 
subpro;;ram; if an ALGOL paraneter is passed with a ref, the 
FORTrlAN subroutine can modify the referred value. 

Exa:nples: 

Q.C. fORT QI:Q.Q.(int_) t:Xfl Q.C. 
begin 

int B· B:=O· -·- ' ' t:Xf1(1); 
SX T 1 ( B ) ; # 3 fill O II 

eng_ 

SJ3i1JlJTINS ,:;::Kr 1 (I) 
LHcGSR *2 I 
I=I+l 
RSflJRN 
ti:,~D 

The value of 3 and th3t of 1 are not modified ~Y EXf1. 

Q.r. F'OdT Q.!'.:Q.Q.(irr.t.,ref_ in..t.) 2:XT2 Q.r. 
begin 

~Q.Q. 

int. I; 
~Xf2( 1, I); ii I .fill 2 II 
EXf2(I,I); # I ~g 3 if 

SUBROUTINE €Xf11 
I l~ f E GS t1 * 2 I , J 
J =I+ 1 
RE:TlJ~N 
Erm 

(I' J) 

2) Note that if tne tyoes 3nd nu~bers of FOrlfrlAN paraJJeters 
doesn't nap the JJOdes and number of ALCOL oaraneters, t~e 
effect would be u~defined. 

3) The i-th dimension of a FO~fRAN parameter corresponjs to 
tne nu~ber of elements of the (n-i+l )-th <bound pair> of tne ALGJL 

, para.net er. 

Sxarnple: [-3:3,1:4] r:~~l A corresponds to ~SAL ~(4,7) 

4) foe correspondence bet':,1een AL:}uL chg_!: anj Q.Q.Q.J,. values a:id t"J;1f;-i;'d 
LOJICAL*n variables is imperative. If a,other types are cnose1, 
the effect is undefinei (this is often a 1uestion Jf ali~n~ent). 

:::xcinple: 

QC. ?OrlT QCQ~([]Q.h~£)EXf QC 
Q.Q3.!.G C::Xf("abc,J") ~n.1 



C 
C .. 
I., 

AP.?:::~JlX J 

3JdrlJ0fl~S ~Xf(A) 
LOGICAL•l A(4) fril3 IS frl~ ~JR1AL OSCL~~Af!J~ 
LJ~ICAL*4 A f~IS DZCLARATJJj 13 PSri.1IfT~D 
RC:AL A Ir LHS DC:1:LAKATl\.H .r._; t.JSSD, IU Srlr1·J:1 

~ILL PrlJ3AGLY OCCUrl . 
i'JrllTE(6,*)A 
RSf U ,1N 
END 

5) Don't for1et ALGOL multiple values are stored 'line per 
line', ~hereas FORTRAj arrays are stored 'column per ~olumn'. 

Exa'llple: 

or FORT QC.QQ (r:~f[, ]l_Q.ng inU sx r 3 12r: 
begin [1:2,1:3] lQ..M in.t. A; 

EXT 3 (A) ; 
FJrl,JAT(4, 11 strea11 11 ); PUT(A) 

~nd C 
# the displayed values are: C 

1 2 3 10 J 6 C 

ft 

308~JUTI~e 8Xf3(A) 
INTeGt:.:R A 
DIME~SIJN A(3,2) 
RC:AD(5,*) A 
the data entered 
from the ter~inal are: 

1 2 3 4 5 6 
A(l,2):10 
RETURt~ 
s,rn 

6) Bounds of multiple values as parameters ~u3t be of the mode 
lQng int. This is a FOrlTRAN restriction: it does~'t acceot 
at run time bounds of arrays to be INTEG~R*2 variables. 

See A9.4 for examples. 

7) Recu?eration of execution errors. 

When an execution error due to a FOrlTRAN sub?rogra~ occurs, 
two cases arises: 

if it's a p~ogra~ check, ALGOL recuperates the interrupt and the 
follo~ing ~essa~e will be printed: 

IN A iJRTRAN 3U3PRJGrlAM ... 
PrlOG~AM CriSCK nn ( ~essa~e) 
INSfrlUCfID~ ADDR~SS = XXXXX 
CALLED AT J~Ir xi OF BLOCK Yi 

see A7 

- if it's anotner runti~e error (for example co~outing the 
3~RT of a ne~ative nu11ber or invalid fILEDEf, ... ), the 
~essa1e ~ill be ~rintei by FORfrlAN ani the pro~r111 will 
ter~inate dith A~SJD. 

3) uon't for=set the Ci-1.3 co11rnarij ]LUBAL TXTLit3 l"CHfLI8 :'!LJ5jLIB 
~1en loa1ing an ALJOL-fOATRA~ 11ixed pro~ra~. 

A9.4. 3i~ple example . 

. ,, 
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~r 10AT oroc(ref[ ,Jreal,lon& int,lon& inl,r.~[ r~~l)S0'1 ~r 

l:2.~irr 
int i~ , M ; -:i ~ f I ( rJ) ; u i fl (;1 ) ; 
[ 1 : 1~ , 1 : :'1 J r_ ~~ l M A f 1 ; 
FO:MAf(1,''*(r,10.0)''); u·:::r(:1AT1); 
r.~al RSS1, HE32; 
SJM(~AT1,l~n& N,l~n& M,R~31); 
Ri~S2::0; 
[Qr. I t.Q :~ Q.Q_ ( [QC. J to 1 Q.Q. ( rti:::32::rl232+:v1AT1[I,J]) ); 
i_[ rltS1 !1~ Rt.32 then 
tn~n Ii c'est a d:nter de tout! II stop 
Li 
l 1: 2, 1: 3J r_~al '.1AT2; 
for. I tQ 2 do 
( for_ J to 3 Q_Q. ( MAT 2 [ I , J] : =I+ J ) 
) ; 
SUM(MAT2,l_ong_ 2,l.Q.Qg_ 3,rl2:S); PUTit(RES) 

SU3~0UTI~2 3UA(MAT,N,M,RE3) 
R .2: AL 1t 4 ,'1 i\ T (:'1 , :~) 
LH S ·3 E R i~ , ;q 
DO 1 I= 1 , 1'1 
DU 1 J:1,N 

1 RSS:RE3+~Af(I,J) 
RSTU ~t~ 
END 



A10. For~~tted input-output. 

AlJ.1. Introduction. 

fhe standard prelude contains three procedures dealin~ ..ritn for~atted 
input-output. 

fhey are : 

- QC.QQ( int.,[] ~Q.~C.) FOR~AT 

- or'.Q.Q.( (] union ( int, real, long_ int, long re:.11, 
g_n_~r:, [ J Qll£r:, re[ [ J int., r.s1f [ J lQ_11g_ irrt., 
r:s1f. [] r:~~1, C.§..f. [ J lQ.!J.g_ r.s1~l, re[ [,] int_, 
r.s1f. [ , J l_on g irrt., r_g[ [ , ] r.~~l, ref [ , ] 1Q.ng 
r..~al ) 
PLJT 

- QJ:.QQ.( [] 1E1ion ( ref int, ref long int, ref real, 
ref lon.g real, ref char, ref [] ~n_3.r, 
r. e f [ J i tJ.t. , re [ [ ] lQ!1:l in.t. , C.£[ [ ] C.S!~l , 
ref [ J lQ.M C.si£1, C.S!f. [ , J in!. , r.~f. [ , J 1Q.ng int. , 
r.~[ [ ,] real, ref [ ,] long real) 

) GST 

far the pro~ra~mer ..rho is not familiar ~ith the ALGOL68 notations, 
a ;:irocedure ..rith 3. parameter of :node [] 1J.lliQ!1 ( m_od~1 , ... , QlQ.Q..§. L~ ) 

is ap?roximatively a procedure acceptin~ a variable nu~ber 
of paraneters, each of ~hich being of one of the ~odes TIQ~g I. Tne 
only available coercion on each ~ara~eter is the dereferencin~. 

r'Orl:·1Af is a procedure by ..;rhic:1 a <fornat> is associated t1ith ::in 
'input-outout device'. 

PJT a,d JST are procedures by ~jich data ( ALGOL values ) 
are read or written under the control of a <format>. 

A1J.2. Input-output devices. 

Tne first para~eter of the fO~~AT procedure is an integer value 
~iving tne 'input-output device', associate1 ~1th tne <form~t>. 

If its value is 1 ' the device is the virtual reader, 

If its value is 2' tne device is tne termin3l, used as in;:>1Jt. 

lf it 3 value is 3' tne device is tne virtu'll printer. 

lf it::; value is 4' the de vie e is tne t er ,n in 3 1 , used :13 out o:.1t. 

In tne rest of this cha;)ter, ..re shall ,jenote hy I I,) I 

tne i n D •J t - '.) 1J t p :J t dev ic c associated .-1i. t n 3. <for::n.t >. 

J'nere 1.::xists two 1 typ2s' of ctevices: 
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- inout devices ( 1 and 2 ) 
- output devices ( 3 and 4 ). 

A10.3. Syntax of <formats>. 

The second paraneter of the ?Jrl~AT orocedure is a 'row of 
cnaracter' value givin~ the <for~at>. 

<format>::= { .ST.R'.£A:'1: { <record length>,}0 
{<itern> { ,<iten>}* : {<item>,}if <strea,n ;rouo>} } 

<stream ~rou;)>:: = * ( <item> (, <item>}* ) 
<item>::= { <simple item> : <group> } 
<group>::= <nu,nb.:3r> ( <ite:n> { , <item> } * ) 
<simple item>::= { <alphanumeric code> : <control code> } 
<alohanumeric code>::= ( <integer code> l <real code> : <strinis code> } 
<integer code>::= I <nu~ber> 
<real code>::= {E : F} <number>.<numberO> 
<strin~ code>::= S <number> 
<control code>::= {<line code> : <page code> I <s~ip code> <column 

code> : <no skip line code> } 
<line code>::= L 
<page code>::= P 
<skip code>::= X <number> 
<column code>::= C <number> 
<no s~ip line code>::= R 
<number>::= {ct}+ 
<numberO>::: {ct}+ 
<record length>::= <number> 
<ct>: : = { O: 1 : 2: 3 l 4 I 5: 6: 7 I 8 I 9} 

3lanKs have no special meaning in a <format>. 

In order to improve readability or construction of <formats>, blan~s 
may be used freely. 

In tje rest of this c~aoter, when ~e shall speak about <formats>, 
we snall suppose <formats> have Deen 'developed' : to 'develo?' 
a <for~at> ~e replace all <groups> in it by a number of times 
(co~resaonding to <number>) the list if <items> contained in tnat 
<group> and ~e restart the.oroceas. 

fnen, the notation 'next item in a format' will beco~e obvious. 

i!:xa:nole : 14,3(15,34) is developed into I4,I5,34,I5,S4,I5,S4 

A1J.4. 3eneral semantics of 3 <format>. 

,.,·-,-~.1 3. 2311 of th2 ?J3>1AT procedure 0ccc1rs, a <t'or,n1t> is 11ie 
'3.v1ila~1~· 11j is 3S3ociate1 ~ith its input-cutout devic~. 

_,:s <fJ"~3.t> ~ill ren~in '3v3.il1ble' until 110ther 2111 
J : : -: ·"! ~~ -1 .1 -~ \ f Q '.' 0 2 2 j 'J r 2 f O r 1 'l i rJ ;) ,J t - 0 U t ') U t J 2 V i C e 



of tne same type is el~borated. 

In other ~ords, at any ti~e of the exec~tion of an ALJJL pro~r~n, 
3t ~ost two 'avail3ble' <formats> exist ( one for input devices 
( 1 anj 2 ) and one for output devices ( 3 and 4 )). 

Furthe~ore, with any <format> is associated a 'buffer' of a certain 
'length'. fhe buffer len~th is the nu~ber of characters Ahich will 
be considered on each card or on each printer or terminal line. 
They are taken in the left~ost positions of the card or of the line. 

If no <record length> is specified in the <format>, the value of 
'length' is 30 .-1het1 I0=1, 130 v1l.1en 10=2, 132 w.1en 10=3 and 
130 wnen 10=4 (80, 130 and 132 are the maximal allowed values). 

A10.5. General semantics of the GBT and PUT procedures. 

when a <format> is 'available', 

if IO= 3 or 4, sequences of calls of the PJT Procedure 
can be elaborated. 

- if IO= 1 or 2, sequences of calls of the GST procedure can be 
elaborated. 

Given this sequence of calls using the sa~e <format>, consider the 
virtual sequence composed of all paraneter lists together. In this 
last sequence (refered to as the 'data list'), the notion 'next item 
in tne data list' becomes obvious. 

The case of multiple values is explained later on (see A10.10). 

To elaborate the sequence of calls of GSf (resp. PilT), we consider 
to 5ether 

1) the sequence of <items> of toe available <for~at> 
2) the sequence of <items> of the 'data list' 

fhen, ~e 'elaborate' (cfr later on) the first <co~11and codes> 
of the <format>, if any, until we reach an <alphanuTieric code>. 

Than, for each jata, 

- we 'elaborate' (cfr later on) the 'transmission' of this 
data under tne control of the <alohanuneric code>. 

- we 'elaborate' the follo~ing <co~mand codes> until ~e 
reach an <alphanu~eric code> or the end of the <fornat>. 

fne trans~ission ta~es place betw1~n the orogra~ anj the buffer. 
It en1J ~hen the end of the data list of a oarticular J~f or PJf 
in3trJ~tion is encountered. It may be resuned if a new J~f or PJT 
instru~tion is elaborated ~ith the sane <format>. 

f"le 'h 11ffer' will b:; filled accordin-i; to the 'elaboration' of 
tn~ sc1uence of the <data items> of the datq list. It will be flllei 
f r <J :n l e ft t o r i r; ri t ; e a c h < ;i l p n :i n u n e r i c > t r a n .s 11 is s i o: 1 o c c u ') i e s t n e 
n~xt ~ (see A10.G) ch3racters in the buffer, th~ 'first ite~' in the 
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sequence be~in~in~ at the first position. 

An error condition is raisej (see A10.11) if there is no ~ar~ 
<alpnanu~eric code> for a ~iven <data ite~>, or if tjere is 1ot e1a~~h 
space in the buffer for the next data ite~. 

The trans~ission between the buffer and the innut-outout device 
is governed by the followin~ rules : 

- on inout, the buffer is filled with the next record at the 
elaboration of the first call of GET. It may be filled a~ain ~nen tne 
end of a <strea~ grou~> is encountered (see A10.7 f), or if an 
L coje is used (see A10.7 a). 

- on output, the buffer is printed or displayed if an Lor f code is 
encountered, or if the end of a <stream group> is reached 
(see A10.7 f), or if the format ceases to be available, or at 
the end of the orogra~. 

~ A10.6. The transmission of data under the control of an <alphanumeric code>. 

a) Integer code. 

The I format code is used to transmit data of mode int or lQUa 
int . 

It s for ;n is " I w '' , w i1 ere w is a ;:, o s i t iv e nu ,n be r g i vi n g th e t o ta 1 
number of characters involved in the transmission. 

The conversion rules and restrictions on the value of w a~d on tne 
format of the trans~itted data are to be found in the oroce1ures OUTI, 
·JU f LI , I :'H , I '.~ L I • 

b) Real code. 

The£ and i format codes are used to trans11it data of moje cg~l 
or lQ.M ref!l. 

Their forn is "F'w.j" or r1 E:w.d'', wl1ere w is a positive nu11'::>er 
~ivin1 the total nunber of characters involved in the trans11ission 
an1 dis a (possibly 0) positive nunber ~iving the number of digits 
after tne decimal point. 

r~e conversion rules and ~he restrictions on the values of w anJ 
d and on the format of the transmitted data are to be found in tne 
~rocedures 00frl, OUffrl, JUfLR, OJTF'LR, INH, INLR. 

Jn in~ut, only w is significant ( see INrl and INLH). 

c) :String c::>de. 

Tne S for~at coje is U3ed to transmit d3ta of mJje Q~~C or 
[ J Q.t:rnc 

It s f or m is " 3,.,, '' , w h ere w i s a po s i t i v e nu TI'::> 2 r IS i vi rH,; t ~1 e t o t a 1 
nu~ber of characters involvei in the tran3mission. 
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If tne tr3ns11itted d~ta is a cnaracter, tnen t~e 3 far~at ca~e 
specifies a field of w c~ar3cter3 : on inp~t, tne fir3t c~aracter 
of tne field is read ani tne next (w-1) Jre s~ip~ed ; on ~utput t~e 
cnaracter is ~ritten and the next (A-1) are filled ~itn ~lanc3. 

If the trans~itted data is a ro~ of character of len~tj 1, tnen 
the 3 t'orrn1t code specifies a field of w characters : on inaut, 
tne first 1 characters of tne field are reai and the n2xt (w-1) are 
skipped ; on outpJt, 1 characters are written and the next (w-1) 
are filled dith blanKs. 

If l>~ then a runtime error nu~ber 73 occurs. 

A10.7. Control codes. 

a. Line code. 

fhe L format code is used as control code. 
If IO= 1, the trans11ission of data begins at the next card. 
If IJ = 2, 3 or 4, the trans~ission of data besins at t~e next line. 

n. Page code. 

Tne P format code is used only wjen IO= 3. 
Trans~ission of data be1ins at the next page. 

c. Re11ain code. 

T~e ~ for~at code is used only ~hen IJ = 3. 
It allows tne progra.nr:1er to ,naKe aov2r;vriting 1

'. 

T~e tr1nsmission of data be~ins at the sane line of the printer. 

d. 3,<ip co:ie. 

The for:n of the sl<ip code is ''Xw'', W'lere w is a positive ti-1·nb-er. 
The X for~at code specifies 3 field of M characters to be 3~io')ed 
on inout or filled ;vitj blan~s on out~ut. 

e • Co 1 u :nn c ::, de • 

The for-n of tne colunn code is :rcw", .v'.1ere 'dis a positive '.l'lnDer 
fhe C for~at code soeciries the position in the recor-d where tne 
transfer of the next data is to begin. 

C rrn y b e :_; s e d to '' b a c ~ s pa c e " ( s e e e x ,a '1 o 1 e s ) . 

f. St rea 11 7,ro11.J. 

Tne 3tre~n 1rou) ~as two effects : 

(1) if for~at c0ntrol reaches the enj of a <strea~ ;,;ro~1>, tjen 
C 1)ntrol reverts to tne beo;in'lin;i; of ti'11t <stre1-:1 ,;,;ro1.n>, 
')er!nittin;:,; infinite replic:ition ,)f for·n.-:,ts. 

(2) 'ht:1 tran3nitt~I t11.Jer tn,3 control ot' '.3. <stre1.n ~rou')> 1r,., 
,;1n.3i 119rei to b·.~ ''stre-i·n 01~ic~n1.>:~i· 1

• l'hic; nc~::-11:c; t·11t .i-1t1 
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Notes 

may extent beyond t'1e C1;)'.1City of V1,e :J·1ffer. Y1 ::,,1t'.)c..1t, 

w n en it be c 0 n es f u 11 , it is t r 3. .1 s n it t e .j 3 'l d 11.3 e j :1 :r, 1 i '1 :, Jr 
the n 2 x t d ;-it 3. , i f '3. n f • J n i n? u t , ,1 11 ·2 '1 it ha 3 b 3 ,2 n '.' 2 a i i :i t J 

tne last position, it is filled a~ain dith t~e n?xt card, 
if needed. 

1. Even in 3 <strean ~rouJ> trans~ission, the pro~ra~~er c1n 
bypass tne point (2) (with ca~trol codes) a~d use only tne 
facility of infinite replication. 

2. No data item may be truncated oy tne enj of tne ~~ffer 
(see A10.10. 4). 

A10.8. fransmission of data dithout format. 

Tne possibility exists to transfer data '~ithout' for~at, 
using the JSI and PUT procedures. Data are then considered 
to be 'stream oriented' and the real format has no special 
:neaning. 

Exanple: 

f OR :'11\ f ( 1 , '' st re a 'TI'' ) ; GE r ( I , J ) ; 
f'ORMA. T( 4, 11 strea'TI"); PUT (A, B); 

This involves the trans~ission of data with a standard for~at 
on output and with no format on in?ut. On in?ut, a com~a (,) is u3ed 
to separate data and blanks may be used freely. No data ~ay be 
truncated between two lines. 

This feature is si'Ililar to the G~T LIST and PJT LIST of PL/I 
and to the unforTiatted in?ut-outout of f'ORTBAN. 

A10.9. Si~ple example. 



A:...] '.J:... 6 :J / 1 9 !\Pr">:::.JDIX 10 

Sl12LSif~lA1PLS 02 fJRAAffSD I~?Jf - JUf2Jf# 

!i 

~e d3~t to ~eaj a ~atrix, line per line; 
t n e f i rs t car ct cont a i n s t he d i r;i ens i o:, s of t :1 e :iJ at r ix 
a1d tne next 0:12s the elements ( 10 Jer card ) 

[ J Q.Q..a!'.: Li\H ,,111 AT# 1 = '' 2 ( I 4 ) , L , * ( ? 6 . 2 , X 2 ) 11 

iO.i i~ , M ; 
iO~M~T(1,fJ~~4AT#1) #anew <for~at> is 'available' 

for the reader II 
JSf(t~,,"1); fl -11e read tne bounds with the '2(14)' <iten> # 
[1:J,1:M] r:§~l A ; # ~e reserve dyna~ically the olace ff 
J~f(A) ; fl reading the matrix with the '*(2'6.2,X2)' <ite,n> fl 

#------------------------------------------------------------# 
ff no~, we read a list of variables# 

in_!:_ A1 , A2 ; r:~al A3 , A4 ; [1:60] QQ~C BUlfER ; 
[1:3] l(2M in_!:_ A5 ; 
f'J a .:'1A T ( 1 , 11I4,C50, I 1 0; L, S 6 0, L , 3 ( X 5 , I 1 0) , L, F 5. 0, C 1 , F 5. 0 11 ) ; 

JET(A1,A2,8ilFFER,A5,A3,A4) ; IIA3 and A4 possess the sa~e value# 
# or GST(A1,A2,BU?F£R,A5) ; ....... ; GET(A3,A4) ; # 

!1-----------------------------------------------------------# 
!I 

another ~atrix is read , column per column 
with a format ~iven by the programmer at runtime 

G~TI(N) ; GSTI(~) ; 
[1:dO] char FORM#AT#2 ; [1:~,1:M] r:~~l 8 ; 
G~TS(FOrl:\-li) ; ff t:1e <format> is punched freely on a card 

and ~e suppose we read : 
72,*(F6.2,X2) 

II 
2' J R :"1 A T ( 1 , r O 'rt ·"1 fl AT II 2 ) . , 

[Qr: I tQ i'1 Q_Q ( [Qr: J tQ ~~ Q.Q ( GcT(a[I ,J]) ) ) ; 

#-------------------------------------------------------# 
[1: 10~] in~ C ; no~ -11e use 2 <fornats>, one for tne 

· reader anj one for ti1e printer ii 
l1' J :·M f\ T ( 1 , " 3 f rm A,.,,, ) ; 
t<"•.)rl'.111T(3,"120,*(14,X4,I4)") ; 
for:. I t_g_ 100 Q.Q ( ·]ST(C[I]) ; Puf(l,C[I]) ) 

~Q~ # of this simple pro~ra~ f 

I note tnat three ~~ys of definin;· a <formqt> are ~iven # 

AlJ.10. l'n;:>ortant note.s. 

1) iaJiliti~s for input-o~tput of ~ultiole values n3ve ~lso ~een ~r0viJ0J . 

.. J 
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~jen t~o-di~~o3ional 1rr3ys 3re ~sed, tns tr~ns~ission of J3ta is 
perfor.ned lirie ::i·2r line. If tr3ns-:-iissio:1 a-JltY:1'1 o~r .:!Jl·.1nn is rie:d2i, 
the j)rogra:n:nsr .n1.Vit c-J~")1Jte '1i:1self tne indexes. 

F0i{;'1AT (3, 1'*(Jll) 11
); 

[ 1 :HJ in.t. M1\fl, .1Af2 ; 
PJT(~~f1,M\T2) ; # has the sa~e effect as ll 
for I to,~ do ( PJf(MATl[I])) 
fo; I tQ !~ do ( PJf (t·1!1.T2[I]) ) 
(1:i~, 1 : i·I] Loi i-!AT 3 ; 

·pJT(~Af3) , # has the sane effect as# 
[QI: I t..Q '~ Q.2 ( [Qr: J t..Q il1 Q_Q. ( PJ r ( 11.A. r 3 [I' J]) ) ) 

# but has not the same effect as# 
f o C. J 1._Q ;\1 Q.Q_ ( [ Q.C. I t.Q '.-J g_ Q. ( P U T c,1 A T 3 [ I , J J ) ) ) 

2) The possibility of reading, constructing and transforming <fornats> 
at runti~e is provided : see tne exa~ples in A.10.9. 

3) <Formats> have nothing in corn~on ~ith tje block structure necanisn 
of ALGOL : they are '~lobal' in ths sense that, ~hen a <for~at> 
is 'available', opening and closin1 of blocks or calling of orocejures 
have no effect on the fact that a <for~at> re~ains or not 'availaole'. 

The follo~in~ orogra~ is perfectly executable 

in.t_ I , J ; 
orog_ :A = ( : PJf(I) ) 
t-,O rP1A r ( 3 , "st re c1 '11 '' ) ; 

l2.~1irr irr.t. J ; P JT < J ) 

~!J.j_ ; 

A ; 
f i) !1 vi I\ T ( 1 ' ,I 1 0 ( I 4 ) 11 ) 

c;~r(J) 

'.3Sf(l); PJf(I) 

4) <Recorj len;th> can be used dhen, for exan~le, you jon't dant to 
u3e tne last colu~ns of your input cards because they are irrele~3nt. 

<Record len~th> must also be used to ensur2 data are not trun~ate1: 

F\B11\T(3,''*(I7)'') orovocates a runtine .2rrJr if 
~ore than 16 inte~or3 ar2 orintei; 

.rJ:iv!r1T(3, 1'12J,*(l10) 11
) is 1lw3.·1s e:<ecutable 

!i 1 ·J • 1 1 . ri e 3 t r i ct i o :n :3. '11 jet e ct e d errors . 

A ru1ti~? error 7J oc~urs dhen : 

- synt1x i.3 O'.)t reso:cted in <for'l.--its> ; 
- <nun:)2r> is e1u1l to ') or ;;;r,}'1tcr t.11n 2:ii ; 

tnr:re ,:xi3t o~ily <.;-)ntr,Jl co,L:s> in 1 <0 tri':, Tr,r)" 
< r 2:.:, r J l c n i: t t1 > ex c ·! 0 l _., J ) it' I J = 1 , 1 1 ~ L ,' l .: = , , 
i 1 -1 1 y) i r r.) = 2 v· ·, ; 



- the <for:n:1t> is too lorq (c1. 4J,) :J/te.3 i:1 in':.~r:nl r·:'):"s'J-:1:;1t::. 
- invalid <c,)ntrDl cojes> accJr•:li'.1'.'; to tne J~vi-::e 

(P coie 1,1 R code ~13n IJ = 1 , 2 or~ ). 
somethin~ ~ron; ~ita tne i2vice (device not rca~/, 
not attached, ... ). 

A runtime error 71 occurs ~~en no <for~at> is 'available'. 
(in ~articular ·~hen a,i I/J is re,1uested an,i !10 ·nore <alD:13.'1•l1Jeric 
code> exits. 

examQ.l.~: rJfMAf(3,''I4i') PLJf(1,2) ). 

A runtime error 72 occurs if an invalid device type is specified 
. ( IO n_g 1, 2, 3, 4 ) 

A runtime error 73 occurs if l>w in a S format code. 

A runtime error 74 occur.s if 
- a call of G~f is elaborated a:1d no <fornat> is 'avail:iole' 

for IO = 1 or 2 . 
' - a call of PLlT is elabGrated 3J},j no <for•nat> is 'availat:>le' 

for IO = 3 or 4. 

A runti~e error 75 occurs if the mode of the 'next item in the 
jata list' doesn't correspond ~ith the 'next <alphanJ~eric code>' in 
the <for,nat> . 

A runti~e error 76 occur~ if the len~th of a iata exceeds 'b~ffer' 
capacity (even in a <stream ~rou~>). 

re£l A , :3 ; in1 I ; [ 1: 10·JJ Lat. C 
fOiHAT(1,"10,2(i7.2)") ; ::z::T(A,d) 
£<' J rt :'1 AT ( 3 , 11 C 15 O , I!~ 11 

) ; P JT ( I ) 
FO a :-11\ T ( 3 , ,, * ( I 7 ) " ) ; J:' Ll r ( C ) 

A runtime error 77 occur.s vlilen a virtu::il ''en.j of file'' nas b22£1 

jetected on tje virtual reaier ( p~ysic3l enj of file or '*~Uf' 
c1c1.racters ) or on tne ter:nirnl ( '*SO?' c:-taracters ) . 

do~ever, see tne recovery of ru~ti~e errors 3t Appenjix 7. 

Jtner error3, sue~ as invalid Ch3r3cters in in~~t fields are jete~tej 
'JJ proced·.1re.3 INI, I1~LI, I:~ 11, It~LR, JJ fI, :JiJ fL I, Ju fi1, JUTLrt, J·J l':':i, ·JJ i':-'L:l. 

~ ?.rnJ1 Q. l ~ : 
i.n.t I ; 
l•'(H,1.1\ f( 3, "12''); JJLJf ( lJ,n); 

# ru1ti~e error 19 occurs 1 
r' !J d L\ T ( 1 , '' I 3 11 

) ; :.:; '.'.'. T ( I ) ; 
# runtinc err~r 1S ocaur3 

if tne next field in tne 
cari cont1ins 1S1 ll 

~ote tn1t, wh2n 1 runtiTie err~r 70-77 ~13 ~ccurei, 
the:: <for:n8.t> i3 no lon,;e?~ '-:1v1il~1~le'. 
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