
Appendix I Pascal Syntax 
Diagrams 

identlller 

unsigned integer 

unsigned number 

unsigned integer 

unsjgned constant 

constant identifier 

unslgned numbef 

I'---------{ nl/ ~-------'1 

ch8racter 
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constant 

constant identifier 

unsigned number 

)---r-"'i character I-~r---I 

new ordtnsl type 

ordinal type 

new ordinal t'lpe 

simple type 

--,---"'i ordinal type ;dentifier 

real type Identlfler 

new ordinal type 
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fleld list 

type denoter 

new structured type 

type denore' 

l------l type denoter 1-----------------' 

ordinal type 

field list I---~ endl--------....... ---------' 

type denoter 

--~----ool neIN ordinal type 

new structured type 1----'1 

type ,dentlfisr 
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variable 8ccess 

variable identif,er 

fjeld designator Identtflef 

lactor 

--,..-------------t unsigned constant I-------------r--

variable access 

I'-------------.j bound identiller 1-------------1 

function Jdentifier 

term 
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SImple expressIOn 

expressIon 

simple expression I------~-----------------,_--

simple expression 

Index type speClficatlon 

ordinal type identifier 

conlormant array schema 

index type specification type identifier 

formal parameter S6ction 

type ,dentifler 

conformant array schema 

~----------~l!p~ro~c~e~d~u~r~e~h~e~8~d~in~g~-----------"1 

lunction headmg 
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formal parameter list 

proceclure heading 

f--..,.--.j formal parameter list f--.--.. 
L-_--' 

funetion heading 

simple type ,dentilier f--.--. 

pointer type idenflfler 

procedure declaratlon 

---r-....-j proeedure heading 

procedure ident,lier 

funetion deelaratlon 

--....,.--1 funetion heading 

funetion ident,fier 
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statement 
unsigned Integer 

variable access ~-~-....( 1----001 expression 

tunet/on identifier 

procedure identlfier 1--~ ..... 01 

statement 1-----1 

statement 

expression 1----------1 

statement 1-----------1 

unsigned integer ~----------------------1 
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block 

--~--.( 'abe' }--------.---------.I uns'gned Integer 1---------.. 

~---~--...... oI,dentlfler 

Identifier 

procedure declaratlOn I----.,--...... .j 

tunet/on decfaration 

progrsm 



Appendix 11 List of Pascal Reserved 
Words 

and nil 
a"ay not 
begin of 
case or 
const packed 
div procedure 
do program 
downto record 
else repeat 
end set 
file then 
for to 
[unction type 
goto until 
if var 
in whiJe 
Iobel with 
mod 



Appendix 111 Answers to Exercises 
and Schema for Selected Problems 

Chapter 1 

shopping IIsr ilem 

goods 

.. elghr 

number 

cosr 

----0---1 number I 
l'~ 

Chapter 2 

2.1 

valid x, xl, xIx, temperature, antidisestablishmentarianism 
invalid lx-starts with digit 

lohn Brown-space 
re-activate- - ? 

x(3)-brackets 
begin, cose-both are delimiters 

2.2 

line I ; missing 
line 2 j should be declared reol as 3.4 is real. 



line 6 
line 7 
line 9 

Appendix III 

k should be declared 
; missing 
left side of assignment must be a variable 
period missing 

2.3 Layout neatly-use meaningful identifiers-use comments-use 
constants-make output readable. 

{ Program to print the sum of two integers 
program EX2A (input, output); 
var numberl, number2, sum ; integer; 
begln 
read (number 1, number2); 
sum ;= numberl + number2; 
writeln ('The total is " sum) 
end. 

Chapter 3 

3.1(a) 

If pence = 0 then writeln ('zero ') 
else writeln ('non zero ') 

(b) 

3.2 

3.3 

I( I (= 200 then t ;= 0 
else It i (= 400 then t ;= (i-200) • 0.3 

else If i (= 5000 then t ;= 200·0.3 + (/-400) ·0.4 
else t ;= 200·0.3 + (/-400)·0.5 

max ;= 0; 
repeat 

read(num) ; 
If num > max then max num 

untll num = 0; 
wrlteln ('Blggest Is " max) 

tor I ;= f to 200 do 
begln 
read (anlmal); 
ease anima I ot 

f; wrlteln('lion'); 
2; wrlteln ('tiger'); 
3; wrlteln ('fly'); 

end { of ease J 
end 

145 



146 A Practical Introduction to Pascal 

Problem 3.2 

{ Inltlallse count to 3 } 
tor m ;=- 5 to 500 do 

begln 
{ determlne If m Is prime 

by dlvldlng by all numbers. n 
startlng at m - 1 and untlf 
m dlvldes exactly by n 

It n = 1 then { Increment count 
end; 
prlnt ans wer } 

Chapter 4 

4.1(a)a *sqr(x)+b*x+c 
(b)O.5 *(x *y+z/(3 *x)) 
(c) sqrt(sqr(a) + sqr(b)) 

4.2(a) 1.0E-7 
(b) 6.55260034E4 
(c)-7.5E-1 

4.3(a) 0.1666667 (b) 1.25 (c) 5 (d) 3 (e) 5 

4.4(a) i modj = 0 
(b) not (odd(m)) 
(c) (abs(y)<J) or (abs(y»2) 

4.5 pond (x> = y) or(i<> j) 
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Chapter 5 

5.1 

5.2 

tor i := 1 to 20 do 
begln 
while not eoln do 

begln 
read(ch) ; 
It (ch = 'A') or (ch = 'E') or (ch = 'I') 

or (ch = '0') or (ch '" 'U') then wrlte(ch) 
end; 

readln 
end 

TAX 

I: 8 R:9:2 R:9:2 ":10 I:1 ' ':8 I:1 R:8:2 

where I = INTEGER and R = REAL 

Chapter 6 

6.1 

after 
after 

6.2(a) 

!ine 4 
!ine 9 
line 14 
lines 16, 19 

!ine 2 
!ine 10 

proeedure DrawALine(eh: ehar); 
write(eh); 
DrawALine ('+'); 
DrawALine ('-'); 

[unetion total: integer; 
total:= surn 

indent body and change. to ; 

(b) line 2 [unetion MaxPower(a, b:real): integer; 
line 4 delete a, b, 
line 7 delete 
line 14 MaxPower := power 

indent body and change. to ; 

(c) line 4 [unetion av(n : integer) : real 
line 4 delete ,n 
line 7 delete read(n); 
line 14 av := average 

indent body and change. to ; 

147 
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6.3 

A Practicallntroduction to Pascal 

{ LengthS arithmetic } 
program EX6E (input, output); 

var miles, yards, feet, Inches, NumberOfinches 

proeedure convert 

(var m, y, f. I integer; Ins 

eonst 
YardslnAMile = 1760; 
IncheslnA Yard 36; 
IncheslnAFoot = 12; 

beg/n 

integer) ; 

integer; 

m ;= ins div (YardslnAMi/e M IncheslnA Yard); 
ins ;= ins mod (YardslnAMile M IncheslnA Yard); 
y ;= ins dlv IncheslnAYard; 
ins ;= Ins mod IncheslnAYard; 
f ;= ins div IncheslnAFoot; 
i ;= ins mod IncheslnAFoot 
end {convert}; 

funet/on Lengthlnlnches 

(m, y, f, i ; Integer) 

; integer; 

eonst 
YardslnAMile = 1760; 
FeetlnAYard = 3; 
IncheslnAFoot = 12; 

beg/n 
Lengthlnlnches ;= 

«(mMYardslnAMile) + y) MFeetlnAYard + f) MlncheslnAFoot + I 
end {Lengthlnlnches}; 

beg/n 
read (mlles, yards, feet, Inches); 
NumberOfinches ;= Lengthlnlnches (mlles, yards, feet, inches); 
read (miles, yards, feet, inches); 
NumberOflnches ;= 

NumberOflnches + Lengthlnlnches (mlles, yards, feet, Inches); 
convert(mlles, yards, feet, inches, NumberOflnches); 
writeln('Sum is " NumberOflnches, 'Inches - I.e.'); 
writeln(mi/es;4, ' mi/es,', yards;4, ' yards,', 

feet;I, ' feet and " inches;2, ' Inches') 
end. 
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Chapter 7 

7.1 Implementation defmed. 

7.2 Implementation defmed. 

7.3 In the following examples the specified variables could have been dec1ared 
as indicated. 

3B power: O .. maxint; 

3E a, b : O .. maxint; 

3G CountOfPosNumbers, CountOfNegNumbers : 
O .. maxint; 

3H SumOfPosNumbers, ZeroCount : O •. maxint; 
SumOfNegNumbers : -maxint .. O; 

31 DayNumber: 1..7; 

3J EmployeeType : 1 . .3; 
NumberOfEmployees, NumberOfDependents : 
O .. maxint; 
i : 1 .. maxint; 

5A NumberOfLines : O .• maxint; 

5B TemplnCentigrade : 0 .. 99 

6A i : 1..length; 

6B NumberOfNumbers: O .. maxint; 
i : 1..maxint; 

6C NumberOfPairs : O •• maxint; 
i : l..maxint; 

6D type natural = O •. maxint; 
InchRange = 0 .. 11; 
FootRange = 0 .. 2; 
YardRange = 0 .. 1759; 
miles, ins and NumberOfinches are Natural 
yards and y are YardRange 
feet and f are FootRange 
inches and i are InchRange 
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6E 

6F 

A Practicallntroduction to Pascal 

similar to 6D 

type Posint = 1 .. maxint; 
i (in DrawALine) : l..width; 
i (in average) : Posint; 
ReadCount : Posint; 
i (in pro gram) : Posint; 
count: Posint; 
n : O .. maxint; 

Chapter8 

8.1 

program LineCounHf. output):_ 
var 

f : text: 
LineCount ; 0 .. maxint; 

begln 
reset(f); 
LineCount ;= 0; 
whlle not eof(f) do 

begln 
readln Cf); 

LineCount ;= LineCount + t 
end; 

wrlteln (LineCountJ 
end. 



8.2 

8.3 

Appendix III 

program LineStats (t, output); 
var 

f ; text; 
minimum, maximum, count, total, LineCount 

begin 
reset(f) ; 

O .. maxint; 

minimum ;= maxint; maximum 
whlle not eof (t) do 

0; total . - 0; LineCount 

begln 
count ;= 0; 
whlle not eoln (f) do 

begln 
get(f) ; 
count ; = count + 1 
end; 

readln (f); 
If count < minimum then 
If count > maximum then 
total ;= total + count; 
LineCount LineCount + 
end; 

minimum ;= count; 
maximum count; 
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O' 

If LineCount < > 0 then wrlteln (minimum, maximum, total / LineCountJ 
else writeln ('empty file ') 
end. 

progrllm merge (f, g, out, output); 
var 

ContlnueMerge ; boolean; 
f, g, out ; fIIe 01 Integer; 

begin 
reset(f); resetlg); rewrlte (out); 
ContinueMerge ;= not(eof (f) or eof (g)); 
whlle ContinueMerge do 

begln 
If ft > gt then 

begln 
outt ;= gt; getlg); 
ContinueMerge not eOf(g) 
end 

else 
begln 
outt ;= tt; get (f); 
ContinueMerge . - not eot (f) 
end; 

putloutJ 
end; 

whlle not eof (/) do 
begln 
outf ;= ft; putlout); get(/) 
end; 

whlle not eOf(g) do 
begln 
outt . - g t; putlout); getlg) 
end 

end. 
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8.4 

8.5 

8.6 

repeat 
read(ch) 

A Practicallntroduction to Pascal 

untlf (ch >= 'A') and (ch <= 'Z'); 

whlle (/nputt < 'A') or (inputt > 'Z') do get(/nput) 

procedure SkipBlanks (var I : text); 
var state : (KeepGoing, EolDetected, NotASpace) ; 
begln 
state ;= KeepGoing; 
repeat 

If eol (f) then state . - EofDetected 
else If ft < > ' , then state := NotASpace 
else get(f) 

untll state < > KeepGoing 
end; {SkipBlanks} 

Problem A suitable scheme is 

program currency (jnput, output, colns); 
type natural = O •• maxint; 
var 

colns : fIIe of real; 
CoinValues : fIIe of natural; 
smallest, pounds, value, Convers/onRate real; 
money, number, IntValue : natural; 

begln 
{ convert coins to multiples of least coin 

lind the sma/lest co in - it is at the end 
{ create a liIe 01 integer multiples of the 

sma/lest co In } 
read the conversion rate 
process the values to be converted 

whl/e not eol do 
begln 
{ read the amount to be converted } 
{ calculate the new amount as a multiple of the 

sma/lest denomination } 
prlnt the new amount correctly 
scan the coinvalues liIe for the necessary coins 

whlle not eof(coinvalues) do 
begin 
{ read a coin value } 
{ calculate the number required } 
if number < > 0 then 

begln 
{ print the number 01 co ins and their correct value } 
{ calculate the amount remaining } 
end 

end 
end 

end. 
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Chapter 9 
9.1(a) 

(b) 

{ !, 
I red t {green !, I blueL 
I red,green!, {red,blue\, {green,blue!, 
{ red,green, blue \ 

\ \' 
{lI. {21, !31. {4!, 
{1,21.11,3 , {1,4l,l2,3 L {2,4L{3,4 \, 
lI,2,3 L \1,2,4!, !1,3,4\.\ 2,3,4\ , 
\1,2,3,4\ 

9.2(a) [3] 
(b) [1..5] 
(e) [1,2,4] 

9.3(a) true (b) true (e)false (d)false 

9.4(a)[a,b,e] = [d] 
(b) d in [a,b,e] 
(e) [a,b] = [e,d] 

Chapter 10 

10.1 

program FreqCounHf. output); 
type frequeneles = array['a' .. 'z'J 01 O .. maxlnt; 
var 

eh ; ehar; 
f ; text; 
count ; frequeneies; 

begln 
lor eh ;= 'a' to 'z' do eountfehJ ;= 0; 
reset(f) ; 
whlle not eof (f) do 

beg in 
read (f, eh); 
If eh In ['a' .. 'z'J then 

eount[ehJ ;= eount[ehJ + , 
end 

end. 
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10.2 Assuming that most combinations will occur, a suitable type would be 

type AI/Twos = arraylchar, charJ of boo/ean; 

Problem 10.2 The correct data structure is 

type PairFrequencies = arrayl'a' .. 'z', 'a' .. 'z'J of O .. maxlnt; 

A suitable scheme for the frequency calculation is 

{ initiallse the counts to zero } 
reset (f) ; 
If not eot (f) then { read the first character } 
whlle not eot (f) do 

begln 
{ read a second character } 
If { both characters are letters } then 

{ Increment the frequency count ] 
{ make the second character the first one 
end 

end. 

Chapter 11 

11.1 

functlon dlfference (dl, d2 : dates) : integer; 
function DaysFrom 1900 (d : dates) : integer; 
var 

years : 0 .. 100; 
days : O .. maxint; 
m : months; 
DaylnYear : arraylmonthJ of O .. 365; 

begln { days from 1900 } 
DaylnYearljanJ := 0; DaylnYearffebl := 31; DaylnYearlmarJ := 59; 
DaylnYearlaprJ := 90; DaylnYearlmayl := 120; DaylnYearljunJ := 151; 
DaylnYearljlyl := 181; DaylnYearlaugJ := 212; Day/nYearlsepl := 243; 
DaylnYearloctJ 273; DaylnYearlnovl 304; DaylnYearldecl := 334; 
wlth d da 

begln 
years := y - 1900; 
days := years " 365; 
if m (= teb then years := years - 1; 
days := days + years div 4; 
days := days + DaylnYearlmJ; 
DaysFrom 1900 := days + d 
end 

end { DaysFrom 1900 ]; 
begin { difference } 
difference := DaysFrom1900 (d2) - DaysFrom 1900 (dU 
end { difference }; 
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11.2 Two changes are needed to the program. The first deals with the players' 
names. A simple modification to the loop which reads a player's name will 
allow the actuallength of the name to be calculated. This information can be 
used to control the output when the name is printed. The second modification 
produces the longer description of the card. This requires the use of mapping 
functions or case statements, one for card suits and one for card faces. Case 
statements are preferable in both instances. 

Problem A suitable da ta structure is: 

type 
MorseTable = 

arrayfcharl of 
reeord 

valid : boolean; 
length : 1..6; 
code : paeked arrayft .. 61 of char 

end; 

This is filled with the information from the fIle to provide a mapping from 
characters to their Morse code equivalents. 

Chapter 12 

12.1 

funetion perimeter (figure : GeometricFigure) real; 
eonst pi = 3.141596536; 
begin 
with figure do 

ease kind of 
rectangle : 

perimeter 
circle : 

perimeter 
triangle : 

perimeter 

end 
end; { perimeter } 

2 " (height t width>; 

2 " pi " radius; 

side 1 t side2 t sqrt (sqr(side 1> t sqr (side2) 
- 2 " side 1 " side2 " cos (angle» 
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12.2(a) 

program ANSI 22A (girls, output); 
const n = 10; 
type 

names = packed arraylt .. n1 of char; 
FullName = 

record 
surname ; names; 
NoOfFNames ; 1..3; 
forenames ; arraylt .. 31 of names 

end; 
FemaleStudent = 

var 

record 
name ; FullName; 
size ; arraylt .. 31 of 400 .. 1299 

end; 

girls ; fIIe of FemaleStudent; 
AverageSlze ; arraylt .. 31 of O •• maxint; 
I ; 1 .. 3; 
count ; 0 .. maxint; 
person ; FemaleStudent; 

begln 
reseHglrls); count ;= 0; 
for I ;= 1 to 3 do AverageSizellJ 0; 
whlle not eof(glrls) do 

begln 
read (girls, person); 
wlth person do 

for i ;= 1 to 3 do 
AverageSlzellJ ;= AverageSlzellJ + slze[jJ; 

count ;= count + 1 
end; 

If count = 0 then wrlte('empty f/le') 
else 

for I . - to 3 do wrlte (AverageSlzellJ dlv count); 
wrlteln 
end. 



(b) 

Appendix IIf 

program ANS122B (men, output); 
const n = 10; 
type 

names = packed arrayll .. n1 0' char; 
Ful/Name = 

record 
surname : names; 
NoOfFNames : 1 .. 3; 
forenames : arrayll .. 31 0' names 

end; 
MaieStudent = 

var 

record 
name : Ful/Name; 
money : real; 
car : boolean 

end; 

men : fl/e 0' MaieStudent; 
NumberOfCarOwners : O .. maxlnt; 
person : MaieStudent; 
total : real; 
count : O •• maxlnt; 

begln 
NumberOfCarOwners := 0; total . - 0; count . - 0; 
reset(men) ; 
whlle not eof(men) do 

begln 
read (men, person); 
wlth person da 

begln 
I' car then 

NumberOfCarOwners 
total := total T money; 
count . - count T 1 
end 

end; 

NumberOfCarOwners TI: 

If count = 0 then writeln('empty file') 
else wrlteln (NumberOfCarOwners, total/count) 
end. 

(c) The bett er defmition is 

type 
FemaleStudent 

record 
name : Ful/Name; 
slze : 

end; 

record 
bust, walst, hlps 

end 
400 .. 1299 
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12.3 

A Practicallntroduction to Pascal 

program ANSI23 (CSStudents, output); 
const n = 10; 
type 

names = packed array[I .. nl of char; 
Ful/Name = 

record 
surname : names; 
NoOfFNames : 1. .3; 
forenames : arrayll .. 31 of names 

end; 
sexes = (female, male); 
student = 

reeord 
name : Ful/Name; 
ease sex : sexes of 

male : (money : real; car : boolean); 
female : (size : array[l . . 31 of 400 .. 1299) 

end; 
var 

MaieCount, FemaleCount, NumberOfCarOwners 
i : 1. .3; 
total : real; 
AverageSize : array[l.. 31 of 0 .. maxint; 
person : student; 
CSStudents : fi/e of student; 

begln 
reset (CSStudents); 
MaieCount := 0; FemaleCount := 0; total 
NumberOfCarOwners := 0; 
tor i := 1 to 3 do AverageSizefiJ:= 0; 
while not eof (CSStudents) do 

begln 
read (CSStudents, person); 
wlth person do 

ease sex of 
male: 

begln 

0; 

O .. maxint; 

If car then NumberOfCarOwners 
total := total + money; 

NumberOfCarOwners + 1; 

MaieCount MaieCount + 1 
end; 

female : 
begln 
for i := 1 to 3 do 

AverageSlzefiJ := AverageSlzefiJ + s/zefiJ; 
FemaleCount . - FemaleCount + 1 
end 

end 
end; 

If MaieCount = 0 then wrlteln ('no males ') 
el8e wrlteln (NumberOfCarOwners, total / MaleCountJ; 
If FemaleCount = 0 then wrlte('no females') 
else 

for I := 1 to 3 do 
wrlte (AverageSlzefiJ dlv FemaleCountJ; 

writeln 
end. 
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Chapter 13 

13.1 

1 RHP 1 '+' 1-131-14 1 RRC 1 '+' 1 

where RHP means Return to Hain Pro gram 
and RRC means Return to Recursive Call 
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13.2 

tunet/on pos (tunet/on f (x rea I) 
var x ; real; 
begln 
x ;= -0.1; 
repeat 

x ;= x + 0.1 
unt/l (x > 0.95) or ( f (x) < 0); 
pos ;= «x) < 0 
end {pos}; 

Problem 

proeedure try (j ; Integer); 
begln 
{initialise seleetion of positions 
for i-th queen}; 

repeat 
MakeNextSeleetlon; 
If sate then 

begln 
SetQueen; 
1f/<8then 

beg/n 
try(j + 1); 

If not successful then 
RemoveQueen 

end 
end 

real) 

unt/l suecessful or NoMorePos/t/ons 
end {try}; 

Chapter 14 

14.1 At the beginning of step 4 add 

w;= nil; 

Just before using w in the statement 

wt.status ;= CostFixed; 

boo/ean; 

a test can be inserted to see if w equals nil. If so, an error message can be 
produced and the program terminated. 
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14.2 A dummy header will be needed as weIl as a sentinel (see Wirth, 1975b, 
chapter 4). The change does not significantly alter the perfonnance of the 
program. 

14.3 

procedure PrintRoute (dest PtrToNode); 
type 

RoutePtr = trouteirem; 
Routeltem = 

var 

record 
ptr ; PtrToNode; 
next ; RoutePtr 

end; 

p ; PtrToNode; 
RouteUst, r ; RoutePtr; 

begln 
writeln ('The best route Is '); 
P ;= dest; RouteUst . - nll; 
whlle p < > nll do 

begln 
new(r) ; 
rt.ptr ;= p; 
rt.next ;= RouteUst; 
RouteUst ;= r; 
p ;= pt.RouteToHere 
end; 

whlle RouteUst (> nll do 
begln 
writeln (RouteUstt .ptrt. name); 
r ;= RouteUst; 
RouteUst ;= RouteUstt. next; 
dispose (r) 
end 

end { of PrintRoute }; 

14.4 A suitable data structure is a linked list of records, which are used to form 
a sequence of the members of the set. The members of the set should be kept in 
(ascending) order in the sequence to facilitate the programming of the set opera­
tions. For further details, see the references in chapter 9. 
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Foreword 

The computer programmlng language Pascal was deslgned by Professor Nlklaus Wlrth 
to satlsfy two prlnclpal alms: 

(a) to make avallable a language sultable for teachlng programmlng as a 
systematlc dlsclpllne based on certaln fundamental concepts clearly and naturally 
reflected by the language; 

(b) to define a language whose Implementatlons could be both rellable and efflclent 
on then avallable computers. 

However. It has become apparent that Pascal has attributes that go far beyond these 
original goals. It Is now belng Increaslngly used commerclally In the wrltlng of both 
system and appllcatlon software. This standard Is prlmarlly a consequence of the 
growlng commerclal Interest In Pascal and the need to promote the portabIlIty of 
Pascal programs between data processlng systems. 

In draftlng thls standard the contlnued stabllity of Pascal has been a prime objectlve. 
However. apart from changes to clarlfy the speclflcatlon. two major changes have 
been introduced. 

(l) The syntax used to speclfy procedural and functlonal parameters has been 
changed to require the use of a procedure or functlon headlng. as approprlate 
(see 6.6.3.ll; this change was Introduced to overcome a language Insecurlty. 

(2) A flfth kind of parameter. the conformant array parameter. has been Introduced 
(see 6.6.3.7>. Wlth thls kind of parameter. the requlred bounds of the Index-type of 
an actual parameter are not flxed. but are restrlcted to a speclfled range of 
values. 

Editorial note. It ia normal convention to use italic type for algebreie quantities. Since the status of such quantitiea 

contained in this standard may or may not directly represent true variable quantities.. this convention has not been 
adopted in this standard. 
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British Standard Specification for 

Computer programming language Pascal 

O. Introductlon 

The appendlces are Included lor the convenlence 01 the reader 01 thls standard. They 
do not lorm apart 01 the requlrements 01 thls standard. 

1. scope 

1.1 Thls standard specltles the semantics and syntax ot the computer programmlng 
language Pascal by speclfylng requirements lor a processor and lor a conlormlng 
program. Two levels 01 compllance are defined tor both processors and programs. 

1.2 Thls standard does not specify: 

(a) the size or complexlty 01 a program and Its data that will exceed the capacIty 
01 any specific data processlng system or the capacIty 01 a particular processor. 
nor the actions to be taken when the corresponding limits are exceeded: 

(b) the minimal requlrements 01 a data processlng system that 15 capable 01 
supporting an Implementation 01 a processor lor Pascal: 

(c) the method of aclivaling the program-block or the set 01 commands used to 
control the environment In whlch a Pascal program 15 translormed and executed: 

Cd) the machan15m by whlch programs wrltten In Pascal are translormed lor use by 
a data processlng system: 

(e) the method lor reporting errors or warnlngs: 

(f) tM typographlcal representalion 01 a program publlshed lor human readlng. 

2. Relerence 

ISO 646 : The 7-bit coded character set lor Information processlng Interchange 

3. Definitions 

For the purposes 01 thls standard, the lollowlng definitions apply. 

NOTE. To draw attention to language coneepts. some terms are printed in italica on their first mention in this 

standard. 
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3.1 error. A violation by a program of the requirements of this standard that a 
processor is permitted to leave undetected. 

NOTES 

1. If it is possible to construct a program in which the violation or non-violation of this standard requires knowledge 

of the date read by the program or the implementation definition of implemenlalion-defined features, then violation 

of that requirement is classified 8S an 6"or, Proceasors may report on such violations of the requirement without 

such knowledge. but there always remain some oases that require execution or simulated execulion. or proof 

procedures with the required knowledge. Aequiremenls that can be veritied without such knowledge are not 

classified as .rrors. 

2. Processors should attempt the detection of as many arrors es possible. and to as complete 8 degree as possible. 

Permission to omit detection is provided tor implementations in which the detection would be an excessive burden, 
or which are not ot the highest quality. 

3.2 extension. A modlflcatlon to clause 6 of this standard that nelther Invalldates any 
program complying wlth the requirements of this standard. as deflned by 5.2. except 
by prohlbltlng the use of one or more particular spellings of identifiers. nor alters the 
status of any Implementatlon-dependent feature or error. 

3.3 Implementatlon-deflned. Posslbly dlfferlng between processors. but deflned for any 
partlcular processor. 

3.4 Implementatlon-dependent. Possibly dlfferlng between processors and not 
necessarlly deflned tor any partlcular processor. 

3.5 processor. A system or mechanism that accepts a program as Input. prepares It 
tor executlon. and executes the process so deflned wlth data to produce results. 

NOTE. A processor may consist ot an interpreter, a compiler and run-time system, or other mechanism, together 

with an associated host computing machine and operating system. or other mechanism for achieving the same 

effeet A compiler in itself. tor axample, does not constitute a processor. 

4. Deflnltional conventlons 

The metalanguage used In this standard to speclty the syntax of the constructs Is 
based on Backus-Naur Form. The notation has been modlfled from the original to 
permit greater convenlence of descrlptlon and to allow for iterative productlons to 
replace recurslve ones. Table 1 IIsts the meanings of the various metasymbols. 
Further speclflcatlon of the constructs is glven by prose and. In some cases. by 
equlvalent program fragments. Any Identlfler that Is deflned In clause 6 as a required 
Identlfler shall denote the correspondlng requlred entlty by its occurrence In such a 
program fragment. In all other respects. any such program fragment Is bound by any 
pertlnent requirement of thls standard. 
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Table 1. Metalanguage symbols 

shall be deflned to be 

shall have as an alternative definition 

alternatlvely 

end of definition 

x J o or Instance of x 

{ x } o or more Instances of x 

( x I Y grouplng: elther of x or y 

'xyz' the terminal symbol xyz 

meta-Identlfler a non-terminal symbol 

A meta-Identlfier shall be a sequence of letters and hyphens beglnnlng wlth a letter. 

A sequence of terminal and non-terminal symbols In a productIon Implles the 
concatenatlon of the text that they ultlmately represent. Wlthln 6.1 thls concatenatlon Is 
dlrect: no characters shall Intervene. In all other parts of thls standard the 
concatenatlon Is In accordance wlth the rules set out In 6.1. 

The characters required to form Pascal programs shall be those Impllcltly requlred to 
form the tokens and separators deflned In 6.1. 

Use of the words of. In, contalnlng and closest-contalnlng when expressing a 
relatIonship between terminal or non-terminal symbols shall have the followlng 
meanlngs. 

the x of a y: refers to the x occurrlng dlrectly In a productlon deflnlng y. 

the x In a y: Is synonymous wlth 'the x of a y'. 

a y contalnlng an x: refers to any y from whlch an x Is dlrectly or Indlrectly 
derlved. 

the y closest-contalnlng an x: that y whlch contains an x but does not contaln 
another y contalnlng that x. 

These syntactlc conventlons are used In clause 6 to speclty certaln syntactlc 
requlrements and also the contexts wlthln whlch certaln semantlc speclflcatlons apply. 

5. Compllance 

NOTE. Th.re are \WO level. 01 compllance, level 0 and I_I 1. Level 0 doa. not Includ. conformant array 
parametars. Level 1 do.. include conformant erray paramet .... 

5.1 Processors. A processor complylng wlth the requlrements of thls standard shall: 

(a) If It complles at level 0, accept all the features of the language speclfled In 
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clause 6, except for 6,6,3,6(e>. 6.6.3.7 and 6.6.3.8, with the meanings deflned In 
clause 6; 

(b) If it complles at level 1, ac ce pt all the features of the language speclfled In 
clause 6 with the meanings defined in clause 6; 

(c) not require the Incluslon of substitute or additional language elements In a 
program In order to accompllsh a feature of the language that Is speclfled In 
clause 6; 

(d) be accompanied by a document that provldes a definition of all 
implementation-defined features; 

(e) be able to determine whether or not a program vlolates any requlrement of thls 
standard, where such a violation Is not deslgnated an error, and report the result 
of thls determination to the user of the processor; In the case where the 
processor does not examine the whole program, the user shall be notlfled that the 
determination is incomplete whenever no violatlons have been detected In the 
program text examined; 

(f) treat each violation that is deslgnated an error in at least one of the followlng 
ways: 

(1) there shall be a statement in an accompanying document that the error Is 
not reported; 

(2) the processor shall report du ring preparatlon of the program for executlon 
that an occurrence of that error was posslble; 

(3) the processor shall report the error durlng preparation of the program for 
executlon; 

(4) the processor shall report the error durlng executlon of the program, and 
terminate executlon of the program; 

and If any vlolatlons that are deslgnated as errors are treated In the manner 
descrlbed In 5.1(f)(1), then a note referenclng each such treatment shall appear In 
aseparate sectlon of the accompanylng document; 

(g> be accompanled by a document that separately descrlbes any features accepted 
by the processor that are prohlblted or not speclfled In clause 6: such extensions 
shall be described as being 'extensions to Pascal as speclfled by ISO 7185'; 

(h> be able to process in a manner similar to that speclfled for errors any use of 
any such extension; 

(j) be able to process In a manner slmllar to that speclfled for errors any use of 
an Implementation-dependent feature. 

NOTES 

1. The phrase 'be abi. tot is used in 5.1 to permit the implementation of a switch with which the user may 

control the reporting. 

2. In case, where the compilation ia aborted du. to some limitation of labi •• , atc., an incomplele determination 
of the kind 'No violations were detected. but the examination ja incomplete,' will satisfy the requiremenu of 
clause 5.1(e). In a similer manner. an inlerprelive or direct execution processor may report an incomplele 

determination tor a program of which &11 aspeets have not been examined. 

A processor that purports to comply, wholly or partlally, wlth the requlrements of thls 
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standard shall do so only In the followlng terms. A compllance statement shall be 
produced by the proeessor as a eonsequenee of uslng the proeessor. or shall be 
Included In accompanylng documentatlon. If the proeessor complles In all respeets 
wlth the requlrements of thls standard the compllance statement shall be: 

< Thls processor> complles wlth the requlrements of level < number> of ISO 7185. 

If the processor complles wlth some but not all of the requlrements of thls standard 
then It shall not use the above statement. but shall Instead use the followlng 
compllance statement: 

< Thls processor> complles wlth the requlrements of level <number> of ISO 7185. 
wlth the followlng exeeptlons: 
< followed by a reference to, or a complete list of, the requlrements of the standard 
with which the processor does not comply>. 

In both cases the text < Thls processor> shall be replaeed by an unamblguous name 
Identltylng the proeessor. and the text <number> shall be replaeed by the approprlate 
level number. 

NOTE 3. Processors that do not comply fully with the requirements 01 the standard are not required to give lull 
details of their failures to comply in the compliance statement; abrief reference to accompanying documentation 
thai contalns a complele lisl in sufficienl detail to idenlify the detects is sufficient 

5.2 Programs. A program eomplylng wlth the requlrements of thls standard shall: 

(a) If It complies at level O. use only those features of the language speelfled In 
clause 6. except for 6.6.3.6(e). 6.6.3.7 and 6.6.3.8; 

(b) If it complles at level 1. use only those features of the language speelfled In 
clause 6; 

(c) not rely on any partlcular Interpretation of Implementatlon-dependent features. 

NOTES 

1. A program thai complies with the requirements of this standard may rely on particular implementation-defined 

velues or features. 

2. The requiremenls for complianl program. and compliant proc .... or. do not requir. that the re.ults produced by a 
compUa"t program !Ir. always the same whe" processed by a compUs"t processor. They may be. or they may differ, 

depending on Ih. program. A .impl. program 10 iIIu.trate thi. i.: 

program x(oulpu!); begin wril.'n(maxin!) end. 

6. Requlrements 

6.1 Lex/cal tokens 

NOTE The syntax given in thls .ubelau.e (&'1) deacrlbes the formation of lexical token. trom eharecte.. end th. 
s.parallon ollhe .. tOkens, and Iherefore doe. not adher. to the .eme rule. e. the syntax In th. rest 01 this 
standard. 

6.1.1 General. The lexlcal tokens used to construct Pascal programs shall be classlfled 
Into special-symbols. Identlflers. dlrectlves. unslgned-numbers. labels and 
charllcter-strlngs. The representatlon of any letter (upper-case or lower-case. 
dlfferences of font. ete.> occurrlng anywhere outside of a character-strlng (see 6.1.7) 
shall be Inslgnlfleant In that occurrence to the meanlng of the program. 

letter = "a" I "b" I "c" I "d" I "e" I "f" I "g" I "h" I "I" I "/" 
"k" "I" "m" "n" "0" "p" I "q" I "r" I "s" I "t" 
"u" I "v" I "w" I "x" I "y" I "z" 
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digit = "0" I "1" : "2" : "3" : "4" : "5" : "S" : "7" : "8" : "g" . 

6.1.2 Special-symbols. The special-symbols are tokens havlng special meanlngs and 
shall be used to delimit the syntactic units of the language. 

special-symbol 

"O" : "<=" : ")=" : ":=" : ",," : ward-symbol . 

word-symbol "and" : "array" : "begin" : "ease" : "const" : "div· 
"do" : "downto" : "else" : "end" : "file" : "for" : 
"function" : "gota" : "if" I "in" : "labe'" : "mod lO 

"nil" : "not" : ·of" : ·or" I "packed" : ·procedure" 
"program" : "record" "repeat": "set" : "then" 
"to· : "type" : "until" : "var" : "while" : "with" 

6.1.3 Identiflers. Identlflers may be of any length. All characters of an Identlfler shall 
be significant In distinguishlng between identlflers. No Identifler shali have the same 
speliing as any word-symbol. Identlflers that are speclfled to be required shali have 
special significance (see 6.2.2.10 and 6.10>. 

identifier : letter { letter 

Examples: 
X 
time 
readlnteger 
WG4 
AlterHeatSettlng 
InquireWorkstationTransformation 
InqulreWorkstatlonldentlflcation 

digit } . 

6.1.4 Dlrectives. A dlrective shall occur only in a procedure-declaratlon or 
function-declaration. The directlve forward shall be the only required directive (see 
6.6.1 and 6.6.2). No directlve shall have the same speliing as any word-symbol. 

dlrectlve : letter { letter : digit } . 

NOTE. Many proceasors provide, as an extension, the directive external. which is used to specity that the 
procedure-block or function-block corresponding to that procedure-heading or function-heading is externel to the 
program-block Usually it ia in a library in a form to be input to. or that has been produced by. the processor. 

6.1.5 Numbers. An unsigned-integer shall denote In decimal notation a value of 
Integer-type (see 6.4.2.2). An unslgned-real shall denote In declmal notation a value 
of real-type (see 6.4.2.2). The letter 'e' precedlng a scale factor shail mean tim es 
ten to the power of. The value denoted by an unslgned-Integer shail be In the closed 
Interval 0 to maxlnt (see 6.4.2.2 and 6.7.2.2>' 

slgned-number = slgned-Integer : slgned-real 
slgned-real = [ slgn ) unslgned-real . 
signed-Integer = [ slgn ) unslgned-Integer . 
unslgned-number : unsigned-Integer : unsigned-real 
sign = "+" : "_li . 
unslgned-real : unslgned-Integer "." fractlonal-part [ "e" scale-factor ) 

unslgned-Integer "e" scale-factor . 
unsigned-Integer : diglt-sequence 
fractlonal-part : dlglt-sequence . 
scale-factor : signed-Integer . 
diglt-sequence : digit { digit } . 
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Examples: 

1e1O 
1 
+100 
-0.1 
5e-3 
87.35E+8 

6.1.6 Labels. Labels shall be dlglt-sequences and shall be dlstlnguished by thelr 
apparent Integral values and shall be In the closed interval 0 to 9999. 

label = dlglt-sequence 

6.1.7 Character-strings. A character-string contalning a single strlng-element shall 
denote a value 01 the requlred char-type (see 6.4.2.2>. A character-strlng containing 
more than one string-element shall denote a value 01 a strlng-type (see 6.4.3.2) wlth 
the same number 01 components as the character-strlng contalns strlng-elements. 
Each string-character shall denote an implementation-dellned value 01 the required 
char-type. subject to the restriction that no such value shall be denoted by more 
than one string-element. 

character-string = •.• strlng-element { strlng-element } 
strlng-element = apostrophe-Image : strlng-character . 
apostrophe-image = .... . 
string-character = one-ol-a-set-ol-Implementatlon-dellned-characters 

NOTE. Conventionally. the apostrophe-image ia regarded as a substitute for the apostrophe eharacter. which cannot 
be a string-characler. 

Examples: 

'A' 

'Pascal' 
'THI8 18 A 8TRING' 

6.1.8 Token separators. The construct 

• {' any-sequence-ol-characters-and-separatlons-ol-lines-not-containing-right-brace .}. 

shall be a comment II the { does not occur wlthln a character-strlng or wlthln a 
comment. The substitution 01 aspace lor a comment shall not alter the meanlng 01 a 
program. 

Comments. spaces (except In character-strlngs). and the separation 01 consecutlve 
IInes shall be consldered to be token separators. Zero or more token separators may 
occur between any two consecutive tokens. or belore the first token 01 a program 
text. There shall be at least one separator between any pair 01 consecutlve tokens 
made up 01 Identiliers. word-symbols. labels or unsigned-numbers. No separators shall 
occur wlthln tokens. 

6.1.9 Lexical alternatives. The representatlon lor lexlcal tokens and separators glven In 
6.1.1 to 6.1.8 shall constltute a reference representation lor these tokens and 
separators. The relerence representatlon shall be used lor program Interchange. 

To lacilitate the use 01 Pascal on processors that do not support the relerence 
representation. the lollowlng alternatives have been dellned. All processors that have 
the requlred characters In thelr character set shall provlde both the relerence 
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representatlons and the alternative representatlons. and the correspondlng tokens or 
separators shall not be dlstlngulshed. 

The alternative representations for the tokens shall be: 
ReI'eNnce _ 

t 
[ 

J 

-­ti 
(, 

J 

NOTE 1. The character t that appears in sorne national variante of ISO 6016 i. regardecl .. Identl'" tc the character 
A. In thl. standard, the character t h.. been usecl because of Its greater vi.,bllIly. 

The alternative forms of comment shall be all forms of comment where one or both 
of the followlng substitutions are made: 

NOTES 

2. " comment may thu. comrnence with ( and end with '), or comrnence with (" and end with ). 

3. If the sequence (") occurs In a comment, it i. equivalent tc () and marlcl the end 01 the comment, becau18 the 
subltitutlon i. only for a delimiting character. 

4. See also 1.2111. 

6.2 Blocks. scope and aC1lvatlons 

6.2.1 Block. A block closest-contalnlng a label-declaratlon-part In whlch a label 
occurs shall closest-contaln exactly one statement In whlch that label occurs. The 
occurrence of a label In the label-declaratlon-part of a block shall be Its 
deflnlng-polnt as a label for the region that Is the block. 

block = label-declaratlon-part constant-deflnltlon-part type-deflnltlon-part 
varlable-declaratlon-part procedure-and-functlon-declaratlon-part 
statement-part . 

label-declaratlon-part = [ 'label' label { ': label } ';' J 

constant-deflnltlon-part = [ 'const' constant-deflnltlon ';' 
{ constant-deflnltlon ';' } J 

type-deflnltlon-part = [ 'type' type-definition ';' { type-definition '.' } J • 

varlable-declaratlon-part = [ 'var' varlable-declaratlon ';' 
{ varlable-declaratlon ';' } J • 

procedure-and-functlon-declaratlon-part { ( procedure-declaratlon I 
functlon-declaratlon ) ';' } 

The statement-part shall speclfy the algorlthmlc actlons to be executed upon an 
actlvatlon of the block. 

statement-part = compound-statement 
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6.2.2 Seope 

6.2.2.1 Each Identilier or label contalned by the program-block shall have a 
deflnlng-polnt. 

6.2.2.2 Each dellning-point shall have a region that is apart 01 the program text. 
and a scope that Is apart or all 01 that region. 

6.2.2.3 The region 01 each dellnlng-polnt Is dellned elsewhere (see 6.2.1. 6.2.2.10. 
6.3. 6.4.1. 6.4.2.3. 6.4.3.3. 6.5.1. 6.5.3.3. 6.6.1. 6.6.2. 6.6.3.1. 6.8.3.10. 6.10>. 

6.2.2.4 The scope 01 each dellning-polnt shall be its region Clncludlng all regions 
enclosed by that region) subJect to 6.2.2.5 and 6.2.2.6. 

6.2.2.5 When an identllier or label has a dellnlng-polnt lor region A and another 
Identilier or label havlng the same spelling has a dellnlng-polnt lor some region B 
enclosed by A. then region Band all regions enclosed by B shall be excluded Irom 
the scope 01 the dellnlng-polnt lor region A. 

6.2.2.6 The region that Is the Ileld-speclfier 01 a Ileld-deslgnator shall be excluded 
Irom the encloslng scopes. 

6.2.2.7 When an Identilier or label has a deflnlng-point lor a region. another Identilier 
or label wlth the same spelling shall not have a dellning-point lor that region. 

6.2.2.8 Withln the scope 01 a delining-point 01 an Identilier or label. each occurrence 
01 an Identllier or label having the same spelling as the identilier or label 01 the 
delining-point shall be deslgnated an applied occurrence 01 the Identilier or label 01 
the delining-polnt. except lor an occurrence that constituted the dellnlng-polnt 01 that 
Identilier or label; such an occurrence shall be deslgnated a delinlng occurrence. No 
occurrence outside that scope shall be an applied occurrence. 

NOTE. Within the scope of a defining-point of an identifier or label, there are no applied occurrences of an 
identifier or label that cannot be distinguished trom it end hsve a defining-point tor a region enclosing that scape. 

6.2.2.9 The deflnlng-point 01 an Identllier or label shall precede all applled 
occurrences 01 that Identilier or label contalned by the program-block wlth one 
exceptIon. namely that an Identilier may have an applled occurrence In the 
type-ldentilier 01 the domain-type 01 any new-polnter-types contalned by the 
type-dellnltion-part that contalns the dellnlng-polnt 01 the type-Identlfler. 

6.2.2.10 Identlfiers that denote requlred constants. types. procedures and lunclions 
shall be used as II thelr delining-points have a region encloslng the program (see 
6.1.3. 6.4.1 and 6.6.4.1>' 

NOTE. The required identifiers input end output are not included. since these denate variables. 

6.2.2.11 Whatever an identilier or label denotes at Its dellnlng-point shall be denoted 
at all applled occurrences 01 that Identilier or label. 

NOTE. Within syntax definitions. an applied occu"ence of an identitier ia qualified, •. g. type-identifier. wheraas a use 

that constitutes a defining-point ia not qualified. 

6.2.3 Aetivatlons 

6.2.3.1 A procedure-ldentilier or lunctlon-Identlfler havlng a dellnlng-polnt lor a region 
that Is a block wlthln the procedure-and-Iunctlon-declaratlon-part 01 that block shall 
be deslgnated loeal to that block. 
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6.2.3.2 The activation of a block shall contain: 

(a) for the statement-part of the block. an algorithm. the completion of which shall 
terminate the activatlon (see also 6.8.2.4); 

(b) for each label in a statement having a defining-point in the 
label-declaration-part of the block. a program-point in the algorithm of the 
actlvatlon of that statement; 

(c) for each variable-identifier having a defining-point for the region that is the 
block. a variable possessing the type associated with the variable-identlfler; 

(d) for each procedure-identifler local to the block. a procedure with the the 
procedure-block corresponding to the procedure-identifier. and the formal 
parameters of that procedure-block; 

(e) for each function-identifier local to the block. a function with the function-block 
corresponding to. and the result type associated with. the function-identifier. and 
the formal parameters of that lunction-block; 

(f) II the block is a function-block. a result possessing the associated result type. 

NOTE. Each activation contains its own algorithm. set of program-points. set of variables, set of procedures. end set 
of functions. distinct trom el/ery other activation. 

6.2.3.3 The activation of a procedure or function shall be the activation of the block 
01 its procedure-block or lunction-block. respectively. and shall be designated as 
within: 

(a) the activation containing the procedure or function; and 

(b) all activations that that cont8ining actlvation is within. 

NOTE. An activation of a block B can only be within activations of blocks containing B. Thus an activation is not 
within another activation of the same block. 

Within an activation. an applied occurrence ot a label or variable-identifier. or of a 
procedure-identifier or function-identitier local to the block ot the activation. shall 
denote the corresponding program-point. variable. procedure. or function, respectively. 
of that activation; except that the function-Identllier of an assignment-statement shall. 
within an activation 01 the function denoted by that lunction-identifier, denote the 
result 01 that activation. 

6.2.3.4 A procedure-statement or functlon-deslgnator contained in the algorithm of an 
activation and that specllies the actlvatlon of a block shall be designated the 
actlvatlon-point of that activation ot the block. 

6.2.3.5 All variables contalned by an activation. except tor those IIsted as 
program-parameters, and any result of an activation. shall be totally-undefined at the 
commencement 01 that actlvatlon. The algorithm. program-polnts. variables. procedures 
and lunctlons, II any. shall exist until the termination ot the activation. 

6.3 Constant-deflnltlons. A constant-deflnltlon shall Introduce an identifier to denote a 
value. 

constant-deflnltion = identifler "=" constant . 
constant = [ sign ) ( unsigned-number i constant-identlfier 
constant-identltier = identltier . 
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The occurrence of an identifier in a constant-definition of a constant-definltion-part of 
a block shali conslitute its defining-point for the region that is the block, The 
constant in a constant-definition shali not contain an applled occurrence of the 
identlfier in the constant-definltion, Each applied occurrence of that Identifler shall be 
a constant-identifier and shali denote the value denoted by the constant of the 
constant-definition, A constant-identlfier In a constant containing an occurrence of a 
sign shall have been defined to denote a value of real-type or of integer-type, The 
required constant-identifiers shall be as specified in 6,4.2.2 and 6.7.2.2 

6.4 Type-definitions 

6.4.1 General. A type-definition shall Introduce an Identlfler to denote a type, Type 
shall be an attribute that Is possessed by every value and every variable, Each 
occurrence of a new-type shall denote a type that 15 dlstlnct from any other 
new-type, 

type-definition = identlfier "=' type-denoter , 
type-denoter = type-Identlfler : new-type . 
new-type = new-ordlnal-type : new-structured-type : new-pointer-type . 

TM occurrence of an Identifier in a type-definition of a type-definitlon-part of a block 
shall constltute Its defining-point for the region that is the block, Each applled 
occurrence of that identifier shall be a type-Identifier and shall denote the same type 
as that which is denoted by the type-denoter of the type-definition, Except for applled 
occurrences in the domain-type of a new-pointer-type. the type-denoter shall not 
contain an applied occurrence of the identifier in the type-definition, 

Types shall be classified as simple. structured or pointer types, The required 
type-identlflers and correspondlng requlred types shall be as speclfied In 6.4.2.2 and 
6.4.3.5, 

simple-type-identifier = type-identifler . 
structured-type-identifler = type-identifier 
pOlnter-type-identifier = type-identlfler 
type-identifler = Identifier , 

A type-identifier shall be consldered as a simple-type-identifier. a 
structured-type-Identlfler. or a polnter-type-identlfier. according to the type that It 
denotes, 

6.4.2 Simple-types 

6.4.2.1 General, A simple-type shall determlne an ordered set of values, The values of 
each ordlnal-type shall have Integer ordlnal numbers, An ordlnal-type-Identifler shall 
denote an ordlnal-type, 

simple-type = ordlnal-type : real-type-Identifier . 
ordlnal-type = new-ordinal-type : ordlnal-type-Identlfler 
new-ordlnal-type = enumerated-type : subrange-type 
ordinal-type-Identlfler = type-Identifler 
real-type-Identlfler = type-Identlfler . 

6.4.2.2 Required simple-types, The followlng types shall exist: 

(al Integer-type. The requlred ordlnal-type-identlfler Integer shali denote the 
integer-type, The values shall be a subset of the whole numbers. denoted as 
speclfled in 6.1.5 by slgned-Integer (see also 6.7.2.2>, The ordlnal number of a 
value of integer-type shall be the value itself, 

(bl real-type, The requlred real-type-Identlfler realshall denote the real-type, The 
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values shall be an Implementatlon-dellned subset 01 the real numbers denoted as 
speelfled In 6.1.5 by slgned-real. 

(e) Boo/ean-type. The requlred ordlnal-type-identlfler Boo/ean shall denote the 
Boolean-type. The values shall be the enumeration 01 truth values denoted by the 
requlred eonstant-Identlflers fa/se and true. such that lalse Is the predeeessor 01 
true. The ordinal numbers 01 the truth values denoted by fa/se and true shall be 
the Integer values 0 and 1 respeetlvely. 

(d) char-type. The requlred ordinal-type-ldentilier char shall denote the ehar-type. 
The values shall be the enumeration 01 a set 01 Implementation-de/lned eharaeters. 
so me posslbly wlthout graphie representatlons. The ordlnal numbers 01 the eharaeter 
values shall be values 01 Integer-type. that are Implementatlon-dellned. and that are 
determlned by mapplng the eharaeter values on to eonseeutlve non-negative Integer 
values startlng at zero. The mapplng shall be order preservlng. The 101l0wing 
relations shall hold. 

(1) The subset 01 eharaeter values representlng the digits 0 to 9 shall be 
numerleally ordered and eontlguous. 

(2) The subset 01 eharaeter values representlng the upper-ease letters A to Z. If 
avallable. shall be alphabetieally ordered but not neeessarily eontlguous. 

(3) The subset 01 eharaeter values representlng the lower-ease letters a to z. II 
avallable. shall be alphabetleally ordered but not neeessarily eontlguous. 

(4) The orderlng relationship between any two eharaeter values shall be the 
same as between thelr ordlnal numbers. 

NOTE. Operators applicable to the required Simple-type. are specified in 6.7.2 

6.4.2.3 Enumerated-types. An enumerated-type shall determlne an ordered set 01 values 
by enumeration 01 the Identlfiers that denote those values. The orderlng 01 these 
values shall be determlned by the sequenee In whleh thelr Identillers are enumerated. 
I.e. II x preeedes y then x 15 less than y. The ordinal number 01 a value that Is 01 
an enumerated-type shall bs determlned by mapplng all the values 01 the type on to 
eonseeutlve non-negative values 01 integer-type startlng Irom zero. The mapplng shall 
be order preservlng. 

enumerated-type = "(" Identlfier-list ")" . 
Identi/ler-lIst = Identllier { "." identifler } 

TM oeeurrenee 01 an Identilier in the Identiller-Iist 01 an enumerated-type shall 
eonstltute Its dellnlng-polnt as a eonstant-ldentlfler lor the region that Is the block 
elosest-eontalnlng the enumerated-type. 

Examples: 
(red. yellow. green. blue. tartan) 
(club. dia mond. hear!. spade) 
(marrled. dlvoreed. wldowed. single) 
(seannlng. lound. notpresent> 
(6usy. InterruptEnable. ParltyError. OutalPaper. L1ne6reak) 

6.4.2.4 Subrange-types. A subrange-type shall Inelude Identlfleatlon 01 the smallest and 
the largest value In the subrange. The lirst eonstant 01 a sUbrange-type shall speelfy 
the smallest value. and thls shall be less than or equal to the largest value wh Ich 
shall be speelfled by the other eonstant 01 the subrange-type. 60th eonstants shall be 
01 the same ordlnal-type. and that ordlnal-type shall be deslgnated the host type 01 
the subrange-type. 
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subrange-type 

Examples: 

1..100 
-10 .. +10 
red .. green 
'0' .. '9' 

constant 

6.4.3 Structured-types 

constant . 

6.4.3.1 General. A new-structured-type shall be classilied as an array-type, 
record-type, set-type or IlIe-type accordlng to the unpacked-structured-type 
closest-contalned by the new-structured-type. A component 01 a value 01 a 
structured-type shall be a value. 

structured-type = new-structured-type : structured-type-ldentilier . 
new-structured-type = [ "packed" I unpacked-structured-type . 
unpacked-structured-type = array-type : record-type : set-type : lile-type 

The occurrence 01 the token packed In a new-structured-type shall designate the type 
denoted thereby as packed. The designation 01 a structured-type as packed shall 
Indlcate to the processor that data-storage 01 values should be economlzed, even II 
thls causes operations on, or accesses to components 01, variables possessing the 
type to be less ellicient in terms 01 space or time. 

The designation 01 a structured-type as packed shall allect the representatlon in 
data-storage 01 that structured-type only; I.e" II a component Is IIsell structured, the 
component's representatlon In data-storage shall be packed only II the type 01 the 
component Is deslgnated packed. 

NOTE. The ways in which the treatment 01 entiti.. 01 a type i. affected by whether or not the type is designated 

packed are specilied in 6.43.:1, 6.4..5, 6.6.33, 6.6.3.8, 6.6.5.4 and 6.7.1. 

6.4.3.2 Array-types. An array-type shall be structured as a mapplng Irom each value 
specilied by its index-type on to a dlstlnct component. Each component shall have the 
type denoted by the type-denoter 01 the component-type 01 the array-type. 

array-type = "array" "[" Index-type 
Index-type = ordlnaHype . 
component-type = type-denoter . 

Examples I: 

array [1..1001 01 real 
array [Booleanl ot colour 

Index-type } "I" "01" component-type 

An array-type that specilles a sequence 01 two or more Index-types shall be an 
abbrevlated notation tor an array-type specilied to have as Its Index-type the Ilrst 
Index-type In the sequence, and to have a component-type that Is an array-type 
specitylng the sequence ot Index-types wlthout the Ilrst and specltylng the same 
component-type as the original specillcatlon. The component-type thus constructed 
shall be deslgnated packed il and only il the original array-type is deslgnated packed. 
The abbrevlated lorm and the julI lorm shall be equivalent. 

NOTE 1. Each 01 the following !wo examples thu. contains different way. 01 expressing ita array-type. 

Example 2: 

arrCiY [Booleanl 01 array [1..101 01 array [slzel 01 real 
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array [BooleanJ of array [1..10. sizeJ of real 
array [Boolean. 1..10. sizeJ of real 
array [Boolean. 1..10J of array [slzeJ of real 

Example 3: 

packed array [1..10. 1..8J of Boolean 
packed array [1..10J of packed array [1..8J of Boolean 

Let I denote a value of the index-type; let v[IJ denote a value of that component of 
the array-type that corresponds to the value I by the structure of the array-type; let 
the smallest and largest values specified by the index-type be denoted by m and n; 
and let k = CordCn)-ordCml+ 1) denote the number of values specified by the 
Index-type; then the values of the array-type shall be the dlstlnct k-tuples 01 the form 

(v[mJ. ... .v[nJl. 

NOTE 2. A value ot an array-type doe. not theretore exi.t unle •• all ot its component value. are detined. It the 
component-type has evalues, then it follows that the cardinality of the set of vllues of the array-type ia c raised 

to the power k. 

Any type designated packed and denoted by an array-type havlng as Its Index-type a 
denotation of a subrange-type specifying a smallest value of 1 and a largest value of 
greater than 1. and having as its component-type adenotation of the char-type. shall 
be deslgnated a strlng-type. 

The correspondence of character-strlngs to values of string-types is obtained by 
relating the Individual string-elements of the character-strlng. taken In textual order. 
to the components of the values 01 the strlng-type In order 01 Increaslng Index. 

NOTE 3. The values 01 a .tring-type po •• e •• additional propertie. which allow writing them to textfile. (see &936) 

and define their use with relalional-operators (see &.7.25). 

6.4.3.3 Record-types. The structure and values 01 a record-type shall be the structure 
and values of the field-lIst of the record-type. 

record-type = "record" field-list "end" . 
fleld-list = [ C flxed-part [ ";" variant-part J : variant-part) [ "." J J . 
flxed-part = record-sectlon { ";" record-section } . 
record-sectlon = Identlfler-lIst ":" type-denoter . 
variant-part = "case" variant-selector "01" variant "." variant } . 
varlant-selector = [ tag-fleld ":" J tag-type . 
tag-field = identlfler . 
variant = case-constant-list ":" "C" fleld-lIst ")" . 
tag-type = ordlnal-type-Identlfler 
case-constant-list = case-constant case-constant } . 
case-constant = constant . 

A fleld-lIst that contains nelther a flxed-part nor a variant-part shall have no 
components. shall deflne a single null value. and shall be deslgnated empty. 

The occurrence of an Identlfler In the Identlfler-lIst of a record-sectlon of a 
flxed-part 01 a fleld-lIst shall constltute Its deflnlng-polnt as a fleld-Identlfler for the 
region that Is the record-type closest-contalnlng the fleld-lIst. and shall assoclate the 
fleld-identifier wlth a dlstlnct componenl. whlch shall be deslgnated a fleld. of the 
record-type and 01 the field-list. That component shall have the type denoted by the 
type-denoter of the record-section. 

The field-list closest-containing a variant-part shall have a dlstlnct component that 
shall have the values and structure deflned by the variant-part. 
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Let Vi denote the value of the I-Ih component of a non-empty field-lIst havlng m 
components; then the values of the field-lIst shall be distinct m-tuples of the form 

<Vl. V2. .... Vml. 

NOTE 1. If the type of the i-th eomponent has Fi values, then the cardinality of the set of values of the field-list 

shaU be CF' • F2 ..... Fm). 

A tag-type shall denote the type denoted by the ordinaHype-identifler of the tag-type. 
A case-constant shall denote the value denoted by the constant of the case-constant. 

The type of each case-constant in the case-constanHlst of a variant of a 
variant-part shall be compatible wlth the tag-type of the varlant-selector of the 
variant-part. The values denoted by all case-constants of a type that is required to 
be compatlble wlth a glven tag-type shall be distinct and the set thereof shall be 
equal to the set of values speclfled by the tag-type. The values denoted by the 
case-constants of the case-constant-lIst of a variant shall be designated as 
corresponding to the variant. 

With each variant-part shall be assoclated a type deslgnated the selector-type 
possessed by the variant-part. If the varlant-selector of the variant-part contalns a 
tag-fleld. or If the case-constant-lIst of each variant of the variant-part contalns only 
one case-constant. then the selector-type shall be denoted by the tag-type. and each 
variant of the variant-part shall be assoclated wlth those values speclfled by the 
selector-type denoted by the case-constants of the case-constant-lIst of the variant. 
Otherwise. the selector-type possessed by the variant-part shall be a new ordinal-type 
constructed such that there Is exactly one value of the type for each variant of the 
variant-part. and no others. and each variant shall be assoclated wlth a dlstlnct value 
of that type. 

Each variant-part shall have a component that shall be designated the se/aetor of the 
variant-part. and which shall possess the selector-type of the variant-part. If the 
varlant-selector of the variant-part contalns a tag-fleld. then the occurrence of an 
identlfler in the tag-field shall constltute the dellnlng-polnt 01 the Identlfler as a 
fleld-identllier lor the region that Is the record-type closest-contalnlng the variant-part. 
and sM11 associate the Ileld-identlfler wlth the selector 01 the variant-part. The 
selector shall be designated a field of the record-type If and only II It Is assoclated 
with a Ileld-identilier. 

Each variant of a variant-part shall denote a dlstlnct component 01 the variant-part; 
the component shall have the values and structure 01 the fleld-lIst 01 the variant. and 
shall be associated wlth those values speclfled by the selector-type possessed by the 
variant-part associated wlth the variant. The value 01 the selector 01 the variant-part 
shall cause the assoclated variant and component of the variant-part to be In astate 
that shall be deslgnated Bet/va. 

The values 01 a variant-part shall be the dlstlnct pairs 

Ck. Xk) 

where k represents a value 01 the selector 01 the variant-part. and Xk Is a value 01 
the lield-lIst 01 the actlve variant 01 the variant-part. 

NOTES 

2. If there are n values specified by the seleclor-type, and if the fleld-list 01 the variant asaociated with the i-th 

value has Ti values. then the cardinality 01 the set 01 values 01 the variant-part is (Tl + T2 + ." + Tn). There Is no 

component of a v.lue of a variant-part corresponding to any non-active variant of the variant-parl 

179 



B56192: 19B2 

3. Restrletions plsced on the use of fields of a rec:ord-Yariable pertaining to variant-parts are spacified in 65.33, 
6.63.3 and 6.6.S.3. 

Examples: 

reeord 
year : 0 .. 2000; 
month : 1..12; 
day : 1..31 

end 

reeord 
name. firstname : string; 
age : 0 .. 99; 
ease marrled : Boolean of 
true : (Spousesname : strlng); 
false : 0 

end 

reeord 
x. y : real; 
area : real: 
ease shape of 
triangle : 

(slde : real; Inellnatlon. angle1. angle2 angle); 
rectangle 

(side1. slde2 : real; skew : angle); 
elrele : 

(diameter : real); 
end 

6.4.3.4 Set-types. A set-type shall determlne the set of values that Is struetured as 
the powerset of the base-type of the set-type. Thus eaeh value of a set-type shall 
be a set whose members shall be unique values of the base-type. 

set-type = 'set' 'of' base-type 
base-type = ordlnal-type . 

NOTE 1. Operators applicable to values of set-types are spacified in &.72.4. 

Examples: 

set of ehar 
set of (club. diamond. heart. spade) 

NOTE 2. II the base-type 01 a set-type has b values then the cardinailly of the set 01 values is 2 ralsed to the 
po_r b. 

For every ordinal-type S. there exlsts an unpaeked set type deslgnated the unpaeked 
eanon/eal set-of-T type aM there exlsts a paeked set type deslgnated the paeked 
eanon/eal set-of-T type. If S Is a sUbrange-type then T Is the host type of S; 
otherwlse T Is S. Eaeh value of the type set of S Is also a value of the unpaeked 
eanonleal set-of-T type. and eaeh value of the type paeked set of S Is also a value 
of the paeked eanonleal set-of-T type. 

6.4.3.5 File-types 

NOTE 1. A file-Iype descrlbes sequenoes of velues 01 the spacifled component-~ together with e curren! poaItIon 
In .. eh sequenoe end e mode thet Indlcates whether the sequenoe i. belng inlpected 0. gene._. 
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file-type = "file" "of" component-type 

A type-denoter shall not be permissible as the component-type of a file-type if it 
denotes elther a file-type or a structured-type havlng any component whose 
type-denoter Is not permlsslble as the component-type of a file-type. 

Examples: 

file of real 
file of vector 

A file-type shall define impllcltly a type designated a sequence-type havlng exactly 
those values. whlch shall be deslgnated sequences. deflned by the following five rules 
In items (a) to (el. 

NOTE 2. The notation x"'y represents the concatenation of .equences )( end y. The explicit rapresentslion of 

sequences (8.g. $Cc». of concatenation of sequences. of the first, last and rest selectors. and of sequenca equality ia 

not part of the Pascal language. These notations are used to define file values. below, end the required file 
operations in 6.6.5.2 end 6.6.6.5. 

(a) SO shall be a value of the sequence-type S. aM shall be deslgnated the 
empty sequence. The empty sequence shall have no components. 

(b) Let c be a value of the speclfled component-type. and let x be a value of the 
sequence-type S; then S(c) shall be a sequence of type S. conslsting of the single 
component value c. and both S(c)"x and x"S(c) shall be sequences. distinct from 
SO. of type S. 

(c) Let c. S. and x be as in (b); let y denote the sequence S(c)"x; aM let z 
denote the sequence x"S(c); then the notation y.first shall denote c (I.e .. the first 
component value of y). y.rest shall denote x (I.e .. the sequence obtalned from y by 
deletlng the first componentl. and z.last shall denote c (I.e.. the last component 
value of zl. 

(d) Let x and y each be a non-empty sequence of type S; then x = y shall be 
true If and only if both (x.flrst y.firstl and <X.rest = y.restl are true. If x or y Is 
the empty sequence. then x = y shall be true If and only If both x and y are the 
empty sequence. 

(e) Let x. y. and z be sequences of type S; then x"(y"z) 
x"SO = x shall be true. 

x. and 

A file-type also shall deflne Impllcltly a type deslgnated a mode-type having exactly 
!Wo values whlch are deslgnated Inspectlon and Generation. 

NOTE 3. The explicit denotation 01 the values Inspection and Generation is not pert 01 the Pascal language. 

A file-type shall be structured as three components. Two of these components. 
deslgnated f.L and f.R. shall be of the Impllclt sequence-type. The thlrd component. 
deslgnated f.M. shall be of the Impliclt mOde-type. 

Let I.L and f.R each be a single value of the sequence-type; let f.M be a single 
value of the mode-type; then each value 01 the file-type shall be a distlnct tri pie 01 
the lorm 

(I.L. f.R. f.M) 

where f.R shall be the empty sequence If f.M Is the value Generation. The value. f. 
01 the file-type shall be deslgnated empty il and only If f.L "I.R Is the empty 
sequence. 
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NOTE 4. The two componenta, I.L and I.R, 01 a value 01 the Iile-type may be considered to represent the single 

sequence f.l-f.R together with a currant position in that sequence. If f.R is non-empty. then f,R.firsl may be 
considered the curra"t camponent as determined by the current position; olherwise. the current position is 
designated the end-oHiie position. 

There shall be a IlIe-type that is denoted by the required struetured-type-ldentilier 
text. The strueture 01 the type denoted by text shall deli ne an additional 
sequenee-type whose values shall be deslgnated fines. A IIne shall be a sequenee 
es-See). where es is a sequenee 01 eomponenls having Ihe ehar-Iype. and e 
represenls a special eomponenl value, whleh shall be deslgnaled an end-of-line. and 
whieh shall be indislinguishable from Ihe ehar value spaee exeept by Ihe required 
lunetion eoln (see 6.6.6.5) and by the requlred proeedures reset (see 6.6.5.2), wrlteln 
(see 6.9.4). and page (see 6,9.5). II I is a line then no eomponent 01 Iother than 
l.Iasl shall be an end-oHine. This definition shall not be eonstrued to delermine the 
underlylng represenlation, il any, 01 an end-ol-line eomponent used by a proeessor. 

A line-sequenee, Is, shall be eilher the empty sequenee or Ihe sequenee ;-Is' where 
I is a line and Is' is a line-sequenee. 

Every value I of the type denoted by text shall satlsfy one 01 the lollowlng !wo rules. 

(a) II t.M Inspeetion, then t.L -t.A shall be a line-sequenee. 

(b) If t.M Generation, ·then t.L -t.A shall be Is-es, where Is 15 a line-sequenee 
and es is a sequenee of eomponents possesslng the ehar-type. 

NOTE 5. In rule (b), es may be considered. especially if it is non-empty. to be a partial Une that ia being generated. 
Such a partial Une cannat occur during inspeclion of a file. Also. es daas not correspond to tR since tR ia the 
empty sequence if tM = Generation. 

A variable that possesses Ihe type denoted by the requlred struetured-type-identifler 
text shall be designated a textfile. 

NOTE 6. All required procedures and funetions applicable to a variable of type file of eha, are applicable to textfiles. 
Additional required procedures and functions. applicable only to textfiles. are defined in 6.6.6.5 and 6.9. 

6.4.4 POinter-types. The values of a pOinter-type shall eonsist 01 a single nil-value, 
and a set 01 identilying-values eaeh identifying a dlstlnet variable possessing the 
domain-type 01 Ihe pointer-type. The set 01 Identllying-values shail be dynamie, in 
that Ihe var.iables and the values identifylng them may be ereated and destroyed 
durlng the exeeutlon of the program. Identlfying-values and Ihe variables Identlfled by 
them shaii be ereated only by the required proeedure new (see 6.6.5.3). 

NOTE 1. Since the nil-value is not an identitying-value it does not identity a variable. 

The loken nil shail denote the nil-value in aii pointer-types. 

pointer-type = new-poinler-type : polnter-type-Identilier 
new-pointer-type = "t" domain-type 
domaln-type = type-ldentilier . 

NOTE 2. The token nil does not have a single type, but assumes a suitable pointer-type to satisty the 

assignment-compatibility rules. or the compatibility rules for operators. if possible. 

6.4.5 Compatlble types. Types Tl and T2 shaii be deslgnated compatible II any of the 
following lour statements is true. 

(a) Tl and T2 are the same type. 
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(b) Tl is a subrange of T2. or T2 is a subrange of Tl. or both Tl and T2 are 
subranges of the same host type. 

(c) Tl and T2 are set-types of compatible base-types. and either both Tl and T2 
are designated packed or neither Tl nor T2 is deslgnated packed. 

(d) Tl and T2 are string-types with the same number of components. 

6.4.6 Assignment-compatlblllty. A value of type T2 shall be designated 
asslgnment-compatlble wlth a type Tl If any of the following five statements Is true. 

(a) Tl and T2 are the same type and that type is permisslble as the 
component-type of a file-type (see 6.4.3.5). 

(b) Tl is the real-type and T2 Is the Integer-type. 

(c) Tl and T2 are compatlble ordinal-types and the value of type T2 Is In the 
closed interval specified by the type Tl. 

Cd) Tl and T2 are compatlble set-types and all the members of the value of type 
T2 are in the closed interval speclfied by the base-type of Tl. 

(e) Tl and T2 are compatible string-types. 

At any place where the rule of asslgnment-compatlbillty is used: 

(1) it shall be an error if Tl and T2 are compatible ordlnal-types and the value of 
type T2 is not in the closed interval specified by the type Tl; 

(2) it shall be an error if Tl and T2 are compatible set-types and any member of 
the value of type T2 is not in the closed interval speclfied by the base-type of the 
type Tl. 

6.4.7 Example of a type-definltion-part 

type 
natural = O .. maxlnt: 
count = integer; 
range = integer; 
colour = (red. yellow. green. blue); 
sex = (male. female); 
year = 1900 .. 1999; 
shape = Ctriangle. rectangle. circle); 
punchedcard = array 11 .. 801 of char; 
charsequence = fIIe of char; 
polar = record 

r : real; 
theta : angle 

end; 
Indextype = l..limlt; 
vector = array [indextypel of real; 
person = tpersondetalls; 
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persondetails record 
name. firstname : charsequence; 
age : integer; 
marrled : Boolean; 
father. child. slbling person; 
case s : sex of 

male: 
(enlisted. bearded : 600Iean); 

female : 
(mother. programmer : 6001ean) 

end; 
FlieOflnteger = lIIe of Integer; 
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NOTE. In the .bove example count, range and integer denote the same type. The types denoted by year .nd natur.' 
Ire compatible with. but not the same as, the type denoted by range. count and integer. 

6.5 Declaratlons and denotations 01 variables 

6.5.1 Var/able-dec/arations. A variable shall be an entlty to whlch a value may be 
attrlbuted (see 6.8.2.2>. Each Identifler in the Identifier-list 01 a variable-declaratlon 
shall denote a dlstinct variable possessing the type denoted by the type-denoter of 
the varlable-declaratlon. 

variable-declaratlon = Identifler-Ilst ":" type-denoter . 

The occurrence of an Identlfler In the identifier-lIst 01 a varlable-deciaration of the 
variable-declaratlon-part of a block shall constltute its deflning-polnt as a 
varlable-Identlfler for the region that Is the block. The structure of a variable 
possesslng a structured-type shall be the structure of the structured-type. A use of a 
varlable-access shall be an access. at the time 01 the use. to the variable thereby 
denoted. A variable-access. accordlng to whether It Is an entire-variable. a 
component-variable. an identlfled-varlable. or a buffer-varlable. shall denote either a 
declared variable. or a component of a variable. a variable whlch Is Identlfled by a 
pointer value (see 6.4.4>' or a buffer-varlable. respectively. 

varlable-access = entire-varlable : component-varlable 
buffer-variable 

Example of a var/able-dec/aratlon-part: 

var 
x. y. z. max : real; 
I. J : integer; 
k : 0 .. 9; 
p. q. r : Boolean; 
operator : (plus. minus. times); 
a : array 10 .. 631 of real; 
c : colour; 
f : file of char; 
hue 1. hue2 : set of colour; 
p 1. p2 : person; 
m. m1. m2 : array 11..10. 1..101 of real; 
coord : polar; 
pooltape : array 11 .. 41 of FlieOfinteger; 

date: record 
month : 1.. 12; 
year Integer 

end; 
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NOTE. Variables occurring in examples in the remainder of this standard should be assumed to have been declared 

as specified in 6.5.1. 

6.5.2 Enlire-variables 

entlre-variable = variable-Identlfler 
varlable-identifler = Identlfler 

6.5.3 Component-variables 

6.5.3.1 General. A component of a variable shall be a variable. A component-variable 
shall denote a component of a variable. A reference. or access to a component of a 
variable shall constltute a reference. or access. respectively. to the variable. The 
value. If any. of the component of a variable shall be the same component of the 
value. if any. of the variable. 

component-varlable = indexed-varlable : fleld-deslgnator . 

6.5.3.2 Indexed-variables. A component of a variable possesslng an array-type shall be 
denoted by an indexed-varlable. 

indexed-varlable = array-varlable "(" index-expression { 
array-varlable = variable-access 
Index-expression = expression . 

index-expression } ")" . 

An array-variable shall be a variable-access that denotes a variable possessing an 
array-type. For an indexed-variable closest-contalnlng a single Index-expression. the 
value of the Index-expression shall be asslgnment-compatlble wllh the Index-type of 
the array-type. The component denoted by the Indexed-varlable shall be the 
component that corresponds to the value of the Index-expression by the mapping of 
the type possessed by the array-variable (see 6.4.3.2). 

Examples 1: 

afl2J 
a[i + jJ 
mfk) 

If the array-varlable Is IIself an Indexed-varlable an abbreviation may be used. In the 
abbreviated form. a single comma shall replace the sequence ) ( that occurs In the 
full form. The abbrevlated form and the full form shall be equlvalent. 

The order of evaluation of the Index-expresslons of an Indexed-varlable shall be 
Implementatlon-dependent. 

Examples 2: 

mfkHl) 
mfk. 1) 

NOTE These two examples denote the same component variable. 

6.5.3.3 Fleld-designators. A fleld-deslgnator ellher shall denote thaI component of the 
record-varlable of the fleld-deslgnator assoclated wllh the fleld-Identlfler of the 
fleld-speclfler of the fleld-deslgnator. by the record-type possessed by the 
record-varlable: or shall denote the variable denoted by the fleld-deslgnator-Identlfler 
(see 6.8.3.10> of the fleld-deslgnator. A record-varlable shall be a varlable-access that 
denotes a variable possesslng a record-type. 

The occurrence of a record-varlable In a fleld-deslgnator shall constltute the 
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defining-point of the field-identifiers associated with components of the record-type 
possessed by the record-variable, for the region that is the field-specifier 01 the 
field-designator. 

field-designator = record-variable 
record-variable = variable-access 
field-specifier fleld-identifier 
field-identifier = identlfier . 

Examples: 

p2t.mother 
coord. theta 

fleld-specifier field-designator-identlfier 

An access to a component of a variant of a variant-part. where the selector of the 
variant-part Is not a fleld, shall attribute to the selector that value specifled by Its 
type assoclated wlth the variant. It shall be an error unless a variant Is active for the 
entirety of each reference and access to each component of the variant. 

When a variant becomes not active, all 01 its components shall become 
totally-undefined. 

NOTE. If the seleetor of a variant-part is undefined. then no variant of the variant-part is active. 

6.5.4 Identifled-variables. An Identilled-variable shall denote the variable (lf any) 
identified by the value of the pointer-variable of the identified-variable (see 6,4.4 and 
6,6.5,3). 

identilled-varlable = pointer-variable "t" . 
pointer-variable = varlable-access . 

A variable created by the requlred procedure new (see 6.6.5.3) shall be accesslble 
until the termination of the activatlon of the program-block or until the variable is 
made inaccessible (see the required procedure dispose, 6,6,5,3). 

NOTE. The accessibility of the variable also depends on the existence of a pointer-yariable that has attributed to it 
the corresponding identifying value. 

A pointer-variable shall be a variable-access that denotes a variable possessing a 
pointer-type. It shall be an error If the pointer-variable of an identified-variable either 
denotes a nil-value or Is undellned. It shall be an error to remove Irom Its 
pointer-type the identlfylng-value of an Identifled variable (see 6.6.5.3) when a 
relerence to the identified variable exists. 

Examples: 

plt 
plt.fathert 
p lt.slbllngt.fathert 

6.5.5 Butter-variables. A file-variable shall be a variable-access that denotes a 
variable possesslng a file-type. A butter-variable shall denote a variable assoclated 
wlth the variable denoted by the file-variable of the butter-variable. A butter-variable 
assoclated wlth a textfile shall possess the char-type; otherwise, a butter-variable shall 
possess the component-type 01 the lile-type possessed by the file-variable 01 the 
butter-variable. 

butter-variable = file-variable "t" 
file-variable = variable-access . 
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Examples: 

inputt 
pooltape[2Jt 

It shall be an error to alter the value of a file-variable f when a reference to the 
buffer-variable ft exists. A reference or access to a butter-variable shall constitute a 
reference or access. respectlvely. to the associated file-variable. 

6.6 Procedure and funetlon dee/arat/ons 

6.6.1 Procedure-declarations 

procedure-declaratlon = procedure-headlng ";" dlrectlve : 
procedure-Identiflcatlon ";" procedure-block 
procedure-headlng ";" procedure-block 

procedure-heading = "procedure" Identlfier [ formal-parameter-lIst 
procedure-identilication = "procedure" procedure-ldentilier . 
procedure-Identlfler = identifier 
procedure-block block. 

The occurrence of a formal-parameter-lIst In a procedure-heading of a 
procedure-declaratlon shall deflne the formal parameters of the procedure-block. If 
any. assoclated with the Identlfler of the procedure-headlng to be those of the 
formal-parameter-Ilst. 

The occurrence of an identifler In the procedure-heading of a procedure-declaratlon 
shall constitute its delining-point as a procedure-identlfier for the region that 15 the 
block closest-containlng the procedure-declaration. 

Each identifier having a defining-point as a procedure-Identlfler In a 
procedure-heading of a procedure-declaratlon closest-contalning the dlrectlve forward 
shall have exactly one of Its applled occurrences in a procedure-ldentilication of a 
procedure'-declaratlon. and that shall be closest-contalned by the 
procedure-and-Iunctlon-declaratlon-part closest-contalnlng the procedure-headlng. 

The occurrence of a procedure-block In a procedure-declaratlon shall associate the 
procedure-block wlth the Identlfler In the procedure-headlng. or wlth the 
procedure-identllier in the procedure-Identiflcatlon. 01 the procedure-declaratlon. 

Examples of a procedure-and-functlon-declaratlon-part: 

Example 1: 

NOTE. This exampJe is not for level O. 

procedure AddVectors (var A. 6. C 
var 

i : natural; 
begln 

array Uow .. hlgh 

for I := low to high do A[I) .- 6[1) + C[I) 
end { of AddVectors }; 
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Example 2: 

proeedure readinteger (var I text; var x Integerl; 
var 

I : natural: 
begin 

while It = ' , do geHfl; 
{The Ille butler eontains the Ilrst non-spaee ehar} 
i := 0; 
while It In ['0' . .'9'] do begln 

I := (10 • Il + (ord(ltl - ord('O'»; 
geHfl 

end; 
{The fIIe butter eontains a non-digit} 
x := I 
{Ol course II there are no digits, x is zero} 

end; 

proeedure blseet (Iunetion f(x : reall : real; a. b : real; var result : reall; 
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{This proeedure attempts to tlnd a zero ot f(xl in (a,bl by the method 01 biseetlon. It 
is assumed that the proeedure is ca lied with suitable values 01 a and b such that 

(f(al < Ol and (f(bl > Ol 
The estlmate Is returned In the last parameter.} 
eonst 

Eps = le-l0; 
var 

mldpolnt : real: 
begin 

{The Invariant P Is true by ealling assumption} 
midpoint := a; 
whlle abs(a - bl > Eps • abs(al do begin 

mldpolnt := (a + bl / 2; 
II I(mldpolntl < 0 then a := midpolnt 
else b := mldpolnt 
{WhiCh re-establlshes the Invariant: 

P = (I(al < Ol and (f(bl > Ol 
and reduees the Interval (a,bl provided that the value ot midpoint is 
distinet trom both a and b.} 

end; 
{P together wlth the loop exlt eondition assures that a zero Is eontalned In 
a small sub-Interval. Return the mldpolnt as the zero.} 
result .- mldpolnt 

end; 
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proceaure PrepareForAppendlng (var I : FlieOfinteger); 
{ThIS procedure takes a lIIe In an arbltrary state and sets it up In a 
condltlon lor appendlng data to Its end. Simpler condltlonlng Is only 
posslble If assumptions are made about the initial state 01 the IlIe.} 
var 

LocalCopy : FlieOfinteger; 

procedure CopyFlles (var Irom. Into FileOfinteger); 
begln 

reseWrom); rewrlte(jnto); 
whlle not eof(lrom) do begln 

Intot := Iromt; 
puHlnto); geWrom) 

end 
end { 01 CopyFlles }; 

begln ( 01 body 01 PrepareForAppendlng 
CopyFlles(l. LocaICopy); 
CopyFlles(LocaICopy. 0 

end { 01 PrepareForAppendlng }; 

6.6.2 Functlon-dec/aratlons 

lunction-declaratlon = functlon-heading ";" dlrectlve : 
lunctlon-Identlflcatlon ";" lunctlon-block 
lunctlon-heading ";" lunctlon-block . 

lunction-heading = "Iunction" identlfler (lormal-parameter-lIst "." result-type 
lunction-Identiflcatlon = "Iunctlon" lunctlon-identlfler . 
lunctlon-Identlfler = Identlfier . 
result-type = simple-type-Identlfler : polnter-type-Identlfler 
lunction-block = block . 

The occurrence 01 a 10rmal-parameter-IIst In a lunctlon-heading 01 a 
lunctlon-declaratlon shall deflne the lormal parameters 01 the lunctlon-bloCk. If any. 
assoclated with the Identifler 01 the lunctlon-heading to be those 01 the 
10rmal-parameter-IIst. The lunctlon-block shall contain at least one 
asslgnment-statement such that the lunctlon-identlfier 01 the asslgnment-statement Is 
assoclated wlth the block (see 6.8.2.2). 

The occurrence 01 an Identlfler In the lunctlon-heading 01 a lunction-declaratlon shall 
constitute its deflning-point as a lunction-identlfler assoclated wlth the result type 
denoted by the result-type lor the region that Is the block closest-contalnlng the 
lunctlon-declaratlon. 

Each Identlfler havlng a deflnlng-polnt as a lunction-Identlfler In the lunctlon-headlng 
01 a lunctlon-declaratlon closest-contalnlng the dlrectlve forward shall have exactly one 
01 Its applled occurrences In a lunctlon-Identlflcatlon 01 a lunctlon-declaratlon. and 
that shall be closest-contalned by the procedure-and-Iunctlon-declaration-part 
closest-containing the lunctlon-headlng. 

The occurrence 01 a lunction-block In a lunctlon-declaratlon shall assoclate the 
lunction-block with the Identlfler In the lunctlon-headlng. or with the lunction-Identlfler 
In the lunctlon-Identlflcatlon. 01 the lunctlon-declaratlon; the block 01 the 
lunctlon-block sha" be assoclated wlth the result type that Is assoclated wlth the 
Identlfler or lunctlon-Identlfler. respectlvely. 
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Example of a procedure-and-funct!on-declarat/on-part: 

funetlon Sqrt (x : reall : real; 
{Thls funetlon eomputes the square root of x (x > Ol uslng Newton's method.} 
var 

old. estlmate : real; 
begln 

estlmate := x; 
repeat 

old := estlmate; 
estlmate := (old + x / old) • 0.5: 

untll abs(estimate - old) ( Eps • estlmate: 
{Eps belng agiobai eonstant} 
Sqrt := estlmate 

end { of Sqrt }; 

funetlon max (a : veetor) : real; 
{This funetlon flnds the largest eomponent of the value of a.} 
var 

largestsofar : real; 
tenee : Indextype; 

begln 
largestsofar := a[ll; 
{Establlshes largestsofar = max(al1 J> } 
tor tenee := 2 to limit do begln 

if largestsofar ( a[feneel then largestsotar := a[teneel 
{Re-establlshlng largestsotar = max(a(1]. ". .alfeneeJ>} 

end; 
{So now largestsotar = max(al1], " .• alllmitJ>} 
max .- iargestsotar 

end { ot max }; 

funet/on GCO (m. n : naturall : natural; 
begin 

if n=O then GCD := meIse GCO := GCO(n. m mod n); 
end; 
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(The fOllowing two funetions analyse a parenthesized expression and eonvert it to an 
Internal form. They are deelared forward slnee they are mutually reeurslve. Le. they 
eall eaeh other.) 

funetion ReadExpression : formula: 
forward: 

funetion ReadOperand 
forward: 

formula: 

funetlon ReadExpresslon: {See forward deelaration of heading.} 
var 

this : formula: 
op ; operation: 

begin 
this ;= ReadOperand: 
while IsOperator(nextsyml do 

begln 
op ;= ReadOperator: 
this ;= MakeFormula(this. op. ReadOperandl: 
end: 

ReadExpression .- this 
end: 

funetion ReadOperand: {See forward deelaration of headlng.} 
begin 
if IsOpenParenthesis(nextsyml then 

begln 
SkipSymbol: 
ReadOperand ;= ReadExpression: 
(nextsym should be a elose-parenthesis) 
SkipSymbol 
end 

else ReadOperand .- ReadElement 
end: 

6.6.3 Paramaters 

6.6.3.1 General. The Identifler-lIst In a value-parameter-speelfleatlon shall be a list 01 
value parameters. The Identlfier-lIst in a varlable-parameter-speelfleatlon shall be a 
list of variable parameters. 

10rmal-parameter-lIst = "(" formal-parameter-seetlon 
( ":" formal-parameter-seetion ")". 

lormal-parameter-seetion > value-parameter-speellieatlon : 
variable-parameter-speeilleation 
proeedural-parameter-speelfleatlon 
funetlonal-parameter-speelfleatlon 

NOTE 1. There ia also a syntax rule for forma'-parameter-section in 6.63.7 

value-parameter-speeifleatlon = Identlfier-list ";" type-Identlfler 
varlable-parameter-speelfleatlon = Ovar" Identlfler-lIst ";" type-Identlfler 
proeedural-parameter-speelfleatlon = proeedure-headlng 
lunetlonal-parameter-speelfleation = funetlon-headlng . 

An identifier deflned to be a parameter-Identlfler for the region that Is the 
formal-parameter-lIst 01 a proeedure-headlng shall be deslgnated a lormal parameter 
of the bloek of the proeedure-bloek. If any. assoeiated wllh Ihe Identlfler of Ihe 
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proeedure-heading. An identifier defined to be a parameter-Identifler for the region 
that is the formal-parameter-lIst of a funetlon-heading shail be designated a formal 
parameter of the block of the funetlon-bloek. if any. assoelated with the identItier of 
the funetion-heading. 

The oeeurrenee of an identifler in the identifier-list of a value-parameter-speeifleatlon 
or a variable-parameter-speeifieation shail eonstitute Its defining-polnt as a 
parameter-identlfler for the region that is the formal-parameter-list elosest-eontainlng 
it and its defining-point as the assoeiated varlable-Identlfler for the region that Is the 
block. If any. of whleh it is a formal parameter. 

The oeeurrenee of the identlfier of a proeedure-headlng in a 
proeedural-parameter-speelfleatlon shail eonstitute Its deflning-polnt as a 
parameter-identlfier for the region that Is the formal-para meter-list elosest-eontalning 
it and Its defining-point as the assoeiated proeedure-Identifier for the region that Is 
the block. If any. of wh Ich It Is a formal parameter. 

The oeeurrenee of the Identifier of a funetlon-heading in a 
funetlonal-parameter-speeifleation shail eonstltute Its deflnlng-polnt as a 
parameter-identlfier for the region that is the formal-parameter-list elosest-eontalnlng 
it and its deflnlng-polnt as the assoeiated funetion-identifier for the region that Is the 
block. if any. of wh Ich it Is a formal parameter. 

NOTE 2. If the formal-parameter-list ia conlained in a procedural-parameter-specification or 8 

functional-parameter-specification, there is "0 corresponding procedure-block or function-block. 

6.6.3.2 Value parameters. The formal parameter and Its assoeiated variable-identlfier 
shail denote the same variable. The formal parameter shail possess the type denoted 
by the type-Identlfler of the value-parameter-speelfieation. The type possessed by a 
formal parameter shail be one that Is permitted as the eomponent-type of a file-type. 
The aetual-parameter (see 6.7.3 and 6.8.2.3) shail be an expression whose value is 
assignment-eompatible with the type possessed by the formal parameter. The eurrent 
value of the expression shail be attributed upon aellvation of the block to the variable 
that Is denoted by the formal parameter. 

6.6.3.3 Variable parameters. The aetual-parameter shail be a variable-aeeess. The type 
possessed by the aetual-parameters shail be the same as that denoted by the 
type-Identlfler of the variable-parameter-speelfleatlon. and the formal parameters shail 
also possess that type. The aetual-parameter shail be aeeessed before the aetivatlon 
of the block. and thls aeeess shail establlsh a referenee to the variable thereby 
aeeessed durlng the entlre aetlvatlon of the block; the eorresponding formal parameter 
and its assoeiated variable-icentlfier shail denote the refereneed variable during the 
aetivatlon. 

An aetual variable parameter shail not denote a fjeld that Is the seleetor of a 
variant-part. An aetual variable parameter shail not denote a eomponent of a variable 
where that variable possesses a type that Is deslgnated paeked. 

6.6.3.4 Proeedural parameters. The aetual-parameter (see 6.7.3 and 6.8.2.3> shail be a 
proeedure-Identlfler that has a deflnlng-polnt eontalned by the program-bloek. The 
proeedure denoted by the aetual-parameter and the proeedure denoted by the formal 
parameter shail have eongruous formal-parameter-lists (see 6.6.3.6) If elther has a 
formal-para meter-list. The formal parameter and Its assoelated proeedure-Identlfler 
shall denote the aetual parameter durlng the entlre aetlvatlon of the block. 

6.6.3.5 Funet/onal parameters. The aetual-parameter (see 6.7.3 and 6.8.2.3) shail be a 
funetlon-Identlfler that has a deflnlng-pOlnt eontalned by the program-bloek. The 
funetlon denot€ld by the aetual-parameter and the funetlon denoted by the formal 
parameter shail have the same result-type and shall have eongruous 
formal-parameter-lIsts (see 6.6.3.6) If elther has a formal-parameter-lIst. The formal 
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parameter and its associated lunction-identl/ier shall denote the actual parameter 
during the entire activation 01 the block. 

6.6.3.6 Parameter list congrulty. Two 10rmal-parameter-lIsts shall be congruous If they 
contain the same number 01 lormal-parameter-sectlons and if the 
lormal-parameter-sections In correspOnding positions match. Two 
lormal-parameter-sections shall match il any 01 the 101l0wing statements is true. 

(a) They are both value-parameter-speci/lcations contalning the same number 01 
parameters and the type-identifier In each value-parameter-speclflcation denotes the 
same type. 

(b) They are both variable-parameter-speci/ications containing the same number 01 
parameters and the type-identi/ier In each variable-parameter-speci/ication denotes 
the same type. 

(c) They are both procedural-parameter-speci/ications and the lormal-parameter-lists 
01 the procedure-headings thereol are congruous. 

(d) They are both lunctional-parameter-speclflcations. the lormal-parameter-Ilsts 01 
the lunction-headings thereol are congruous. and the type-identl/iers 01 the 
result-types 01 the lunction-headings thereol denote the same type. 

(e) They are either both value-con/ormant-array-specilications or both 
variable-con/ormant-array-speclficatlons; and In both cases the 
con/ormant-array-parameter-specifications contaln the same number 01 parameters 
and equivalent con/ormant-array-schemas. Two con/ormant-array-schemas shall be 
equivalent il all 01 the 101l0wing lour statements are true. 

NOTES 

(1) There is a single index-type-speci/ication In each con/ormant-array-schema. 

(2) The ordinaHype-identi/ier In each Index-type-speci/ication denotes the same 
type. 

(3) Either the (component) conformant-array-schemas 01 the 
conformant-array-schemas are equivalent or Ihe type-identlflers of the 
conformant-array-schemas denote the same type. 

(4) Either both con/ormant-array-schemas are packed-con/ormant-array-schemas 
or both are unpacked-con/ormant-array-schemas. 

1. The abbreviated conformant-array-schema and its corresponding full torm are equivalent (see 6.6.3.7). 

2. For the status ot item (e) aboye see 5.1(a), 5.1(b), 5.1(e), 5.2:a) and 5.2:b). 

6.6.3.7 Conformant array parameters 

NOTE. For the status ot this elause see 5.1(&), 5.1(b), 5.1(e), 5.2:11) and 5.2:b). 

6.6.3.7.1 General. The occurrence of an Identlfler In the Identlfler-lIst contalned by a 
con/ormant-array-parameter-specilication shall constitute its deflnlng-polnt as a 
parameter-identlfler lor the regl,on that is the 10rmal-parameter-lIst closest-containing 
It and its de/ining-polnt as the associated variable-Identlfler for the region that 15 the 
block. if any. 01 whlch It is a formal parameter. A varlable-Identlfler so de/lned shall 
be designated a conformant-array-parameter. 

The occurrence of an Identlfier in an index-type-speclflcatlon shall constltute its 
defining-polnt as a bound-identlfier for the region that 15 the formal-parameter-list 
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closest-containing It and for the region that is the block. If any. whose formal 
parameters are speclfled by that formal-parameter-list. 

formal-parameter-section > conformant-array-parameter-speclflcatlon 
conformant-array-parameter-specification = variable-conformant-array-specificatlon 

value-conformant-array-speclficatlon 
value-conformant-array-speciflcation = Identiller-list ":" conformant-array-schema 
variable-conformant-array-speciflcation = "var" Identifier-lIst ":" 

conformant-array-schema 
conformant-array-schema = packed-conformant-array-schema I 

unpacked-conformant-array-schema . 
packed-conformant-array-schema = "packed" "array" "[" Index-type-speclflcation "]" 

unpacked-conformant-array-schema 

index-type-speciflcation = Identifier 
factor > bound-identifier . 
bound-identifier = identifler . 

"of" type-Identiller . 
"array" "[" index-type-speClficatlon 

{ ";" index-type-specification } "]" "of" 
( type-ldentllier i 
conformant-array-schema ) . 

Identlfler "." ordinaHype-ldentlfier 

NOTE 1. There ia also a syntax rule tor formal-parameler-seclion in 6.6.3.1. There ia also a syntax rule tor factor in 
6.7.1. 

If a cOnformant-array-schema closest-contains a conformant-array-schema. then an 
abbrevlated form of definition may be used. In the abbreviated form. a single 
semlcolon shall replace the sequence J of array [ that occurs In the full form. The 
abbreviated form and the full form shall be equlvalent. 

EXllmples: 

array lu .. v 
array [u .. v 

Tl] of array [J .. k : T2] of T3 
Tl; j .. k : T2] of T3 

During the entire activation of the block. applied occurrences of the first identlfler of 
an index-type-speciflcation shall denote the smallest value specified by the 
correspondlng Index-type (see 6.6.3.8) possessed by each actual-parameter. and 
applled occurrences of the second Identlfler of the index-type-speclflcatlon shall 
denote the largest value speclfied by that Index-type. 

NOTE 2 The ob ject denoted by a bound-identitier ia neither a constant "or 8 variable. 

The actual-parameters (see 6.7.3 and 6.8.2.3> correspondlng to formal parameters that 
occur In a single conformant-array-parameter-speCiflcatlon shall all possess the same 
type. The type possessed by the actual-parameters shall be conformable (see 6.6.3.8) 
wlth the conformant-array-schema. and the formal parameters shall possess an 
array-type that shall be distinct from any other type. and which shall have a 
component-type that shall be the flxed-component-type of the 
conformant-array-parameters defined in the conformant-array-parameter-speclflcatlOn 
and whlch sMIl have the Index-types of the type possessed by the actual-pllrameters 
that correspond (see 6.6.3.8) to the index-type-specifications contalned by the 
conformant-array-schema contalned by the conformant-array-parllmeter-speclflcatlon. 
The type denoted by the type-Identlfier contained by the conformant-array-schema 
contalned by a conformant-array-parameter-speclflcatlon shall be deslgnated the 
flxed-component-type of the conformant-array-parameters deflned by that 
conformant-array-parameter-speclflcatlon. 

NOTE 3. The type posses.ed by the formal parameter cannot be a .tring-type (.ee 6.4.3.2) because it is not denoted 
by an array-type. 
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6.6.3.7.2 Value conformant arrays. The iaentifier-list in a 
value-conformant-array-specilication shall be a list 01 value conformant arrays. The 
actual-parameter shall be an expression. The value 01 the expression shall be 
attributea before activation 01 the block to an auxiliary variable that the program does 
not otherwise contain. The type possessed by this variable shall be the same as that 
possessed by the expression. This variable shall be accessed belare the activation of 
the blOCk. and this access shall establish a reference to the variable thereby 
accessed during the entire activatlon 01 the block; the corresponaing formal parameter 
ana its associated variable-iaentilier shall represent the relerencea variable during the 
actlvation. The lixed-component-type 01 a value conlormant array shall be one that is 
permitted as the component-type 01 a Iile-type. 

If the actual-parameter contains an occurrence 01 a conlormant-array-parameter. then 
for each occurrence of the conformant-array-parameter contained by the 
actual-parameter, either: 

(a) the occurrence of the conformant-array-parameter shall be contained by a 
function-designator contained by the actual-parameter; or 

(b) the occurrence 01 the conformant-array-parameter shall be contalned by an 
indexed-variable containea by the actual-parameter. such that the type possessea 
by that indexea-variable is the fixed-component-type 01 the 
conformant-array-parameter. 

NOTE. This ensures that the type possessed by the expression and the auxiliary variable will always be known and 
thaI. as a consequence, the activation record of a procedure can be of a fixed size. 

6.6.3.7.3 Variable conformant arrays. The Identlfier-list in a 
varlable-conformant-array-specificatlon shall be a list of variable conformant arrays. 
The actual-parameter shall be a variable-access. The actual-parameter shall be 
accessed before the activation of the block. ana this access shall establish a 
reference to the variable thereby accessea auring the entire actlvation 01 the block; 
the corresponding formal parameter and its associated variable-identifler shall 
represent the referenced variable during the activation. 

An actual-parameter shall not denote a component of a variable where that variable 
possesses a type that is designated packed. 

6.6.3.8 Conformability 

NOTE 1. For the status 01 this clause see 5.1(a), 5.1(b), 5.1(c), 5.21aJ and 5.21bl. 

Given a type denoted by an array-type closest-contalning a single index-type, and a 
con/ormant-array-schema closest-containlng a single Index-type-speci/ication. then the 
index-type and the Index-type-specl/ication shall be designated as corresponding. 
Given two conformant-array-schemas closest-containing a single 
index-type-speciflcation. then the !wo index-type-speclflcations shall be designated as 
correspondlng. Let Tl be an array-type wlth a single index-type and let T2 be the 
type denoted by the ordinal-type-identifier 01 the index-type-speciflcation of a 
conformant-array-schema closest-containing a single index-type-speciflcatlon, then Tl 
shall be conformable wlth the conformant-array-schemall all the 101l0wlng four 
statements are true. 

(al The index-type of Tl is compatlble wlth T2. 

(bl The smallest and largest values specifled by the Index-type 01 Tl lie wlthin the 
closed interval specifled by T2. 

(cl The component-type of Tl denotes the same type as that denoted by the 
type-identi/ier of the conformant-array-schema, or is conformable to the 
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conlormant-array-schema in the conlormant-array-schema. 

(d) Either Tl is not designated packed and the conlormant-array-schema is an 
unpacked-eonlormant-array-schema. or Tl is deslgnated paeked and the 
conlormant-array-sehema is a packed-conlormant-array-sehema. 

NOTE 2. The abbreviated and lull lorms 01 a conlormant-array-schema are equivalent (see 6.6.3.7). The abbreviated 
and lull lorms of an array-type are equivalent (see 6.4.3.21. 

It shall be an error il the smallest or largest value speeilied by the Index-type 01 Tl 
lies outside the elosed interval speeilied by T2. 

6.6.4 Requlred procedures and functions 

6.6.4.1 General. The requlred proeedure-identillers and lunetlon-identiliers and the 
eorresponding required proeedures and lunetions shall be as speeilied in 6.6.5 and 
6.6.6 respeetlvely. 

NOTE. Required procedures and tunetions do not necessarily tollow the rules given elsewhere tor procedures and 
tunctions. 

6.6.5 Required procedures 

6.6.5.1 General. The required proeedures shall be lile handling procedures. dynamie 
alloeation proeedures and transler proeedures. 

6.6.5.2 File handling procedures. Exeept lor the applieation 01 rewrite or reset to the 
program parameters denoted by input or output. the etleets 01 applying each 01 the 
tlle handling proeedures rewrite. put. reset and get to a IlIe-variable t shall be 
detlned by pre-assertlons and post-assertions about f. its components t.L. I.R. and 
t.M. and about the assoeiated butler-variable ft. The use 01 the variable 10 wlthln an 
assertion shall be considered to represent the state or value. as appropriate. 01 I 
prior to the operation. while f (within an assertion) shall denote the variable alter the 
operation. and slmilarly lor lOt and It. 

It shall be an error II the stated pre-assertion does not hold Immediately prior to any 
use 01 the delined operation. It shall be an error il any variable explieltly denoted in 
an assertion 01 equallty is undelined. The post-assertion shall hold prior to the next 
subsequent aceess to the Ille. its eomponents. or its assoelated buller-variable. The 
post-assertlons Imply eorresponding aetlvitles on the externalentlties. II any. to whieh 
the IlIe-variables are bound. These actlvltles. and the point at whieh they are aetually 
perlormed. shall be implementation-delined. 

rewrlte (f) 

put(f) 

reset(f) 

pre-assertlon: true. 

post-assertion: (f.L = I.R = SO) and (I.M 
(It Is totally-undellnedl. 

Generation) and 

pre-assertion: (IO.M 
(IO.R 

post-assertion: (I. M 
(I.R 

Generation) and (IO.L is not undelined) and 
SO) and (lOt Is not undellned). 

Generation) and (I.L = (IO.L -S(IOf») and 
SO) and (ft Is totally-undelined). 

pre-assertlon: The eomponents 10.L and 10.R are not undeflned. 

post-assertion: (I.L = SO) and (f.R = (IO.L -fO.R-X» and 
(I.M = Inspeetlon) and (11 I.R = SO then 
(If is totally-undellned) else (ft = 1.R.llrst». 
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get(f) 

where. il I possesses the type denoted by the requlred 
structured-type-identifier text and il IO.L -IO.R is not empty 
and 11 (IO.L-IO.ru.last Is not designated an end-oHlne. then 
X shall be a sequence havlng an end-ol-lIne component as 
its only component; otherwise X = SO. 

pre-assertion: (IO.M = Inspectionl and 
(nelther IO.L nor IO.R are undefinedl and CfO.R <> SOl. 

post-assertion: (I.M = Inspectionl and Cf.L = (IO.L-S(IO.R.flrst))) and 
(I.R = IO.R.restl and (11 I.R = SO then 
Cft Is totally-undefinedl else (It = 1.R.flrstll. 

When the file-variable f possesses a type other than that denoted by text. the 
required procedures read and wrlte shall be deflned as lollows. 

read Read(l.vl ....• vnl where vl...vn denote variable-accesses shall be equlvalent to 

begln read(l.vll; ... ; read(l.vnl end 

Read(!.vl where v denotes a varlable-access shall be equivalent to 

begln v ;= ft; get(f) end 

NOTE 1. The variable-accesa ia not a variable parameter. Consequently it may be a component of a packed 

structure and the value of the buffer-variable need only be assignment-compatible with it 

wrlte Wrlte(f.el. .... enl. where el. .. en denote expressions shall be equivalent to 

begln wrlte(l.ell; ... ; wrlteCf.enl end 

Write(l.el. where e denotes an expression shall be equivalent to 

begin It ;= e; put(f) end 

NOTES. 

2. The required procedures read. write. ,ud/n, write/n end page, es applied to texttile., are deseribed in 6.9. 

3. Since the definitions of read end wril. include the use of get end pul. the implemenlation-defined aspects of 

thei' post-assertion. also epply. 

6.6.5.3 Dynamlc a/location procedures 

new(p) 
shall create a new variable that Is totally-undeflned. shall create a new 
Identlfylng-value of the pointer-type assoclated wlth p. that IdentIfIes the new 
variable. and shall attribute thls Identlfylng-value to the variable denoted by the 
variable-access p. The created variable shall possess the type that Is the 
domaln-type 01 the pointer-type possessed by p. 

new(p.cl •.••• cn) 
shall create a new variable that Is totally-undeflned. shall create a new 
identifying-value of the pointer-type assoclated with p. that Identilles the new 
variable. and shall attribute thls Identllylng-value to the variable denoted by the 
varlable-access p. The created variable shall possess the record-type that Is the 
domaln-type of the pointer-type possessed by p and shall have nested variants that 
correspond to the case-constants cl ..... cn. The case-constants shall be IIsted In 
order 01 Increaslng nesting of the variant-parts. Any variant not speclfled shall be 
at a deeper level 01 nesting than that specilied by cn. It shall be an error 11 a 
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variant of a variant-part within the new variable becomes active and a different 
variant of the variant-part is one of the specified variants. 

dispose (q) 
shall remove the identifying-value denoted by the expression q from the 
pointer-type of q. It shall be an error if the identifying-value had been created 
uslng the form new(p.cl •...• cn). 

dispose (q.kl •...• km) 
shall remove the identifying-value denoted by the expression q from the 
pointer-type of q. The case-constants k1 •...• km shall be listed In order of increasing 
nesting of the variant-parts. It shall be an error if the variable had been created 
using the form new(p.cl •...• cn) and m is not equal to n. It shall be an error If 
the variants In the variable identified by the pointer-value of q are different from 
those specified by the case-constants k1 ..... km. 

NOTE. The removal 01 an identifying-value Irom the pointer-type to which it belong. render. the identiHed variable 
inaccessible (see 6.5.4) and makes undefined all variables end funetions that have that valu. attribuled (see 6.6.3.2 
and 6.8.2.2). 

It shall be an error if q has a nll-value or is undefined. 

It shall be an error if a variable created using the second form of new is accessed 
by the identified-variable of the varlable-access of a factor. of an 
assignment-statement. or of an actual-parameter. 

6.6.5.4 Transfer procedures. Let a be a variable possessing a type that can be 
denoted by 

array [s 11 of T. 
let z be a variable possessing a type that can be denoted by 

packed array [521 of T. 
and u and v be the smallest and largest values of the type s2. then the statement 
pack(a.i.z> shall be equivalent to 

begin 
k := I: 
for j := u to v do 

begln 
z[jl := a[kl: 
if j () v then k .- 5ucc(kl 
end 

end 

and the statement unpack(z.a./) shall be equivalenl to 

begln 
k := i: 
for j := u to v do 

begin 
a[kl z[jl: 
If j () v then k .- succ(k) 
end 

end 

where j and k denote auxillary variables that the program does not otherwlse contaln. 
The type possessed by j shall be s2. the type possessed by k shall be s 1. and i 
shall be an expression whose value shall be assignment-compatlble wlth s 1. 
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6.6.6 Required funetions 

6.6.6.1 Genera/. The required lunetions shall be arlthmetie lunetions. transler lunetions. 
ordinal lunctlons and Soolean lunctlons. 

6.6.6.2 Ar/thmetie funetions. For the lollowing arithmetic lunctions. the expression x 
shall be elther 01 real-type or Integer-type. For the lunctlons abs and sqr. the type 
01 the result shall be the same as the type 01 the parameter. x. For the remaining 
arlthmetic lunctions. the result shall always be 01 real-type. 

FUIIetion 

absCx) 
sqrCx) 

sinCx) 
cosCx) 
expCx) 

InCx) 

sqrtCx) 

arctanCx) 

-
shall compute the absolute value 01 x. 
shall compute the square 01 x. It shall be an error il such a value 
does not exlsl. 
shall compute the si ne 01 x. where x Is In radlans. 
shall compute the cosine 01 x. where x is in radians. 
shall compute the value 01 the base 01 natural logarlthms ralsed to 
the power x. 
shall compute the natural logarlthm 01 x. il x Is greater than zero. 
It shall be an error II x is not greater than zero. 
shall compute the non-negative square root 01 x. II x Is not negative. 
It shall be an error it x Is negative. 
shall compute the prlnclpal value. In radlans. 01 the arctangent 01 x. 

6.6.6.3 Transfer funetions 

trune(x) 
From the expression x that shall be 01 real-type. thls lunction shall return a result 
01 integer-type. The value 01 truncCx) shall be such that II x Is positive or zero 
then O(x-truncCx) <1; otherwise -1 <x-truncCx)(O. It shall be an error II such a value 
does not exlsl. 

Examp/es: 

truncC3.5) yields 3 
truncC-3.5) yields -3 

round(x) 
From the expression x that shall be 01 real-type. this lunction shall return a result 
01 Integer-type. II x Is positive or zero. roundCx) shall be equlvalent to truncCx+O.5). 
otherwise roundCx) shall be equivalent to truncCx-O.51. it shall be an error II such a 
value does not exisl. 

Examp/es: 

roundC3.5) ylelds 4 
roundC-3.5l ylelds -4 

6.6.6.4 Ord/na/ funet/ons 

ord(x) 
From the expression x that shall be 01 an ordlnal-type. this lunction shall return a 
resuit 01 integer-type that shal' be the ordinal number Csee 6.4.2.2 and 6.4.2.3> 01 
the value 01 the expression x. 

ehr (x) 
From the expression x that shall be 01 Integer-type. this lunction shall return a 
resuit 01 char-type that shall be the value whose ordlnal number Is equal to the 
value 01 the expression x II such a character value exlsts. it shall be an error If 
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such a character value does not exist. For any value. ch. 01 char-type. it shall be 
true that: 

Chr(ord(ch» = ch 

suee (x) 
From the expression x that shall be 01 an ordinal-type. this lunction shall return a 
result that shall be 01 the same type as that 01 the expression (see 6.7.ll. The 
lunction shall yield a value whose ordinal number is one greater than that 01 the 
expression x. II such a value exists. It shall be an error II such a value does not 
exist. 

pred(x) 
From the expression x that shall be 01 an ordinal-type. this lunclion shall return a 
result that shall be 01 the same type as that 01 the expression (see 6.7.1). The 
lunction shall yield a value whose ordinal number is one less than that 01 the 
expression x. il such a value exists. It shall be an error il such a value does not 
exlst. 

6.6.6.5 Boo/ean tunetions 

odd(x) 
From the expression x that shall be 01 integer-type. this lunction shall be 
equivalent to the expression 

(abs(x) mod 2 = 1). 

eotCf) 
The parameter I shall be a Iile-variable; il the actual-parameter-list Is omitted. the 
lunction shall be applied to the required text/ile input (see 6.10). When eof(f) is 
activated. it shall be an error il I is unde/ined: otherwise the lunclion shall yield 
the value true il I.R Is the empty sequence (see 6.4.3.5). otherwise lalse. 

eoln (f) 
The parameter I shall be a textfile; il the actual-parameter-list is omitted. the 
lunctlon shall be applied to the requlred text/ile input (see 6.10>' When eoln(/) Is 
activated. it shall be an error il I is unde/ined or il eOf(fl is true; otherwise the 
lunction shall yield the value true if I.R.first is an end-ol-Une component (see 
6.4.3.5). otherwise lalse. 

6.7 Expressions 

6.7.1 General. An expression shall denote a value unless a variable denoted by a 
variable-access contained by the expression Is unde/ined at the time 01 its use. In 
whlch case that use shall be an error. The use 01 a variable-access as a lactor 
shall denote the value. If any. attributed to the variable accessed thereby. Operator 
precedences shall be according to lour classes 01 operators as folIows. The operator 
not shall have the hlghest precedence. lollowed by the multlplylng-operators. then the 
adding-operators and slgns. and Iinally. wlth the lowest precedence. the 
relatlonal-operators. Sequences 01 two or more operators of the same precedence 
shall be left associative. 

expression = simple-expression [ relational-operator simple-expression ) . 
simple-expression = [ sign ) term { adding-operator term } . 
term = lactor { multlplylng-operator lactor } . 
lactor > varlable-access : unslgned-constant : functlon-deslgnator 

set-constructor : "(" expression ")" : "not" lactor . 

NOTE t. There is also a syntax rule tor tactor in 6.6.3.7. 

unsigned-constant = unslgned-number 
"nil" . 

character-strlng constant-identilier 
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set-constructor = "[" [ member-deslgnator { "." member-deslgnator } J "J" . 
member-deslgnator = expression [ " .. " expression J . 

Any factor whose type Is S. where S Is a subrange of T. shall be treated as of type 
T. Slmllarly. any factor whose type Is set of S shall be treated as of the unpacked 
canonlcal set-of-T type. and any factor whose type Is packed set of S shall be 
treated as of the canonlcal packed set-of-T type. 

NOTE 2. Consequently, an expression that consists 01 a single lactor 01 type S is itaell 01 type T, and an expression 
that ccnsista 01 a single lactor 01 type set 01 S is itaell 01 type set 01 T, and an expression that ccnsists 01 a 
single lactor 01 type packed set 01 S is itaell 01 type packed set 01 T. 

A set-constructor shall denote a value of a set-type. The set-constructor { } shall 
denote that value In every set-type that contalns no members. A set-constructor 
contalnlng one or more member-deslgnators shall denote elther a value of the 
unpacked canonical set-of-T type or. If the context so requlres. the packed canonlcal 
set-of-T type. where T Is the type of every expression of each member-deslgnator 01 
the set-constructor. The type T shall be an ordlnai-type. The value denoted by the 
set-constructor shall contaln zero or more members each 01 whlch shall be denoted 
by at least one member-deslgnator of the set-constructor. 

The member-deslgnator x. where x Is an expression. shall denote the member that 
shal: have the value x. The member-deslgnator x .. y. where x and y are expressions. 
shall denote zero or more members that shall have the values 01 the base-type In 
the closed Interval Irom the value 01 x to the value 01 y. The order 01 evaluation 01 
the expressions 01 a member-designator shall be Implementatlon-dependent. The order 
01 evaluation of the member-deslgnators 01 a set-constructor shall be 
Implementatlon-dependent. 

NOTE 3. The member-designalor x..y denotes "0 mamber. if the valu. of x ia gr.ster lhan the v.lu. of y. 

Examples: 

(a) Factors: x 

15 
<x+y+zl 
sln(x + y) 
[red. c. greenJ 
11. 5. 10 .. 19. 23J 
not p 

(b) Terms: x· y 
1/(1-1) 
<x <= y) and (y < z) 

(cl Simple express/ons: p or q 
x + y 
-x 

(d) Express/ons: x 1.5 
p <= q 

hue1 + hue2 
I • j + 1 

P = q and r 
(I<jl=(j<k) 
C In hue1 
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6.7.2 Operators 

6.7.2.1 General 

multlplying-operator _.tI I "r 1 "d Iv· "mod" "and" . 

addlng-operator = "+" "_. : "ar" . 

relatlonal-operator 

A factor. or a term. or a simple-expression shall be deslgnated an operand. The 
order of evaluation of the operands of a dyadic operator shall be 
implementatlon-dependent. 

NOTE. This means. for example. that the operands may be evaluated in textual order. or in reverse orde,. or in 
parallel or they may not both be evaluated. 

6.7.2.2 Arithmetic operators. The types of operands and results for dyadlc and monadle 
operations shall be as shown In tables 2 and 3 respectlvely. 

Table 2. Dyadic arlthmetlc operations 

OpendDr OperatIon 
Type 01 ___ 

Type of..-It 

+ addition Integer-type Integer-type 
or real-type If both 

subtractlon Integer-type operands are 
or real-type of Integer-type: 

muitlpllcatlon Integer-type otherwlse 
or real-type real-type 

division Integer-type 
or real-type real-type 

dlv division with 
truncatlon integer-type Integer-type 

mod modulo Integer-type Integer-type 

Table 3. Monadle arlthmetlc operations 

OpendDr OperatIon Type 01 operand Type of..-It 

+ Identlty Integer-type Integer-type 
real-type real-type 

- sign-Inverslon Integer-type Integer-type 
real-type real-type 

NOTE 1. The symbols +, - and * are also uled aa set operator. (see 6.7.24). 

A term of the form x/y shall be an error If y Is zero. otherwlse the vail;e of x/y 
shall be the resuit of dlvldlng x by y. 
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A term 01 the lorm i div j shall be an error I1 15 zero. otherwlse the value 01 
i div j shall be such that 

abs(i) - abs(jl < abs((i div jl * jl .. abs(i) 
where the value shall be zero I1 absW < abs(jl. otherwise the sign 01 the value shall 
be positive I1 land j have the same sign and negative I1 land j have dlflerent 
slgns. 

A term 01 the form I mod j shall be an error il j 15 zero or negative. otherwise the 
value 01 I mod j shall be that value 01 (i-(k*jl) for integral k such that 

o .. I mod j < j. 

NOTE 2. Only tor i ~ 0 and j > 0 does the relation Ci div j) * j + i mod j = i hold. 

The required constanHdentiller maxint shall denote an Implementation-defined value 01 
integer-type. This value shall satlsly the followlng conditions. 

(a) All integral values in the closed interval from -maxint to +max/nt shall be 
values of the integer-type. 

(b) Any monadic operation perlormed on an Integer value in this Interval shall be 
correctly perlormed according to the mathematlcal rules for integer arithmetlc. 

Cc) Any dyadic integer operation on two integer values In this same Interval shall 
be correctly performed accordlng to the mathematlcal rules for Integer arithmetlc. 
provided that the result is also in this interval. 

(d) Any relatlonal operation on two Integer values In thls same Interval shall be 
correctly performed according to the mathematlcal rules for Integer arithmetlc. 

The results of the real arithmetic operators and functlons shal! be approximations to 
the corresponding mathematical results. The accuracy of thls approximation shall be 
implementation-defined. 

It shall be an error if an integer operation or lunction 15 not performed accordlng to 
the mathematical rules for Integer arlthmetic. 

6.7.2.3 Boo/ean operators. Operands and results for Soolean operations shall be of 
Soolean-type. Soolean operators or. and and not shall denote respectlvely the loglcal 
operations of disJunctlon. conjunctlon and negation. 

Soolean-expression = expression . 

A Soolean-expression shall be an expression that denotes a value 01 Soolean-type. 

6.7.2.4 Set operators. The types 01 operands and resuits for set operations shall be 
as shown in table 4. 

Table 4. Set operations 

Operator OperatiOn Type of operancIs Type of ...... 1t --~--=F 
----------~-------------r---------------

+ set union 

set dlfference 

set Intersectlon 

J
A canonlcal 
set-of-T type 
(see 6.7.1) 
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6.7.2.5 Relatlonal-operators. The types of operands and results for relatlonal operations 
shall be as shown in table 5. 

Table 5. Relatlonal operations 

o 

< ) 

<= >= 

In 

Typeof ............ 

any simple. pointer or strlng-type 
or canonlcal set-of-T type 

any simple or strlng-type 

any simple or strlng-type 
or canonlcal set-of-T type 

left operand: any ordlnal type T 
rlght operand: a canonlcal set-of-T 

Type of ..... 1t 

Boolean-type 

Boolean-type 

I 

I 

Boolean-type 

type I Boolean-type 

The operands of =. o. <. ). )=. and <= shall be elther of compatible types. the same 
canonlcal set-of-T type. or one operand shall be of real-type and the other shall be 
of integer-type. 

The operators =. o. <. ) shall stand for equal to. not equal to. less than and greater 
than respectively. 

Except when applled to sets. the operators <= and )= shall stand for less than or 
equal to and greater than or equal to respectively. 

Where u and v denote operands of a set-type. u <= v shall denote the Inclusion of u 
In v and u )= v shall denote the Inclusion of v In u. 

NOTE. Since the Boolean-type is an ordinal-type with lalse les. than Irue. then il p and q are operands 01 
Boolesn-type, p = q denotes thair aquivalence and p <= q means p implies q. 

When the relatlonal operators = • () • < • ) • <= • )= are used to compare operands 
of compatlble strlng-types (see 6.4.3.2). they denote lexlcographlc relations deflned 
below. Lexicographlc orderlng Imposes a total ordering on values of a strlng-type. If 
s 1 and 52 are two values of compatlble strlng-types. then 

s 1 s2 iff for all I in [Ln]: s 1[1] = s2[i] 

s 1 < s2 Iff there exlsts a p In [1 .. n]: 
(for all I In [1..p-1): s HI) = s2[1]) and s Hp] < s2[p] 

The operator In shall yleld the value true If the value of the operand of ordlnal-type 
Is a member of the value of the set-type. otherwlse it shall yleld the value false. 

6.7.3 Functlon-deslgnators. A functlon-deslgnator shall speclfy the actlvatlon of the 
block of the functlon-block assoclated with the function-Identlfler of the 
functlon-designator. and shall yleld the value of the result of the actlvatlon upon 
eompletlon of the algorithm of the aetlvation: It shall be an error If the result Is 
undefined upon completlon of the algorlthm. If the functlon has any formal parameters 
the funetion-deslgnator shall contaln a list of aetual-parameters that shall be bound 
to thelr eorrespondlng formal parameters deflned In the lunetlon-deelaratlon. The 
correspondence shall be establlshed by the positions of the parameters In the IIsts of 
aetual and formal parameters respectively. The number of aetual-parameters shall be 
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equal to the number of formal parameters. The types of the aetual-parameters shall 
eorrespond to the types of the formal parameters as speeified by 6.6.3. The order of 
evaluation. aeeessing and binding of the aetual-parameters shall be 
Implementatlon-dependent. 

funetion-designator = funetlon-Identlfler [ aetual-parameter-list ) . 
aetual-parameter-list = "(" aetual-parameter { "." aetual-parameter } ")" 
aetual-parameter = expression: variable-aeeess : proeedure-identlfler : 

Example~: 

Sum(a. 63) 
GCD<l47. k) 
sln(x + y) 
eof(f) 
ord(ft) 

6.8 Statements 

funetlon-identifier 

6.8.1 General. Statements shall denote algorlthmle aetlons. and shall be exeeutable. 

NOTE ,. Statements may be prelixed by • label. 

A label. If any. of a statement S shall be designated as preflxlng S. and shall be 
allowed to oeeur In a goto-statement G (see 6.8.2.4) If and only If any of the 
followlng three eondltlons Is satlsfled. 

(a) S eontalns G. 

(b) S is a statement of a statement-sequenee eontalning G. 

(e) S Is a statement of the statement-sequenee of the eompound-statement of the 
statement-part of a block eontainlng G. 

statement = [ label ":" ) ( simple-statement : struetured-statement ) . 

NOTE 2. A goto-statement withln • block may reler to • label in an enclosing block, provlded that the label prehxes 
a simple-statement or struclured-statement at the outermost level 01 nesting 01 the block. 

6.8.2 Simple-~tatement~ 

6.8.2.1 General. A simple-statement shall be a statement not eontalnlng a statement. 
An empty-statement shall contaln no symbol and shall denote no action. 

simple-statement = empty-statement : asslgnment-statement 
procedure-statement : goto-statement 

empty-statement = . 

6.8.2.2 A~~/gnment-statements. An asslgnment-statement shall attribute the value of the 
expression of the asslgnment-statement elther to the variable denoted by the 
varlable-aecess of the assignment-statement, or to the aetlvatlon result that Is denoted 
by the funetlon-Identlfler of the asslgnment-statement; the value shall be 
assignment-compatlble wlth the type possessed. respeetlvely. by the variable or by the 
aetlvation result. The funetlon-bloek assoclated (see 6.6.2) wlth the funetlon-Identlfler 
of an asslgnment-statement shall eontain the asslgnment-statement. 

asslgnment-statement = ( variable-aecess : funetlon-identlfler ) ":=" expression . 

The deelslon as to the order of aeeessing the variable and evaluating the expression 

205 



BS 6192: 1982 

shall be implementation-dependent the access shall establish a reference to the 
variable during the remalning execullon of the assignment-statement. 

The state of a variable or activation result when the variable or activatlon result does 
not have attributed to it a value speclfied by its type shall be designated undefined. If 
a variable possesses a structured-type. the state of the variable when every 
component of the variable is totally-undefined shall be designated totally-undefined. 
Totally-undefined shall be synonymous with undeflned for an activation result or a 
variable that does not possess a stn'ctured-type. 

Examples: 

x := y + z 
p := Cl (= j) and (i ( 100) 
i := sqr(k) - (i • jl 
huel := [blue. succ(c)] 
p 11 .mother := true 

6.8.2.3 Procedure-statements. A procedure-statement shall specify the acllvatlon of the 
block of the procedure-block associated with the procedure-identifler of the 
procedure-statement. If the procedure has any formal parameters the 
procedure-statement shall contain an actual-parameter-lisl. whlch Is the list of 
actual-parameters that shall be bound to their corresponding formal parameters 
defined in the procedure-declaration. The correspondence shall be establlshed by the 
positions of the parameters in the lists of actual and formal parameters respectively. 
The number of actual-parameters shall be equal to the number of formal parameters. 
The types of the actual-parameters shall correspond to the types of the formal 
parameters as specified by 6.6.3. The order of evaluation. accessing and binding of 
the actual-parameters shall be implementation-dependent. 

The procedure-identifier in a procedure-statement containing a read-parameter-list 
shall denote the required procedure read; the procedure-identlfier in a 
procedure-statement containlng a readln-parameter-lIst shall denote the requlred 
procedure readln; the procedure-Identifler in a procedure-statement contalning a 
wrlte-parameter-list shall denote the required procedure write; the procedure-identifier 
in a procedure-statement contalning a writeln-parameter-Ilst shall denote the required 
procedure writeln. 

procedure-statement procedure-identifier ( [ actual-parameter-lIst ] : 
read-parameter-list readln-parameter-Ilst 
write-parameter-list : writeln-parameter-lIst ) . 

Examples: 

prlntheading 
transpose(a. n. m) 
bisect(fct. -1.0. + 1.0. x) 
AddVectors(m[lJ. m[2J. m[kD 

NOTE. The fourth example is not lor level O. 

6.8.2.4 Goto-statements. A goto-statement shall Indicate that further processlng is to 
continue at the program-point denoted by the label in the goto-statement and shall 
cause the termination of all activations except: 

(a) the activation contalning the program-point and 

(b) any activation containlng the activation-point of an activation requlred by 
exceptions (a) or (b) not to be terminated. 
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goto-statement = "goto" label . 

6.8.3 Structured-statements 

6.8.3.1 General 

struetured-statement = eompound-statement : eondltlonal-statement: 
repetitive-statement : wlth-statement 

statement-sequenee = statement { ";" statement } . 

The execution of a statement-sequenee shall speelfy the exeeution of the statements 
of the statement-sequenee in textual order. exeept as modified by exeeutlon of a 
goto-statement. 

6.8.3.2 Compound-statements. A eompound-statement shall speeify exeeutlon of the 
statement-sequenee of the eompound-statement. 

eompound-statement = "begln" statement-sequenee "end" . 

Example: begln z := x ; x y; y := z end 

6.8.3.3 Conditional-statements 

eOnditional-statement = if-statement ease-statement . 

6.8.3.4 If-statements 

if-statement = "If" Boolean-expression "then" statement [ else-part 1 . 
else-part = "else" statement . 

If the Boolean-expresslon of the if-statement yields the value true. the statement of 
the if-statement shall be exeeuted. If the Boolean-expresslon yields the value false. 
the statement of the if-statement shall not be exeeuted and the statement of the 
else-part (if any) shall be exeeuted. 

An if-statement without an else-part shall not be immediately followed by the token 
else. 

NOTE. An else-part is thus paired with the nearest preceding otherwise unpaired then. 

Examples: 

if x < 1.5 then z := x + y else z .- 1.5 

if pl <> nil then pl .- plt.father 

if j = 0 then 
if i = 0 then writelnCindefinlte') 
else writeln('inflnite') 

else writeln( i I j ) 

f;'8.3.5 Case-statements. The values denoted by the ease-eonstants of the 
ease-eonstant-lIsts of the ease-lIst-elements of a ease-statement shall be dlstinet and 
of the same ordinal-type as the expression of the ease-index of the ease-statement. 
On exeeutlon of the ease-statement the ease-Index shall be evaluated. That value 
shall then speelfy exeeutlon of the statement of the ease-lIst-element 
elosest-eontalnlng the ease-eonstant denoting that value. One of the ease-eonstants 
shall be equal to the value of the ease-Index upon entry to the ease-statement. 
otherwise it shall be an error. 
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NOTE. CUe-con.tants are not the urne u statement label .. 

ease-statement = "ease" ease-Index "of" ease-list-element 
{ ";" ease-list-element } ( ";" I "end" 

ease-list-element = ease-eonstant-list "." statement . 
ease-Index = expression . 

Example; 

ease operator of 
plus: x := x + y; 
minus: x:= x - y; 
times: x:= x * y 

end 

6.8.3.6 Repetitive-statements. Repetitive-statements shall speelfy that eertaln statements 
are to be exeeuted repeatedly. 

repetitive-statement = repeat-statement whlle-statement I for-statement . 

6.8.3.7 Repeat-statements 

repeat-statement = "repeat" statement-sequenee "untII" BOOlean-expresslon . 

The statement-sequenee of the repeat-statement shall be repeatedly exeeuted Cexeept 
as modlfled by the exeeutlon of a goto-statement> untll the Boolean-expresslon of the 
repeat-statement ylelds the value true on eompletlon of the statement-sequenee. The 
statement-sequenee shali be exeeuted at least onee. beeause Ihe Boolean-expresslon 
Is evaluated after exeeutlon of the statement-sequenee. 

Example: 

repeat k := I mod J; 
I := j; 
j := k 

untll j = 0 

6.8.3.8 Wh/le-statements 

whlle-statement = "whlle" Boolean-expresslon "do" statement . 

The whlle-statement 

whlle b do body 

shali be equlvalenl to 

begln 
If b then 

repeat 
body 

untli not Cb) 
end 
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Examples: 

whlle I > 0 do 
begln If oddW then z .- z • x: 

I .- I dlv 2: 
x .- sqr(x) 

end 

whlle not eot(!) do 
begln process(ft); geH!) 
end 

6.8.3.9 For-statements. The tor-statement shall speclty that the statement ot the 
tor-statement Is to be repeatedly executed whlle a progression ot values Is attrlbuted 
to a variable that Is deslgnated the control-varlable ot the tor-statement. 

tor-statement = "tor" control-varlable ":=" Inltlal-value ( "to" i "downto" 
tlnal-value "do" statement 

control-varlable = entlre-varlable 
Inltlal-value = expression . 
flnal-value = expression . 

The control-varlable shall be an entlre-varlable whose Identltler Is declared In the 
varlable-declaratlon-part ot the block closest-contalnlng the tor-statement. The 
control-varlable shall possess an ordlnal-type. and the Inltlal-value and tlnal-value 
shall be ot a type compatlble wlth thls type. The Inltlal-value and the tlnal-value 
shall be asslgnment-compatlble wlth the type possessed by the control-varlable It the 
statement ot the tor-statement Is executed. After a tor-statement Is executed (other 
than belng left by a goto-statement leadlng out ot 10 the contrOI-varlable shall be 
undetlned. Nelther a tor-statement nor any procedure-and-tunctlon-declaratlon-part ot 
the block that closest-contalns a tor-statement shall contaln a statement threatenlng 
the variable denoted by the control-varlable ot the tor-statement. 

A statement S shall be deslgnated as threatenlng a variable V It one or more ot the 
tollowlng statements Is true. 

(a) S Is an asslgnment-statement and V Is denoted by the varlable-access ot S. 

(b) S contalns an actual variable parameter that denotes V. 

(c) S Is a procedure-statement that specltles the actlvatlon ot the requlred 
procedure read or the requlred procedure readln. and V Is denoted by an actual 
parameter contalned by S. 

(d) S Is a tor-statement and the control-varlable ot S denotes V. 

Apart trom the restrlctlons Imposed by these requlrements. the tor-statement 

tor v := e1 to e2 do body 

shall be equlvalent to 
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begin 
temp1 ,­
temp2 
il temp1 

begin 

e1; 
e2; 
<= temp2 then 

v := temp1; 
body; 
while v <> temp2 do 

begln 
v := succ (v); 
body 
end 

end 
end 

and the lor-statement 

lor v := e 1 downto e2 do bOdy 

shall be equlvalent to 

begln 
temp1 := e1; 
temp2 := e2; 
II temp 1 >= temp2 then 

begln 
v := temp1; 
body; 
while v <> temp2 do 

begln 
v := pred(v); 
body 
end 

end 
end 
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where temp 1 and temp2 denote auxillary variables that the program does not 
otherwise contain. and that possess the type possessed by the variable v II that type 
Is not a subrange-type; otherwlse the host type 01 the type possessed by the variable 
v, 

Examples: 

lor I := 2 to 63 do 
1I a[l] > max then max ,- a[l] 

lor I := 1 to 10 do 
lor j := 1 to 10 do 

begln 
x := 0; 
lor k := 1 to 10 do 

x := x + mlll.kJ • m2[k.jl; 
m[l.jJ := x 
end 

lor 1:= 1 to 10 do 
lor j := 1 to I - 1 do 

m[l][jl := 0.0 
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lor c := blue downto red do q (c) 

6.8.3.10 With-statements 

wlth-statement = "wlth" record-variable-list "do" statement . 
record-variable-list = record-variable { record-variable} 
lield-designator-identilier = identifier , 

A wlth-statement shall specily the execution 01 the statement 01 the with-statement. 
The occurrence 01 a record-varlable as the only record-varlable in the 
record-variable-list 01 a with-statement shall constltute a delining-point 01 each 01 the 
lIeld-ldentlllers associated with components 01 the record-type possessed by the 
record-variable as a lield-designator-identilier lor the region that is the statement 01 
the with-statement; each applied occurrence 01 a lield-designator-identilier shall 
denote that component 01 the record-variable that is assoclated wlth the Ileld-identllier 
by the record-type, The record-variable shall be accessed belore the statement 01 the 
with-statement Is executed. and that access shall establish a relerence to the variable 
during the entire execution 01 the statement 01 the with-statement. 

The statement 

with v1,v2, .... vn do s 

shall be equivalent to 

with v1 do 
with v2 do 

wlth vn do s 

Example: 

with date do 
il month = 12 then 

begln month := 1; year ,- year + 1 
end 

else month := month+ 1 

has the same ellect on the variable date as 

II date.month = 12 then 
begin date,month := 1; date,year .- date,year+ 1 
end 

else date,month := date,month+ 1 

6.9 Input and output 

6.9.1 The procedure read, The syntax 01 the parameter list 01 read when applled to a 
texltlle shall be: 

read-parameter-Ilst "(" [ IIle-varlable "," J varlable-aecess 
{ ": varlable-aceess } ")" , 

11 the file-variable Is omilled, the procedure shall be applled to the requlred texItUe 
Input, 

The 10Uowing requlrements shall apply lor the proeedure read (where I denotes a 
textflle and v1 ".vn denote varlable-accesses possesslng the ehar-type (or a subrange 
01 char-type>. the Integer-type (or a subrange 01 Integer-type), or the real-type). 
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(a) read(l,vl. ... ,vn) shall be equlvalent to 

begin read(l,v1); read(f,vn) end 

(b) II v Is a varlable-access possessing the char-type (or subrange thereof), 
read(f,v) shall be equlvalent to 

begln v := It; geHf) end 

NOTE. The variable-accesa ja not a variable parameter. Consequently it may be a component of 8 packed 
structure and the velue of the buffer-variable need only be assignment-compatible with it 

(c) If v Is a variable-access possesslng the integer-type (or subrange thereof), 
read(f,v) shall cause the reading from 1 01 a sequence 01 characters. Precedlng 
spaces and end-of-lines shall be sklpped. It shall be an error if the rest of the 
sequence does not form a signed-integer accordlng to the syntax of 6.1.5. Aeadlng 
shall cease as soon as the buffer-varlable ft does not have attrlbuted to It a 
character contained by the slgned-integer. The value of the signed-Integer thus 
read shall be asslgnment-compatible wlth the type possessed by v. and shall be 
attrlbuted to v. 

(d) If v Is a varlable-access possessing the real-type, read(t,v) shall cause the 
reading trom t ot a sequence ot characters. Precedlng spaces and end-ot-IInes 
shall be sklpped. It shall be an error It the rest ot the sequence does not torm a 
slgned-number accordlng to the syntax ot 6.1.5. Aeading shall cease as soon as 
the bufter-varlable tt does not have attributed to it a character contalned by the 
signed-number. The value denoted by the number thus read shall be attributed to 
the variable v. 

(e) When read is applled to t, It shall be an error If the butter-variable ft is 
undetlned or the pre-assertions tor get do not hold (see 6.4.3.5). 

6.9.2 The procedure readln. The syntax ot the parameter list ot readln shall be: 

readln-parameter-IIst = [ "(" ( tile-variable I varlable-access 
{ "," varlable-access } ")" I . 

Readln shall only be applled to texttlles. If the tlle-varlable or the entlre 
readln-parameter-lIst Is omitted. the procedure shall be applled to the requlred texttlle 
Input. 

Aeadln(f,vl.. .. ,vn) shall be equlvalent to 

begln read(f,vl. .... vn); readln(f) end 

Aeadln (f) shall be equlvalent to 

begln whlle not eoln(f) do geHf); geHf) end 

NOTE. The effeet 01 readln is to place the current file position just past the end 01 the current Une in the te.lliie. 
Uniesl this ia the end-of-file position. the current file position ia thereror. at the start of the "ext line. 

6.9.3 The procedure wrlte. The syntax of the parameter list of wrlte when applled to a 
textfIle shall be: 

wrlte-parameter-lIst = "(" [ file-variable "." I wrlte-parameter 
{ "." wrlte-parameter } ")" . 

wrlte-parameter = expression [ ":" expression [ ":" expression I I . 

If the file-variable Is omitted. the procedure shall be applled to the requlred textfIle 
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output. When write is applied 10 a lextfile I. it shall be an error II I is undelined or 
I.M = Inspection (see 6.4.3.5). An appllcatlon 01 write to a textfIle I shall cause the 
bufler-variable ft to become undellned. 

Write(f.pl. .... pn) shall be equivalenl to 

begln wrlte(f.p 1); ... ; wrlte<f.pn) end 

where denotes a lextfile. and pl. .... pn denote write-parameters. 

6.9.3.1 Write-parameters. The write-parameters p shall have the followlng forms: 

e TotalWldth: FracDlglts 
e TotalWldth 
e 

where e Is an expression whose value Is to be written on the Ille land may be of 
In leger-type. real-type. char-type. Boolean-type or a strlng-type. and where TotalWldth 
and FracDlglts are express Ions 01 Integer-type whose values are the Ileld-wldth 
parameters. The values of TotalWldth and FracDiglts shall be greater than or equal to 
one; it shall be an error il either value is less than one. 

Wrlte(f.e) shall be equivalenl 10 the lorm wrlte(l.e : TotaIWldth). uslng a delault value 
lor TotalWldth that depends on the type of e; lor Integer-type. real-type and 
Boolean-type the delault values shall be implementation-delined. 

Write(f.e : TotalWidth : FracDlglts) shall be appllcable only il e Is 01 real-type (see 
6.9.3.4.2>. 

6.9.3.2 ehar-type. If e Is 01 char-type. the default value 01 TotalWidth shall be one. 
The representation written on the lile f shall be: 

(TotalWidth - 1) spaces. the character value 01 e. 

6.9.3.3 Integer-type. II e Is of Integer-type. the decimal representatlon 01 e shall be 
wrltten on the Ille I. Assume a lunction 

lunctlon IntegerSlze ( x : integer ) : Integer 
{ returns the number 01 digits. z. such that 
10 to the power (z-1) .. abs(x) < 10 to the power z } 

and let IntDlgits be the POSitive Integer deflned by: 

1I e = 0 
Ihen InlOlglts .-
else InlOlglts .- InlegerSize(e); 

Ihen the representatlon shall conslst 01: 

(a) If TotalWldth ) InlOlglts + 1: 
(TotalWidth - IntDigits - 1) spaces. 
the slgn character: '-' 1I e < O. otherwise aspace. 
IntDigits dlglt-characters 01 the declmal representatlon 01 abs(e). 

(b) II TotalWldth ( InlOlglts + 1: 
1I e < 0 the slgn character '-'. 
InlOiglts dlglt-characters 01 the declmal representatlon of abs(e). 

6.9.3.4 Real-Type. If e Is 01 real-type. a declmal representatlon of the number e. 
rounded to the speclfled number 01 slgnlflcant flgures or declmal places. shall be 

213 



B5 6192: 1982 

written on the file f. 

6.9.3.4.1 The floating-point representation. Write(f.e : TotalWldth) shall cause a 
floating-point representation of e to be written. Assume funclions 

function TenPower ( Int : Integer ) : real 
{ Returns 10.0 raised to the power Int 

function Real5ize ( y : real ) : integer ; 
( Returns the value. z. such that TenPower(z-l) .. abs(y) ( TenPower(z) } 

function Truncate ( y : real ; DecPlaces : Integer ) : real ; 
{ Returns the value of y after truncation to DecPlaces declmal places } 

let ExpDigits be an implementation-defined value representing the number of 
digit-characters written in an exponent; 

let ActWidth be the positive Integer deflned by: 

If TotalWldth >= ExpDIglts + 6 
then ActWldth .- TotalWldth 
else ActWldth := ExpDlgits + 6; 

and let the non-negative number eWrltten, the POSitive Integer DecPlaces and the 
Integer ExpValue be deflned by: 

DecPlaces := ActWidth - ExpDlgits - 5; 
If e = 0.0 

then begin eWritten 
else 
begln 
eWritten := abs(e); 

0.0: ExpValue .- 0 end 

ExpValue := Real5ize ( eWrltten ) - 1; 
eWritten := eWritten I TenPower ( ExpValue ); 
eWrltten := eWrltten + 0.5 • TenPower ( -Decplaces ); 
If eWritten >= 10.0 

then 
begln 
eWrltten := eWrltten I 10.0; 
ExpValue := ExpValue + 1 
end; 

eWritten .- Truncate ( eWritten, DecPlaces ) 
end; 

then the floating-point representation of the value of e shall conslst of: 

the sign character ( '-' if (e ( 0) and (eWrltten > 0), otherwlse aspace ), 
the leadlng dlglt-character of the declmal representation of eWrltten, 
the character '.' , 
the next DecPlaces dlglt-characters of the decimal representation of eWrltten, 
an Implementation-defined exponent character (either 'e' or 'E'), 
the slgn of ExpValue ( '-' If ExpValue ( 0, otherwlse '+' ), 
the ExpDlgits digit-characters of the decimal representation of ExpValue 

(wlth leadlng zeros if the value requires them). 

6.9,3.4.2 The fixed-point representation. Write(f.e : TotalWldth : FracDlglts) shall cause 
a fixed-point representation of e to be written. Assume the functions TenPower and 
Truncate descrlbed in 6.9.3.4.1; 

let eWrltten be the non-negative number defined by: 
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II e = 0.0 
then eWritten .- 0.0 
else 
begln 
eWrltten .- abs(e); 
eWrltten := eWrltten + 0.5 • TenPower ( - FracDlglts ); 
eWrltten .- Truncate ( eWrltten. FracDlglts ) 
end; 

let /ntD/g/ts be the positive Integer dellned by: 

II RealSlze ( eWrltten ) ( 1 
then IntDlglts .- 1 
else IntDlglts := RealSlze ( eWrltten ); 

and let M/nNumChars be the positive integer deflned by: 

MlnNumChars := IntDlglts + FracDlglts + 1; 
II (e ( 0.0> and (eWrltten ) 0) 

then MinNumChars := MlnNumChars + 1; {'-' requlred} 

then the Ilxed-polnt representatlon 01 the value 01 e shall conslst 01: 

il TotalWldth ~ MlnNumChars. <TotalWldth - MlnNumChars) spaces. 
the character '-' If (e ( 0) and (eWrltten ) 0). 
the lirst IntDiglts dlglt-characters 01 the declmal representatlon 01 the 

value 01 eWrltten, 
the character • .'. 
the next FracDlgits dlglt-characters 01 the declmal representatlon 

01 the value 01 eWrltten. 

NOTE. At least MinNumChara character. are written. II T otalWidth i. I... than thi. value. no initial space. ar. 
written. 

6.9.3.5 Boo/ean-type. II e Is 01 Boolean-type. a representatlon 01 the word true or the 
word lalse (as appropriate to the value 01 e) shall be wrltten on the fIIe I. Thls shall 
be equivalent to writing the approprlate character-strings 'True' or 'False' (see 
6.9.3.6), where the case 01 each letter is Impiementatlon-defined. wlth a fleld-wldth 
parameter of Tota/Width. 

6.9.3.6 Strlng-types. If the type of e Is a string-type wlth n components. the delault 
value 01 TotalWldth shall be n. The representatlon shall conslst 01: 

II Totalll'lidth ) n. 
<TotalWldth - n) spaces. 
the first through nth characters 01 the value 01 e In that order. 

II 1 " TotalWldth " n, 
the Ilrst through TotalWldthth characters In that order. 

6.9.4 The procedure wrlteln. The syntax of Ihe parameter list 01 wrlte/n shall be: 

wrlteln-parameter-lIst = [ '(' ( file-variable I ""rite-parameter 
{ '.' wrlte-parameter } ')' I . 

Wrlteln shall only be applled to textliles. I1 the file-variable or the 
wrlteln-parameter-lIst Is omitted. the procedure shall be applled to the requlred textflle 
output. 

Wrlteln(l.p1. .... pn) shall be equlvalent to 
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begln writeCt.p l. .... pnl; writeln(f) end 

Wrlteln shall be dellned by apre-assertion and a post-assertion using the notalion 01 
6.6.5.2. 

pre-assertion: (10 is not undelinedl and (IO.M 
(IO.R = SOl. 

Generation) and 

post-assertion: (f.L = (IO.L -See))) and (If is totally-undelined) and 
(I.R = SO) and (I.M = Generation). 
where See) is the sequence consisting solely 01 the 
end-oHine component delined in 6.4.3.5. 

NOTE. WritelnCf) terminates the partial line, if any. which is being generated. By the conventions of 6.6.5.2 it ja an 
.rror if the pre-assertion is not true prior to wrilelnCf). 

6.9.5 The procedure page. It shall be an error il the pre-assertion required lor 
wrlteln(f) (see 6.9.4) does not hold prior to the activation 01 page(f). II the 
actual-parameter-Ilst Is omitted the procedure shall be applied to the requlred textfIle 
output. Page(f) shall cause an implementation-delined ettect on the textfIle I. such that 
subsequent text written to I will be on a new page il the textfile is printed on a 
suitable devlce. shall perlorm an Implicit writeln(f) il I.L is not empty and il t.Uast is 
not the end-ol-line component (see 6.4.3.5). and shall cause the buller-variable ft to 
become totally-undellned. The ellect 01 inspectlng a textfile to wh ich the page 
procedure was applied during generation shall be implementation-dependent. 

6.10 Programs 

program = program-heading ":" program-block "." . 
program-heading = "program" identilier [ "(" program-parameters ")" 1 . 
program-parameters = identifier-list 
program-block = block . 

The identllier 01 the program-heading shall be the program name that shall have no 
slgnllicance within the program. The identlfiers contalned by the program-parameters 
shall be dlstlnct and shall be designated program parameters. Each program 
parameter shall have a delining-point as a variable-Identilier lor the region that Is 
the program-block. The binding 01 the variables denoted by the program parameters 
to entitles external to tM program shall be implementation-dependent. except Il {he 
variable possesses a Iile-type in whlch case the binding shall be 
implementatlon-delined. 

NOTE. The external representation of such external entities is not defined by this standard, "or is any property of a 

Pascal program dependenl on such representation. 

The occurrence 01 the required identlfler input or the requlred identltler output as a 
program parameter shall constitute its delining-point lor the region that Is the 
program-block as a variable-identiller 01 the requlred type denoted by the requlred 
type-identlfler text. Such occurrence 01 the identilier input shall cause the 
post-assertions 01 reset to hold. and 01 output. the post-assertions 01 rewrite to hold. 
prior to the lirst access to the textfile or its associated butter-variable. The ellect 01 
the application 01 the required procedure reset or the requlred procedure rewrite to 
elther 01 these textliles shall be implementation-delined. 
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Examples: 

program copy CI. gl: 
var f. 9 : Ille 01 real: 
begin resetCl): rewrlteCgl: 

end. 

whlle not eof(1) do 
begln gt := It: get(f): putCgl 
end 

program copytext Cinput. output): 
{This program coples the characters and /ine structure 01 the textfIle Input to the 
textfIle output.} 
var ch : char: 
begln 

whlle not eol do 
begln 

whlle not eoln do 
begln read Cchl: wrlteCchl 
end: 

readln: wrlteln 
end 

end. 
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program t6p6p3p4 (output); 
var globalone. globaltwo : Integer; 

procedure dummy; 
begln 
wrlteln('faIl4') 
end { 01 dummy I; 

procedure p (procedure t<procedure ff; procedure gg); procedure g); 
var localtop : Integer; 
procedure r; 

begln 
If globalone = 1 then 

begln 
il (globaltwo 0 2) or (localtop 0 ]) then 

wrlteln('faIl1') 
end 

else If globalone = 2 then 
begln 
if (globaltwo 0 2) or (localtop 0 2) then 

wrlteln('faIl2') 
else 

wrlteln('pass') 
end 

else 
wrlteln('laIl3'); 

globalone := globalone + 1 
end { 01 r I; 

begln ( 01 P I 
globaltwo := globaltwo + 1; 
localtop := globaltwo; 
If globaltwo = 1 then 

p(f, r) 

else 
I(g, r) 

end { 01 pI; 

procedure q (procedure 
begln 
I; 

9 
end ( 01 q I; 

begln 
globalone := 1; 
globaltwo := 0; 
p(q, dummy) 
end. 

I; procedure g); 
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Appendix A 

Coll9CtBd syntax 

The non-terminal symbols pointer-type. program. slgned-number. simple-type. 
special-symbol and structured-type are only relereneed by the semantles and are not 
used In the rlght-hand-slde 01 any produetlon. The non-terminal symbol program 15 
the start symbol 01 the grammar. 

aetual-parameter expression I variable-aeeess 
lunetlon-Identllier . 

proeedure-Identlfler 

aetual-parameter-list = "(" aetual-parameter aetual-parameter ) T . 

addlng-operator = "+" I "-" 

apostrophe-image = 

array-type = "array" T Index-type Index-type } ")" "01" eomponent-type . 

array-varlable = variable-aeeess . 

asslgnment-statement = ( variable-aeeess lunetlon-Identlfler ) ":=" expression . 

base-type = ordlnal-type . 

bloek = label-deelaratlon-part eonstant-deflnlllon-part type-deflnltlon-part 
varlable-deelaratlon-part proeedure-and-Iunetlon-deelaratlon-part 
statement-part . 

Boolean-expresslon = expression 

bound-Identlfler = Identlfler . 

buffer-variable = IlIe-varlable "t" . 

ease-eonstant = eonstant . 

ease-eonstant-lIst = ease-eonstant ease-eonstant } . 

ease-Index = expression . 

ease-lIst-element = ease-eonstant-lIst ":" statement . 

ease-statement = "ease" ease-Index "01" ease-lIst-element 
{ ";" ease-lIst-element } ( ";" I "end" 

eharaeter-strlng "." strlng-element { strlng-element } .. " 

eomponent-type type-denoter . 

eomponent-varlable = Indexed-varlable I fleld-deslgnator . 

eompound-statement = "begln" statement-sequenee "end" 

eondilional-statement = li-statement lease-statement . 

eonlormant-array-parameter-speeilleation = value-eonlormant-array-speelfleatlon 
varlable-eonlormant-array-speelfleatlon 
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constant = [ sign J ( unsigned-number i constant-identlfler ) i character-string 

constant-deflnltlon = identlfier "=" constant . 

constant-deflnltlon-part = [ "const" constant-deflnitlon "." 
{constant-definltlon } J 

constant-identifier identlfler . 

control-variable = entlre-varlable 

digit = "0" i "1" : "2" ·3· I "4· "5" "6" "7" "S" "9" . 

dlglt-sequence = digit digit 

directive = letter { letter i digit 

domaln-type = type-Identlfler . 

else-part = "else" statement 

empty-statement = 

entlre-varlable = varlable-Identlfler 

enumerated-type = "(" identifler-lIst ")" 

expression = simple-expression [ relational-operator simple-expression J . 

factor = variable-access i unslgned-constant i bound-identifler i 
functlon-deslgnator : set-constructor i "(" expression ")" 
"not" factor . 

field-deslgnator = record-variable "." fleld-speclfler fleld-deslgnator-Identlfler . 

fleld-deslgnator-Identlfler = Identlfler . 

field-identlfier = Identlfier . 

fleld-lIst = [ ( fixed-part [ ";" variant-part variant-part ) [ "." J J . 

field-specifier = field-Identlfler 

file-type = "file" "of" component-type 

file-variable = varlable-access 

final-value = expression . 

fixed-part = record-sectlon { ";" record-sectlon } . 

for-statement = "for" control-varlable ":=" Inltlal-value ( "to" 
flnal-value "do" statement . 

formal-parameter-lIst = "(" formal-parameter-sectlon 

"downto" ) 

{ "." formal-parameter-sectlon } ")" . 
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lormal-parameter-secllon value-parameter-specilicalion : 
variable-parameter-specilication 
procedural-parameter-specilication 
lunctional-parameter-specilicalion : 
conlormant-array-parameter-specilication 

Iractlonal-part diglt-sequence 

luncllon-block bloCk. 

lunction-declaratlon = lunctlon-headlng ';' dlrecllve : 
lunction-Identilication ';' luncllon-block 
lunctlon-heading ';' lunctlon-block . 

lunctlon-designator lunction-identiller [ actual-parameter-lIst 

lunctlon-heading = 'Iuncllon' Idenlilier [lormal-parameter-lIst '.' result-type . 

lunctlon-Identillcatlon = 'Iunctlon' lunction-Identiller . 

lunctlon-Identiller = Identilier . 

lunctional-parameter-specilication lunctlon-headlng . 

goto-statement = 'goto' label . 

Identifled-varlable pointer-variable 't' 

identifler = letter letter i digit } 

Identifler-lIst = Identlfler { ',' identilier } . 

lI-statement = 'lI' Boolean-expresslon 'then' statement [ else-part ) . 

Index-expression = expression 

Index-type = ordlnal-type 

Index-type-specilication = Identllier ' .. ' Identilier ':' ordlnal-type-Identlfler . 

indexed-varlable = array-variable '[' Index-expression ( index-expression } ')' . 

Inltlal-value = expression 

label = digit-sequence . 

label-declaratlon-part = [ 'label' label ( ',' label } ';' ) 

letter = "all I -bOi I "eil I "d Ol I "e" I "f" I "g" I "hOl I "I" "r f "k" 
"n" I ·0· I .p. I "q" "r" I "s· I "t" I ·u" I ·v" I "w· I 

member-deslgnator = expression expression 

multlplylng-operator = '.' i '/' i 'dlv' i 'mod' i 'and' 

new-ordlnal-type enumerated-type subrange-type. 

new-polnter-type 't' domain-type 
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neW-Slruclured-type = [ "packed" 1 unpacked-slructured-type . 

new-type = new-ordlnal-type I new-structured-type I new-polnter-type 

ordlnal-type = new-ordlnal-type I ordlnal-type-Identlfler 

ordlnal-type-Identlfler = type-Identlfler . 

packed-conformanl-array-schema = "packed" "array" "[" Index-type-speclflcatlon "l" 
"of" type-Identlfler 

pointer-type = new-polnter-type I polnter-type-Identlfler 

polnter-type-Identlfler = type-Identlfler 

pointer-variable = varlable-access 

procedural-parameler-speclfICation procedure-headlng . 

procedure-and-funCtlon-declaratlon-part = ( C procedure-declaratlon 
functlon-declaratlon ) "." } . 

procedure-block = block . 

procedure-deciaration = procedure-headlng ";" dlrectlve I 
procedure-Identlflcatlon ";" procedure-block 
procedure-headlng ";" proeedure-bloek 

procedure-headlng = "procedure" Identlfler [ formal-parameter-IIst 

procedure-Identlfleatlon = "proeedure" procedure-Identlfler . 

proeedure-Identlfler = Identlfler . 

proeedure-statement = proeedure-Identlfler C [ aetual-paramete,...IIst 1 I 
read-parameter-IIst readln-parameter-IIst I 
wrlle-parameter-IIst I wrlteln-parameter-IIst ) . 

program = program-headlng "." program-block 

program-bloek = block . 

program-headlng = "program" Identlfler [ "C" program-parameters ")" 1 . 

program-parameters = Identifler-IIst . 

read-parameter-IIst = "C" [ flle-yarlable "." 1 variable-aeeess 
{ "." variable-aeeess } ")" . 

readln-parameter-IIst = "C" C flle-varlable I variable-aeeess 
{ "." variable-aeeess } ")" 1 . 

real-type-Identlfler = type-Identlfler . 

record-seetlon = Identifler-IIst ";" type-denoter 

record-type = "record" fleld-IIst "end" 

reeord-varlable = variable-aeeess . 
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record-variable-list = record-varlable { "," record-varlable } . 

relatlonal-operator = "=" i "<>" I "(" I ">" i "(=" i ">=" I "In" . 

repeat-statement = "repeat" statement-sequence "untII" Boolean-expresslon 

repetitive-statement = repeat-statement i whlle-statement i for-statement 

result-type = slmple-type-Identlfler i polnter-type-Identlfler . 

scale-factor = slgned-Integer . 

set-constructor = "(" ( member-deslgnator member-deslgnator } J "J" . 

set-type = "set" "of" base-type . 

slgned-Integer = slgn J unslgned-Integer . 

slgned-number = slgned-Integer i slgned-real 

slgned-real = ( slgn J unslgned-real 

simple-expression = ( slgn J term { addlng-operator term } 

simple-statement = empty-statement i asslgnment-statement procedure-statement 
goto-statement . 

simple-type = ordlnal-type i real-type-Identifler 

slmple-type-Identlfler = type-Identlfler . 

".," i word-symbol . 

statement = ( label ":" J (simple-statement structured-statement) 

statement-part = compound-statement . 

statement-sequence = statement { ";" statement } . 

strlng-character = one-of-a-set-of-Impiementatlon-deflned-characters 

strlng-element = apostrophe-Image I strlng-character . 

structured-statement = compound-statement I condltlonal-statement 
repetitive-statement i wlth-statement . 

structured-type = new-structured-type i structured-type-Identlfler 

structured-type-Identlfler = type-Identlfler 

subrange-type = constant " .. " constant . 

tag-fleld Identlfler . 

tag-type ordlnal-type-Identlfler 
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term = factor mllitiplying-operator factor 

type-definition identlfler "=" type-denoter 

type-deflnitlon-part = C "type" type-definition { type-definition } J . 

type-denoter = type-identifier I new-type . 

type-Identlfler = Identlfier . 

lInpacked-conformant-array-schema "array" "C" Index-type-specificatlon 
{ ";" index-type-speCification } "J" "of" 
C type-identifler I 
conformant-array-schema ) . 

lInpacked-strllctured-type = array-type record-type I set-type I file-type 

lInslgned-constant = lInsigned-nllmber 
"nil" . 

character-string I constant-Identlfier 

lInsigned-lnteger = digit-seqllence 

lInsigned-nllmber = lInslgned-integer I lInsigned-real 

lInslgned-real = lInsigned-integer "." fraCtional-part C "e" scale-faclor J 
lInslgned-lnteger "e" scale-factor . 

vallle-conformanl-array-specificalion = identifler-lIsl ":" conformant-array-schema 

vallle-parameter-speclficalion = idenlifier-lIsl ":" Iype-identlfler . 

variable-access = entire-variable I component-variable I Identified-variable 
buffer-varlable 

varlable-conformanl-array-speciflcatlon Ovar" identlfler-list ":" 
conformanl-array-schema 

varlable-declaration = Identlfler-lIst ":" type-denoter . 

varlable-declaratlon-part = C Ovar" varlable-declaratlon 
{ variable-declaration "." J. 

varlable-Identlfler = identlfler . 

variable-parameler-speclflcatlon = Ovar" Idenlifler-IiSI "." type-identlfier . 

variant = case-constant-lIsl ":" "C" fleld-lIst ")" . 

variant-part = "case" variant-selector "of" variant "." variant } . 

varlant-selector C tag-fleld ":" I tag-type . 

whlle-statement "whlle" Boolean-expresslon "do" statement 

wlth-statement = "wlth" record-varlable-list "do" statement . 
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word-symbol "and" I "array· I "beg in" I ·ease" I ·const" I "div· I 
"do· I "downto· I "else" f "end" f "file" : "for" I 
"functlon" f "goto· f "11" I "In" I "label" I "mod" I 
"nil" I "not" I ·of" : ·or" I "packed" I ·procedure" 
"program" : "record" "repeat": "set" : "then" : 
"to· f "type" f ·until" I ·var" I ·whlle" I ·wlth" . 

wrlte-parameter = expression [ ":" expression [ ":" expression J J . 

wrlte-parameter-lIst = "(" [ file-variable "," J wrlte-parameter 
{".. wrlte-parameter } ")" . 

wrlteln-parameter-Ilst "(" ( file-variable : wrlte-parameter 
{ " .. wrlte-parameter } ")" J • 
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Appendix B 

Index 

access 6.5.1 6.5.3.1 6.5.3.3 
6.5.5 6.6.3.3 6.6.3.7.2 
6.6.3.7.3 6.6.5.2 6.8.2.2 
6.8.3.10 6.10 

actual 6.6.3.3 6.6.3.4 6.6.3.5 
6.7.3 6.8.2.3 6.8.3.9 

actual-parameter 6.6.3.2 6.6.3.3 6.6.3.4 
6.6.3.5 6.6.3.7.1 6.6.3.7.2 
6.6.3.7.3 6.6.5.3 6.7.3 

actual-parameter-/lst 6.6.6.5 6.7.3 6.8.2.3 
6.9.5 

array-type 6.4.3.1 6.4.3.2 6.5.3.2 
6.6.3.7.1 6.6.3.8 

asslgnment-compatlble 6.4.6 6.5.3.2 6.6.3.2 
6.6.5.2 6.6.5.4 6.8.2.2 
6.8.8.9 6.9.1 

asslgnment-statement 6.2.3.8 6.6.2 6.6.5.8 
6.8.2.1 6.8.2.2 6.8.8.9 

base-type 6.4.8.4 6.4.5 6.4.6 
6.7.1 

block 6.2.1 6.2.8.1 6.2.8.2 
6.2.8.3 6.2.8.4 6.3 
6.4.1 6.4.2.3 6.5.1 
6.6.1 6.6.2 6.6.3.1 
6.6.8.2 6.6.8.3 6.6.3.4 
6.6.8.5 6.6.8.7.1 6.6.3.7.2 
6.6.8.7.8 6.7.3 6.8.1 
6.8.2.3 6.8.8.9 6.10 

body 6.6.1 6.8.8.8 6.8.8.9 
bOolean-expresslon 6.7.2.8 6.8.8.4 6.8.8.7 

6.8.8.8 
bOolean-type 6.4.2.2 6.7.2.3 6.7.2.5 

6.9.8.1 6.9.8.5 
butter-varIable 6.5.1 6.5.5 6.6.5.2 

6.9.1 6.9.8 6.9.5 
6.10 

case-constants 6.4.8.8 6.6.5.8 6.8.8.5 
char-type 6.1.7 6.4.2.2 6.4.8.2 

6.4.8.5 6.5.5 6.6.6.4 
6.9.1 6.9.8,1 6.9.3.2 

character 6.1.7 6.1.9 6.4.2.2 
6.6.6.4 6.9.1 6.9.8.2 
6.9.8.3 6.9.8.4.1 6.9.3.4.2 

character-strlng 6.1.1 6.1.7 6.1.8 
6.3 6.4.8.2 6.7.1 

closed 6.1.5 6.1.6 6.4.6 
6.6.8.8 6.7.1 6.7.2.2 

compatlble 6.4.8.8 6.4.5 6.4.6 
6.4.7 6.6.8.8 6.7.2.5 
6.8.8.9 
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eomponent 8.4.8.1 8.4.8.2 8.4.8.8 
8.4.8.5 8.5.1 6.5.8.1 
8.5.8.2 6.5.8.8 6.8.2 
8.8.8.3 8.6.3.6 8.8.3.7.3 
6.8.5.2 8.8.8.5 8.8.2.2 
8.8.3.10 6.9.1 6.9.4 
8.9.5 

eomponent-type 6.4.8.2 6.4.3.5 8.4.8 
6.5.5 6.6.3.2 6.6.3.7.1 
6.6.3.8 

eomponents 6.1.7 6.4.3.1 6.4.3.2 
8.4.3.3 6.4.3.5 6.4.5 
6.5.8.3 6.8.5.2 6.8.3.10 
6.9.8.8 

eompound-statement 8.2.1 8.8.1 8.8.3.1 
6.8.3.2 

eonformant-array-sehema 8.8.3.8 8.8.8.7.1 8.6.3.8 
eongruous 8.8.3.4 8.6.3.5 8.8.3.8 
eonstant 8.3 8.4.2.4 8.4.3.3 

6.8.2 6.8.3.7.1 
eorrespondlng 1.2 4 6.1.4 

8.1.9 8.2.8.2 8.2.8.8 
8.4.1 8.4.3.3 6.5.4 
8.8.8.1 6.8.3.3 6.8.3.8 
8.8.3.7.1 8.8.3.7.2 8.8.3.7.3 
8.8.8.8 8.6.4.1 6.6.5.2 
8.7.2.2 8.7.8 8.8.2.3 

deflnlng-polnt 8.2.1 8.2.2.1 8.2.2.2 
8.2.2.8 8.2.2.4 8.2.2.5 
6.2.2.7 8.2.2.8 8.2.2.9 
8.2.2.11 8.2.3.1 8.2.3.2 
8.8 6.4.1 8.4.2.3 
8.4.8.3 8.5.1 8.5.8.8 
6.8.1 6.6.2 8.8.8.1 
8.8.8.4 8.8.8.5 8.8.8.7.1 
8.8.8.10 8.10 

definition 8.1 4 5.1 
8.4.3.5 8.8.8.7.1 

dlreetlve 8.1.4 6.8.1 8.8.2 
entlre-varlable 8.5.1 8.5.2 8.8.8.9 
enumerated-type 8.4.2.1 8.4.2.8 
error 8.1 8.2 5.1 

8.4.8 6.5.8.8 8.5.4 
8.5.5 8.8.8.8 8.8.5.2 
8.8.5.3 8.8.8.2 8.8.8.8 
8.8.8.4 6.8.8.5 8.7.1 
8.7.2.2 8.7.8 8.8.8.5 
8.9.1 8.9.8 8.9.8.1 
8.9.4 8.9.5 

expression 8.5.8.2 8.8.2 8.8.8.2 
8.8.8.7.2 6.8.5.2 8.8.5.8 
8.8.5.4 8.8.8.2 8.6.8.8 
8.8.8.4 8.8.8.5 8.7.1 
8.7.2.8 8.7.8 8.8.2.2 
8.8.8.5 8.8.8.9 8.9.8 
8.9.8.1 

faetor 8.1.5 8.8.8.7.1 8.8.5.8 
8.7.1 8.7.2.1 

fleld 8.4.8.8 8.5.8.8 8.8.8.8 

fleld-deslgnator 8.2.2.8 8.5.8.1 8.5.8.8 
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fleld-identlfler 6.4.3.3 6.5.3.3 6.8.3.10 
file-type 6.4.3.1 6.4.3.5 6.4.6 

6.5.5 6.6.3.2 6.10 
file-variable 6.5.5 6.6.5.2 6.6.6.5 

6.9.1 6.9.2 6.9.3 
6.9.4 

formal 6.2.3.2 6.6.1 6.6.2 
6.6.3.1 6.6.3.2 6.6.3.3 
6.6.3.4 6.6.3.5 6.6.3.7.1 
6.6.3.7.2 6.6.3.7.3 6.7.3 
6.8.2.3 

formal-para meter-list 6.6.1 6.6.2 6.6.3.1 
6.6.3.4 6.6.3.5 6.6.3.7.1 

functlon 6.1.2 6.2.3.2 6.2.3.3 
6.4.3.5 6.6 6.6.1 
6.6.2 6.6.3.5 6.6.6.3 
6.6.6.4 6.6.6.5 6.7.2.2 
6.7.3 6.9.3.3 6.9.3.4.1 
6.9.3.4.2 

functlon-block 6.1.4 6.2.3.2 6.2.3.3 
6.6.2 6.6.3.1 6.8.2.2 

functlon-declaratlon 6.1.4 6.2.1 6.6.2 
6.7.3 

functlon-deslgnator 6.2.3.4 6.6.3.7.2 6.7.1 
6.7.3 

functlon-Identlfler 6.2.3.1 6.2.3.2 6.2.3.3 
6.6.2 6.6.3.1 6.6.3.5 
6.7.3 6.8.2.2 

goto-statement 6.8.1 6.8.2.1 6.8.2.4 
6.8.3.1 6.8.3.7 6.8.3.9 

Identlfler 4 6.1.3 6.2.2.1 
6.2.2.5 6.2.2.7 6.2.2.8 
6.2.2.9 6.2.2.11 6.3 
6.4.1 6.4.2.3 6.4.3.3 
6.5.1 6.5.2 6.5.3.3 
6.6.1 6.6.2 6.6.3.1 
6.6.3.7.1 6.6.3.7.2 6.8.3.9 
6.8.3.10 6.10 

Identlfler-lIst 6.4.2.3 6.4.3.3 6.5.1 
6.6.3.1 6.6.3.7.1 6.6.3.7.3 
6.10 

Implementatlon-deflned 3.1 3.3 5.1 
5.2 6.1.7 6.4.2.2 
6.6.5.2 6.7.2.2 6.9.3.1 
6.9.3.4.1 6.9.3.5 6.9.5 
6.10 

Implementatlon-dependent 3.2 3.4 5.1 
5.2 6.5.3.2 6.7.1 
6.7.2.1 6.7.3 6.8.2.2 
6.8.2.3 6.9.5 6.10 

Index-type 6.4.3.2 6.5.3.2 6.6.3.7.1 
6.6.3.8 

Indexed-varlable 6.5.3.1 6.5.3.2 6.6.3.7.2 

Integer-type 6.1.5 6.3 6.4.2.2 
6.4.2.3 6.4.6 6.6.6.2 
6.6.6.3 6.6.6.4 6.6.6.5 
6.7.2.2 6.7.2.5 6.9.1 
6.9.3.1 6.9.3.3 
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label 6.1.2 6.1.6 6.2.1 
6.2.2.1 6.2.2.5 6.2.2.7 
6.2.2.8 6.2.2.9 6.2.2.11 
6.2.3.2 6.2.3.3 6.8.1 
6.8.2.4 

member 6.4.6 6.7.1 6.7.2.5 
note 3.5 5 5.1 

6.1 6.1.4 6.1.7 
6.1.9 6.2.2.10 6.2.2.11 
6.2.3.3 6.4.2.2 6.4.3.1 
6.4.3.2 6.4.3.3 6.4.3.4 
6.4.3.5 6.4.4 6.4.7 
6.5.1 6.5.3.2 6.5.3.3 
6.5.4 6.6.3.1 6.6.3.7 
6.6.3.7.1 6.6.3.7.2 6.6.3.8 
6.6.4.1 6.6.5.2 6.6.5.3 
6.7.1 6.7.2.1 6.7.2.2 
6.7.2.5 6.8.1 6.8.2.4 
6.8.3.4 6.8.3.5 6.9.1 
6.9.2 6.9.3.4.2 6.9.4 
6.10 

number 5.1 6.1.7 6.4.2.2 
6.4.2.3 6.4.3.2 6.4.5 
6.6.3.6 6.6.6.4 6.7.3 
6.8.2.3 6.9.1 6.9.3.3 
6.9.3.4 6.9.3.4.1 6.9.3.4.2 

operand 6.7.2.1 6.7.2.2 6.7.2.5 
operator 6.5.1 6.7.1 6.7.2.1 

6.7.2.2 6.7.2.4 6.7.2.5 
6.8.3.5 

ordlnal 6.4.2.1 6.4.2.2 6.4.2.3 
6.6.6.1 6.6.6.4 6.7.2.5 

ordlnal-type 6.4.2.1 6.4.2.4 6.4.3.2 
6.4.3.3 6.4.3.4 6.6.6.4 
6.7.1 6.7.2.5 6.8.3.5 
6.8.3.9 

parameter 6.6.1 6.6.3.1 6.6.3.2 
6.6.3.3 6.6.3.4 6.6.3.5 
6.6.3.6 6.6.3.7.1 6.6.3.7.2 
6.6.3.7.3 6.6.5.2 6.6.6.2 
6.6.6.5 6.8.3.9 6.9.1 
6.9.2 6.9.3 6.9.3.5 
6.9.4 6.10 

pointer 6.4.1 6.5.1 6.7.2.5 
pointer-type 6.4.4 6.5.4 6.6.5.3 

procedure 6.1.2 6.2.3.2 6.2.3.3 
6.4.4 6.5.4 6.6 
6.6.1 6.6.3.4 6.6.3.7.2 
6.8.2.3 6.8.3.9 6.9.1 
6.9.2 6.9.3 6.9.4 
6.9.5 6.10 

procedure-block 6.1.4 6.2.3.2 6.2.3.3 
6.6.1 6.6.3.1 6.8.2.3 

procedure-declaratlon 6.1.4 6.2.1 6.6.1 
6.8.2.3 

procedure-Identlfler 6.2.3.1 6.2.3.2 6.2.3.3 
6.6.1 6.6.3.1 6.6.3.4 
6.7.3 6.8.2.3 

procedure-statement 6.2.3.4 6.8.2.1 6.8.2.3 
6.8.3.9 
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program-parameters 8.2.3.5 8.10 
real-type 8.1.5 8.3 8.4.2.2 

8.4.8 8.8.8.2 8.8.8.3 
8.7.2.2 8.7.2.5 8.9.1 
8.9.3.1 8.9.3.4 

record-type 8.4.3.1 8.4.3.3 8.5.3.3 
8.8.5.3 8.8.3.10 

record-yarlable 8.4.3.3 8.5.3.3 8.8.3.10 
reference 5.1 8.1.9 8.5.3.1 

8.5.3.3 8.5.4 8.5.5 
8.8.3.3 8.8.3.7.2 8.8.3.7.3 
8.8.2.2 8.8.3.10 

region 8.2.1 8.2.2.2 8.2.2.3 
8.2.2.4 8.2.2.5 8.2.2.8 
8.2.2.7 8.2.2.10 8.2.3.1 
8.2.3.2 8.3 8.4.1 
8.4.2.3 8.4.3.3 8.5.1 
8.5.3.3 8.8.1 8.8.2 
8.8.3.1 8.8.3.7.1 8.8.3.10 
8.10 

result 5.1 8.2.3.2 8.2.3.3 
8.2.3.5 8.8.1 8.8.2 
8.8.8.2 8.8.8.3 8.8.8.4 
8.7.2.2 8.7.2.4 8.7.2.5 
8.7.3 8.8.2.2 

same 3.5 5.2 8.1 
8.1.3 8.1.4 8.1.7 
8.2.3.3 8.4.1 8.4.2.2 
8.4.2.4 8.4.3.2 8.4.5 
8.4.8 8;4.7 8.5.3.1 
8.5.3.2 8.8.3.2 8.8.3.3 
8.8.3.5 8.8.3.8 8.8.3.7.1 
8.8.3.7.2 8.8.3.8 8.8.8.2 
8.8.8.4 8.7.1 8.7.2.2 
8.7.2.4 8.7.2.5 8.8.3.5 
8.8.3.10 

scope 1 8.2 8.2.2 
8.2.2.2 8.2.2.4 8.2.2.5 
8.2.2.8 

set-type 8.4.3.1 8.4.3.4 8.7.1 
8.7.2.5 

statement 5.1 8.2.1 8.2.3.2 
8.8.5.4 8.8.1 8.8.2.1 
8.8.3.1 8.8.3.4 8.8.3.5 
8.8.3.8 8.8.3.9 8.8.3.10 

strlng-type 8.1.7 8.4.3.2 8.4.5 
8.4.8 8.8.3.7.1 8.7.2.5 
8.9.3.1 8.9.3.8 

structured-type 8.4.3.1 8.4.3.5 8.5.1 
8.8.2.2 

subrange 8.4.2.4 8.4.5 8.7.1 
8.9.1 

textflle 8.4.3.5 8.5.5 8.8.8.5 
8.9.1 8.9.2 8.9.3 
8.9.4 8.9.5 8.10 

token 4 8.1 8.1.1 
8.1.2 8.1.8 8.1.9 

totally-undeflned 8.2.3.5 8.5.3.3 8.8.5.2 
8.8.5.3 8.8.2.2 8.9.4 
8.9.5 
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type-Identlfler 6.2.2.9 6.2.2.11 6.4.1 
6.4.2.1 6.4.4 6.6.3.1 
6.6.3.2 6.6.3.3 6.6.3.6 
6.6.3.7.1 6.6.3.8 8.10 

undeflned 6.5.3.3 8.5.4 8.8.5.2 
8.6.5.3 8.8.8.5 8.7.1 
8.7.3 8.8.2.2 8.8.3.9 
8.9.1 8.9.3 8.9.4 

variable 8.2.3.2 8.2.3.3 8.4.1 
8.4.3.5 8.4.4 8.5.1 
8.5.3.1 8.5.3.2 6.5.3.3 
8.5.4 6.5.5 8.8.3.1 
8.8.3.2 8.8.3.3 8.8.3.7.1 
8.8.3.7.2 8.8.3.7.3 8.8.5.2 
8.8.5.3 8.8.5.4 8.7.1 
8.8.2.2 8.8.3.9 8.8.3.10 
8.9.1 8.10 

varlable-access 8.5.1 8.5.3.2 6.5.3.3 
6.5.4 6.5.5 8.6.3.3 
6.6.3.7.3 6.6.5.2 6.6.5.3 
6.7.1 6.7.3 6.8.2.2 
6.8.3.9 6.9.1 6.9.2 

variant 6.4.3.3 6.5.3.3 6.6.5.3 
word-symbol 6.1.2 6.1.3 6.1.4 
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Appendix C 

Requlred Identlflers 

IdenUfler ReferenceCs) 

abs 8.8.8.2 
arctan 8.8.8.2 
Boolean 8 .•. 2.2 
char 8 .•. 2.2 
chr 8.8.8 .• 
cos 8.8.8.2 
dispose 8.8.5.3 
eof 8.8.8.5 
eoln 8.8.8.5 
exp 8.8.8.2 
false 8 .•• 2.2 
get 8.8.5.2 
Input 8.10 
Integer 8 .•. 2.2 
In 8.8.8.2 
maxlnt 8.7.2.2 
new 8.8.5.3 
odd 8.8.8.5 
ord 8.8.8 .• 
output 8.10 
pack 8.8.5 .• 
page 8.9.5 
pred 8.8.8 .• 
put 8.8.5.2 
read 8.8.5.2. 8.9.1 
readln 8.9.2 
real 8 .•• 2.2 
reset 8.8.5.2 
rewrlte 8.8.5.2 
round 8.8.6.3 
sln 8.8.8.2 
sqr 8.8.8.2 
sqrt 8.8.8.2 
succ 8.8.8 .• 
text 8 ••• 3.5 
true •.•• 2.2 
trunc 8.8.8.3 
unpack •. 6.5A 
wrlte 8.8.5.2. 8.9.3 
wrlteln 8.9 •• 
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Appendix C 

Requlred Idenllflers 

Identlfler RefereneeCa) 

abs 6.6.6.2 
arelan 6.6.6.2 
Soolean 6.4.2.2 
ehar 6.4.2.2 
ehr 6.6.6.4 
eos 6.6.6.2 
dispose 6.6.5.3 
eof 6.6.6.5 
eoln 6.6.6.5 
exp 6.6.6.2 
false 6.4.2.2 
get 6.6.5.2 
Input 6.10 
Integer 6.4.2.2 
In 6.6.6.2 
maxlnt 6.7.2.2 
new 6.6.5.3 
odd 6.6.6.5 
ord 6.6.6.4 
output 6.10 
pack 6.6.5.4 
page 6.9.5 
pred 6.6.6.4 
put 6.6.5.2 
read 6.6.5.2. 6.9.1 
readln 6.9.2 
real 6.4.2.2 
reset 6.6.5.2 
rewrlte 6.6.5.2 
round 6.6.6.3 
sln 6.6.6.2 
sqr 6.6.6.2 
sqrt 6.6.6.2 
suee 6.6.6.4 
text 6.4.3.5 
true 6.4.2.2 
trune 6.6.6.3 
unpaek 6.6.5.4 
wrlte 6.6.5.2. 6.9.3 
wrlteln 6.9.4 
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the buffer-varlable. 

0.19 For new(p.c1 ..... cn). it Is an error If a variant 01 a variant-part wlthin the new 
variable becomes actlve and a different variant 01 the variant-part Is one of the 
speci/ied varlants. 

0.20 For dlspose(p). It Is an error 1I the Idenutylng-value had been created u51ng the 
form new(p.c 1. .... cn). 

0.21 For dlspose(p.kl. .... km). It Is an error II the variable had been created u51ng the 
form new(p.c1. .... cn) and m 15 not equal to n. 

0.22 For dispose(p.k1 ..... km). It 15 an error 1I the variants In the variable Identlfled by 
the pointer value 01 p are different from those speclfled by the case-constants 
k1 ..... km. 

0.23 For dispose. It Is an error If the parameter of a pointer-type has a nll-value. 

0.24 For dispose. It Is an error If the parameter of a pointer-type Is undeflned. 

0.25 It Is an error If a variable created uslng the second form of new 18 acces5ed 
by the Identlfled-varlable of the varlable-access of a factor. of an 
assignment-statement. or of an actual-parameter. 

0.26 For pack. the parameter of ordlnal-type Is a5slgnment-compatlble wlth the 
Index-type of the unpacked array parameter. 

0.27 For pack. It Is an error If any of the components of the unpacked array are 
both undeflned and acces5ed. 

0.28 For pack. It 15 an error If the Index-type of the unpacked array Is exceeded. 

0.29 For unpack. the parameter of ordlnal-type 15 asslgnment-compatlble wlth the 
In:lex-type of the unpacked array parameter. 

0.30 For unpack. It 15 an error If any of the components of Ihe packed array are 
undeflned. 

0.31 For unpack. It Is an error If the Index-type of the unpacked array Is exceeded. 

0.32 Sqr(x) computes the square of x. I1 Is an error If such a value does not exlst. 

0.33 For InW. It 15 an error If x Is not greater than zero. 

0.34 For sqrt(x). It Is an error If x Is negative. 

0.35 For trunc(x). the value of Irunc(x) Is such that If x Is positive or zero then 
O;o;x-trunc(x)<1 ; otherwlse -1 <x-truncex);o;O. It Is an error If such a value does not exlst. 

0.36 For round(x). If x Is positive or zero then roundClc) Is equlvalent to truncex+0.5). 
otherwlse roundex) Is equlvalent to trunc(x-0.5l. It Is an error If such a value does 
not exlst. 

0.37 For chr(x). the functlon returns a result of char-type whlch Is Ihe value whose 
ordlnal number Is equal 10 Ihe value of the expression x If such a characler value 
exlsls. It Is an error If such a characler value does not exlst. 

0.38 For succW. the functlon ylelds a value whose ordlnal number Is one greater 
than that of x. If such a value exlsts. It Is an error If such a value does not exlat. 
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0.39 For pred(x>. the funetlon ylelds a value whose ordlnal number Is one less than 
that of x. If such a value exists. It Is an error If such a value does not exlst. 

0.40 When eof(!) Is aetlvated. It Is an error If f Is undeflned. 

0.41 When eoln(f) Is aetlvated. It Is an error If f Is undeflned. 

0.42 When eoln(!) Is aetlvated. It Is an error If eof(!) Is true. 

0.43 An expression denotes a value unless a variable denoted by a variable-aeeess 
eontalned by the expression Is undeflned at the time of Its use. In whleh ease that 
use Is an error. 

0.44 A term of the form x/y is an error If y Is zero. 

0.45 A term of the form div J Is an error If J Is zero. 

0.46 A term of the lorm mod J Is an error If J Is zero or negative. 

0.47 It Is an error If an Integer operation or funetlon Is not performed aeeordlng to 
the mathematleal rules lor Integer arlthmetle. 

0.48 It is an error If the result of an aetlvation of a funetlon Is undeflned upon 
eompletion of the algorithm of the aetivatlon. 

0.49 For an asslgnment-statement. the expression Is of an ordlnal-type whose value 
Is asslgnment-eompatlble wlth the type possessed by Ihe variable or 
lunetlon-Identlfler. 

0.50 For an asslgnment-slatement. the expression Is of a seI-type whose value Is 
asslgnmenl-eompatlble wlth Ihe type possessed by the variable. 

0.51 For a ease-slatement. It Is an error If none 01 the ease-eonslants 18 equal 10 
Ihe value 01 Ihe ease-Index upon entry 10 the ease-statement. 

0.52 For a for-slatement. the value 01 the Inltlal-value Is asslgnment-eompatlble wlth 
the Iype possessed by the eonlrol-varlable If the statement 01 the lor-statement 18 
exeeuted. 

0.53 For a lor-statement. the value 01 the flnal-value Is asslgnment-eompatlble wlth 
the type possessed by the eontrol-varlable 11 the statement 01 the lor-statement Is 
exeeuted. 

0.54 On readlng an Inleger from a textfIle. alter sklpplng preeeding spaees and 
end-oHlnes. it Is an error If the rest 01 the sequenee doesnot lorm a 
slgned-Integer. 

0.55 On readlng an Integer Irom a textfIle. the value 01 the slgned-Integer read Is 
asslgnment-eompatlble wlth the type possessed by variable-aeeess. 

0.56 On readlng a number from a textfIle. after sklpplng preeeding spaees and 
end-of-lInes. It Is an error If the rest 01 the sequenee does not lorm a 
slgned-number. 

0.57 It Is an error 11 the butter-variable Is undeflned Immedlately prior to any use 01 
read. 

0.58 On wrltlng to a textfIle. the values of TotalWldth and FraeDlg/ts are greater than 
or equal 10 one; It Is an error If elther value Is less than one. 
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0.59 For a eonformanl array. II Is an error If Ihe smallesl or largesl value speelfled 
by Ihe Index-type of the aetual parameter lies outside the elosed Interval speelfled by 
the Index-type-speelfleatlon of the eonformant-array-sehema. 

Copies of the British Standard 6192 may be purchased from 

BSI Sales Oepartment 
Newton House 
101 Pentonville Road 
London N1 9ND 

Telephone 01·837·8801 Telex 23218 
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Abs 22, 24 
Algorithm 1, 2, 126 
And27 
Arctan 23 
A"ay41,78 

of arrays 79 
of char 80 

Assignment compatibility 53, 56, 79 
Assignment statement 5 
Automatie conversion 23 

Base see Type 
Begin 6,11 
Block 38, 43, 117 
Boolean 27 
Boolean expression 27, 30 
Bound identifier 88 
Buffer variable 62, 63, 65 

Cardinality 49,53,72, 78, 80, 93,120 
Case 16, 17,50, 117 
Char 25,55 
Character constant 25 
Choice 9,13 
Chr26 
Code 2 
Comments 7 
Compatibility see Type 
Compilation 2 
Compile time mistake 2 
Compiler 2 
Component 55 
Compound statement 11 
Conditions, complex 28 
Conformability 88 
Conformant array parameter 80 
Conformant array schema 86 

one-dimensional 87 
multidimensional89 

Congruity 111 
Const 7 
Constant 5 
Constructor 55, 72 

Control constructs 9, 107 
Control variable 12, 57 
Conversion 85 
Cos 23 

Debugging 2 
Declaration 4 
Delimiter 4 
Design see Top-down design, Stepwise 

refinement design 
Dispose 124 
Div24 
Do 11 
Downto 12 
Dynamic see variable 
Dynamic data structure 119 
Empty statement 117 
Else 14 
End 6, 11, 16, 93 
Eof63 
Eoln 33, 64 
Event indicator 58, 84 
Exp23 
Expression 6 

Factorial84 
False 27 
Field designator 94, 96 
Field width 35 
Field 94 
File 62 
File, Input 64 

internal/external64 
Output 63, 64 
sequential 61 
text 64 

File definition 62 
File generation 62 
File inspection 63 
For 12, 50, 56 
Forward 115 
Free-list 124 
Full evaluation·30 
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Function 42, 107 
Functional parameter 110 

Get63 
Goto 116 

restrictions 117 

Heap 121 
Host see Type 

Identifier 4 
It13 
In 73 
Inclusion see Set 
Index see Type 
Input see File 
Input devices 2 
Instructions 1 
Integer 23, 54 
Intersection see Set 
Inversion 85 

Job control 2 

Label 116 
restrictions 117 

Line printer 2 
Linked list 127 
Ln 23 

Mapping function 84, 99 
Matrix multiplication 89 
Maxint 54 
Mod24 

n-tuple 82, 93 
New 121 
Nil 122 
Not 27 

Odd28 
On-line 2 
Operator 6, 22 
Or 27 
Ord 26,50 
Ordinal see Type 
Output see File 
Output device 2 
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Packed 56, 80 
Packing 82 
Page 34, 63 
Parameter, actual40 

formal 40 
procedural/functional 110 
value 39, 41 
variable 40, 41,56, 110 

Pointer 41, 122 
Powerset 70 
Precedence 21, 29 
Pred 50 
Program 4 
Procedural parameter 110 
Procedure 38,107 
Procedure body 38 
Procedure declaration 38 
Procedure heading 38 
Put 62,63 

Read 32, 64 
Readln 32, 64, 65 
Real 22, 54 
Real number, unsigned 22 
Record 82, 93 
Recursion 112 
Region 43,94, 111 
Relative complement 71 
Repeat 10 
Repetition 9 
Reset 63,64 
Rewrite 62, 64 
Running 2 
Run time error 2 
Round24 

Searching 83 
Sin 23 
Scalar product 82, 87 
Scope 44, 108, 111 
Selection 9,16 
Selector 55, 93 
Sentinel 84, 129 
Sequence 61 
Set 71 
Set, canonical 73 

constructor 72 
empty 73 
in Pascal 71 



inclusion 70 
interseetion 71 
operations 73 
relative eomplement 71 
strict inclusion 70 
theory 70 
union 70 

Sqr 23,24 
Sqrt 23 
Standard funetions 21 
Standard types 21,53 
Statie see variable 
Statement 4 
Stepwise refinement design 17, 107 
Store alloeation 109 
Strict inclusion see Set 
String eonstant 81 
Struetured see Type 
Succ 50 
Synonym 49 
Syntax 2 
Syntax diagram 2 

Tag field 104, 110, 122, 124 
Text 66 
Text see File 
Then 15 
To 12 
Top-down design 108 
True 27 
Trunc 24 
Type 48 

base 71 

Index 

eompatibility 56 
definition 49 
enumerated 51, 57 
host 52 
index 78 
ordinal12, 51, 52, 57, 71, 78 
pointer 121 
same 56 
simple 50 
standard 21, 53 
struetured 56 
subrange 52, 57 
unions 102 

Union see Type 
discriminated 105 
free 105 

Unpaeking 81 
Unti/10 

Value see parameter 
Var 5,40 
Variable 5, see also Parameter 

dynamie 41, 119 
statie 119 

Variant 102, 122 

While 11 
With 95,130 
Write 33, 62, 63,81 
Writeln 33, 63 

Zahn loop 57 
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