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6.2.4.
7.4.
9.2.3.3.
6.2.2.
9.2.3.3.
11.3.1.
11.3.1.
11.2.

8.

11.2.
11.2.
11.2.

11.3.1.2.

9.1.3.
7.3.
4.

6.1.1.
9.2.2.1.
7.2.1.
6.2.1.

11.3.1.1.

7.2.1.
9.2.3.3.

10.1.1.
10.1.1.

6.1.
6.1.

11.3.1.1.

6.3.
6.3.
7.3.

11.3.1.2.

11.
11.1.
11.1.
11.1.
11.1
9.1.2.
13.

FileType 126 137

FileVariable 181 191 197

FinalValue 106 114

FixedPart 143 145

ForStatement 87 105

FormalParameterList 38 40 43

FormalParameterSection 43 44 45

FunctionDeclaration 22 32

FunctionDesignator 167 174

FunctionHeading 32 33 40 61

Functionldentification 34 42

Functionldentifier 42 90 174 190 214

FunctionParameterSpecificdtion 48 60

GotoStatement 82 94

IdentifiedVariable 177 180

Identifier 226 27 38 40 71 71 153
209 210 211 212 213

214 215 219 219 223

IdentifierList 3 28 53 56 128 149 219

IfStatement 85 95

Index 182 182 201

IndexType 131 131 138

IndexTypeSpecification 65 68 69 71

IndexedVariable 179 182

InitialValue 105 113

IntegerExpression 193 194 199

Label 79 94 225

LabelDeclarationPart 713

Letter 223 223 224 224 234

MultiplyingOperator 165 171

OrdinalExpression 110 113 114 186 186 199

200 201 202
OrdinalType 119 123 138 140

OrdinalTypeldentifier

PackedConformantArraySch. mu

PointerType
PointerTypeldentifier
PointerVariable

ProceduralParameterSpecific ition

72 124 141 152 207
62 64

18 122

122 142 205

180 198

47 58

ProcedureAndFunctionDecla utionPart 11 21

ProcedureDeclaration
ProcedureHeading
Procedureldentification
Procedureldentifier
ProcedureStatement
Program

21 29

29 30 38 59
3139

39 92 189 213
82 92

|



6.1.3.

==

ProgramHeading
ProgramParameterList
RealTypeldentifier
RecordSection
RecordType
RecordVariable
RecordVariableList
RelationalOperator
RepeatStatement
RepetitiveStatement
ResultType
ScaleFactor
SetConstructor
SetType

Sign
SimpleExpression
SimpleStatement
SimpleType
Statement

StatementPart
StatementSequence
StringElement
StructuredStatement
StructuredType
StructuredTypeldentifier
SubrangeType
TagField

Term

Type

TypeDefinition
TypeDefinitionPart
Typeldentifier

UnpackedConformantArraySchema

UnpackedStructuredType
UnsignedConstant
UnsignedInteger
UnsignedNumber
UnsignedReal

ValueParameterSpecification

Variable

VariableDeclaration
VariableDeclarationPart
Variableldentifier
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1 2

2 3

119 141 208

145 145 149

125 133

109 109 183 196
107 109

162 169

86 100

84 86

41 141

228 228 229

167 184

125 136

157 164 229 230
162 163 164

80 81

118 119

78 78 79 95 96 104
106 108 111

12 23

76 78 101

231 231 240

80 83

118 120

121 206

123 129

150 153

164 164 165

27 28 118 139 149
17 18 27

9 17

53 56 66 70 127 205
206 207 208 210
63 67
120 125

166 172

218 226

157 172 218

218 227

45 52

90 166 176 189 195 196
197 198

19 20 28

10 19

112 178 211
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11.3.1.1. VariableParameterSpecific.'ion 46 55
6.2.2. Variant 147 148 151
6.2.2. VariantPart 143 143 146
6.2.2. VariantSelector 146 150
9.2.3.1. WhileStatement 86 103
9.2.4. WithStatement 84 107
12.3. WriteParameter 191 192 193
12.3. WriteParameterList 93 191

Word Symbol EBNF Cross Reference

and 171

array 65 68 131

begin 75

case 97 146

const 15

div 171

do 103 106 107

downto 106

else 96

end 77 99 135

file 137

for 105

function 40 42

goto 94

if 94

in 169

label 13

mod 171

nil 173

not 168

of 66 69 97 132 136 137 146

or 170

packed 65 120

procedure 38 39

program 2

record 133

repeat 100

set 136

then 95

to 106

type 17

until 102

var 19 56

while 103

with 107
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Collected EBNF, Alphabetical

ActualParameter

ActualParameterList
AddingOperator
ArrayType

ArrayVariable
AssignmentStatement
BaseType

Block

BooleanExpression
BoundlIdentifier
BufferVariable
Case

Caselndex
CaseStatement

CharacterString
ComponentType
ComponentVariable
CompoundStatement

ConditionalStatement
ConformantArraySchema
Constant

ConstantDefinition
ConstantDefinitionPart

Expression | Variable | Procedureldentifier
| Functionldentifier .

(L)

“(’ ActualParameter { “,” ActualParameter } **)" .
wm | el | ot

[T} ”

“array” “[” IndexType { *,” IndexType } “]” “of
ComponentType .
Variable .
(Variable| Functionldentifier) “:=" Expression .
OrdinalType .

LabelDeclarationPart
ConstantDefinitionPart
TypeDefinitionPart
VariableDeclarationPart
StatementPart .

OrdinalExpression .

Identifier .

FileVariable T .

Constant { “,” Constant } . Statement .

OrdinalExpression .

“case” Caselndex “of”

Case { ;" Case } [

3 ”

YA [TYAL

StringElement { StringElement } .

Type .
IndexedVariable | FieldDesignator .
“pbegin”
StatementSequence
“end” .

IfStatement | CaseStatement .

PackedConformantArraySchema |
UnpackedConformantArraySchema .

[ Sign 1( UnsignedNumber| Constantldentifier )
| CharacterString .

Identifier =" Constant .

[ “const” ConstantDefinition **;”
{ ConstantDefinition *;” } | .
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Constantldentifier
ControlVariable
Digit

DigitSequence
Directive
DomainType
ElementDescription
EmptyStatement
EntireVariable
EnumeratedType
Expression

Factor

FieldDesignator
Fieldldentifier
FieldList

FileType
FileVariable
FinalValue
FixedPart
ForStatement

FormalParameterList

FormalParameterSection

FunctionDeclaration

FunctionDesignator
FunctionHeading

Functionldentification

Functionldentifier

FunctionalParameterSpecification

GotoStatement
IdentifiedVariable

Iden ifier .
Variibleldentifier .
“or 2
“ToT g
Digi | Digit } .

Lettc. | Letter | Digit } .

Typeldentifier .

OrdialExpression [ ©..” OrdinalExpression ] .

[ €3 ] “a™ | “57 | “g” |

’

Varichieldentifier .

“C ldentifierList ©*)” .

SimpleExpression | RelationalOperator
SinpleExpression | .

UnsiinedConstant | Boundldentifier | Variable
| SeiConstructor | FunctionDesignator |

“not” Fuctor | “(” Expression “)” .

[ Rec wdVariable *.” ] Fieldldentifier .

Ident fier .

[ (Fi edPart [ ;" VariantPart ] | VariantPart)
[

“£i1. " "ae” ComponentType .

Variable .

OrdirulExpression .

ReconiSection { ;" RecordSection } .

“for’ ControlVariable “:=" InitialValue
(“tc” I downto”) FinalValue “do” Statement .

“C* FormalParameterSection

{ > tormalParameterSection | )" .

Value*arameterSpecification |
VariubleParameterSpecification |
ProccduralParameterSpecification |
Fun fionalParameterSpecification .

Funct mlleading " Block |
Fun iiontleading **;” Directive |
Fun qionldentification **;” Block .

Funct wldentifier | ActualParameterList ] .

“func “Identifier [ FormalParameterList |
“Rovultlype .

“func " Functionldentifier .

Identij.cr .

1]

FunctionHeading .
“goto“ Label .
Pointe Variable * T



Identifier
IdentifierList
IfStatement

Index
IndexType
IndexTypeSpecification

IndexedVariable
InitialValue
IntegerExpression
Label
LabelDeclarationPart

Letter

MultiplyingOperator
OrdinalExpression
OrdinalType

OrdinalTypeldentifier

PackedConformantArraySc hema =

PointerType
PointerTypeldentifier
PointerVariable

1l

“packed”
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Letter { Letter | Digit } .

Identifier

[ “e1se” Statement ] .
OrdinalExpression .
OrdinalType .

Identifier *..” Identifier *

{ =, Identifier
“i£” BooleanExpression *

b

then’ Statement

OrdinalTypeldentifier .

ArrayVariable “[” Index
OrdinalExpression .
OrdinalExpression .
DigitSequence .

[ “1abel” DigitSequence

{ " Index } 1"

{ *“,” DigitSequence } *;" ].

wr | wpr et | gt | “e-- | g | g |
Lbh“ | Lbi” I Lbj“ | “k“ | Lbl” I ‘bm“ | 44n“ |
R I B T R
VLT STy

w10 | *ned” | Sand”
Expression .

EnumeratedType | SubrangeType |

OrdinalTypeldentifier .
Typeldentifier .

array

“of” Typeldentifier .

" (" IndexTypeSpecification *]"

“T DomainType | PointerTypeldentifier .

Typeldentifier .
Variable .

ProceduralParameterSpecification = ProcedureHeading

ProcedureAndFunctionDeclarationPart =

ProcedureDeclaration

ProcedureHeading
Procedureldentification
Procedureldentifier
ProcedureStatement

Program
ProgramHeading
ProgramParameterList
RealTypeldentifier
RecordSection

{ ( ProcedureDeclaration |
FunctionDeclaration )

“, u’

ProcedureHeading ;" Block |

ProcedureHeading

“” Directive |

Procedureldentification ;" Block .

“orocedure” Identifier [ FormalParameterList] .

“procedure” Procedureldentifier .

Identifier .

Procedureldentifier | ActualParameterList
| WriteParameterList | .
ProgramHeading **;” Block *.”
“program” Identifier [ ProgramParameterList] .

“( IdentifierList **)”
Typeldentifier .

IdentifierList “:” Type .
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RecordType

RecordVariable
RecordVariableList
RelationalOperator
RepeatStatement

RepetitiveStatement
ResultType

ScaleFactor
SetConstructor

SetType

Sign
SimpleExpression
SimpleStatement

SimpleType
Statement

StatementPart
StatementSequence
StringElement
StructuredStatement

StructuredType

StructuredTypeldentifier

SubrangeType
TagField

TagType

Term

Type
TypeDefinition
TypeDefinitionPart

Typeldentifier

‘@

rec o

FicidList

end .

Variaole .

Reco {\Nariable {*,” RecordVariable } .
e o A Bl Rl R B T

3

”Iu

“repoat”
StaivmentSequence
“unt 1" BooleanExpression .
WhilcStatement | RepeatStatement |
FoiStatement .
OrdiniTypeldentifier | RealTypeldentifier
| PoinrerTypeldentifier .
[ Sign | DigitSequence .
“[” [ I.lementDescription
{ =" ElementDescription } 1 “]”.
set” "ot BaseType .
g e
[ Sign| Term { AddingOperator Term } .
Empt - Statement | AssignmentStatement |
ProcvdureStatement | GotoStatement .
Ordin dTvpe | RealTypeldentifier .
[ Labe! =2 )
( StmpleStatement | StructuredStatement ) .
CompoundStatement .
Statement { " Statement } .
“rr>»  AnyCharacterExceptApostrophe .
CompoundStatement | ConditionalStatement
| ReprtitiveStatement | WithStatement .
[ “pac "] UnpackedStructuredType |
Stru turedTypeldentifier .
Typel. cntifier .
Constanr .. Constant .
Identi. .1 .
Ordinailypeldentifier .
Facto: | MultiplvingOperator Factor } .
Simplc 1vpe | StructuredType | PointerType .
Idenli/u'r “="Tvpe .
[ “typ ~ TvpeDefinition *;
{ TypeDefinition = } ] .
Identiticr .

73

@,

UnpackedConformantArraySc hema =

TR

“arra " [ IndexTypeSpecification |
Index [vpeSpecification } “]” “of”
( Typeldentifier | ConformantArraySchema ) .
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UnpackedStructuredType = ArrayType | RecordType | SetType | FileType .

UnsignedConstant = UnsignedNumber | CharacterString |
Constantldentifier | “ni1” .

UnsignedlInteger = DigitSequence .

UnsignedNumber = Unsignedinteger | UnsignedReal .

UnsignedReal = DigitSequence “.” DigitSequence [ “e”

[TPRL]

ScaleFactor ]| DigitSequence‘‘e” ScaleFactor .
IdentifierList *.” ( Typeldentifier |
ConformantArraySchema ) .

ValueParameterSpecification

Variable = EntireVariable | ComponentVariable |
IdentifiedVariable | BufferVariable .
VariableDeclaration = IdentifierList “:” Type .

TR

[ “var” VariableDeclaration
{ VariableDeclaration *;” } | .
Variableldentifier = Identifier .
VariableParameterSpecification = “vaxr” IdentifierList “:” ( Typeldentifier |
ConformantArraySchema ) .

VariableDeclarationPart

Variant = Constant { “,” Constant } “:” “(” FieldList *“)” .
VariantPart = “case” VariantSelector “of”
Variant
{ «“” Variant } .
VariantSelector = [TagField“:” ] TagType .
WhileStatement = “while” BooleanExpression “do”
Statement .
WithStatement = “with” RecordVariableList “do”
Statement .
WriteParameter = Expression [ “:” IntegerExpression
[ “" IntegerExpression] ] .
WriteParameterList = “(”( FileVariable | WriteParameter)

{ «“” WriteParameter } )" .
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Syntax Diagrams

The diagrams for Letter, Digit, Identifier. Directive, Unsignedinteger,
UnsignedNumber, and CharacterString describe the formation of lexical
symbols from characters. The other diagrams described the formation of
syntactic constructions from symbols.

Letter

R
fiidi

N
A
A

A

Digit

PPPPP PPPDY
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Identifier and Directive

|

> Letter [ >

UnsignedInteger and DigitSequence

D l —

i > igit I T

UnsignedNumber

W e @D S -

igit \L -
)
o'
(=D

any character except L'——L@—q

CharacterString

Constantldentifier, Variableldentifier, Fieldldentifier, Boundldentifier,
Typeldentifier, Procedureldentifier and Functionldentifier

> Identifier r >
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UnsignedConstant

f -

> Consta- ?ldentifier fl

]] Unsign 1dNumber L)

(D

'Il Chara{t“erS tring Il

Constant

Constantldentifier

L

S Sy ing L
»| CharacterSt ing |-

UnsignedNumber

Variable

Variableldentifier

Fieldldentifier




Factor

1 UnsignedConstant
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| Eieatiatetteiadioiadl|
Boundldentifier I

| Bnidaddeanditdtindll

> Variable

Functionldentifier

ActualParameterList

Expression |

Expression

Expression

Term

I| Factor ll
#
Factor

SimpleExpression

T

Term
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Expression

—»l SimpleExpression}

SimpleExpression

ActualParameterList

—(O—=

[ 1] D

Exprission

Procedun;idt'ntifier

Function dentifier

WriteParameterList

—( (O I »[FileVariabl. ] () —
[—@

- N
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IndexTypeSpecification

ConformantArraySchema

Typeldentifier

IndexTypeSpecification o o
IndexTypeSpecification o o

FormalParameterList
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ProcedureOrFunctionHeading

procedure

OrdinalType

> Typel ;ientifier l

aitiedl
@"T’@“;"“"r =)
2
Constant —( ..:) » Constant
Type
S > Ordivi{le_vpe | (7

- (D[t} —
N—> Ordinall pe 0 o

file

set

e

- [T}
VC‘.‘.) > OrdinalType'—’
~lF_:enH_;t—]r »( end ) J

record



FieldList

Syntax 237

:

{ & ) » Type

FieldList
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Statement

UnsignedInteger (

——>i Variable }

A
o

Functionldentifier

J

»| ActualParameterList

Procedureldentifier

WriteParameterList

end

Cmtecmj; :

Stale ment

Expression

\

Expression

Statement

repeat

Variableldentifier

for

() [Statement }—
»( do Statement
»(unt11)} > Expressionl——‘

Expression

Y

yression

do

Statement

Variable

Statement

(uieh)

»| UnsignedInteger l——/
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Constant

var > Identifier

4
ey [block = ;
-

+| ProcedureOrFunctionHeading }—

Statement

Program

(program)—»ﬁdentifiegl




APPENDIX E

Summary of Changes to
Pascal User Manual and Report
Necessitated by the ISO 7185 Standard

This appendix merely gives anon—exhaustive overview of the technical changes made
to this book as it was being revised for the third (ISO Standard) edition. The summary
should be useful to owners of previous editions.

Report 3: Notation and Terminology

Use of EBNF instead of BNE.

Definitions of error, implementation—defined, implementation—dependent,
extension, and Standard Pascal provided and used throughout Report.

Report 4: Symbols and Symbol Separators

Change in formulation of syntax from delimiters to separators.
Inclusion of symbol “..”.

Alternative representations for special syrnbols “[”, “]”, and “
Change in comment syntax; nested comn ents not allowed.
Identifier spelling now significant over whole length.

New symbol category: directives.

Report 5: Constants
MaxInt now included in Report

Report 6: Types

Scalar types are replaced by ordinal and real types;
definitions of succ, pred, and ord, array indexing case selection,
subranges, and set base types thereby simplified.

Type compatibility now defined as “namc compatibility.”

Concepts of assignment compatibility and assignable types introduced.

Specific semantic implications for packe:! structured types.

Consecutive ““;” not permitted.

Case labels in record variants now called :ase constants.

Full specification of variant parts require. | in record types.

Inspection and generation modes specific 1 for file types.

Type text no longer equivalent to (packed’) file of char.

File types or types containing file types (i ¢., non—assignable types)
not allowed as component types of file types.

Domain types introduced for pointer types.

240
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Report 7: Variables
Concept of undefined and totally undefined variables introduced.
Input and Output now implicitly declared, textfile, program parameters if used.

Report 8: Expressions

Factor now includes conformant—array parameter bound identifier.

Order of evaluation of expressions specified as implementation—dependent.
Definition of mod operator changed.

Type of a set constructor now both packed and non—packed.

Report 9: Statements

Rules enforced regarding the accessibility of labels by gotos.

Case statement labels now called case constants.

The control variable of a for statement now a local variable only.

Several restrictions added to the for statement and its actions
rigorously defined.

Report 10: Blocks, Scope, and Activations
The concepts of a program—point, activation-point, scope of the definition
or declaration (introduction) of labels and identifiers defined.
Scope rules defined precisely to eliminate ambiguity.
The apparent integral value of labels greater than 9999 not allowed.
Activation rules defined; binding of identifiers to variables, procedures, and functions
defined.

Report 11: Procedures and Functions

Procedure and function directives are introduced;
forward now a standard directive.

Conformant-array parameters added; the concept of conformability
and conformant type introduced.

Full specification of the parameter lists now required of formal
procedural and functional parameters (procedures and functions
as parameters); the concept of parameter-list congruency introduced.

Use of tag fields as actual variable parameters disallowed.

Specification of the array parameters to pack and unpack changed.

File-handling procedures and functions and the state of the file variable
and buffer variable now rigorously defined.

Report 12: Textfile Input and Output

Procedure page standard; its file parameter optional; its actions changed.

Special WriteParameterList syntax added as actual parameter lists to
write and writeln.

Field widths in formatted write and writeln procedures now precisely
defined.

Report 13: Programs

Program parameters now optional and their nature specified.

Report 14: Compliance with ISO 7185

Definitions of complying program and complying processor given.

Requirements for compliance with the ISO Pascal Standard explained.
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Programming Examples

Two examples are presented: a program is de veloped as anillustration of the method of
stepwise refinement [see Reference 2] followed by a procedure serving as a model of
portable software.

Example 1: Program IsItAPalin rome

A programis developedto find allinteg rs from 1 to 100 whose squares expressed
in decimal are palindromes. For example: 1 squared is 121 which is a palindrome.

A palindrome is a string of symbols fi ym an alphabet which reads the same in
forward or reverse order. Well-known exar ples in English include (ignoring blanks
and punctuation):

“radar”
‘“aman, a plan, a canal, Panama”
“Doc, note, I dissent! A fast never prevents a fatness; I diet on cod.”

Example 1 Step 1:
program IsItAPalindrome (Outp *);
begin
FindAllIntegersFromlTolOOW: nceSquaresArePalindromes
end { IsItAPalindrome }

Example 1 Step 2:

program IsItAPalindrome (Outp !}

{ Find all integers from 1 100 whose squares are
palindromes. }

const
Maximum = 100;
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type
IntRange = 1..Maximum;
var
N: IntRange;
begin
for N := 1 to Maximum do

if Palindrome (Sqr (N)) then
Writeln (N, ’ squared is a palindrome.’)
end { IsItAPalindrome }

Example 1 Step 3:

program IsItAPalindrome (Output) ;

243

{ Find all integers from 1 to 100 whose squares are

palindromes. }
const
Maximum = 100;
type
IntRange = 1..Maximum;
Positive = 1..MaxInt;
var
N: IntRange;
function Palindrome (Square: Positive): Boolean;
var

NPlaces: 1..5 {5 = Trunc(LoglO (Sqgr (Maximum))+1)};
}

begin { Palindrome
CrackDigits;
Palindrome := CheckSymmetry (1, NPlaces)
end { Palindrome };
begin
for N := 1 to Maximum do
if Palindrome (Sqgr (N)) then
Writeln (N, ’ squared is a palindrome.’)
end { IsItAPalindrome }

Example 1 Step 4:

program IsItAPalindrome (Output) ;

{ Find all integers from 1 to 100 whose squares are

palindromes. }
const
Maximum = 100;
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type
IntRange = 1..Maximum;
Positive = 1..MaxInt;
var

N: IntRange;

function Palindrome (Squar: : Positive): Boolean;

const

Places = 5 { = Trunc(.»gl0(Sqr (Maximum))) + 1 };
type

NPlaces = 1..Places;

SingleDigit = 0..9;

DigitVec = array [NPl. zes] of SingleDigit;
var

Digits: DigitVec;

Size: NPlaces;
procedure CrackDigits;

begin

Size := 1;

while Square > 9 do b gin
Digits[Size] := Squ re mod 10;
Square := Square di' 10;
Size := Size + 1

end;

Digits[Size] := Square

end { CrackDigits };
function CheckSymmetry (. @ft,Right:NPlaces) :Boolean;

begin
if Left >= Right then CheckSymmetry := true
else
if Digits[Left] = D gits[Right] then
CheckSymmetry:=Ch- 'kSymmetry (Left+1l, Right-1)
else CheckSymmetry - false

end { CheckSymmetry };
begin { Palindrome }

CrackDigits;

Palindrome := CheckSymm " :y(l, Size)
end { Palindrome };

begin
for N := 1 to Maximum do
if Palindrome (Sgr(N)) t!en
Writeln(N, ’ squared . a palindrome.’)
end { IsItAPalindrome }
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Example 2: Procedure ReadRadixRepresentation

A generalized procedure to read integers expressed in any radix from 2 to 16 is
presented.

type Radix = 2..16;

procedure ReadRadixRepresentation
(var F: Text; { contains the representation }
var E: Boolean; { indicates presence of errors }
var X: Integer; {set to result if no errors occur}
R: Radix { radix of representation }
) ;

{ ReadRadixRepresentation assumes that textfile F is
positioned to read a sequence of extended digits as
a radix-R representation of an integer.

The extended digits, in ascending order, are:
ror, 1,2, 30,040,057, 76", 071,
rgr,ro9r,ral,'p! e, adr, e’ N E
Upper-case letters corresponding to the lower-case
letters may be used.
The parameter E indicates whether one of the
following errors occurred:
(1) The textfile F was not positioned to a
sequence of extended digits.
(2) The sequence of digits represents an
integer greater than Maxint.
(3) The sequence of extended digits contains a
digit that is not a radix-R digit. }

type
DigitRange = 0..15;

var
D: DigitRange;
V: Boolean;
S: 0..Maxint;
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procedure ConvertExtended igit(C: Char;
var V: Boolean;var D: DigitRange);
{ ConvertExtendedDigit ~:termines whether C is an
extended digit, setti j V to indicate its
validity, and if V is !'rue sets D to the
numerical value of th extended digit. }
begin { ConvertExtendedD it }
Vi:=Cidin [ '0"..79"," ', b, 'c','d", e, £,
' ’,'B’,'C','D','E','F' 1;

if vV then
case C of
"0": D := 0; r1re D = 1; '2": D = 2;
"3": D :=3; '4": D :=4; '5': D := 5;
"6’: D :=6; 'T7T': D :=7;
'8’: D :=8; '9': D :=9;
"A'",'a’: D := 10; 'B’,'b’': D := 11;
rc¢’,’'¢c’: D :=12; 'D’','d’": D := 13;
"E’,'e’: D := 14" 'F’','f’': D := 15;
end
end { ConvertExtendedDigi' };
begin { ReadRadixRepresenta' .on }
E := true;
ConvertExtendedDigit (F1,V, D) ;
if V then
begin
E := false; S := 0;
repeat
if D < R then
if (Maxint - D) d »+ R >= S then
begin
S =S * R + . ;
Get (F) ;
ConvertExtend :1'igit(Fl,v,d);
end
else E := true
else E := true
until E or not V;
if not E then X := S

end
end { ReadRadixRepresentati: i }
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The ASCII Character Set

ASCII (American Standard Code for Information Interchange) is the American
variant of an officially-recognized, standard, international character set called the ISO
(International Organization for Standardization) set. It specifies an encoding for 128
characters. Within the ISO character code there may exist national variants for 12
symbols (such as the currency symbol $). The 128 characters consist of 95 which print
as single graphics and 33 which are used for device control. The backspace control
character is specifically used to allow overprinting of characters such as accents on
letters in some languages.

the 33 device—control characters:

ACK Acknowledge FF Form Feed

BEL Bell FS File Separator
BS Backspace GS Group Separator
CAN Cancel HT Horizontal Tab
CR Carriage Return LF Line Feed

DC1 Device Control 1 NAK Negative Acknowledge
DC2 Device Control 2 NUL Null

DC3 Device Control 3 RS Record Separator
DC4 Device Control 4 SI Shift In

DEL Delete SO Shift Out

DLE Data Link Escape SOH Start of Heading
EM End of Medium STX Start of Text
ENQ Enquiry SUB Substitute

EOT End of Transmission SYN Synchronous Idle
ESC Escape us Unit Separator
ETB End of Transmission Block VT Vertical Tab

ETX End of Text
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the full 128—character set:

00 16 32 4¢ 64 80 96 112
0 NUL DLE ( @ P P
1 SOH DC1 ! . A Q a q
2 STX DC2 " ‘ B R b r
3 ETX DC3 # : C S c s
4 EOT DC4 $ 4 D T d t
5 ENQ NAK % t E U e u
6 ACK SYN & ¢ F \Y f Y%
7 BEL ETB ’ G W g w
8 BS CAN ( 3 H X h x
9 HT EM ) ¢ I Y i y
10 LF SUB * J 7 j z
11 VT ESC + ; K ( k {
12 FF FS , < L \ 1 |
13 CR GS - - M ] m }
14 SO RS . > N ~ n ~
15 SI Us / E o] o DEL

The 7-bit code for a character is the sum of 1 1¢c column and row numbers. Forexample,
the code for the letter G is 7 + 64 = 71.



Index to Programs,

Program Fragments,

and Program Schemata

Page
132 (12.2)

44 (4.9)

34 (4.1)
182
68 (7.1)
98
79 (8.1)

93

200

200

39 (4.6)

Program

Addln—
Add line numbers to a textfile.

ArabicToRoman —
Write a table of powers of 2 in Arabic and Roman
numerals; illustrate if statement.

BeginEndExample —
[1lustrate compound statement; write sum of 2 numbers.

Bisect — (procedure);
Find zeros of a polynomial.

ComplexArithmetic —
Illustrate operations on complex numbers.

Construct a list — (schema);
Illustrate use of pointers.

Convert —
Read digit sequence from Input and convert to integer.

Copying a textfile — (schema).

CopyReals —
Copy a file of real numbers.

CopyText —
Copy a texftfile.

Cosine —

Compute cosine(X) using power—series expansion;
Illustrate for statement.
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52 (5.1) DayTime —

Illustrate enumerated ypes and case statement.
36 (4.3) Exponentiation —

Compute power(X,Y real X raised to natural Y.
123 (11.8) Exponentiation2 —

Refine Exponentiatior by introducing a function.
38 (4.5) ForExample —

Compute Nth partial & im of harmonic series.
126 ForwardDeclarations — (fragment).
182 GCD — (procedure);

Find greatest common divisor.

184 GCD — (function);
Find greatest common divisor using recursion.

48 GotoExample — (fragrient);
Illustrate goto stateme 1t.

40 4.7) Graphl —
Generate plot of f(X): llustrate for statement.

59 (6.2) Graph2 —
Modify Graphl to plo’ axis by using an array.

2 Inflation —
Find factors that units >f currency will be devalued.

243 IsItAPalindrome —
Find all integers from | to 100 whose squares are
palindromes.

129 (12.1) LetterFrequencies —

Perform a frequency ¢ »unt of letters in the Input file;
Illustrate textfiles.

62 (6.3) MatrixMul —
Multiply 2 matrices re nwesented as arrays.

114 (11.4) MatrixMul2 —
Refine MatrixMul usii ¢ a procedure with
conformant—array par: meters.

184 Max — (function);
Find maximum value n a vector of real numbers.



186

91 9.2)

58 (6.1)

103 (11.1)

107 (11.2)

90 (9.1)

111 (11.3)

72

116 (11.5)

123

184

82 (8.3)

82 (8.4)

83 (8.5)

133

134

Index to Programs

Max — (function);
Refine Max using conformant—array parameters.

MergeFiles —
Merge files of records.

MinMax —
Find the largest and smallest number in a list.

MinMax2 —
Refine MinMax by introducing a procedure declaration.

MinMax3 —
Refine MinMax2 to process 2 lists of numbers.

Normalize —
Normalize a file of real numbers.

Parameters —
Illustrate value and var parameters.

Person — (fragment);
[llustrate variant record type.

Postfix —
Convert an infix expression to Polish postfix form;
[llustrate nested, mutually recursive procedures.

Power — (function);
Compute power(X,Y), real X raised to natural Y.

Power — (function);
Compute real X raised to natural Y.

Primel —
Find primes by using sets to represent Erastosthenes
Sieve.

Prime2 —
Refine Primel by using sets to represent odd numbers
only.

Prime3 —
Refine Prime2 by using an array of sets.

PromptExample — (fragment);
Enter input from interactive terminal.

Read and process a sequence of numbers — (schema).
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252  Index to Programs

135 Read and process single 1umbers — (schema);
Use SkipBlanks.
135 Read and process n—tup! ‘s of numbers — (schema);
Use SkipBlanks.
93 Reading a textfile — (s¢ wma).
129 Reading characters from file Input — (schema).
182 ReadInteger — (procedure):

Read a sequence of digits and convert to integer value.

245 ReadRadixRepresentaticn — (procedure);
Generalized ReadInteg: r for any radix from 2 to 16.

37 (4.4) RepeatExample —
Compute Nth partial su n of harmonic series.

99 Search a list — (schema
Illustrate use of pointer

80 (8.2) SetOperations —
Illustrate set operations

135 SkipBlanks — (procedus . );
Skip blanks between numbers on textfile.

125 (11.10) SideEffect —
Illustrate function side «tfects.

184 Sqrt — (function);
Compute square root by Newton’s method.

41 (4.8) SummingTerms —
Compute sum of terms f a series 4 ways.

124 (11.9) SumSeries —
Write a table of a series «um progression;
Iustrate functional par uneters.

25 (3.1) TemperatureConversion
Write table of Celcius « 1d Fahrenheit temperatures.

118 (11.6) Traversal —
Illustrate binary—tree tr: versal using recursive procedures.

120 (11.7) Traversal2 —
Refine Traversal by inti 'ducing procedural parameters.



96 (10.1)

36 (4.2)

73

74

75

92

129

Index to Programs

WaitingList —
Simulate clients waiting;
Illustrate pointers.

WhileExample —
Compute Nth partial sum of harmonic series.

WithExample — (fragment);
Illustrate with statement.

WithExample2 — (fragment);
Illustrate with statement.

WithExample3 — (fragment);
Illustrate with statement.

Writing a textfile — (schema).

Writing characters on file Output — (schema).
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Abs, 18, 20, 192, 204, 211
Absolute value, see Abs
Abstraction, 14
Action, concept of, 1, 28, 143
Activation
and formal parameters, 185
point, 172, 181, 187
Activations, 172, 177, 179-180
Active variant, of record, 70, 100,
158, 191
Actual
functional parameter, 122, 124,
188
parameter, 107-109, 111-113,
147, 175, 180, 185, 186—187
EBNF for, 187, 219, 225
lists, 106, 107, 170, 186—188
EBNF for, 187, 219, 225
syntax diagram for, 107, 234
procedural parameter, 117, 121,
188
value conformant-array parameter,
113, 187
value parameter, 110, 187
variable parameter, 110, 154,
175, 187

\dding operators,
EBNF for, 165, 218, 225
operands of, 165
and precedence, 32, 166
(see also Arithmetic operators)
\ddresses, for pointer types, 94
\lgol 60, vii, 6, 7, 8, 142-143

Algol-W, vii

\lgorithm, 1, 179
Alternative representations,
of symbols, 10, 148, 212
\nd. 16, 168, 208, 212
(see also Boolean operators)
\postrophe, how to represent, 18,
150
wrabic to Roman, program for,
4446
veTan, 20. 193,204, 211
wctangent, see ArcTan
\rgument, see Parameter
withmetic
functions, predeclared, 192-193
operations, on Boolean values, 8
operators. 17, 146, 167, 208

Array

components of, 144, 156

254



Array (continued)
conformant, see Conformant array
data types, 55,210
declaration, 57
index type, 56, 112, 156
indexing, 20, 209
multidimensional, 60
not dynamic, 7
parameters, conformant, 63,

112-113, 185-187
sample programs of, 58—60
types, 5665, 156

EBNF for, 156, 218, 225
syntax diagram for, 61
variable, EBNF for, 162, 219,

225

ASCII character set, 247-248

Assignable types, 160

Assignment
compatibility, 33, 53, 160
examples of, 33, 170
multiple, 7
operator, 209
statement, 28-33, 145, 170

EBNF for, 169

syntax diagram for, 29
to array variable, 57
to file, 87
to set, 76, 77

Base type, of set, 76, 77, 144, 158,
160, 165-166
EBNF for, 158, 218, 225
Begin, and compound statement,
34,172
Binary tree, 117,118
Blanks, as symbol separators, 9
(see also Space)
Block
EBNF for, 1, 177, 215, 225
of procedure, 105
structure, 5, 6, 8
syntax diagram for, 4, 21, 239
Blocks, 145, 146, 177-180
anonymous, 8
order of parts in, 1

Index 255

Boolean
expression
EBNF for, 165, 219, 225
evaluation of, 32
functions, predeclared, 193
negation, and precedence, 32
operators, 146, 168, 208
type, 15, 16-17, 51, 143,
154,210
write, 135, 137, 196-198
Bound identifier, 112, 179, 186, 189
EBNF for, 186, 219, 225
syntax diagram for, 231
Braces, 212
(see also Comment)
Brackets, 212 (see also Array
and Set constructor)
Buffer
accessing, 209
variable, 28, 87, 88, 89, 132, 164
EBNF for, 163, 219, 225
syntax diagram for, 87

Call by name, 7
Carriage—control character, 128
Case
EBNEF for, 173,217, 225
index, EBNF for, 173, 217, 225
statement, 7, 20, 4647, 146, 173
EBNEF for, 173,217, 225
syntax diagram for, 46
in variant record, 70
Char type, 18-19, 143, 154,210
Character
read, 134, 195
strings, 12-13, 149-150
EBNF for, 151, 220, 225
syntax diagram for, 13, 231
(see also Strings)
type, see Char type
write, 136-137, 197
Chr, 19, 194, 204, 211
Cobol, 7
Comment
EBNF for, 150
as separator, 9, 150
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Compiler, 8 (see also Implementation)

Complex arithmetic, sample program
for, 68—69
Component
of array, 56, 144, 156, 162
of file, 86, 87, 144, 158, 163
of record, 65, 67, 69-70, 144, 156,
162-163
(see also Fields)
of set, 145
of structured types, 144—145,
155, 161
type, 55, 56, 87, 156, 157-158
EBNF for, 156, 218, 225
variables, 28, 162, 162-164
EBNF for, 161, 219, 225
syntax diagram for, 57
Compound statement, 34, 146,
171-172
EBNF for, 172, 217, 225
syntax diagram for, 34
Computer program, 1, 143
Concatenation of strings, 8
Conditional
expressions, 7
statement, 4347, 145, 172-173
EBNF for, 172, 217, 225
Conditions, mutually exclusive, 44
Conformant
array
and implementation levels, 185,
201
parameters, 185, 186, 187
and ISO standard, 201
schemas, 185-186, 188—189
EBNF for, 185, 216, 225
syntax diagram for, 112, 235
type, derivation of, 189
Conjunction, 208
Constant
definition, 23, 25-26
EBNF for, 152, 215, 225
part
EBNF for, 152, 215, 225
syntax diagram for, 23

EBNF for, 152, 218, 225
identifier
EBNF for, 152, 219, 226
predefined, 16, 17, 153, 211
syntax diagram for, 23
synonyms, scope of, 5
syntax diagram for, 23, 232
Constants, 151-152
predefined, 211
Constructor, set
(see Set constructor)
Control variable, of for statement,
7, 37,38, 39,175
EBNF for, 175, 217, 226
“onversion from Char to Integer,
sample program for, 79, 245~
246
opying, textfile, 93
‘0s, 20, 193, 211
‘osine
program for, 39-40
(see also Cos)

Data
base, using pointer types, 97
of computer program, 1, 143
transfer procedures, predeclared,
192, 194
type, 7, 14, 194, 210
(see also Type)
Date, implemented as record, 67
Declarations, 1, 7, 143
(see also specific kind of
declaration, e.g., Function
declaration)
Irefinitions, 1, 143
(see also specific kind of
definition, e.g.,
Type definition)
1 wlayed evaluation of buffer
variable, 132-133
[ 'esignator
lield, 162-163
function, 29, 122



Difference, see Set difference
Digit
EBNF for, 149, 220, 226
ordering in type char, 18, 153
Sequence
EBNF for, 150, 220, 226
syntax diagram for, 11, 230
Directives, 13, 149, 181, 183, 212
EBNF for, 148
syntax diagram for, 13, 230
(see also Forward declaration)
Disjunction, 208
Dispose, 94, 101, 160, 191-192,
204,211
Div, 17, 31, 32, 165-167, 208
definition of, 167
precedence of, 32, 167
(see also Arithmetic operators)
Division by zero, 168
Do, see Repetitive statements, With
statement
Domain type, of pointer, 145, 159
EBNF for, 159, 217, 226
Downto, see For statement
Dynamic
allocation procedures, predeclared,
191
arrays, 7, 8
set of values of pointer type, 15
variables, 94, 145

EBNF
alphabetical, for Pascal, 225-229
cross reference of, 221-224
hierarchical, for Pascal, 215-220
of Polish notation, 113
(see also Extended Backus—Naur
Form; also particular language
construct, EBNF for, e.g.
Array type, EBNF for)
ElementDescription, EBNF for,
165, 219, 226
Else, see If statement
Empty
parts of block, 1
file, 86, 158

Index

set, 7677, 166
statement, 34, 44, 169
EBNEF for, 169, 218, 226
End, and compound statements,
34,172
End-of-file, 87, 159 (see also Eof)
End-of-line, 9, 92, 93, 134, 150,
159, (see also Eoln)
EntireVariable, 28
EBNF for, 162, 219, 226
Enumerated types, 15, 50-53, 143,
144,154,153, 210
EBNEF for, 154,217, 226
syntax diagram for, 50
Eof
and buffer variable, 87, 88, 132,
190
and file handling, 190
as predefined Boolean function,
17,193, 204, 211
and write, 135
Eoln
and buffer variable, 92, 132, 164
and file handling, 92-93
as predefined Boolean function,
17,193, 204, 211
Equality, see Set equality,
Relational operators
Equivalence 17
(see also Set operations)
Eratosthenes’ sieve, 81
Error, and standards, 148, 201
Evaluation
of buffer variables, 132, 133
order of, 30-32, 166
Exclusive or, 17
(see also Boolean operators)
Exp, 20, 193, 205, 211
Exponential function, see Exp
Exponentiation
operator, 8
program for, 36, 123
Expressions, 28-32, 165-169
EBNF for, 165, 218, 226
evaluation of, 30-32
in assignment statement, 145
syntax diagram for, 32, 234
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Extended Backus—Naur Form, 3, 147,
213-214 (see also specific
example, e.g., ProgramHeading.
EBNF for, and EBNF)

Extension, 148, 201

External files, 89, 199

Factor
EBNF for, 165, 219, 226
evaluation of, 167
syntax diagram, 30, 233
type of, 166
False, as predefined constant
identifier, 16, 152, 154, 211
Field
designators, 163
EBNF for, 163,219, 226
identifier, scope of, 65, 178-179
EBNF for, 157, 219, 226
syntax diagram for, 231
list, 156, 157-158
EBNF for, 157,218, 226
syntax diagram for, 66, 237
of variant record, 72
width, of write, 136-137, 196-199
File
data types, in type taxonomy, 55,
210
declarations, 89, 90
handling procedures, predeclared,
190 (see also Get, Put, Read,
Reset, Rewrite, Write)
length, 86, 158
parameter, 1, 110, 128
structure, 145
types, 86-93, 158-159
EBNF for, 158,218, 226
not assignable, 33, 160
syntax diagram for, 87
(see also Text)
variable, 87, 164,
EBNF for, 164, 219, 226
(see also Textfile)
FinalValue, EBNF for, 175, 217,
226
Fixed
part, of field list, 157, 158

EBNF for, 157, 218, 226
syntax diagram for, 66
point notation and write, 137,
197-198
records, 65-69
Floating point notation, of write,
137-138, 197
For statements, 7, 37-39, 146,
174, 175-176
EBNF for, 175, 217, 226
examples of, 38, 39, 41, 42, 176
and real type, 20
syntax diagram for, 38
Formal parameter, 107, 111, 147,
170
list, 181, 183, 185-186
EBNF for, 185, 216, 226
syntax diagram for, 107, 235
section, EBNF for, 185, 216, 226
Formatted writes, 135-139, 196—
199
Fortran, 6, 7
Forward
declaration, 126
of function, 8, 123, 183
of procedure, 8, 122, 181
sample program using, 125
directive, 212
(see Forward declaration)
Fraction length, of write, 136—137
Function, 122-125, 181-194
activation of, 167, 180
concept of, 102
declarations, 27, 122, 183-184
EBNEF for, 183, 215, 226
examples of, 183-184
and scope, 5, 178-179
designator. 30, 122, 166
EBNF for, 165, 218, 226
forward declaration, 8, 123, 125,
183
heading,
EBNF for, 183, 216, 226
syntax diagram for, 122
identifier,
EBNF for, 183, 219, 226
syntax diagram for, 231



Function (continued)
identification, EBNF for, 183,
216, 226
predeclared, 16, 17, 18, 19,
20, 122, 192-194, 211
recursive, 8, 122, 183
sample program using, 123,
124-125, 126
Functional parameters, 107, 110,
122, 124, 146, 186, 188
sample program using, 124-125
specification, EBNF for, 186,
216, 226

Generation mode, for file, 159
Get, 88, 128, 190, 205, 211
Global scope, 5, 27, 105
Goto statement, 47-49, 171-172
and activations, 172, 179
caution about, 49
EBNF for, 171, 217, 226
and expressions, 164
and statement sequences, 171
syntax diagram for, 47
Graph, program for, 4041,
59-60

Harmonic series, Nth partial sum,
program for, 36, 37, 38
Heading, see Program headings,
Procedures, Functions
Hoare, C.A.R., 81, 82,202, 203
Host type, of subrange type, 53,
154

Identified variable, 28, 94, 159,
164, 194
EBNF for, 163, 219, 226
syntax diagram for, 95
Identifier
definition of, 10, 148
EBNF for, 149, 220, 227
examples of, 11, 149
list, EBNF for, 3, 154, 219, 227
scope of, 5, 6, 27, 149, 178-179
standard, 12, 211
syntax diagram for, 11, 230

Index

Identifying values, of pointer type,
95, 159, 164, 194
If statement, 4346, 146, 172
EBNF for, 172, 217, 227
syntax diagram for, 43
Implementation
of Boolean expressions, 32
defined, 148
definition, of Char type, 18
dependent, 148
features, and ISO standard, 201
operand evaluation, 166
order of accessing variable or
result, 170
reset or rewrite of input or
output, 200
of end—of-line markers, 93
of files, 87
of pointers, 94
of sets, 83
of subrange variables, 54
Implication, operation, 17
In, operator, 32, 78, 169, 208
Inclusion, see Set inclusion
Index
EBNF for, 162, 219, 227
type
of array, 56, 112, 144, 156, 189
EBNF for, 156, 218, 227
specification
EBNF for, 186, 216, 227
syntax diagram for, 112, 235
Indexed variables, 162
EBNF for, 162, 219, 227
Inequality, see Set inequality,
Relational operators
Infix notation, sample program to
convert, 116—-117
Inflation, sample program for, 2
Initial Value, EBNF for, 175,217,227
Inorder, 117, 119, 120
Input
devices, 127-128, 194
file, 25,92, 128, 193, 194, 211
in program parameter list, 199
Inspection mode, for file, 159
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Integer

read, 133-134, 195

type, 17, 143, 153, 210

write, 135-137, 197
IntegerExpression, EBNF for, 165,

219, 227
Intersection, see Set intersection
Introduction, scope of, 178—179
I/0O handling, 127
ISO Standard, 112, 185,
200-201, 203

Jump, see Goto statement

Label, 13, 146
and cases, 47
declaration part, 22, 178
part
EBNF for, 178, 215, 227
syntax diagram for, 22
EBNF for, 178, 220, 227
and goto, 47-48, 170
as program—points in activations,
179
scope of, 5, 27
in statements, 169
Letter
EBNF for, 149, 220, 222
syntax diagram for, 11, 230
LetterFrequencies, sample
program for, 129-131
List
linked, 98, 100, 101
sample program using, 96-97
Ln, 20, 193, 205, 211
Local
files, 194
scope, 5,27, 178
variable, 105, 122, 146, 179
as for statement
control variable, 175
initial value of, 160
Logarithm, see Ln
Logical, see Boolean
Loop, see Repetitive statements
Lower—case letters, 10, 19,
148, 153

Matrix
as multidimensional array, 61
multiplication, sample program for,
62-63, 114-115
sample program using, 62
MaxInt, 17, 149, 151, 153, 168,
211, 246
Membership, see Set membership
Memory space, saving by using
subrange type, 54
Merge files, sample program to, 91
Meta—identifier, 147, 151, 161, 213,
214
MinMax, sample program for, 58,
103-104, 108-109
Mod, 17, 31, 165, 167, 208
Modularity, of program, 23
Multiple assignments, 7
Multiplying operators
EBNF for, 165, 218, 227
and precedence, 31, 32, 166
(see also Arithmetic operators)

Natural logarithms, see Ln
Negation, 208
Nested
record, 69
variant parts, of record, 72
with statements, 74-75
New, 94, 95,99, 158, 160, 191,
206, 211
Nil. 31, 95, 145, 159, 166
Not, 16, 165, 166, 168
(see also Boolean operators)
Numbers, representation of, 12, 149

)dd, 17, 26, 193, 205, 211

)perands, 166—-167

)perations, on sets, 78, 168

)perators, 14-20, 63, 167-169

precedence of, 30-32, 167, 209
ar. 16, 165, 168

(see also Boolean operators)

nd. 16, 19,51, 153, 194, 205,
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Ordinal
data types, in type taxonomy, 15,
210
expression, 165
and case statement, 146
EBNF for, 165, 219, 227
functions, predeclared, 193-194
(see also Ord, Chr, Pred, Succ)
numbers, 15, 152
types, 15,50, 143, 153
EBNF for, 153, 217, 227
identifier, EBNF for, 152,
219, 227
syntax diagram for, 16, 236
Output devices, 127, 194
Output file, 25, 92, 128, 196,
199, 200, 211
Own attribute, 8

Pack, 64, 192, 205, 211,
Packed, 155, 166
array, 63, 113, 155
conformant array schema,
EBNF for, 185, 216, 227
file, 92
set constructor, 33, 77, 166
and structured data type, 56
Page procedure, 128, 140, 199,
205-206, 211
Palindrome, sample program for,
242-245
Parameter
conformant array, 112-113, 117,
185-187
sample program using, 114115
external files as, 89
kinds of, 107, 110, 146, 185
list, 1, 106-107, 179, 185-188
congruity, 188
passed by reference and by value,
8, (see also Variable
parameters, Value parameters)
to Read procedure, 133-134
to Write procedure, 135-138
(see also Identifiers)
Parentheses, 3

Index

Pascal
aims of language, 142
Blaise, vi
News, v, 203
Revised Report, vii
User’s Group, v
Pattern recognition, 127
Peripherals, 87
(see also Input devices,
Output devices)
PL/1,v,6,7,8
Pointer
data types, in type taxonomy, 14,
210
type, 7, 94-99, 158
EBNEF for, 159, 217, 227
and function result, 122, 146,
183
identifier, EBNF for, 159, 219,
227
sample program using, 9697
syntax diagram for, 95
and variable, 29
variables, 94, 145, 163
EBNF for, 163, 219, 227
Polish notation, 113, 116-117
Portability, of programs, 23, 147
Position, in parameter lists, 187
Postfix, sample program for 116—-117
Postorder, 117, 119, 120
Power, function for, 184
Powerset, 144, 158
Precedence,see Operator precedence
Pred, 16, 18, 19, 51, 153, 206, 211
Predecessor, of ordinal value, 15
(see also Pred)
Predeclared
functions, 181, 192—194, 204-207
identifiers, 11, 211
procedures, 181, 190-193,204-207
Predefined
constant identifiers, 16, 17, 151,
211
type identifiers, 15, 89, 153, 158,
211
Preorder, 117, 119, 120
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Prime numbers, sample
program for, 82—85
Procedural parameters, 107, 110,
117, 147, 185-188
sample program using, 120-121
ProceduralParameterSpecification,
EBNF for, 186, 216, 227
Procedures, 180, 181-182, 190-192
activation of, 33, 111, 170,
179-180
as actual parameters, 187—188
block, 147
concept of, 102
declaration, 27, 102, 103, 178,
179, 181
EBNF for, 182, 215, 227
examples of, 182
forward declaration of, 122,
125, 181
heading, 105, 107, 181
EBNF for, 182, 216, 227
syntax diagram for, 103
identification, EBNF for, 182,
216, 227
identifier, 105, 181
EBNF for, 182, 219, 227
predeclared, 190-193, 204-207
syntax diagram for, 231
recursive 8, 113, 182
sample program using, 80, 96-97,
103-104, 107-108, 111, 114—
115,116-117,118-119, 120
statements, 33, 106, 146, 170-171
EBNF for, 171, 217, 227
syntax diagram for, 206
Procedure AndFunctionDeclarationPart
EBNF for, 181, 215, 227
syntax diagram for, 102
ProcedureOrFunctionHeading,
syntax diagram for, 102, 236
Processor, and IS0 standard, 200
Productions, in EBNF, 3, 213
Program—point, 179
Program, 199-200
as EBNF start symbol, 214
block, 1, 146
development, 80-81, 106

EBNF for, 3, 199, 215, 227
heading, 1, 3, 21, 199-200

EBNF for, 3, 199, 215, 227
syntax diagram, 4, 22
parameter list, EBNF for, 199, 215,

227

parameters, 199
syntax diagram for, 4, 21, 239

Programming

examples, 242-248
(see also Language feature,
sample program using, e.g.,

Procedures, sample program using)

style, 8

Prompt interactive user,

sample program to, 133

Put, 88, 128, 190, 206, 211

Radix read, sample program for,

245-246

Random-access

of array, 57, 144
of record, 65, 144
of set, 76, 144

Read, 206, 211

and buffer variable evaluation,

87, 88, 132
and default file, 128
and packed variable, 190
procedure, 133-135, 191, 194-195
from text file, 92, 93
sample program using 92, 134

Readability, of program, 106
Readln, 206, 211

.nd buffer variable evaluation, 132
.nd default file, 128

of packed variable, 190

procedure, 133-134, 195-196
trom text file, 92-93

Read-only variable,

hound identifier similar to, 112

Real

number, 7

read, 134, 195

and subrange type, 53

type, 15, 19-20, 143, 153, 210



Real (continued)
identifier, EBNF for, 153, 219,
228
write, 135-138, 197-198
Record
data types, in type taxonomy, 55,
210
accessing component of, 72-73,
162-163
sample program using, 68—69
structure, 144
types, 65-75, 156-158
EBNF for, 157, 218, 228
syntax diagram for, 66
(see also Fixed records,
Variant records)
section
EBNF for, 157, 218, 228
syntax diagram for, 66
variable
EBNF for, 163, 219, 228
list, EBNF for, 177,217,228
Recursion, sample program using,
116-117, 118-119
Recursive
data structures, 95
functions, 123, 183
procedures, 7, 113, 182
Reference to a variable, 161, 163,
164, 170, 176, 180
Refinement steps, 102, 242-245
Relational operators, 31, 146,
169, 208
EBNF for, 165, 218, 228
on enumerated types, 51
and ordinal types, 16
and precedence, 32, 166
and sets, 78
and string types, 63
Repeat statement, 35, 37, 146, 174
EBNF for, 174,217, 228
examples of, 37, 174
syntax diagram, 35
Repetitive statements, 3543, 173-176
EBNEF for, 174,217, 228
(see also Repeat, For, While)

Index 263
Reserved words, 7
(see also Word symbols)
Reset, 87, 129, 132, 190, 199, 206,
211
Result type,
EBNF for, 183, 218, 228
of function, 122, 146, 183
of operators, 208
of relational operators, 145
Rewrite, 88, 129, 190, 199, 206, 211
Round, 18, 193, 206, 211
Run-time validity check,
of subrange types, 54

ScaleFactor,EBNF for, 150,220, 228
Scope, 5-6, 177-179
of field identifier, 65, 75, 156,
176, 178-179
of function variables, 122
of identifier, 5, 6, 105, 146, 149
of constant identifiers,
introduced by enumerated type
in record type, 72
and spelling, 149, 178
in with statement, 73, 75, 177
Search, of linked list, 99
Secondary storage, 87
Selection
from linked list, 98
(see also Component)
Selector type, and case statement, 46
Semicolon
and else, 44
rules for, 34
Separators, of symbols, 9, 150
Sequential-access, of file, 86—-87
Sequential file, as file type, 86,
145, 157-158
Set
assignment, example of, 79
base type, and real type, 20
constructors, 77, 165-166, 209
EBNF for, 164, 219, 229
syntax diagram, 77
data structure, 7, 144



264 Index

Set (continued) Spelling
data types, in type taxonomy, 55, of directive, 149
210 of identifier, 149
declaration, example of, 78 of label, 178
difference, 78, 145, 168, 209 and scope, 178
equality, 78 of word symbol, 149
implementation of, 83 Sqr, 18, 20, 36, 192, 206, 211
inclusion, 78, 208 Sqrt, 20, 193, 207, 211
inequality, 78 Square root, example function for,
intersection, 78, 145, 168, 209 183 (see also Sqrt)
membership, 76, 78, 208 Square, see Sqr
operators, 78-80, 146, 168—169 Standard Pascal, 147, 200-201, 203
sample program using, 79-80, Start symbol, for EBNF for Pascal,
82-85, 129-131 214
types Statement, 1, 170-177
definition of, 76, 158 compound, 22, 172
EBNF for, 158, 218, 228 EBNF for, 170, 216, 228
syntax diagram for, 76 empty, 34, 44, 170
union, 78, 146, 169, 209 part
Side effects, 125-126, 146 EBNF for, 170, 215, 228
Sign syntax diagram for, 22
EBNF for, 150, 220, 228 separators, 7, 34
(see also Arithmetic operators) sequence, EBNF for, 172, 216, 228
SignedInteger, EBNF for, 150 simple or structured, 28
SignedNumber, EBNF for, 150 syntax diagram for, 29, 238
SignedReal, EBNF for, 150 Static variables, 94, 145
Simple Stepwise refinement, for
data types, in type taxonomy, 14, programming, 81, 242-245
15,210 String

expressions, 31, 165-167
EBNF for, 165, 217, 228
syntax diagrams for, 31, 233

statements, 170-172
EBNF for, 170, 216, 228

types, 14-20, 143, 153-154
EBNF for, 153, 217, 228
and function result, 122, 146
predefined, 15, 154—155
syntax diagram for, 15
(see also Ordinal types, Real)

Sin, 20, 193, 206, 211
Sine, see Sin
SkipBlanks, sample procedure for,
134-135
Space, as separator, 150
(see also Blank)
SpecialSymbol, EBNF for, 149

constants, 12—13, 150-151
construction, 209
element, EBNF for, 151, 220, 228
parameters, 117
types, 63, 155, 156

and compatibility, 159
write, 135, 137, 198-199

(see also Character strings)

Structured

programming, 81

statements, 146, 172—-177
EBNF for. 172,217, 228

1y pe identifier, EBNF for, 155,

219,228

types, 14, 144, 155-159

EBNF for, 155,217,228
syntax diagram for, 56
taxonomy of, 55, 210



Subrange
data types, in type taxonomy, 15,
210
types, 53-54, 144, 155
and compatibility, 159
declaration of, 54
definition of, 15, 50, 143, 155
EBNF for, 154, 218, 228
syntax diagram for, 53
Succ, 16, 18, 19, 51, 154, 194,
207, 211
Successor, see Succ
SummingTerms, program for, 41
SumSeries, sample program for,
124-125
Symbols
kinds of, 148-149
lexical, 148
separators, 150
(see also Separators)
special
list of, 10, 212
EBNF for, 148
table of, 212
Syntax diagrams, 3
collected, 230-239

Tag
field
EBNF for, 157, 218, 228
not allowed as actual
variable parameter, 163, 187
of variant record, 71, 144,
156-157
type, of variant record, 70
EBNF for, 157, 218, 228
Teaching, Pascal as language for, 142
Temperature conversion,
program for, 25-26
Term, 31, 165-167
EBNF for, 165, 218, 228
syntax diagram for, 31, 233
Terms, evaluation of, 31
Text, type, 127, 159, 164
Textfile input and output,
127-140,194-199
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Textfiles, 25,92-93, 128, 164
definition, 158
sample program using, 129-131
standard, 92
Then, see If statement
Threaten, and For statement, 175
To, see For statement
Transfer functions, predeclared, 193
Traversals, of tree, 117, 118-119,
120-121
True, as predefined constant
identifier, 16, 152, 154, 211
Trunc, 18, 193, 207, 211
Truncation, see Trunc
Type
compatibility, 160
conversion, automatic, 8
definition, 24, 143, 152
EBNEF for, 152, 215, 228
part
EBNF for, 152, 215, 228
example of, 159-160
syntax diagram for, 24
and scope, 5, 178
example of, 25-26, 159
EBNF for, 153,217, 228
identifier, 24
EBNF for, 152, 219, 228
syntax diagram for, 231
syntax diagram 24, 236
taxonomy, 14,210
values for variable, 143
Types, 14-20, 50-101, 152-161
kinds of, 15, 143-145
predefined, 211
(see also Structured types,
Pointer types, Simple types)

Unary operators, 166
Undefined variable, 160
Unpack, 64, 192, 207, 211
Unpacked
conformant array schema,
EBNEF for, 186, 216, 229
set constructor, 33, 77, 166
structured type, EBNF for, 155,
217,229
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Unsigned
constant
EBNF for, 165, 218, 229
syntax diagram for, 31, 231
integer
ERNF for, 150, 220, 229
syntax diagram for, 12, 230
number
EBNF for, 150, 219, 229
syntax diagram for, 12, 231
real, EBNF for, 150, 220, 229
Until, see Repeat statement
Up-arrow, see Alternative symbols
Upper—case, letters, 10, 19,
148, 153

Value parameters, 107, 110, 113, 146
actual, 110, 187-188
formal, 110, 185
sample program using, 111
specification, EBNF for, 185,
216,228
Var
parameters, 107, 110, 185-186
(see also Variable parameters)
see Variable declaration
Variable
accessing operations, 209
declaration, 7, 25, 143, 145, 160
EBNEF for, 161, 215, 229
part
EBNF for, 161, 215, 229
syntax diagram for, 25
and scope, 105, 178-179
example of, 162,219, 229
EBNF for, 162, 219, 229
identifier
EBNF for, 161, 219, 229
syntax diagram for, 231
parameters, 107, 110, 185-187
specification, EBNF for, 185,
216,229
sample program using, 111
read—only, 112
syntax diagram for, 30, 232
totally undefined, 161
undefined, 161
within activations, 179-180

Variables, 161-164
buffer, 87-89, 163-164
component, 57, 65, 161-163
entire, 161
global to procedure, 105
identified, 94-95, 163
kinds of, 28, 161-164
local to procedure, 105
to represent data, 143
standard, 128, 211
Variant
EBNEF for, 157, 218,229
part
EBNF for, 157,218,229
of record, 70, 72, 157, 163
syntax diagram, 70
records, 69-73, 144
and dynamic allocation, 99, 101,
191
examples of, 71-72, 158
selector, EBNF for, 157, 218, 229
syntax diagram, 70

While statements, 35, 146, 173-174
EBNF for, 173, 217, 229
example of 36, 174
syntax diagram for, 35
'vhole number, 7
Wwith statements, 47, 73-75, 176~177
EBNF for, 176,217, 229
syntax diagram for, 73
Word symbols. 9, 148,212
EBNF for, 148
(see also Reserved words)
Write, 92, 135-139, 196, 207, 211
and buffer variable evaluation, 87,
88,133, 191
ind default file, 128, 194
~xamples, 138-139
ormatted, 136-137, 190, 196-199
narameter
EBNF for, 196, 219, 229
list
EBNEF for, 196, 219, 229
syntax diagram for, 136, 234
W ateln, 92, 135-139, 198
and default file, 128
. nd equivalent writes, 136, 198





