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Use of an JEEE Standard is wholly voluntary. The existence of an IEEE Standard 
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market, or provide other goods and services related to the scope of the IEEE 
Standard. Furthermore, the viewpoint expressed at the time a standard is approved 
and issued is subject to change brought about through developments in the state of 
the art and comments received from users of the standard. Every IEEE Standard is 
subjected to review at least every five years for revision or reaffmation. When a 
document is more than five years old and has not been reaffmed, it is reasonable 
to conclude that its contents, although still of some value, do not wholly reflect 
the present state of the art. Users are cautioned to check to determine that they have 
the latest edition of any IEEE Standard. 

Comments for revision of IEEE Standards are welcome from any interested 
party, regardless of membership affiliation with IEEE. Suggestions for changes in 
documents should be in the form of a proposed change of text, together with 
appropriate supporting comments. 

Interpretations: Occasionally questions may arise regarding the meaning of 
portions of standards as they relate to specific applications. When the need for 
interpretations is brought to the attention of IEEE, the Institute will initiate action 
to prepare appropriate responses. Since IEEE Standards represent a consensus of all 
concerned interests, it is important to ensure that any interpretation has also 
received the concurrence of a balance of interests. For this reason IEEE and the 
members of its technical committees are not able to provide an instant response to 
interpretation requests except in those cases where the matter has previously 
received formal consideration. 

Comments on standards and requests for interpretations should be addressed to: 
Secretary, IEEE Standards Board 
445 Hoes Lane 
P.O. Box 1331 
Piscataway, NJ 08855-1331 
USA 
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IEEE Standards documents are adopted by the Institute of Electrical and 
Electronics Engineers without regard to whether their adoption may involve patents 
on articles, materials, or processes. Such adoption does not assume any liability to 
any patent owner, nor does it assume any obligation whatever to parties adopting 
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Foreword 

(This Foreword is not a part of ANSI/IEEE77OX3 160-1 989, An American National Standard/IEEE 
Standard for the Programming LanguagL Extended Pascal.) 

This standard provides an unambiguous and machine-independent definition of the language Extended 
Pascal. Its purpose is to facilitate portability of Extended Pascal programs for use on a wide variety of 
data processing systems. 

Language History 

The computer programming language Pascal was designed by Professor Niklaus Wirth to satisfy two 
principal aims: 

( 1) To make available a language suitable for teaching programming as a systematic discipline based on 
certain fundamental concepts clearly and naturally reflected by the language, and 

(2) To define a language whose implementations could be reliable and efficient on then-available 
computers. 

However, it  has become apparent that Pascal has attributes that go far beyond those original goals. It is 
now being increasingly used commercially in the writing of system and application software. With this 
increased use, there has been an increased demand for and availability of extensions to IS0 7185:1983, 
Programming languages - PASCAL. Programs using such extensions attain the benefits of the extended 
features a t  the cost of portability with standard Pascal and with other processors supporting different sets 
of extensions. In the absence of a standard for an extended language, these processors have become 
increasingly incompatible. This standard is primarily a consequence of the growing commercial interest 
in Pascal and the need to promote the portability of Pascal programs between data processing systems. 

Project His tory 

In 1977, a working group was formed within the British Standards Institution (BSI) to produce a standard 
for the programming language Pascal. This group produced several working drafts, the first draft for 
public comment being widely published early in 1979. In 1978, BSI’s proposal that Pascal be added to 
ISO’s program of work was accepted, and the IS0 Pascal Working Group (then designated 
ISO/TC97/SCS/WG4) was formed in 1979. The Pascal standard was to be published by BSI on behalf of 
ISO, and this British Standard referenced by the International Standard. 

In the USA, in the fall of 1978, application was made to the IEEE Standards Board by the IEEE Computer 
Society to authorize project 770 (Pascal). After approval, the first meeting was held in January 1979. 

In December of 1978, X3J9 convened as a result of a SPARC (Standards Planning and Requirements 
Committee) resolution to form a US TAG (Technical Advisory Group) for the IS0 Pascal standardization 
effort initiated by the UIi. These efforts were performed under X3 project 31 7. 

In agreement with IEEE representatives, in February of 1979, an X3 resolution combined the X3J9 and 
P770 committees into a single committee called the Joint X3J9/IEEE P770 Pascal Standards Committee. 
(Throughout, the term JPC refers t o  this committee. ) The first meeting as JPC was held in April 1979. 
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Project Charter 

The goal of JPC's Project 345 was to define an implementable, interr'ntionally acceptable Extended Pascal 
Standard. 

This Standard was to encompass those extensions found to be: 

( 1) Compatible with ANSI/IEEE7 70X3.97- 19 83, American National Standard Programming Language 
Pascal, and 

(2) Beneficial with respect to cost. 

JPC's approved program of work included 

( 1) Solicitation of proposals for extended language features; 

(2) The critical review of such proposals; 

(3) Synthesis of those features found to be acceptable individually and which are mutually consistent 
into a working draft proposed standard; 

(4) Interface with all interested standards bodies, both domestic and international; 

(5)  Submission of the working draft to ISO/TC97/SC22/WG2; 

( 6 )  Synthesis and submission of a draft proposed ANS consistent with any international standard 
developed; 

(7) Review and correction of the dpANS in light of any comment received during Public Comment 
and/or Trial Use periods. 

Technical Development 

Extended Pascal incorporates the features from ANSI/IEEE770X3.97- 1983 and the following new 
features: 

( 1) Modularity and Separate Compilation. 
components, while maintaining type security. 

Modularity provides for separately-compilable program 

0 Each module exports one or more interfaces containing entities (values, types, schemata, variables, 
procedures, and functions) from that module, thereby controlling visibility into the module. 

0 A variable may be protected on export, so that an importer may use it but not alter its value. A 
type may be restricted, so that its structure is not visible. 

0 The form of a module clearly separates its interfaces from its internal details. 

0 Any block may import one or more interfaces. Each interface may be used in whole or in part. 

0 Entities may be accessed with or without interface-name qualification. 

ix 
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14) Binding of Variables 

0 
0 A variable may optionally be declared to be bindable. Bindable variables may be bound to 

external entities (file storage, real-time clock, command lines, etc. ). Only bindable variables may 
be so bound. 

0 The procedures bind and unbind, together with the related type BindingType, provide capabilities 
for connection and disconnection of bindable internal (file and non-file) variables to external 
entities. 

0 The function binding returns current or default binding information. 

(5) Direct Access File Handling 

0 The declaration of a direct-access file indicates an index by which individual file elements may 
be accessed. 

0 The procedures SeekRead, Seekwrite, and Seekupdate position the file. 

0 The functions position, LastPosition, and empty report the current position and size of the file. 

0 The update file mode and its associated procedure update provide in-place modification. 

0 (6) File Extend Procedure. The procedure extend prepares an existing file for writing at  its end. 

(7) Constant Expressions. A constant expression may occur in any context needing a constant value. 

(8) Structured Value Constructors. An expression may represent the value of an array, record, or set in 
terms of its components. This is particularly valuable for defining structured constants. 

(9) Generalized Function Results. The result of a function may have any assignable type. A function 
result variable may be specified, which is especially useful for functions returning structures. 

(IO) Initial Variable State. The initial state specifier of a type can specify the value with which 
variables are to be created. 

(1 1) Relaxation of Ordering of Declarations. There may be any number of declaration parts (labels, 
constants, types, variables, procedures, and functions) in any order. The prohibition of forward 
references in declarations is retained. 

(1 2) Type Inquiry. A variable or parameter may be declared to have the type of another parameter or 
another variable. 

(1 3) Implementation Characteristics. The constant maxchar is the largest value of type char. The 
constants minreal, maxreal, and epsreal describe the range of magnitude and the precision of real 
arithmetic. 

( I  4) Case-Statement and Variant Record Enhancements. Each case-constant-list may contain ranges 
of values. An otherwise clause represents all values not listed in the case-constant-lists. 0 
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(27) Subrange Bounds. A general expression can be used to specify the value of either bound in a 
subrange. 0 

(28) Tag Fields of Dynamic Variables. Any tag field specified by a parameter to the procedure new is 
given the specified value. 

Extended Pascal incorporates the following featlire at level 1 of this standard: 

Conformant Arrays. Conformant arrays provide upward compatibility with level 1 of IS0 7 1 85,  
Programming languages - PASCAL. 

Technical Reports 

During the development of this standard, various proposals were considered but not incorporated due to 
consideration of time and other factors. Selected proposals may be published as Technical Reports. 
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An American National Standard 

IEEE Standard for the Programming Language 
Extended Pascal 

1. Scope 

1.1 This standard specifies the semantics and syntax of the computer programming language Extended 
Pascal by specifying requirements for a processor and for a conforming program. Two levels of 
compliance are defined for both processors and programs. 

1.2 This standard does not specify: 

(a) The size or complexity of a program and its data that will exceed the capacity of any specific data 
processing system or the capacity of a particular processor, nor the actions to be taken when the 
corresponding limits are exceeded; 

(b) The minimal requirements of a data processing system that is capable of supporting an 
implementation of a processor for Extended Pascal; 

(c) The method of activating the program-block or the set of commands used to control the environment 
in which an Extended Pascal program is transformed and executed; 

(d) The mechanism by which programs written in Extended Pascal are transformed for use by a data 
processing system; 

(e) The method for reporting errors or warnings; and 

(f) The typographical representation of a program published for human reading. 

2. Reference 

The following publication shall be used in conjunction with this standard. 
document are referred to, the latest revision shall apply. 

When standards in this 

IS0 646 : The 7-bit coded character set for information processing interchange. 

3. Definitions 

For the purposes of this standard, the following definitions apply. 

NOTE: To draw attention to language concepts, some terms are printed in 
italics on their first mention or a t  their defining occurrence(s) in this 
standard. 

1 
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of th  s of that a or to 

burden. 

any program 

3.4 Implementation-D s, but d 
processor. 

3.5 Im n-Dependent, Possibly d b not ned 
any particular processor. 

3.6 Processor. A system or s it 
executes the process so 

processor. 

4. Definitional Conventions 

The metalanguage used in this sta is based on Backus-Naur 

ment of this s 
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Table 1 
Metalanguage Symbo 1s 

Metasymbol Meaning 
- S h a l l  be def ined t o  be 
> S h a l l  have as an a l t e r n  

- 

A l t e r n a t i v e l y  
End o f  d e f i n i t i o n  

I 

[ X I  0 o r  1 instance o f  x 

t i v e  d f i  it ion 

{ x >  0 o r  more instances o f  x 
( X l Y )  Grouping: e i t h e r  o f  x o r  y 
"xy z " 
m e t a - i d e n t i f i e r  A nonterminal symbol 

The terminal  symbol xyz 

A meta-identifier shall be a sequence of letters and hyphens beginning with a letter. 

A sequence of terminal and nonterminal symbols in a production implies the concatenation of the text 
that they ultimately represent. Within 6 1 this concatenation is direct; no characters shall intervene. In 
all other parts of this standard the concatenation is in accordance with the rules set out in 6.1. 

The characters required to form Extended Pascal programs shall be those implicitly required to  form the 
tokens and separators defined in 6.1. 

Use of the words of, in, containing, and closest-containing, when expressing a relationship 
be tween terminal or nonterminal symbols, shall have the following meanings. 

-- the x o f  a y: refers to the x occurring directly in a production defining y. 0 
-- the x in a y: is synonymous with "the x o f  a y". 

-- a y containing an x: refers to any y from which an x is directly or indirectly derived. 

-- the y closest-containing an x: that y containing an x and not containing another y 
containing that x. 

-- the y1, y2, ..., or yn closest-containingan x: that yi for some i in [l..n], closest-containing 
an x such that for all j in ([l..n]-[i]) if a Y j  closest-contains that x then that Yj contains that 
Yi. 

These syntactic conventions are used in section 6 to specify certain syntactic requirements and also the 
contexts within which certain semantic specifications apply. 

In addition to the normal English rules for hyphenation, hyphenation is used in this standard to form 
compound words that represent meta-identifiers, semantic terms, or both. All meta-identifiers that 
contain more than one word are written as a unit with hyphens joining the parts. Semantic terms ending 
in Yype" and Variable'' are also written as one hyphenated unit. Semantic terms representing compound 
ideas are likewise written as hyphenated units, e.g., digit-value, activation-point, assignment-compatible, 
and identifying-value. 

NOTES are included in this standard only for purposes of clarification, and aid in the use of the standard. 
NOTES are informative only and are not a part of the standard. 0 
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Examples in are S .  

5. Complianoe 

There are two 1 level 1. Level 0 d clude CO Y 

5.1  Processors. A p g with 

(b) If lies at leve t all s of the lan 
me efined in se 

mpanied by a document all i n -d 

an error or d 

(f) Treat each violation th  a d  f the 

further processing and shall be able to refuse exe 

(2) The processor shall report the d 

andif  a d y  ' ' 

Dynamic-violations, like all viol 

an e 

(1 1 A dynamic-violation; or 

( 2) be a state e 
refe h such tre 
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NOTE: This means that processing will continue up to or beyond execution 
of the program at the option of the user 

(h) Be accompanied by a document that separately describes any features accepted by the processor that 
are prohibited or not specified in section 6: such extensions shall be described as being "extensions to 
Extended Pascal as specified by <this standard>"; 

(i) Be able to process, in a manner similar to that specified for errors, any use of any such extension; and 

(j) Be able to process, in a manner similar to that specified for errors, any use of an 
implementation-dependent feature. 

NOTE: The phrase "be able to'' is used in 5. 1 to permit the implementation 
of a switch with which the user may control the reporting. 

A processor that purports to comply, wholly or partially, with the requirements of this standard shall do so 
only in the following terms. A compliance statement shall be produced by the processor as a consequence 
of using the processor or shall be included in accompanying documentation. If the processor complies in 
all respects with the requirements of this standard, the compliance statement shall be: 

<This processor> complies with the requirements of level <number> of <this standard>. 

If the processor complies with some but not all of the requirements of this standard then it shall not use 
the above statement, but shall instead use the following compliance statement: 

<This processor' complies with the requirements of  level <number> o f  <this standard, with the 
following exceptions: 

<followed by  a reference to, or a complete list of, the requirements o f  the standard with which the 
processor does not comply>. 

In both cases the text <This processor> shall be replaced by an unambiguous name identifying the 
processor. 

NOTE: Processors that do not comply fully with the requirements of the 
standard are not required to give full details of their failures to comply in 
the compliance statement; a brief reference to accompanying 
documentation that contains a complete list in sufficient detail to identify 
the defects is sufficient. 

5.2 Programs, A program conforming with the requirements of this standard shall 

(a) If it conforms a t  level 0, use only those features of the language specified in section 6,  except for 
6.7. 3.6(e), 6.7.3. 7, and 6.7.3. 8; 

(b) If it conforms at level 1, use only those features of the language specified in section 6; and 

(c) Not rely on any particular interpretation of implementation-dependent features. 

NOTES: 

rely on particular implementation-defined values or features. 
(1) A program that conforms with the requirements of this standard may 
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s the same whe 
e same, or they may 

6. Requirements 

6.1  Lexical Tokens 

rs and the s 

. The lexical tokens used to 
s, identifiers, remote-dire 

aving s S a  

word-symbol = "and" I "and then" I "a r ray"  I "begin" I "b in  
"const" I "drv" I "do" I "downto" I "e lse" I 
" f i l e "  I " f o r "  I " fun  I I o a r n o d  

"only" I "o r "  I "or-e rwise" I "packed" I "pow" I 
e" goto" I Unil" I " i f"  I Ilnot" I " import" I "o f "  I I 

" type" I " u n t i l "  I "value" I "var"  I I' 

shall have the same spelling as 

i d e n t i f i e r  = l e t t e r  { [ underscore ] ( l e t t e r  I d i g i t  ) } . 
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underscore = "-" . 
NOTE: An identifier cannot begin or end with an underscore, nor can two 0 
underscores be adjacent. 

Examples : 

X 
t ime 
read i n t e g e r  
WG2 
A 1  terHea t S e t  t i n g  
CInqWsTran 
Dev iceDr i v e  r Iden t i f  i c a t  i o n  Heade r 
Dev iceDr i v e  r Iden t i f  i c a t  i o n  Body 
Trond he irn-Hammer-Dance 

6.1.4 Remote-Directives. A remote-directive shall only occur i n  a procedure-declaration or a 
function-declaration. The remote-directive shall be the required remote-directive forward (see 6.7.1 
and 6.7.2). 

remote-d i r e c t  i v e  = d i r e c t i v e  . 
d i r e c t i v e  = l e t t e r  { [ underscore 3 ( l e t t e r  I d i g i t  ) } . 

NOTE: Many processors provide, as an extension, the remote-directive 
external, which is used to specify that the procedure-block or 
function-block corresponding to that procedure-heading or 
function-heading is external to the program-block. Usually it is in a 
library in a form to be input to, or that has been produced by, the 
processor. When providing such an  extension, a processor should enforce 
the rules of Extended Pascal pertaining to type compatibility. 

6.1.5 Interface-Directives. An interface-directive shall only occur i n  a module-heading o f  a 
module-declaration. The interface-directive shall be the required interface-directive interface (see 
6. 1 1 .  1). 

i n t e r f a c e - d i r e c t i v e  = d i r e c t i v e  . 
NOTE: A processor may provide, as an extension, the interface-directive 
external, which is used to specify that the module-block corresponding to 
the module-heading containing the interface-directive is in some form 
other than an Extended Pascal module-block (e.g., it is implemented in 
some other language). When providing such an extension, a processor 
should enforce the rules of Extended Pascal pertaining to type 
compatibility. 

6.1.6 Implementation-Directives, An implementation-directive shall only occur In a 
module-identification o f  a module-declaration. The implementation-directive shall be the required 
implementation-directive implementation (see 6.1 1.1). 

imp lemen ta t i on -d i rec t i ve  = d i r e c t i v e  . 0 
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a value of inte 

signed-number = signed-integer I signed-real . 
signed-real = [ sign ] unsigned-real . 
signed-integer = [ sign ] unsigned-integer . 
un -number = unsigned-integer I unsigned-real . 

unsigned-real = 
uence 'I. I' frac d 

d uence e scal ,I IO 

unsigned-integer = digit-sequence . 
fractional-part = digit-sequence . 
scale-factor = [ sign ] digit-sequence . 
digit-sequence = d i g i t  { digit } . 

I ,  , I  -sequence . I ' I . "  fra 
[ "ell scale-factor ] . 

tifier number is o 

Examples : 

le10 
1 
+ l o o  
-0.1 
5e-3 
87.35E+8 

an extended-number shall 
An extended-number shall 

extended-digit = digit I letter . 
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extended-number = unsigned- i n tege r  "#" 0 extended-digi t  { extended-d ig i t  } 

Examples : 

16Xf f 
8#377 
32x1 00 
13/42 { the answer t o  the u l t i m a t e  quest ion o f  l i f e ,  

the universe, and everyth ing 1 

NOTE: The character #' is regarded as identical to corresponding currency 
symbols that appear in some national variants of IS0 646. 

6.1.8 Labels. Labels shall be digit-sequences and shall be distinguished by their apparent integral values 
and shall be in the closed interval 0 to 9999. The spelling of a label shall be its apparent integral value. 

l a b e l  = digit-sequence . 
6.1.9 Character-Strings. A character-string containing a single string-element shall denote a value 
of the char-type (see 6.4.2.2).  

A character-string containing other than a single string-element shall denote a value of the 
canonical-string-type (see 6.4.3.3.1) with a length equal to the number of string-elements contained in 
the character-string. 

There shall be an implementation-defined one-to-one correspondence between the set of alternatives 
from which string-elements are drawn and a subset of the values of the required char-type. The 
occurrence of a string-element i n  a character -string shall denote the occurrence of the corresponding 
value of char-type. 

character-s t r ing = ' I" '  { str ing-element } ' I" '  . 
str ing-element = apostrophe-image I s t r i ng -cha rac te r  . 
apostrophe- image = " ' ' I '  . 
s t  r ing-character = one-of-a-set-of-implementat ion-def ined-characters . 

NOTE: Conventionally, the apostrophe-image is regarded as a substitute for 
the apostrophe character, which cannot be a string-character. 

Examples : 

'A '  '. ' 
"" 

'Ex tended Pasca 1' 
'THIS IS A STRING' 
'Don"t t h i n k  t h i s  i s  two s t r i n g s '  

6.1.10 Token Separators Where a commentary shall be any sequence of characters and separations of 
lines, containing neither } nor f ) ,  the construct 0 
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a comment if neither the { nor or 

N 

with (* and end w 
(1) A comment may thus corn 

(2) The sequence (*) cannot occur in a CO 

sequence {) can. 

The substitution of a s t sh 

6.1.11 Lexical Alter 

tokens and separators. 

or separators s 

Reference token A l t e r n a t i v e  token 
@ t ( .  

1 

46 
t 

, and (e and f) 

NOTE: See also 1.2(f). 

6.2 Blocks, Scopes, Activations, and States 

6 .2 .1  Blocks. A block closest-con t 

art  o f  a block shall be its 
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block = impor t -pa r t  
{ l a  be 1 -dec l a  r a t  i o n  - pa rt I 

constant  -de f  i n  i t  i o n  - p a r t  I 
t y pe - d e f i n i t i o n  - pa r t I 
va r i a  b l e - d e c l a  r a t  i o n  - p a r t  I 
procedure-and - f u n c t  i o n  -dec l a r a  t i o n -  p a r t  } 

0 

statement - p a r t  . 
impor t -pa r t  [ " impor t "  i m p o r t - s p e c i f i c a t i o n  ";" 

{ i m p o r t - s p e c i f i c a t i o n  "; ' I  } 3 . 
l a b e l - d e c l a r a t i o n - p a r t  = " l a b e l "  l a b e l  { ' I , "  l a b e l  } ";" . 
cons t a n  t -de f  i n  i t  i o n  - pa r t  

"const"  c o n s t a n t - d e f i n i t i o n  ' I ;"  { c o n s t a n t - d e f i n i t i o n  ";" } , 

type-def  i n i t i o n - p a r t  = 
" type"  ( t y p e - d e f i n i t i o n  I schema-de f in i t i on  ) ";" 
{ ( t y p e - d e f i n i t i o n  I schema-de f in i t i on  ) l ' ; "  } . 

va r i a  b le -dec la  r a  t i o n  - p a r t  = 
"var"  v a r i a b l e - d e c l a r a t i o n  " ; ' I  { v a r i a b l e - d e c l a r a t i o n  ";" } . 

p roced u r e  -and - f u n c t i o n  -dec 1 a r a t  i o n  - pa r t = 
{ ( p rocedure -dec la ra t i on  I f u n c t  i o n - d e c l a r a t i o n  ) ";" } . 

A procedure-and-function-declaration-part shall not be immediately followed by another 
procedure-and-function-declaration-part. 

NOTE: A procedure-and-function-declaration-part thus consists of a 
maximal sequence of procedure-declarations, function-declarations, and 
semicolons. See the discussion of the remote-directive forward in 6.7.1 
and 6. I. 2. 

The statement-part shall specify the algorithmic actions to be executed upon an  activation of the block. 

statement-par t  = compound-statement . 
6.2.2 Scopes 

6.2.2.1 Each identifier or label contained by the program-block shall have a defining-point, with the 
exception of the identifier o f  a program-heading (see 6.12). 

6.2.2.2 Each defining-point shall have one or more regions that are parts of the program text, and a 
scope that is part or all of those regions. The region that is an interface (see 6. 11.2), however, shall not be 
a part of the program text and shall be disjoint from every other interface. 

6.2.2.3 The region(s) of each defining-point are defined elsewhere (see 6.2. 1, 6.2.2.10, 6.2.2.12, 6.3, 
6.4.1, 6 .4 .2 .3 ,  6 .4 .3 .4 ,  6 .4 .7 ,  6.5.1, 6.5 .3 .3 ,  6.7.1,  6 .7 .2 ,  6 .7 .3 .1 ,  6.7.3.7.1,  6.8.4,  6 .8 .6 .3 ,  6.8.7.3, 
6. 8.8.3, 6 .9 .3 .10 ,  6. 1 1 .  1 ,  6. 11.2, 6.11 .3 ,  and 6. 12). 

6.2.2.4 The scope of each defining-point shall be its region(s) (including all regions enclosed by those 
regions) subject to 6.2.2. 5 and 6.2 .2 .6 .  

1 1  
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6.2.2.5 When an i 

tant -identif ier 

re-name, or 

program text occupied by this 00 

For e 
e a; 

begin 
i1.x := ... 

the const x is allowed but 

6. 11. 3). 

the scope of a defin 

occurrence outside that scope shall be an a 

all s of that 

1 2  
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6.2.2.10 Required identifiers that denote the required values, types, schemata, procedures, and functions 
shall be used as if their defining-points have a region enclosing the program (see 6.1.3, 6.4.2.2, 6.4.3.4, 
6.4. 3.6, 6.4. 3.3. 3, 6.7. 5, 6.7-6, and 6. 10). 

NOTES: 

denote variables (see 6. 1 1.4.2). 
(1) The required identifiers input and output are not included, since these 

(2) The required identifiers StandardInput and Standardoutput are not 
included, since these denote interfaces (see 6.1 1.4.2). 

6.2.2.11 Whatever an identifier or label denotes at its defining-point shall be denoted at  all applied 
occurrences of that identifier or label. 

NOTES: 
(1) Within syntax definitions, an applied occurrence of an identifier is 
qualified (e.g., type-identifier) whereas a defining occurrence is not 
qualified. 

(2) It is intended that such qualification indicates the nature of the entity 
denoted by the applied occurrence: e.g , a constant-identifier denotes a 
constant. 

6.2.2.12 Each defining-point that has as a region a module-heading shall also have as a region the 
module-block that is associated with that module-heading. 

6.2.2.13 A module A shall be designated as supplying a module B if A supplies the module-heading or 
module-block of B. A module A shall be designated as supplying a main-program-block if the module 
supplies the block of the main-program-block. A module A shall be designated as supplying a 
module-heading, module-block, or block, B, either if B contains an applied Occurrence of an 
interface-identifier having a defining occurrence contained by the module-heading of A, or if A 
supplies a module that supplies B. 

0 

No module shall supply its module-heading. 

NOTE: A module-heading that exports an  interface precedes any 
module-heading, module-block, or block that imports the interface, and a 
module-heading precedes its module-block (see 6.2.2.9). 

6.2.3 Activations 

6.2.3.1 A variable-identifier having a defining-point within a variable-declaration-part, for the region 
that is a module-block (see also 6.2.2.12) or a block, shall be designated Zoca2 to the module containing 
the module-block (see 6. 11. 1) or to the block, respectively. 

A procedure-identifier or function-identifier having a defining-point within a 
procedure-and-function-heading-part or a procedure-and-function-declaration-part, for a region that 
is a module-block or a block, shall be designated local to the module containing the module-block or to 
the block, respectively. 

6.2.3.2 Each activation of a block or module shall contain: 

(a) For the statement-part o f  the block, an algorithm, the completion of which shall terminate the 
activation (see also 6.9.2.4); 
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6.2.3.3 An activation of a procedure or a function shall be an activation of the block of the 
procedure-block of the procedure or o f  the function-block of the function, respectively, and shall be 
designated as within: 

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

(b) All activations that that containing activation 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. 

6.2.3.4 A procedure-statement or function-designator contained in the algorithm, initialization, or 
finalization of an activation and specifying an activation of a block shall be designated the 
activation-point of the activation of the block. 

6.2.3.5 Each variable contained by an activation of a block or module, unless it is a program-parameter 
or module-parameter or it is a formal-parameter of the block, shall be created in its initial state (see 
6.2.3.2(k) and 6 .5 .1 )  within the commencement of the activation. Each variable contained by an 
activation of a block or module, unless it is a program-parameter or module-parameter, shall be created 
not bound to an external entity. The algorithm, program-points, types, schemata, variables, references, 
finalization, procedures, and functions, if any, contained by an activation shall exist until the termination 
of the activation. 

6.2.3.6 An activation of a program-block shall consist of an activation of the main-program-block 
Contained by the program-block and, for each module supplying (see 6.2.2.13) the 
main-program-block, an  activation of that module. The termination of the activations of both the 
main-program-block and those modules shall constitute the termination of the activation of the 
program- block. 

The order of any two distinct commencements shall be implementation-dependent unless the order is 
specified by the following sentence. Within an activation of a program-block, for each module or 
main-program-block A and for each module B other than A, if B supplies A and A does not supply B, 
then the commencement of the activation of B shall precede the commencement of the activation of A. 

The completion of the finalization of an activation of a module shall terminate the activation. 

The order of the action specified by the finalization of an activation and the termination of a distinct 
activation shall be implementation-dependent unless the order is specified by the following sentence. 
Within an activation of a program-block, for each module or main-program-block A and for each 
module B other than A, if B supplies A and A does not supply B, then the termination of the activation of 
A shall precede the action specified by the finalization of the activation of B. 

6.2.3.7 An activation of the module-heading or module-block associated with a module shall be the 
same activation of the module. An activation of a main-program-block shall be the activation of the 
block of the main-program-block. 

6.2.3.8 The commencemenf of an  activation of either a module or a block shall contain the following 
events: 

(a) For each formal value parameter of the block, an attribution of a value to the variable denoted within 
the activation by the formal-parameter (see 6.7.3.21, and for each formal variable parameter of the 
block, an access to the actual-parameter (see 6.7.3.3); 
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(2) For a pointer-type, the set of states is dynpmic in that the states 
bearing identifying-values (see 6.4 .4)  are created and destroyed by actions 
of the program. Every non-pointer type determines a static set of values, 
i.e., a set that does not change during the existence of the type. 

A variable declared to possess a type shall always have one of the states determined by the type; the 
particular state of a variable that is not bound to an external entity a t  any point shall have been 
determined by the actions specified by the program. 

A value borne by the state of a variable shall be said to  be attributed to the variable; a variable having a 
non-value-bearing state shall be said to have no value attributed to the variable and shall also be 
designated undefined. 

NOTE: Each state of a variable when the variable does not have attributed 
to it a value specified by its type is undefihed. If a variable possesses a 
structured-type, the state of the variable when every component of the 
variable is totally -undef ined is totally -undefined. Totally -undefined is 
synonymous with undefined for a variable that does not possess a 
structured-type. 

Causing a variable to have the state bearing a value shall be described as attributing the value to the 
variable. 

NOTE: Subsections that specify attribution (or de-attribution) of a value to  
a variable are: 6.5 .3 .3 ,  6.6,  6 .7 .3 .2 ,  6 .7 .3 .7 .2 ,  6.7.5.2,  6.7.5.3,  6.7.5.4,  
6 .7 .5 .5 ,  6 .7 .5 .6 ,  6 .7 .5 .8 ,  6.7.6.7,  6 .9 .2 .2 ,  6 .9 .3 .9 ,  6.10, 6.11.4.2.  In 
some of these subsections the attribution is implicit. 

The initial state denoted by a type-denoter shall be a state determined by the type denoted by the 
type-denoter (see 6.6). 

6.3 Constants 

6.3.1 General. A constant-definition shall introduce an identifier to denote a value. 

constant-definit ion = i d e n t i f i e r  "=" constant-expression . 
constant - ident i f ie r  = i d e n t i f i e r  . 
constant -name = [ imported - in te r face-  i d e n t i f i e r  ' I .  " ] cons tan t - ident  if i er  . 

A constant-name shall denote the value denoted by the constant-identifier o f  the constant-name. 

The occurrence of an  imported-interface-identifier i n  a constant-name shall be the defining-point of 
each imported constant-identifier associated with the imported-interface-identifier for the region that is 
the constant-identifier of  the constant-name. 

The occurrence of an identifier in a constant-definition o f  a constant-definition-part o f  a block, a 
module-heading, or a module-block shall constitute its defining-point as a constant-identifier for the 
region that is the block, the module-heading, or the module-block, respectively. A constant -expression 
i n  a constant-definition shall not contain an applied occurrence of the identifier i n  the 
constant -def inition. 0 
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Constants of pointer- 
the value NIL. 

6.3.2 Example of a Constant-Definition-Part 

and 

const 

m is te r  = ' M r . ' ;  

6.4 Types and Schemata 

corresponding to any other new-ty 

type-def i n i t  ion  = i d e n t i f i e r  "=" type-denoter . 
type-denoter = [ "bindable" ] ( t 

t ina  ted -schema ) 
[ 
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new-type = new-ordinal-type I 
new-structured-type I 
new-po i n  t e  r- type I 
restr ic ted- type . 

0 

The occurrence of an identifier in a type-definition o f  a type-definition-part o f  a block, a 
module-heading, or a module-block shall constitute its defining-point for the region that is the block, the 
module-heading, or the module-block. Each applied occurrence of that identifier shall be a 
type-identifier. Within an activation of the block, the module-heading, or the module-block, all applied 
occurrences of that identifier shall denote the type, bindability, and initial state denoted by the 
type-denoter o f  the type-definition. Except for applied occurrences in the domain-type o f  a 
new-pointer-type, the type-denoter shall not contain an applied occurrence of the identifier in the 
type -definition. 

If the symbol bindable occurs in a type-denoter, the type-denoter shall denote the bindability that is 
bindable; otherwise, the type-denoter shall denote the bindability that is denoted by the type-name, the 
new-type, the type-inquiry, or the discriminated-schema of  the type-denoter. The bindability denoted 
by a required type-identifier shall be nonbindable. A type-denoter denoting a restricted-type shall not 
contain the symbol bindable. 

If an initial-state-specifier occurs in a type-denoter, the type-denoter shall denote the initial state that 
is denoted by the initial-state-specifier (see 6.6); otherwise, the type-denoter shall denote the initial state 
that is denoted by the type-name, the new-type, the type-inquiry, or the discriminated-schema of  the 
type-denoter. The initial state denoted by a required type-identifier shall be totally-undefined. A 
new-type shall denote the initial state denoted by the new-ordinal-type, the new-structured-type, the 
new-pointer-type, or the restricted-type of  the new-type. 

Types shall be classified as simple-types, restricted-types, structured-types, or pointer-types. The 
required type-identifiers and corresponding required types shall be as specified in 6.4 .2 .2 ,  6.4.3.4,  and 
6.4 .3 .6 .  The required schema-identifier and the corresponding required schema shall be as specified in 
6.4. 3. 3. 3. 

0 

simple-type-name = type-name . 
structured-type-name = array-type-name I 

record-type-name I 
set-type-name I 
f ile-type-name . 

array-type-name = type-name . 
record-type-name = type-name . 
set-type-name = type-name . 
f i le-type-name = type-name . 
pointer-type-name = type-name . 
t y p e - i d e n t i f i e r  = i d e n t i f i e r  . 
type-name = [ i m p o r t e d - i n t e r f a c e - i d e n t i f i e r  ' I . "  ] t y p e - i d e n t i f i e r  . 
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new-ordinal-type = enumerated-type I subrange-type . 
ordinal-type-name = type-name . 
real-type-name = type-name . 
complex-type-name = type-name . 

The range-type of an ordinal-type that is a subrange-type shall be the host-type (see 6.4.2.4) of the 
subrange-type. The range-type of an ordinal-type that is not a subrange-type shall be the ordinal-type. 
A discriminated-schema i n  an ordinal-type shall denote an ordinal-type. 

A new-ordinal-type shall denote the type, bindability, and initial state denoted by the subrange-type or 
the enumerated-type o f  the new-ordinal-type. The initial state denoted by an enumerated-type or a 
subrange-type shall be totally-undefined. The bindability denoted by an enumerated-type or a 
subrange-type shall be nonbindable. 

6.4.2.2 Required Simple-Types and Associated Constants 

NOTE: Operators applicable to the required simple-types are specified in 
6. 8. 3. 

The following types shall exist: 

(a) Znteger-type. The required type-identifier integer shall denote the integer-type. The integer-type 
shall be an ordinal-type. The values shall be a subset of the whole numbers, denoted as specified in 
6.1.7 by signed-integer. The ordinal number of a value of integer-type shall be the value itself. 0 
The required constant-identifier maxint shall denote an implementation-defined value of 
integer-type. This value shall satisfy the following conditions. 

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

(2) Any monadic operation (see 6.8 .3 .2)  performed on an integer value in this interval shall be 
correctIy performed according to the mathematical rules for integer arithmetic. 

(3) Any dyadic integer operation (see 6.8 .3 .2)  on two integer values in this same interval shall be 
correctly performed according to the mathematical rules for integer arithmetic, provided that the 
result is also in this interval. 

(4) Any relational operation (see 6.8 .3 .5)  on two integer values in this same interval shall be correctly 
performed according to the mathematical rules for integer arithmetic. 

It shall be an error if an integer operation or function is not performed according to the mathematical 
rules for integer arithmetic. 

(b) Real-type. The required type-identifier real shall denote the real-type. The real-type shall be a 
simple-type. The values shall be implementation-defined approximations to an 
implementation-defined subset of the real numbers, denoted as specified in 6.1.7 by signed-real. @ 
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(e) Complex -type The required type -identifier complex shall denote the complex-type. The 
complex-type shall be a simple-type. The values shall be implemmtation-defined approximations to 
an implementation-defined subset of the complex numbers. 

0 

NOTE: The nature of the internal representation of values of 
complex-type is not specified, and hence could be rectangular, polar, or 
something quite different. 

The results of integer-to-complex and real-to-complex conversions (see 6.4.6), of the complex 
arithmetic operators (see 6.8.3.2), and of the required complex functions (see 6.7.6), shall be 
approximations to the corresponding mathematical results. The accuracy of this approximation shall 
be implementation-defined. 

6.4.2.3 Enumerated-Types 

enumerated-type = " ( "  i d e n t i f i e r - l i s t  " ) "  . 
i d e n t i f i e r - l i s t  = i d e n t i f i e r  { ' I , ' '  i d e n t i f i e r  } . 

The occurrence of an identifier in the identifier-list o f  an enumerated-type shall constitute its 
defining-point for the region that is the block, module-heading, or module-block closest-containing 
the enumerated-type. Each applied occurrence of the identifier shall be a constant-identifier. Within 
an activation of the block, the module-heading, or the module-block, all applied occurrences of that 
identifier shall possess the type denoted by the enumerated-type and shall denote the type's value whose 
ordinal number is the number of occurrences of identifiers preceding that identifier in the identifier-list. 
The identifier shall be designated a principal identifier of the value so denoted. 

0 
NOTES 

are defined, and they have consecutive ordinal numbers starting at zero. 
(1) Enumerated type constants are ordered by the sequence in which they 

(2) While several identifiers may be known as principal identifiers of a 
given value (see 6. 1 1.2 and 6. 1 1.31, there is no ambiguity, because each is 
defined for a different region, all have the same spelling, and all denote the 
same value. 

Examples : 

(red, yel low, green, blue, t a r t a n )  
(c lub,  diamond, hear t ,  spade) 
(married, divorced, widowed, s i n g l e )  
(scanning, found, notpresent) 
( Busy , I n t e r r u p t  Ena b le ,  Pa r i t y  E r ro r , Out O f  Pape r , L i neBrea k ) 

6.4.2.4 Subrange-Types. A subrange-type shall include identification of the smallest and the largest 
value in the subrange. The first subrange-bound of a subrange-type shall specify the smallest value. If 
both subrange-bounds o f  the subrange-type denote expressions that are nonvarying and do not contain 
a discriminant-identifier, the smallest value shall be less than or equal to the largest value, which shall be 
specified by the second subrange-bound o f  the subrange-type; otherwise, it shall be a dynamic-violation 
if the smallest value is not less than or equal to the largest value. The subrange-bounds shall be of 
compatible ordinal-types, and the range-type (see 6.4.2.1) of the ordinal-types shall be designated the 
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value. 

subrange-type = subrange-bound ' I . .  I' subrange-bound . 
su brange- bound = express ion . 

Examples : 

1 .  . loo 
-10. .+ lo  
red. . green 
'0 ' .  . '9 '  

r e s t r i c t e d - t y p e  = " r e s t r i c t e d "  type-name . 

value of a restricted-type 

are possible. 

Example: 

export widgets = (widget, copy-widget, i n  

{ Access t o  the  under pe (real-widge 
i t ,  thereby m 

privacy o f  widget. } 

t Y  Pe 
real-widget = record 

f l  : in teger;  
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f 2  : r e a l  
end 
value [ f l : O ;  f2 :0 .0] ;  

widget = r e s t r i c t e d  real-widget; 

{ widget can be thought o f  as having the  same values 
and i n i t i a l  s t a t e  as real-widget, but operations on 
i t  are r e s t r i c t e d .  } 

procedure copy-widget( source: real-widget; var  t a rge t :  real-widget ) ; 

func t ion  increment-widget( w : real-widget ) : widget; 

procedure pr in t -widget(  var  f: t e x t ;  w : real-widget ); 

{ The parameters o f  these rou t ines  may accept ac tua l -  
parameters t h a t  are o f  type widget o r  real-widget, but s ince 
r e a l  widget i s  no t  exported and no va r iab les  o f  type real-widget 
are exported f o r  poss ib le  use i n  a type- inqu i ry ,  a user o f  the  
i n te r face  can on ly  pass actual-parameters o f  type widget. } 

end; 

import Standa rdOu tpu t ; 

func t ion  increment-widget; 
var mycopy : real-widget; 
beg i n  

{ Note tha t  operations are  performed on the  underlying-type. } 

0 
mycopy.fl := w . f l  t 1; 
mycopy.f2 := w.f2 t 1.0; 

increment-widget : = mycopy; 
{ An assignment from an under ly ing- type t o  a res t r i c ted- type.  } 

end ; 

procedure copy-widget ; 
beg i n  

end ; 
targe t  := source 

procedure print-widget; 

{ Wi th in  the  implementation o f  t h i s  module, the  components o f  the  
beg i n  

actual-parameter a re  v i s i b l e  through i t s  associated formal- 
parameter. The components o f  a va r iab le  o f  type widget a re  no t  
v i s i b l e  ou ts ide  the  module, however, s ince  the  under ly ing- type 
is not exported. } 

wr i t e ln (w . f l  ,w.f2); 
end ; 

end. 

program use-widgets( output  ) ;  
import wiiigets; 
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va r 
f i r s t ,  second: widget; 

beg i n  

t ,  ' F i r s t  is now ' ) ;  print-w 
end. 

6.4.3 Structured-Types 

A new-struc 

a value of a s 

s t  red-type = new-s uctured-type 1 s t  -name . 
structured-type = [ "packed" ] unp e .  

unpacked-st ructured-type = I 

of states should be economi 
possessing the type to be less 

that 
only; i.e., if a c n in 

11 be packed only if 

e ways in  which the t 
not the type is design 

6.7. 3. 3, 6. 7. 3. 7. 3, 6 ,  7 .  5.4, and 6. 8. I .  

A new-structured-type s 

type and initial state de 

non bindable. 

structured-type o f  the new-st 

structured-type. The 

sest-contain an ini 
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array-type = 
0 "ar ray"  ' I [ "  index-type { " , I '  index-type } " ] "  " o f "  component-type . 

index-type = ord ina l - type  . 
component-type = type-denoter . 

Examples: 

a r ray  [ 1.. 1001 o f  r e a l  
a r ray  [Boolean] o f  co lour  

An array-type that specifies a sequence of two or more index-types shall be an abbreviated notation for 
an  array-type specified to have as i ts  index-type the first index-type in the sequence, and to have a 
component-type that is an array-type specifying the sequence of index-types without the first 
index-type in the sequence and specifying the same component-type as the original specification. The 
component-type thus constructed shall be designated packed if and only if the original array-type is 
designated packed. The abbreviated form and the full form shall be equivalent. 

NOTE: Each of the following two examples thus contains different ways of 
expressing its array-type. 

Examples : 

( 1 )  a r ray  [ b o l e a n ]  of ar ray  [1..10] o f  a r ray  [ s i ze ]  o f  r e a l  
a r ray  [Boolean] of ar ray  [ 1 . .  1 0 ,  s i z e ]  o f  r e a l  
a r ray  [bo lean ,  1..10, s i ze ]  o f  r e a l  
a r ray  [bo lean ,  1. .10]  o f  a r ray  [ s i z e ]  o f  r e a l  0 

(2)  packed ar ray  [1 . .10 ,  1 . .8 ]  o f  Boolean 
packed ar ray  [ l . .  103 o f  packed ar ray  [ l .  .8 ]  o f  Boolean 

Let i denote a value of the index-type; let Vi denote a state 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, respectively; and let k = (ord(n)-ord(m)+l) denote the number of 
values specified by the index-type; then the states of the array-type shall be the distinct k-tuples of the 
form: 

NOTE A state of an array-type is value-bearing if and only if each of its 
component states is value-bearing. If the component-type has c values, 
then it follows that the cardinality of the set of values of the array-type is 
c raised to the power k. 

The ordinal-type o f  an index-type shall denote the bindability that is nonbindable. 

6.4.3.3 String-Types 

6.4.3.3.1 General. A string-type shall be a fixed-string-type or a variable-string-type or the required 
type designated canonical-stving-type. Each string-type value is a value of the canonical-string-type. 
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contains succe 0 
The length of a string-type shall r of ers in 
value with length d the 

The length of a char-type val f th  be 1. 

nce of character-s 
o f  the oharacter-s 

string-type in order of inc 

a string-type (see 6 . 7 . 3 . 2 ) ,  used as 

to a value-con 

Fixed -String -Types 

The capacity of a fixed-string-type s f its P e e  

g-type possesses the propertres of and 

(2) The length of all 

Example : 

packed a r r a y  [l . .5] o f  char { c a p a c i t y  5 ,  l e n g t h  5 } 

tring-Types. There shall 
ng. The schema string sh 

Example: 

s t  r i n g  (6)  { c a p a c i t y  6 } 
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NOTES: 
(1) A variable-string-type possesses the properties of a string-type. The . 

individual components of a variable-string-type can be obtained by 
indexing i t  as an array (see 6.5.3.2). 

(2) For additional information on the bindability and initial state of 
variable-string-types, see 6.4.8. 

6.4.3.4 Record-Types. The structure and states of a record-type shall be the structure and states of the 
field-list o f  the record-type. The initial state denoted by a record-type shall be that denoted by the 
field -list o f  the record -type. 

record-type = "record" f i e l d - l i s t  "end" . 
f i e l d - l i s t  = [ ( f i xed -pa r t  [ ";" var ian t -pa r t  ] I va r ian t -pa r t  ) [ ";" ] ] . 
f ixed-par t  = record-sect ion { ' I ; "  record-sect ion } . 
record-sect ion = ident  i f  i e r - l i s t  " : I '  type-denoter . 
f i e l d - i d e n t i f i e r  = i d e n t i f i e r  . 
var ian t  - pa rt = "case" va r ian t  -se l e c t o r  "o f "  

( va r ian t  - 1 i s t  -element { " ;" var ian t -  1 i s t  -element } 
[ [ ' I;" ] var iant -par t -completer  ] I 
var iant -par t -completer  ) . 

var ian t - l i s t -e lement  = case-cons tan t - l i s t  ": ' I  var iant -denoter  . 
var ian t  - pa r t  -completer = "otherwise" v a r i a n t  -denoter , 

variant-denoter = " ( "  f i e l d - l i s t  " ) "  . 
var ian t -se lec tor  = [ t a g - f i e l d  ": ' I  ] tag- type I d i s c r i m i n a n t - i d e n t i f i e r  . 
t a g - f i e l d  = i d e n t i f i e r  . 
tag-type = ordinal-type-name . 
case-constant - l is t  = case-range { 'I ," case-range } . 
case-range = case-constant [ ' I . . "  case-constant 3 . 
case-constant = constant-expression . 

A field-list containing neither a fixed-part nor a variant-part shall have no components, shall 
determine a single value-bearing state bearing a null value, shall be designated empty, and shall denote 
the totally-undefined initial state. 

The occurrence of an identifier in the identifier-list o f  a record-section of  a fixed-part of a field-list 
shall constitute its defining-point as a field-identifier for the region that is the type-denoter 
closest-containing the record-type closest-containing the field-list and shall associate the 
field-identifier with a distinct component, which shall be designated a field, of the record-type and of the 
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field-list. That c have the type, state 

is not permissible as a type-den 

the 

If the type of the i 
lity of the set of Val 

Each variant-denoter 
variant-part; the corn 

nt-denoter and shall be 

Each value denoted by a 
designated as corresponding 
Each 
case-constant-list of a vari 
the variant denoted by the 
value possessed by the variant 
variant -part. 

, if any, of the variant-type of a variant a case-range o f  the 

variant-part shall be associated with exactly those 
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Each variant-part shall have a component which shall be designated the selector of the variant-part, and 
which shall possess the selector-type of the variant-part. If the variant-selector of the variant-part 
contains a tag-field, then the occurrence of an identifier in the tag-field shall constitute the 
defining-point of the identifier as a field-identifier for the region that is the type-denoter 
closest-containing the record-type closest-containing the variant-part and shall associate the 
field-identifier with the selector of the variant-part. The selector shall be designated a field of the 
record-type if and only if it is associated with a field-identifier. The selector shall be nonbindable. 

0 

The initial state possessed by the selector of a variant-part type shall be determined as follows: 

(a) If a discriminant-identifier occurs in the variant-selector o f  the variant-part, the initial state shall 
be the state bearing the value denoted by the discriminant-identifier; 

(b) If the selector is a field, the initial state shall be the initial state denoted by the tag-type of the 
variant-selector o f  the variant-part; 

(c) If the selector is not a field and the tag-type denotes an initial state that is not undefined, the initial 
state shall be the state bearing a value of the selector-type; this value shall be the value associated 
with the variant corresponding to the value borne by the initial state denoted by the tag-type; 

(d) Otherwise, the initial state shall be totally-undefined. 

The value of the selector of the variant-part shall cause the associated variant of the variant-part to be 
designated active. In a record-type derived from a schema with a tuple, the value of the selector of a 
variant-part closest-con tain ing a variant-selector containing a discriminant-identifier shall be 
that value of the value corresponding to the discriminant-identifier according to the tuple; it  shall be a 
dynamic-violation to attribute another value to such a selector (see 6.5.3.3) .  

0 
The set of states determined by a variant-part shall contain, in addition to the totally-undefined state (see 
6.2.4), the states that are the distinct pairs: 

where k represents a value of the selector-type of the variant-part and Xk is a state of the field-list of 
the active variant of the variant-part. The value-bearing states shall be those pairs where Xk is a 
value -bearing state. 

NOTES 
(1) If there are n values specified by the selector-type, and if the 

field-list of the variant associated with the i-th value has Ti values, then 
the cardinality of the set of values of the variant-part is (Ti + T2 + ... + 
Tn). There is no component of a value of a variant-part corresponding to 
any non-active variant of the variant-part. 

(2) Restrictions placed on the use of fields of a record-variable pertaining 
to variant-parts are specified in 6.5. 3. 3, 6. 7.3. 3, and 6.7. 5. 3. 

The bindability of each field of a required record-type shall be nonbindable. If the variant-selector of  
the variant-part closest-con tains an ordinal-type-name, the ordinal-type-name o f  the tag-type of 
the variant-selector o f  the variant-part shall denote the bindability that is nonbindable. 
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