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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national
standards bodies (ISO member bodies). The work of preparing International Standards is nor-
mally carried out through ISO technical committees. Each member body interested in a subject
for which a technical committee has been established has the right to be represented on that
committee. International organizations, governmental and non-governmental, in liaison with
ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical

Co

mmission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives,
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e main task of technical committees is to prepare International Standards. Draft Internatig
ndards adopted by the technical committees are circulated to the member bodies for voti
blication as an International Standard requires approval by at least 75% of the'member bo
ting a vote.

tention is drawn to the possibility that some of the elements of this)document may be
ject of patent rights. ISO shall not be held responsible for identifying any or all such pat
hts.

D 10303-11 was prepared by Technical Committee ISO/TQ 184, Industrial automation syst
( integration, Subcommittee SC 4, Industrial data.

is second edition of ISO 1030311 constitutes aainor revision of the first edition (ISO 103
1994), which is provisionally retained in order‘to support continued use and maintenanc
plementations based on the first edition and%o satisfy the normative references of other p
ISO 10303. This second edition also, incorporates the Technical Corrigendum ISO 103
1994/Cor.1:1999(E).

D 10303 is organized as a series of parts, each published separately. The structure of ISO 10
lescribed in ISO 10303-1.

ch part of ISO 10303-is*a2 member of one of the following series: description methods,
mentation methods; conformance testing methodology and framework, integrated gen
ources, integratéd)application resources, application protocols, abstract test suites, appl
n interpretedyconstructs, and application modules. This part is a member of the descript
thods seriés:

tomplete list of parts of ISO 10303 is available from the Internet:
<http://www.tcl84-scd.org/titles/>
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0 Introduction

0.1 General

ISO 10303 is an International Standard for the computer-interpretable representation of product
information and for the exchange of product data. The objective is to provide a neutral mech-
anism capable of describing products throughout their life cycle. This mechanism is suitable
not only for neutral file exchange, but also as a basis for implementing and sharing product
databases, and as a basis for archiving.

This part of ISO 10303 specifies the elements of the EXPRESS language. Each element of the
lanjguage is presented in its own context with examples. Simple elements are introducedifirst,
thén more complex ideas are presented in an incremental manner.

THe changes that lead to this edition were driven by requirements from multi-schéma specifica-
tioms. The new concepts constitute an architecture for extensible data models> The followling
keywords have been added to this edition:

— BASED_ON;

—{ END_SUBTYPE_CONSTRAINT;
—| EXTENSIBLE;

—{ GENERIC_ENTITY;

— RENAMED;

—{ SUBTYPE_CONSTRAINT;

—{ TOTAL_OVER;

—1 WITH.

Schemas that contain these words as EXPRESS identifiers become invalid under this editjon.
Elge, the modificatiouS’that are incorporated in this edition are upwardly compatible with [the
prévious edition.

=

0.2 Language overview

EXPRESS is the name of a formal information requirements specification language. It is used
to specify the information requirements of other parts of ISO 10303. It is based on a numbef of
design goals among which are:

— the size and complexity of ISO 10303 demands that the language be parsable by both
computers and humans. Expressing the information elements of ISO 10303 in a less formal
manner would eliminate the possibility of employing computer automation in checking for
inconsistencies in presentation or for creating any number of secondary views, including
implementation views;

— the language is designed to enable partitioning of the diverse material addressed by ISO 10303.
The schema is the basis for partitioning and intercommunication;
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— the language focuses on the definition of entities, which represent objects of interest. The
definition of an entity is in terms of its properties, which are characterized by specification
of a domain and the constraints on that domain;

— the language seeks to avoid, as far as possible, specific implementation views. However, it is
possible to manufacture implementation views (such as static file exchange) in an automatic
and straightforward manner.

In EXPRESS, entities are defined in terms of attributes: the traits or characteristics considered
important for use and understanding. These attributes have a representation which might be a
simple data tvpe (such as integer) or another entity tvpe. A geometric point might be defined in
tems of three real numbers. Names are given to the attributes which contribute to the defihitlion
of Jan entity. Thus, for a geometric point the three real numbers might be named x, G and z.
A relationship is established between the entity being defined and the attributes that \defing it,
anfl, in a similar manner, between the attribute and its representation.

NQTE 1 A number of languages have contributed to EXPRESS, in particular,‘Ada, Algol, C, C["*
Eujer, Modula-2, Pascal, PL/I and SQL. Some facilities have been invented tohmake EXPRESS njore
suipable for the job of expressing an information model.

NOQTE 2 The examples of EXPRESS usage in this manual do not conférm to any particular style ryles.
Indeed, the examples sometimes use poor style to conserve space af,to show flexibility. The examples
ard not intended to reflect the content of the information modelS, defined in other parts of ISO 10303.
They are crafted to show particular features of EXPRESS. Any similarity between the examples pnd
thg normative information models specified in other parts of F30 10303 should be ignored.
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INTERNATIONAL STANDARD ISO 10303-11:2004(E)

Industrial automation systems and integration —
Product data representation and exchange —
Part 11:

Description methods: The EXPRESS language

reference manual

1| Scope

THis part of ISO 10303 specifies a language by which aspects of product dataiean be defirjed.
THe language is called EXPRESS.

THis part of ISO 10303 also specifies a graphical representation for a subset of the constructs in
th¢ EXPRESS language. This graphical representation is called EXPRESS-G.

EXPRESS is a data specification language as defined in ISO410303-1. It consists of languhge
elgments that allow an unambiguous data definition and specification of constraints on the data

defined.

THe following are within the scope of this part of I8®’ 10303:

— data types;

— constraints on instances of the data_types.
THe following are outside the scope-of this part of ISO 10303:

— definition of database-formats;
— definition of file fermats;

—{ definition 6f transfer formats;
— process ¢ontrol;

— Gnformation processing;

— exception handling.

EXPRESS is not a programming language.

©ISO 2004 — All rights reserved 1
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2 Normative references

The following referenced documents are indispensable for the application of this document. For
dated references, only the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments) applies.

ISO 10303-1:1994, Industrial automation systems and integration — Product data representa-
tion and exchange — Part 1: Overview and fundamental principles

ISO/IEC 8824-1:2002, Information technology — Abstract Syntax Notation One (ASN.1): Spec-
ification of basic notation

ISO/TEC 10646:2003, Information technology — Universal Multiple-Octet Coded Charaeter|Set
(Yyces)

3| Terms and definitions

3.1 Terms defined in ISO 10303-1
For the purposes of this part of ISO 10303, the following ternis’defined in ISO 10303-1 apply.
— Conformance requirement;
— Context;

— Data;

— Data specification language;
—{ Information;

—{ Information model;

— PICS proforma;

3.2 Terms deéfined in ISO/IEC 10646

Fop the purposes of this part of ISO 10303, the following term defined in ISO/TEC 10646 applies.

— “Graphic character.

NOTE This definition includes only those characters in ISO/IEC 10646 that have a defined visual
representation; this explicitly excludes any cells that are empty or crosshatched.

3.3 Other terms and definitions

For the purposes of this part of ISO 10303, the following definitions apply.
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3.3.1

complex entity data type

a representation of an entity. A complex entity data type establishes a domain of values defined
by the common attributes and constraints of an allowed combination of entity data types within
a particular subtype/supertype graph.

3.3.2

complex entity (data type) instance

a named complex entity data type value. The name of a complex entity instance is used for
referencing the instance.

a ynit of data that represents a unit of information within the class defined by a complex enfity

omain of values.

.6
ity
lass of information defined by common propetties.

7
ity data type
epresentation of an entity. Angentity data type establishes a domain of values defined| by

a hamed entity data‘“type value. The name of an entity instance is used for referencing [the

a ynit<of data which represents a unit of information within the class defined by an entity diata
typé It is a member of the domain established by this entity data type.

3.3.10
instance
a named value.

3.3.11

multi-leaf complex entity (data type)

a complex entity data type that consists of more than one entity data types that do not have
further subtypes within this complex entity data type.
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3.3.12

multi-leaf complex entity (data type) instance

a named multi-leaf complex entity data type value. The name of a multi-leaf complex entity
instance is used for referencing the instance.

3.3.13

multi-leaf complex entity (data type) value

a unit of data that represents a unit of information within the class defined by a multi-leaf
complex entity data type. It is a member of the domain established by this multi-leaf complex
entity data type.

3i}4

partial complex entity data type
a potential representation of an entity. A partial complex entity data type is a grouping.of engity
dapa types within a subtype/supertype graph which may form part or all of a complex entity
dafa type.

3.3.15

partial complex entity value
a Yalue of a partial complex entity data type. This has no meanihg”on its own and must| be
combined with other partial complex entity values and a name to forim a complex entity instaince.

3.3.16
pdpulation
a dollection of entity data type instances.

3.3.17

primary schema
a gchema in a group of interrelated schemas that form a, possibly cyclic, directed graph.| A
primary schema is a schema of interest:~There can be one or more primary schemas within [the
graph, where the other schemas im'the graph are only there to support the primary schema.
THe primary schema has a special role in the conversion of a shortform schema into a longf¢grm

scilema (see [G)).

3.3.18

ropt schema
a qchema in a group)of interrelated schemas that form a, possibly cyclic, directed graph. The
rodt schema is(not the target of any interface specification, but all the other schemas can| be
regched from ‘the root schema. The root schema can be considered to be representative of [the
grgph. The“root schema has a special role in the conversion of a shortform schema intp a
lorfgform’schema (see |G]).

3.3.19

simple entity (data type) instance

a named unit of data which represents a unit of information within the class defined by an entity.
It is a member of the domain established by a single entity data type.

3.3.20

subtype/supertype graph

a declared collection of entity data types. The entity data types declared within a subtype/super-
type graph are related via the subtype statement. A subtype/supertype graph defines one or
more complex entity data types.
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3.3.21
token
a non-decomposable lexical element of a language.

3.3.22
value
a unit of data.

4 Conformance requirements

4.
4.
A

be
leyi

Le

|

1.1 Lexical language

Formal specifications written in EXPRESS

formal specification written in EXPRESS shall be consistent with a givenil¢vel as specified

vels of checking

ow. A formal specification is consistent with a given level when all chedks-identified for that
el and all lower levels are verified for the specification.

Level 1: Reference checking. This level consists of eheéking the formal specification to
ensure that it is syntactically and referentially valid:szA*formal specification is syntacticilly
valid if it matches the syntax generated by expanding the primary syntax rule (syntpx)
given in annex[A] A formal specification is referéntially valid if all references to EXPRHSS
items are consistent with the scope and visibility rules defined in clauses [10| and

Level 2: Type checking. This level consists of checking the formal specification to engure
that it is consistent with the following:

— expressions shall comply with the rules specified in clause
— assignments shall domply with the rules specified in [I3.3}
— inverse attripute declarations shall comply with the rules specified in[9.2.1.3

— attribufe redeclarations shall comply with the rules specified in [9.2.3.4

Level8: Value checking. This level consists of checking the formal specification to engure
that~it complies with statements of the form ‘A shall be greater than B’ as specified in
clause [7| to clause This is limited to those places where both A and B can be evalualted

L L n "
fromr titerats—amd/or constarnts:

Level 4: Complete checking. This level consists of checking a formal specification to ensure
that it complies with all statements of requirement as specified in this part of ISO 10303.

EXAMPLE This part of ISO 10303 states that functions shall specify a return statement in each
of the possible paths a process may take when that function is invoked. This would have to be
checked.
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4.1.2 Graphical form

A formal specification written in EXPRESS-G shall be consistent with a given level as specified
below. A formal specification is consistent with a given level when all checks identified for that
level and all lower levels are verified for the specification.

Levels of checking

4.2.1 EXPRESS language parser

A1l implementation of an EXPRESS language parserghall be able to parse any formal specif]
n written in EXPRESS, consistent with the coxstraints as specified in the annex [E]associated
ith that implementation. An EXPRESS langnage parser shall be said to conform to a par

ulgr checking level (as defined in if it «€an apply all checks required by the level (and
leviel below that) to a formal spemﬁcatlon written in EXPRESS.

THe implementor of an EXPRESS language parser shall state any constraints which the imj
mgntation imposes on the number.and length of identifiers, on the range of processed numb

foym specified by annex [E]for the purposes of conformance testing.

4.2.2 Graphical editing tool

A1l implementation of an EXPRESS-G editing tool shall be able to create and display a
m4l specification in EXPRESS-G, consistent with the constraints as specified in the anne

asqociated-with that implementation. An EXPRESS-G editing tool shall be said to conf

whHich/is consistent with the specified level of checking (and any level below that).

.2 Implementations of EXPRESS

Level 1: Symbols and scope checking. This level consists of checking the formal specifica-
tion to ensure that it is consistent w1th elther an entity level or a schema level spe(:lﬁcatlon

tlon uses symbols as defined in [D.2 L m and |5 4L The formal spemﬁcatlon W111 also

checked to ensure that page references and redeclared attributes comply with [Dr4-]
respectively.

Level 2: Complete checking. This level consists of checking a formal speeification to id
tify those places which do not conform to either a complete entity level~op complete schd

level specification as defined in annex [D] and the requirements defined in clause [7] thro
clause [16]

1 on the maximum precision*of real numbers. Such constraints shall be documented in

a particular checking level if it can create and display a formal specification in EXPRESS

ca-

tic-
hny

PTS,

the

for-

Lo
rm

-G

The implementor of an EXPRESS-G editing tool shall state any constraints which the imple-
mentation imposes on the number and length of identifiers, the number of symbols available per
page of the model, and the maximum number of pages. Such constraints shall be documented

in

the form specified by annex [E] for the purposes of conformance testing.
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Fundamental principles

The reader of this document is assumed to be familiar with the following concepts.

A schema written in the EXPRESS language describes a set of conditions which establishes a
domain. Instances can be evaluated to determine if they are in the domain. If the instances
meet all the conditions, then they are asserted to be in the domain. If the instances fail to meet
any of the conditions, then the instances have violated the conditions and thus are not in the
domain. In the case where the instances do not contain values for optional attributes and some
of the conditions involve those optional attributes, it may not be possible to determine whether
the instances meet all the conditions. In this case, the instances are considered in the domain.
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cafinot modify persistent members of the domain. These transient members of the domain
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ny of the elements of the EXPRESS language are assigned names. The name allows ot
guage elements to reference the associated representation. The use of the name in-the def
n of other language elements constitutes a reference to the underlying representation. W
b syntax of the language uses an identifier for the name, the underlying reptésentation m
examined to understand the structure.

.

e specification of an entity data type in the EXPRESS language. describes a domain.
ich is unique. EXPRESS does not specify the content or repr€sentation of these identifi
e declaration of a constant entity instance defines an{idéntifiable member of the dom
cribed by the entity data type. These entity instances shall not be modified or deleted|
brations performed on the domain.

e procedural description of constraints in EXRRESS may declare or make reference to a
nal entity instances, as local variables, which“are assumed to be transient identifiable memh
the domain. These procedural descriptions may modify these additional entity instances,
y accessible within the scope of tlie“procedural code in which they were declared, and ce
lexist upon termination of that. code. Transient members may violate uniqueness constrai

bal rules, and where rules.«Lhis standard does not define the behaviour of functions or f
lures when instances that\violate these constraints are passed to them as actual paramet

(PRESS does not)specify:

how referénces to names are resolved;

how/other schemas are known;

her
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lividual members of the domain are assumed to be distinguished by-some associated identilfier
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e EXPRESS language does not describe an implementation environment. In particular,

how or when constraints are checked;

what an implementation shall do if a constraint is not met;

whether or not instances that do not conform to an EXPRESS schema are allowed to exist

in an implementation;

whether, when or how instances are created, modified or deleted in an implementation.
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6

Language specification syntax

The notation used to present the syntax of the EXPRESS language is defined in this clause.

The full syntax for the EXPRESS language is given in annex [A] Portions of those syntax
rules are reproduced in various clauses to illustrate the syntax of a particular statement. Those
portions are not always complete. It will sometimes be necessary to consult annex [A] for the
missing rules. The syntax portions within this part of ISO 10303 are presented in a box. Each
rule within the syntax box has a unique number toward the left margin for use in cross references

to other syntax rules.

6.1

THe syntax of EXPRESS is defined in a derivative of Wirth Syntax Notation (WSN)L,
N(QTE See annex [[.1] under [3] for a reference.

THe notational conventions and WSN defined in itself are given below.

The syntax of the specification

syntax = { production } .

production = identifier ’=’ expression ’.’

expression = term { ’|’ term } .

term = factor { factor } .

factor = identifier | literal | group | option | repetition .
identifier = character { character } ™

literal = 277 character { character } ’’°’

group = ?(’ expression ’)’

option = [’ expression @

repetition = ’{’ expression, '}’

The equal sign =’ indicates a“production. The element on the left is defined to be

combination of the elements.on“the right. Any spaces appearing between the elements a«rtf a

production are meaningless'unless they appear within a literal. A production is termin
by a period .’

The use of an identifier within a factor denotes a nonterminal symbol which appears
the left side of-another production. An identifier is composed of letters, digits and
underscore~character. The keywords of the language are represented by productions wh
identifieriis given in uppercase characters only.

Thesword literal is used to denote a terminal symbol which cannot be expanded further|

the

ed

on

the
ose

A

n

literal is a case independent sequence of characters enclosed in apostrophes. Character

raWA s nralk|

s - i ] L 1 R 1. 1 1 hval Qe 40 11 91 =1 -
LIILS CAST, Stalllls IUL ally CHAl aLtTL 45 UTIHIITU Dy lou/ 1170 1030 CUCLIS L= 1 51oup

plane 00, row 00. For an apostrophe to appear in a literal it must be written twice.
The semantics of the enclosing braces are defined below:
— curly brackets ’{ }’ indicates zero or more repetitions;

— square brackets > [ ]’ indicates optional parameters;

00,

— parenthesis ’ ()’ indicates that the group of productions enclosed by parenthesis shall

be used as a single production;
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— vertical bar ’|’ indicates that exactly one of the terms in the expression shall be
chosen.

EXAMPLE 1 The syntax for a string type is as follows:

Syntax:

311 string_type = STRING [ width_spec ]
341 width_spec = ’(’ width ’)’ [ FIXED ]
340 width = numeric_expression .

THe complete synfax definition {annex[A]] confains the definitions for STRING,
nuperic_expression and FIXED.

EXNAMPLE 2 Following the syntax given in example [I], the following alternatives are possible:
a)| string

b)| string ( 22 )

¢)| string ( 19 ) fixed

Thie rule for numeric_expression is quite complex and allows many{other things to be written.

6.2 Special character notation

THe following notation is used to represent entire.¢haracter sets and certain special characters
which are difficult to display:

— \a represents characters in cells 21-7E)of row 00, plane 00, group 00 of ISO/TEC 10646
—! \n represents a newline (system dependent) (see [7.1.5.2));

— \q is the quote (apostrophe) (’) character and is contained within \a;

— \s is the space characfer;

— \x9, \xA, and“XxD represent the characters in positions 9, 10, and 13 respectively of |00,
plane 00, gtowp 00 of ISO/TEC 10646.

7 | -Basic language elements

This clause specifies the basic elements from which an EXPRESS schema is composed: the
character set, remarks, symbols, reserved words, identifiers and literals.

The basic language elements are composed into a stream of text, typically broken into physical
lines. A physical line is any number (including zero) of characters ended by a newline (see

F1532).

NOTE A schema is easier to read when statements are broken into lines and whitespace is used to
layout the different constructs.
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EXAMPLE The following are equivalent

entity point;x,y,z:real;end_entity;

ENTITY point;
X,
Yy
z : REAL;
END_ENTITY;

7.1 Character set

A

ch
of
is

st
Th
tol
or

TH
in

N
10
it j

schema written in EXPRESS shall use only the characters in the following character
iracters allocated to cells 09, 0A, 0D, the graphic characters lying in the range~20 to
[SO/IEC 10646, and the special character \n signifying the newline. This set of charact
ralled the EXPRESS character set. A member of this set is referred to by the cell of
ndard in which this character is allocated; these cell numbers are specified\in hexadecin
e printable characters from this set (cells 21-7E of ISO/IEC 10646) are ¢combined to form
tens for the EXPRESS language. The EXPRESS tokens are keywords; identifiers, sym}
literals. The EXPRESS character set is further classified below:

e character set thus specified is an abstract character set; it isindependent of its representat
hn implementation.

TE 1 ISO/IEC 6429 specifies semantics for the charaeters in positions 09, 0A and 0D in ISO/]
46. This part of ISO 10303 does not require the semangics prescribed in ISO/IEC 6429; neither d
reclude them.

bet:
7E
ers
the
hal.
the
ols

ion

EC
oes

NQTE 2 This clause only refers to the characters@ised to specify an EXPRESS schema, and does[not
spgcify the domain of characters allowed within a string data type.

7.1.1 Digits

EXPRESS uses the Arabic digits 0-9 (cells 30 - 39 of the EXPRESS character set).

Syntax:

124 digit = ’0° N3’ | 2> | °3” | ’4> | °5° | ’6’ | 7> | '8 | °9’ .

7.1.2 Letters
EXPRESS uses the upper and lower case letters of the English alphabet (cells 41 - 5A and §1 -
7A 6fthe EXPRESS character set). The case of letters is significant only within explicit stifing
literals.

NOTE EXPRESS may be written using upper, lower or mixed case letters (see example [7)).

Syntax:
128 letter = ’a’ | ’b’ | ¢’ | ’d’ | ’e’ | £’ | Jg: | °n’ | i’ | )j; | °k’ | 1’ |
)m) | )n’ | )07 I )p) l )q? | )r7 | )87 I )t) I 7u) | )V7 | 7w7 I ,X’ I
:yz | rz)
10 ©ISO 2004 — All rights reserved
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7.1.3 Special characters

The special characters (printable characters which are neither letters nor digits) are used mainly
for punctuation and as operators. The special characters are in cells 21-2F, 3A-3F, 40, 5B-5E,
60 and 7B-7TE of the EXPRESS character set.

Syntax:
137 special = not_paren_star_quote_special | (> | ?)2 | %> | 2222 |
132 not_paren_star_quote_special = 17 | 2" | 24> | 2§ | 0% | & | 2+ | 7,0 |
N N A N2 R 2.0 | <2 | =2 | >0 |
7?7 I )@) | 7[} | )\) | 7]7 I P Ralb) | J_) | P |
;{ ) | ) | ) | ) }J | ’~
7.1.4 Underscore
THe underscore character (_, cell 5F of the EXPRESS character set) may be-nsed in identiffers

an
ch

W
sel

N(

1.5.1

l keywords, with the exception that the underscore character shall not“be used as the f
practer.

.1.5 Whitespace

hitespace is defined by the following sub-clauses and by Whitespace shall be used
arate the tokens of a schema written in EXPRESS.

TE Liberal, and consistent, use of whitespace can improve the structure and readability of a sche
Space character

e or more spaces (cell 20 of the EXPRESS character set) can appear between two toke
e notation \s may used to represént’a blank space character in the syntax of the languag

.1.5.2 Newline

hewline marks the physieal end of a line within a formal specification written in EXPRE
wline is normally treated as a space but is significant when it terminates a tail remarKk
hormally terminates a string literal. A newline is represented by the notation \n in the syn|
the language-

e represeéntation of a newline is implementation specific.

.1.5.3> Other characters

Irst

to

[na.

1S.

or
tax

The characters in cells 09, 0A and 0D shall be treated as whitespace, unless within a string
literal. The notation \xn where n is one of the characters 9, A, and D shall be used to represent
these characters in the syntax of the language.

7.1.6 Remarks
A remark is used for documentation and shall be interpreted by an EXPRESS language parser

as whitespace. There are two forms of remark, embedded remark and tail remark. Both forms
of remark may be associated with an identified construct using a remark tag.
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7.1.6.1 Embedded remark

The character pair (* denotes the start of an embedded remark and the character pair *) denotes

its end. An embedded remark may appear between any two tokens.

Syntax:

145 embedded_remark = ’(x’ [ remark_tag ] { ( not_paren_star { not_paren_star } ) |
lparen_then_not_lparen_star | ( ’*’> { x> } ) |
not_rparen_star_then_rparen | embedded_remark } ’*)°

147 remark_tag = ’"’ remark_ref { ’.’ remark_ref } ’"’

148 remark_ref = attribute_ref | constant_ref | entity_ref | enumeration_ref |

type_ref | variable_ref
131 not_paren_star = letter | digit | not_paren_star_special

RGN RGN TG Y

35 not_rparen_star = not_paren_star | ’(’

function_ref | parameter_ref | procedure_ref | rule_label_ref |
rule_ref | schema_ref | subtype_constraint_ref | type_label_ré&f) |

128 letter = ’a’ | ’p? | o | g | re? | 1f0 | JgJ | ‘h? | 190 | 7j: | e | 110
Jm) | )n7 | )o) I Jp) I JqJ | )r7 | )s) I Jt) I 711) | )V? | Jw) I ’X’
)y) | 7ZJ .
124 digit = ’0° | 1> | °2° | °3> | °4> | ’B’ | ’6’ | °7’ | ’8 N9
133 not_paren_star_special = not_paren_star_quote_special | ’’¢’).
132 not_paren_star_quote_special = 17 | 2" | 24> | 2§ | WD & | 2+ | 0,0 |
) I 7.7 | 7/7 | ):7 | J;) I J<7 | )=) | )>7 |
[ d] | ’Q? | :[; | )\; | ;]: | )~ | ’ 9 | )¢ |
J{) | :l) | )}J | 2~V
29 lparen_then_not_lparen_star = (> { ’(° } not_lparen_star { not_lparen_star }
30 not_lparen_star = not_paren_star | ’)’

38 not_rparen_star_then_rparen = not_rparen_sgar { not_rparen_star } ’)’ { ’)’ }

Atly character within the EXPRESS chasacter set may occur between the start and en

an|embedded remark including the newlifie character; therefore, embedded remarks can sj

several physical lines.

Embedded remarks may be nested.

NQTE Care must be takenswhen nesting remarks to ensure that there are matched pairs of symbag

EXAMPLE The folowing is an example of nested embedded remarks.

(* The ’(*¢ symbol starts a remark, and the ’*)’ symbol ends it *)

7.1.6.2._Tail remark

of

an

|s.

the

THe tail remark is written at the end of a physical line Two consecutive hyphens (==) start

tail remark and the following newline terminates it.

Syntax:
149 tail_remark = ’--’ [ remark_tag ] { \a | \s | \x9 | \xA | \xD } \n .
147 remark_tag = ’"’ remark_ref { ’.’ remark_ref } °"’

type_ref | variable_ref

148 remark_ref = attribute_ref | constant_ref | entity_ref | enumeration_ref |
function_ref | parameter_ref | procedure_ref | rule_label_ref |
rule_ref | schema_ref | subtype_constraint_ref | type_label_ref |
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EXAMPLE -- this is a remark that ends with a newline

7.1.6.3 Remark tag

A remark may be related to a named item, that is, an item which is associated with an identifier,
by placing a remark tag as the first sequence of characters within the remark. The remark tag
shall immediately follow the pair of characters that is used to identify the remark. The remark
tag itself consists of a reference to the identifier declared in the item that is enclosed by quotation

mark signs.

Syntax:

1
1

47 remark_tag = ’"’ remark_ref { ’.’ remark_ref } "’
48 remark_ref = attribute_ref | constant_ref | entity_ref | enumeration_ref-\

function_ref | parameter_ref | procedure_ref | rule_label. ref |
rule_ref | schema_ref | subtype_constraint_ref | type_label_ref |
type_ref | variable_ref .

Ruiles and restrictions:

The remark_ref shall follow the visibility rules defined in

A qualified remark reference shall use the visibility rfules defined in in the follow
manner: the reference to the left of the ’. shall identify the scope in which to find
reference to the right.

NOTE A qualified remark reference is a rematk reference that uses the ’.-notation (see syr
rule 147 above).

If a remark reference is not found according to the visibility rules identified above,
remark is not to be associated with any item.

A tagged remark that contains other tagged remarks (via nesting) shall be associated ¢
pletely (including nested vemarks) with the item referenced. The inner tagged remarks s}
be associated with their identified items also.

If both the nested remark and the enclosing remark refer to the same identified item,
nested remark’shall be associated with that item twice; once inside the enclosing remg
and oncepdirectly.

ing
the

tax

the

m_
hall

the

nt.

EXAMPLE 1 The tagged remark in the example below refers to the attribute attr in the scope of 4
ENTIEY ent:
attr: INTEGER;
END_ENTITY;
(x"ent.attr" The attr attribute ... *)

EXAMPLE 2 The reference to a SCHEMA my_second_schema may in a tagged remark be followed by
any identifier that is declared directly within the scope of that SCHEMA, for example, by the name of the
FUNCTION a_complicated_function in the example below.

SCHEMA my_second_schema;

FUNCTION a_complicated_function;

©ISO 2004 — All rights reserved
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END_FUNCTION;

(*"my_second_schema.a_complicated_function" This complicated function ... *)

END_SCHEMA ;

7.2 Reserved words

The reserved words of EXPRESS are the keywords and the names of built-in constants, func-
tions and procedures. The reserved words shall not be used as identifiers. The reserved words
of EXPRESS are described below.

7.2.1 Keywords

THe EXPRESS keywords are shown in Table

NQTE Keywords have an uppercase production which represents the literal. This.is to enable ea

regding of the syntax productions.

Table 1 — EXPRESS keywords

ABSTRACT

AS

BINARY
CONSTANT
END_ALIAS
END_FUNCTION
END_REPEAT
END_TYPE
EXTENSIBLE
FUNCTION
INTEGER
LOGICAL
OPTIONAL
REAL

RETURN

SET
SUBTYPE_CONSTRAINT
TOTAL_OVER
USE

WITH

AGGREGATE
BAG
BOOLEAN
DERIVE
END_CASE
END_IF
END_RULE
ENTITY
FIXED
GENERIC
INVERSE
NUMBER
OTHERWISE
RENAMED
RULE

SKIP
SUPERTYPE
TYPE

VAR

ALIAS
BASED_ON

BY

ELSE
END_CONSTANT
END_LOCAL
END-SCHEMA
ENUMERATION
FOR

GENERIC_ENTITY

LIST

OF
PROCEDURE
REFERENCE
SCHEMA
STRING
THEN
UNIQUE
WHERE

ARRAY

BEGIN

CASE

END

END_ENTITY
END_PROCEDURE
END_SUBTYPE_CONSTRAINT
ESCAPE

FROM

IF

LOCAL

ONEOF

QUERY

REPEAT

SELECT

SUBTYPE

TO

UNTIL

WHILE

7.2.2° Reserved words which are operators

Sier

The operators defined by reserved words are shown in Table 2| See clause [12| for the definition

of these operators.

Table 2 — EXPRESS reserved words which are operators

AND
LIKE
XOR

ANDOR
MOD

DIV
NOT

IN
OR

14
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7.2.3 Built-in constants

The names of the built-in constants are shown in Table [3l See clause for the definitions of
these constants.

Table 3 — EXPRESS reserved words which are constants

? SELF CONST_E PI
FALSE TRUE UNKNOWN

7.2.4 Built-in functions

Th
the

Th
thd

7.

Sy
EJ
to
ele
for

e names of the built-in functions are shown in Table @l See clause [I3] for the definition
bse functions.

Table 4 — EXPRESS reserved words which are function names

ABS ACOS ASIN ATAN
BLENGTH Cos EXISTS EXP
FORMAT HIBOUND HIINDEX LENGTH
LOBOUND LOG LOG2 LOG10
LOINDEX NVL ODD ROLESOF
SIN SIZEOF SQRT TAN
TYPEOF USEDIN VALUE VALUE_IN
VALUE_UNIQUE

.2.5 Built-in procedures

e names of the built-in procedures are shown in Table [5} See clause [16| for the definition:
bse procedures.

Table 5 — EXPRESS. reserved words which are procedure names

] INSERT REMOVE

B Symbols

nbols are sgécial characters or groups of special characters which have special meaning
(PRESS~Symbols are used in EXPRESS as delimiters and operators. A delimiter is u
begin,«separate or terminate adjacent lexical or syntactic elements. Interpretation of th
ments would be impossible without separators. Operators denote that actions shall be

of

5 of

n
sed
ese
er-

mied on the operands which are associated with the operator; see clause [12]for an explanaf]

ion

of

operators. The EXPRESS symbols are shown in Table [6]

7.4 Identifiers

Identifiers are names given to the items declared in a schema (see , including the schema
itself. An identifier shall not be the same as an EXPRESS reserved word.

©ISO 2004 — All rights reserved
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Table 6 — EXPRESS symbols

* + - =
h ’ \ /
< > [ ]
{ } | e
( ) <= <>
>= <*k = | I
*% - (* *)
= <>
Syntax:
143 simple_id = letter { letter | digit | ’_’ } .
128 letter = ’a’ | b | e | 4’ | re? | £ | ;g; | h? | 140 | )j; | K | )10 |
‘m’ | n? | ’0? | :p: | :q7 | Ty | ’g? | g | ‘u? | ST | ‘w? | I |
:ya | 1z
124 dlglt = 20’ | 10 | 190 | '3 | 14 | 50 | 6 | Ll | 182 l 90

THe first character of an identifier shall be a letter. The remdining characters, if any, mayj

any combination of letters, digits and the underscore character.

THe implementor of an EXPRESS language parser shallspecify the maximum number of ch

actfers of an identifier which can be read by that implementation, using annex

7.5 Literals

A literal is a self-defining constant value.~The type of a literal depends on how characters

composed to form a token. The literal types are binary, integer, real, string and logical.

be

ar-

are

Syntax:

251 literal = binary_literal | logical_literal | real_literal | string_literal .

7.5.1 Binary literal

A binary litexal represents a value of a binary data type and is composed of the % symbol

followed by ene or more bits (0 or 1).

Syutax:

139 binary_literal = ’%’ bit { bit } .
123 bit = 0’ | ’1°

The implementor of an EXPRESS language parser shall specify the maximum number of bits

in a binary literal which can be read by that implementation, using annex [E]
EXAMPLE A valid binary literal

%0101001100
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7.5.2 Integer literal

An integer literal represents a value of an integer data type and is composed of one or more
digits.

Syntax:

141 integer_literal = digits .
125 digits = digit { digit } .
124 digit = )0) | )1) | 727 | 73) I )4) l )5) | )67 | )7) | 78) I )9)

NQTE The sign of the integer literal is not modelled within the syntax since EXPRESS usés [the
corjcept of unary operators within the expression syntax.

THe implementor of an EXPRESS language parser shall specify the maximum integer valug¢ of
an|integer literal which can be read by that implementation, using annex

EXAMPLE Valid integer literals

4016
38

7.5.3 Real literal

A teal literal represents a value of a real data type and is;eomposed of a mantissa and an optignal
exponent; the mantissa shall include a decimal points

Syntax:

142 real_literal = integer_literal |

( digits .’ [«digits ] [ ’e’ [ sign ] digits ] )
125 digits = digit { digit } .
124 digit = °0’ | 1> | °2> | N30 | °4’ | °5° | ’6’ | 7’ | 8 | 'Y
304 sign = +> | =

NQTE The sign of the teal literal is not modelled within the syntax since EXPRESS uses the condept
of himary operators within’' the expression syntax.

THe implementer-of an EXPRESS language parser shall specify the maximum precision and
mgximum exponent of a real literal which can be read by that implementation, using annex

EXAMPEE 1 Valid real literals

1.E6 "E" may be written in upper or lower case
3.5e-5
359.62

EXAMPLE 2 Invalid real literals

.001 At least one digit must precede the decimal point
1e10 A decimal point must be part of the literal
1. el0 A space is not part of the real literal
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7.5.4 String literal

A string literal represents a value of a string data type. There are two forms of string literal,
the simple string literal and encoded string literal. A simple string literal is composed of a
sequence of characters in the EXPRESS character set (see enclosed by apostrophes ().
An apostrophe within a simple string literal is represented by two consecutive apostrophes. An
encoded string literal is a four octet encoded representation of each character in a sequence of
ISO/IEC 10646 characters enclosed in quotation marks ("). The encoding is defined as follows:

a) first octet = ISO/IEC 10646 group in which the character is defined;

b)| second octet = ISO/IEC 10646 plane in which the character is defined;
c) | third octet = ISO/IEC 10646 row in which the character is defined;

d)| fourth octet = ISO/IEC 10646 cell in which the character is defined.

THe sequence of octets shall identify one of the valid characters of ISO/IEC 10646.

A ktring literal shall never span a physical line boundary; that is,>a newline shall not odcur
between the apostrophes enclosing a string literal.

Syntax:
310 string_literal = simple_string literal | enceded_string literal .
144 simple_string literal = \q { ( \q \q ) |.@agt_quote | \s | \x9 | \xA | \xD } \q .
134 not_quote = not_paren_star_quote_special™ letter | digit | > | ?)’ | %’
132 not_paren_star_quote_special = !’ | 2% | #> | 2§ | % | & | 2+ | 2, |
S S A I N S R
7?7 I )@) | )[7 | )\) | 7]) I PRalb) | )_7 | P |
J{) | Jl) | )}J | »~H
128 letter = ’a’ | b2 | e | Jdw | s | £ | ;g; | 'h? | IR | )j; | Tk | ] |
‘m’ | ‘n? | ’0? | Jp) | :q7 | Ty | ’g? | T | ‘u? | Iy | ‘w? | 'x? |
yro| vz
124 digit = ’0° | 1> | 2% | °3’> | °4> | ’B* | ’6’ | °77 | °8 | 9’
140 encoded_string_litlepal = ’"’ encoded_character { encoded_character } ’"’
126 encoded_charactér)= octet octet octet octet .
136 octet = hex_digit hex_digit .
127 hex_digit =“digit | ’a’ | ’b’> | ’c’ | ’d’ | ’e’ | ’£’

THe implemientor of an EXPRESS language parser shall specify the maximum number of cHar-
acfers of’a simple string literal which can be read by that implementation, using annex

The implementor of an BXAP RESS language parser shall also Specity the maximum number
of octets (must be a multiple of four) of an encoded string literal which can be read by that
implementation, using annex [E]

EXAMPLE 1 Valid simple string literals

’Baby needs a new pair of shoes!’
Reads ...Baby needs a new pair of shoes!

’Ed’’s Computer Store’
Reads ...Ed’s Computer Store
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EXAMPLE 2 Invalid simple string literals

’Ed’s Computer Store’
There must always be an even number of apostrophes.

’Ed’’s Computer
Store’
Spans a physical line

EXAMPLE 3 Valid encoded string literals

"00000041"
Reads A

"0p0000CH"
Reads A

"0P00795E00006238"
These are the Japanese ideographs #i= for Kobe.

EXAMPLE 4 Invalid encoded string literals

"000041"
Octets must be supplied in groups of four

"0p000041 000000C5"
Only hexadecimal characters are allowed between !"

7.5.5 Logical literal

A logical literal represents a value of a logical or boolean data type and is one of the builf-in

copstants TRUE, FALSE, or UNKNOWN.

N(QTE UNKNOWN is not compatible'with a boolean data type.

Syntax:

255 logical_literal(=)FALSE | TRUE | UNKNOWN .

8| Datatypes

THis €lause defines the data types provided as part of the language. Every attribute, lqgcal
vatiable or formal parameter has an associated data type.

Data types are classified as simple data types, aggregation data types, named data types, con-
structed data types, and generalized data types. Data types are also classified according to their
usage as base data types, parameter data types, and underlying data types. The relationships
between these two classifications are described in [8.6l

The operations that may be performed on values of these data types are defined in clause

©ISO 2004 — All rights reserved 19


https://standardsiso.com/api/?name=b0ebdeb331e7a5d30bd8dba494547ac9

ISO 10303-11:2004(E)

8.1 Simple data types

The simple data types define the domains of the atomic data units in EXPRESS. That is, they
cannot be further subdivided into elements that EXPRESS recognizes. The simple data types
are NUMBER, REAL, INTEGER, STRING, BOOLEAN, LOGICAL, and BINARY.

8.1.1 Number data type

The NUMBER data type has as its domain all numeric values in the language. The NUMBER data
type shall be used when a more specific numeric representation is not important.

S)

A
4

bntax:

61 number_type = NUMBER .

EX
it.
p

-
—

Sij

N(
tyt

AMPLE Since we may not know the context of size, we do not know how to(correctly repre:
The size of the crowd at a football game, for example, would be an INTEGER, whereas the area of
ch would be a REAL.

re : NUMBER ;

TE In future editions of this standard there may be further-specializations of the NUMBER d
e, for example, complex numbers.

.1.2 Real data type

e REAL data type has as its domain all rational, irrational and scientific real numbers. 1
pecialization of the NUMBER data type.

ent
the

ata

t is

yntax:

78 real_type = REAL [ ’(’ precision_spec ’)’ ]
68 precision_spec = numeric:expression .

tional and irrationalmumbers have infinite resolution and are exact. Scientific numbers 1
terms of significant’ digits.
eal numberliteral is represented by a mantissa and optional exponent. The number of di

king up\bhie mantissa when all leading zeros have been removed is the number of signifiqg
its,, The known precision of a value is the number of leading digits that are necessary to

cp-

ent quantities whi¢hyare known only to a specified precision. The precision_spec is stated

rits
ant

the

blication.

Rules and restrictions:

a)

b)

20

The precision_spec gives the minimum number of digits of resolution that are required.

This expression shall evaluate to a positive integer value.

When no resolution specification is given the precision of the real number is unconstrained.
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8.1.3 Integer data type

The INTEGER data type has as its domain all integer numbers. It is a specialization of the REAL
data type.

Syntax:

241 integer_type = INTEGER .

EXAMPLE This example uses an INTEGER data type to represent an attribute named nodes. The
domain of this attribute is all integers. with no further constraint

ENTITY foo;
nodes : INTEGER;

END_ENTITY;
8.1.4 Logical data type

THe LOGICAL data type has as its domain the three literals TRUE, FEATLSE, and UNKNOWN.

Syntax:

456 logical_type = LOGICAL .

THe following ordering holds for the values of theLOGICAL data type: FALSE < UNKNOWN <
TRUE. The LOGICAL data type is compatible with*the BOOLEAN data type, except that the vglue
UNKNOWN cannot be assigned to a boolean variable.

8.1.5 Boolean data type

THe BOOLEAN data type has as its domain the two literals TRUE and FALSE. The BOOLEAN djata
tye is a specialization of thestOGICAL data type.

Syntax:

182 boolean_type-'<-BOOLEAN .

THe same ordéring holds for values of the BOOLEAN data type as for values of the LOGICAL djata
type, thatis: FALSE < TRUE.

EXAMPLE In this example, an attribute named planar is represented by the BOOLEAN data type.
The value for planar associated with an instance of surface can be either TRUE or FALSE.

ENTITY surface;
planar : BOOLEAN;

END_ENTITY;
8.1.6 String data type

The STRING data type has as its domain sequences of characters. The characters that are
permitted as part of a string value are those characters allocated to cells 09, 0A, 0D and the
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graphic characters lying in the ranges 20 to 7E and A0 to 10FFFE of ISO/IEC 10646.

Syntax:

311 string_type = STRING [ width_spec ]
341 width_spec = ’(’ width ’)’ [ FIXED ]
340 width = numeric_expression .

A STRING data type may be defined as either fixed or varying width (number of characters). If
it is not specifically defined as fixed width (by using the FIXED reserved word in the definition)
the string has varying width

THe domain of a fixed width STRING data type is the set of all character sequences of ¢xagtly
th¢ width specified in the type definition.

THe domain of a varying width STRING data type is the set of all character sequences of wiflth
lesp than or equal to the maximum width specified in the type definition.

If no width is specified, the domain is the set of all character sequenees, with no constraint| on
th¢ width of these sequences.

Supstrings and individual characters may be addressed using subscripts as described in [12.]

—

THe case (upper or lower) of letters within a string is significant.

Rules and restrictions:

The width expression shall evaluate to-a positive integer value.

EXAMPLE 1 The following defines a varying length string; values of which have no defined maxinfum
lenigth.

stringl : STRING;

EXNAMPLE 2 The following-defines a string that is a maximum of ten characters in length; valuef of
whiich may vary in actualdength from zero to ten characters.

stfing2 : STRING(10);

EXAMPLE@3The following defines a string that is exactly ten characters in length; values of which
myst contain ten characters.

string3 : STRING(10) FIXED;

8.1.7 Binary data type

The BINARY data type has as its domain sequences of bits, each bit being represented by 0 or 1.

Syntax:

181 binary_type = BINARY [ width_spec ]
341 width_spec = ’(’ width ’)’ [ FIXED ]
340 width = numeric_expression .
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A BINARY data type may be defined as either fixed or varying width (number of bits). If it is
not specifically defined as fixed width (by using the FIXED reserved word in the definition) the
binary data type has varying width.

The domain of a fixed width BINARY data type is the set of all bit sequences of exactly the width
specified in the type definition.

The domain of a varying width BINARY data type is the set of all bit sequences of width less
than or equal to the maximum width specified in the type definition. If no width is specified,
the domain is the set of all bit sequences, with no constraint on the width of these sequences.

Sul

bbinaries and individual bits may be addressed using subscripts as described in [12.3]

Ruiles and restrictions:

EX
EN]

1
ENI

8.

The width expression shall evaluate to a positive integer value.

AMPLE The following might be used to hold character font information.

[ITY character;

representation : ARRAY [1:20] OF BINARY (8) FIXED ;
_ENTITY;

P Aggregation data types

Agdgregation data types have as their domains collegtions of values of a given base data type

B4

pr
Eal
da

ED. These base data type values are called elemerits of the aggregation collection. EXPRH
vides for the definition of four kinds of aggtégation data types: ARRAY, LIST, BAG, and S
ch kind of aggregation data type attaches different properties to its values. The AGGREG/
ba type is the generalization of these four aggregation data types (see .

An ARRAY is a fixed-size ordered collection. It is indexed by a sequence of integers.

number of eleniénts in a list may vary, and can be constrained by the definition of the d
type.

EXAMPLE 2 The operations of a process plan might be represented as a list. The operations
ofdered, and operations can be added to or removed from a process plan.

see

SS

\TE

EXAMPLE 1 A transformation matrix (for geometry) may be defined as an array of arrays| (of
numbers).
A LIST is a segutence of elements which can be accessed according to their position. The

ta

are

A BAG is an unordered collection in which duplication is allowed. The number of elements
in a bag may vary, and can be constrained by the definition of the data type.

EXAMPLE 3 The collection of fasteners used in an assembly problem could be represented as a
bag. There might be a number of elements which are equivalent bolts, but which one is used in a
particular hole is unimportant.

A SET is an unordered collection of elements in which no two elements are instance equal.
The number of elements in a set may vary, and can be constrained by the definition of the
data type.
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NOTE EXPRESS aggregations are one dimensional.

EXAMPLE 4 The population of people in this world is a set.

Objects usually considered to have multiple

dimensions (such as mathematical matrices) can be represented by an aggregation data type whose base
type is another aggregation data type. Aggregation data types can be thus nested to an arbitrary depth,
allowing any number of dimensions to be represented.

EXAMPLE 5 One could define a LIST[1:3] OF ARRAY[5:10] OF INTEGER, which would in effect have
two dimensions.

8.2.1 Array data type

An

an

thfis the size of each array collection. An ARRAY data type definition may optionally spef

th
ne

ARRAY data type has as its domain indexed, fixed-size collections of like elements. The lo
1 upper bounds, which are integer-valued expressions, define the range of index vahies,

t an array value cannot contain duplicate elements. It may also specify that an array v4
bd not contain an element at every index position.

ver
ind
fy
lue

.

S)

el Lo

ntax:

75 array_type = ARRAY bound_spec OF [ OPTIONAL ] [ UNIQUE ] “instantiable_type .
85 bound_spec = ’[’ bound_1 ’:’ bound_2 ’]’

83 bound_1 = numeric_expression .

84 bound_2 = numeric_expression .

Gi

in

N(

ven that m is the lower bound and n is the upper hound, there are exactly n —m + 1 elemd
the array. These elements are indexed by subscripts from m to n, inclusive (see |[12.6.1)).

TE 1 The bounds may be positive, negative\or zero, but may not be indeterminate (?) (see E

Ruiles and restrictions:

a)

Both expressions in the bound specification, bound_1 and bound_2, shall evaluate to inte
values. Neither shall evalwate to the indeterminate (?7) value.

bound_1 gives thedower bound of the array. This shall be the lowest index which is v
for an array valide of this data type.

bound_2 gives the upper bound of the array. This shall be the highest index which is v
for an arrdy value of this data type.

beound_1 shall be less than or equal to bound_2.

nts

=)

ger

lid

nlid

g)

It The OPTIONAT keyword is specified, an array value of this data type may have the inde-

terminate (7) value at one or more index positions.

If the OPTIONAL keyword is not specified, an array value of this data type shall not contain

an indeterminate (?) value at any index position.

If the UNIQUE keyword is specified, each element in an array value of this data type shall be
different from (that is, not instance equal to) every other element in the same array value.

NOTE 2 Both OPTIONAL and UNIQUE may be specified in the same ARRAY data type definition. This
does not preclude multiple indeterminate (7) values from occurring in a single array value. This is because

24
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comparisons between indeterminate (?) values result in UNKNOWN, so the uniqueness constraint is not
violated.

EXAMPLE This example shows how a multi-dimensioned array is declared.

sectors : ARRAY [ 1 : 10 ] OF -- first dimension
ARRAY [ 11 : 14 ] OF -- second dimension
UNIQUE something;

The first array has 10 elements of data type ARRAY[11:14] OF UNIQUE something. There is a total of
40 elements of data type something in the attribute named sectors. Within each ARRAY[11:14], no
duplicates may occur; however, the same something instance may occur in two different ARRAY[11:14]
values within a single value for the attribute named sectors.

8.2.2 List data type

A L1ST data type has as its domain sequences of like elements. The optional-léwer and upper
bounds, which are integer-valued expressions, define the minimum and m@ximum numbey of
elgments that can be held in the collection defined by a LIST data type.” A LIST data type
definition may optionally specify that a list value cannot contain duplicate elements.

Syntax:

250 list_type = LIST [ bound_spec ] OF [ UNIQUE ] instantiable_type .
185 bound_spec = ’[’ bound_1 ’:’ bound_2 °’]°

183 bound_1 = numeric_expression .

184 bound_2 = numeric_expression .

Rules and restrictions:

a)| The bound_1 expression shall evaluate to an integer value greater than or equal to zero} It
gives the lower bound, which is-the minimum number of elements that can be in a list vdlue
of this data type. bound_1 shall not produce the indeterminate (?) value.

b)| The bound_2 expression-shall evaluate to an integer value greater than or equal to bound_1,
or an indeterminate~(?) value. It gives the upper bound, which is the maximum numbe} of

elements that caf-be in a list value of this data type.

If this value.is’indeterminate (?) the number of elements in a list value of this data typg is
not bounded from above.

c)| If:the bound_spec is omitted, the limits are [0:7].

d) ~If the UNIQUE keyword is specilied, each element in a list value of this data type shall be
different from (that is, not instance equal to) every other element in the same list value.

EXAMPLE This example defines a list of arrays. The list can contain zero to ten arrays. Each array
of ten integers shall be different from all other arrays in a particular list.

complex_list : LIST[0:10] OF UNIQUE ARRAY[1:10] OF INTEGER;
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8.2.3 Bag data type

A BAG data type has as its domain unordered collections of like elements. The optional lower
and upper bounds, which are integer-valued expressions, define the minimum and maximum
number of elements that can be held in the collection defined by a BAG data type.

Syntax:

180 bag_type = BAG [ bound_spec ] OF instantiable_type .
185 bound_spec = ’[’ bound_1 ’:’ bound_2 ’]’

183 bound_1 = numeric_expression .

184 bound_2 = numeric_expression .

Ruiiles and restrictions:

a)| The bound_1 expression shall evaluate to an integer value greater thancer’equal to zgro.
It gives the lower bound, which is the minimum number of elements ghat can be in a pag
value of this data type. bound_1 shall not produce the indeterminate\(?) value.

b)| The bound_2 expression shall evaluate to an integer value greatexthan or equal to bound_1,
or an indeterminate (?) value. It gives the upper bound, which is the maximum numbe} of
elements that can be in a bag value of this data type.

If this value is indeterminate (?7), the number of elements in a bag value of this data type
is not be bounded from above.

c) | If the bound_spec is omitted, the limits are:{0:7].

EXAMPLE This example defines an attribdte as a bag of point (where point is a named data type
asjumed to have been declared elsewhere):

a_bag_of_points : BAG OF point;

The value of the attribute naihed' a_bag_of _points can contain zero or more points. The same point
insfance may appear more than once in the value of a_bag_of _points.

If the value is required\te contain at least one element, the specification can provide a lower bound} as
in:

a_bag_of \points : BAG [1:7] OF point;

Thie value™of the attribute named a_bag_of_points now must contain at least one point.

8.2.4 Set data type

A SET data type has as its domain unordered collections of like elements. The SET data type is
a specialization of the BAG data type. The optional lower and upper bounds, which are integer-
valued expressions, define the minimum and maximum number of elements that can be held in
the collection defined by a SET data type. The collection defined by SET data type shall not
contain two or more elements which are instance equal.
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Syntax:

303 set_type = SET [ bound_spec ] OF instantiable_type .
185 bound_spec = ’[’ bound_1 ’:’ bound_2 ’]’

183 bound_1 = numeric_expression .

184 bound_2 = numeric_expression .

Rules and restrictions:

a) The bound_1 expression shall evaluate to an integer value greater than or equal to zero. It
gives the lower bound, which is the minimum number of elements that can be in a set value
of this data type. bound_1 shall not produce the indeterminate (?) value.

b)| The bound_2 expression shall evaluate to an integer value greater than or equal t6 bound_1,
or an indeterminate (?) value. It gives the upper bound, which is the maximum numbe} of
elements that can be in a set value of this data type.

If this value is indeterminate (?7), the number of elements in a set value-of this data typg is
not be bounded from above.

c)| If the bound_spec is omitted, the limits are [0:7].

d)| Each element in an occurrence of a SET data type shall be different from (that is, pot
instance equal to) every other element in the same set value.

EXAMPLE This example defines an attribute as a set~6F points (a named data type assumed to Have
beg¢n declared elsewhere).

n_set_of_points : SET OF point;

The attribute named a_set_of_points call'contain zero or more points. Each point instance (in the set
value) is required to be different fromgsevery other point in the set.

If §he value is required to have ne.more than 15 points, the specification can provide an upper bound, as
in:

a_set_of_points“SET [0:15] OF point;
Thie value of the attvibute named a_set_of_points now may contain no more than 15 points.
8.2.5 Value uniqueness on aggregates

Unjigrieness among the elements of an aggregation is based upon instance comparison (see 12.22[).

Aggrpgﬂ‘rpq can he constrained to he value unique among their elements throngh the use aof the

VALUE_UNIQUE function (see [L5.29)).

EXAMPLE A set is constrained to be value unique.

TYPE value_unique_set = SET OF a;
WHERE

wrl : value_unique(SELF);
END_TYPE;

NOTE Modeller-defined value uniqueness can be specified via a pair of functions, called, for example,
my_equal and my_unique, as shown in the following pseudo-code.
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FUNCTION my_equal(vl,v2: GENERIC:gen): LOGICAL;
(*"my_equal" Returns TRUE if vl ’equals’ v2 %)
END_FUNCTION;

FUNCTION my_unique(c: AGGREGATE OF GENERIC): LOGICAL;

(*"my_unique" Returns FALSE if two elements of c have the same ’value’
Else returns UNKNOWN if any element comparison is UNKNOWN
Otherwise returns TRUE *)

LOCAL

result : LOGICAL;
unknownp : BOOLEAN := FALSE;

END_LOCAL;

IFCSIZEOF () = 0O) THEN

REPEAT i := LOINDEX(c) TO (HIINDEX(c) - 1);

END_REPEAT;
IF |unknownp THEN

ELBE

END_IF;
ENID_FUNCTION;

The function my_equal should have the followingzproperties which enable the building of equivald
clapses. In the following S is the set of objects under consideration and my_equal(i, j), where i aj
ard in S, returns one of [FALSE, UNKNOWN, TRUE].

THe naméd*data types are the data types that may be declared in a formal specification. TH
arq
COY

.3 Namedddata types

RETURN (TRUE) ; END_IF;

REPEAT j := (i+1) TO HIINDEX(c);

result := my_equal(c[i], c[j1);

IF (result = TRUE) THEN
RETURN(FALSE) ; END_IF;

IF (result = UNKNOWN) THEN
unknownp := TRUE; END_IF;

END_REPEAT;

RETURN (UNKNOWN) ;

RETURN (TRUE) ;

my_equal(i, i) is TRUE for all/iin S (since indeterminate (?) is not in S, this does not req
my_equal(?, ?) to be TRUE);

my_equal(i, j) =my_equal(j, i) foralli, jin &;

(my_equal(i, j) =\TRUE) AND (my_equal(j, k) = TRUE) implies (my_equal(i, k) = TRUE
alli, j, kin &S,

nce
dj

lire

for

twe_kinds of named data types: entlty data types and defined data types. ThlS subcl

clause [

8.

Entity data types are established by ENTITY declarations (see [9.2)).
assigned an entity identifier by the user. An entity data type is referenced by this identifier.

3.1 Entity data type

An entity data type is

Syntax:

152 entity_ref = entity_id .

28
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Rules and restrictions:

entity_ref shall be a reference to an entity which is visible in the current scope (see

clause .

EXAMPLE 1 This example uses a point entity data type as the representation of an attribute.

ENTITY point;
X, ¥, z : REAL;
END_ENTITY;

Th

LCNIL1IY 11Ile,
pO, pl : point;
END_ENTITY;

e line entity has two attributes named pO and p1. The data type of each of these attributes is pojnt.

8.3.2 Defined data type
Defined data types are declared by TYPE declarations (see|9.1]). A defined data type is assighed
a flype identifier by the user. A defined data type is referenced bycthis identifier.
Syntax:
162 type_ref = type_id .
Ruiles and restrictions:
type_ref shall be the name of a defined data type which is visible in the current scope (see

EX
an

TY]
ENI

EN]

|
ENI

Th

clause [10)).

AMPLE The following is a defined)data type used to indicate the units of measure associated
attribute.

E volume = REAL;

_TYPE;

[ITY PART;

ulk : volume;
_ENTITYS

e atbribute named bulk is represented as a real number, but the use of the defined data type, vold

hell

Fith

Ime,

sS40 clarify the meaning and context of the real number. The real number means volume, rather t

han

some other thing that might be represented by a REAL.

8.4 Constructed data types

There are two kinds of constructed data types in EXPRESS: ENUMERATION data types and
SELECT data types. These data types have similar syntactic structures and may only be used

to

provide underlying representations of defined data types (see|9.1)).
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8.4.1 Enumeration data type
An ENUMERATION data type has as its domain a set of names. The extent of this set of names

is determined depending on the type of ENUMERATION data type. The following types of ENU-
MERATION data types are distinguished:

— ENUMERATION that is extensible;

— ENUMERATION that is extending an extensible ENUMERATION, in other words: that is based
on an extensible ENUMERATION;

— ENUMERATION that is neither extensible nor extending.

THe names that an ENUMERATION declares are the only valid values of the ENUMERATION diata
tye. Each name in the domain is referred to as an enumeration item, and is designated byl an
enpimeration_id.

A1l ENUMERATION data type that is neither an extensible nor an extending' ENUMERATION data
tye has as its domain the ordered set of enumeration items in its declaration.

A1l extensible ENUMERATION data type has as its domain thesset’of the enumeration itemg in
its| declaration plus the union of the sets of enumeration it€ms comprising the domains off all
extending enumeration data types. An extensible enumeration data type is a generalization of
th¢ enumeration data types that are based on it. An extensible ENUMERATION data typ¢ is
sp¢cified using the EXTENSIBLE reserved word.

A1 extending enumeration data type has as its' domain the set of enumeration items in|its
de¢laration plus the enumeration items specified directly, not via extension, in the extensible
enfimeration data type upon which it is baged. An extending ENUMERATION data type is specified
using the BASED_ON reserved word.

A1l enumeration data type may, be both an extensible and an extending enumeration data tyjpe.
A1l extensible ENUMERATION-Tnay be specified without enumeration items and may be based on
anpther extensible ENUMERATION and not specify any enumeration items extending that hase
EN[UMERATION. The based-on relationship is transitive, that is, an extending enumeration is
still based on the higliest level extensible enumeration even through several levels of basedron
relptionships; it includes all enumeration items of both the intermediate extensible enumeratipns
anfl the highest level extensible enumeration.

N(QTE 1 <Alrextensible enumeration that is extended two or more times in a single context may haye a
larper domain than its extensions, in which case it really is a generalization.

NOTE2—hrthe firstedition of this part of 1SO 10303 tie ordering of tie enumeration tems defited a
value ordering. In this edition of this part of ISO 10303, no ordering is defined except as noted in rule
@ below. This is to allow for extensible enumeration data types, in which the ordering of the extensions
cannot be determined.

Syntax:

213 enumeration_type = [ EXTENSIBLE ] ENUMERATION [ ( OF
enumeration_items ) | enumeration_extension ]

211 enumeration_items = ’(’ enumeration_id { ’,’ enumeration_id } ’)°’

209 enumeration_extension = BASED_ON type_ref [ WITH enumeration_items ]
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Rules and restrictions:

a)

An enumeration data type shall only be used as the underlying data type of a defined data
type.

An enumeration data type may be extended only if the reserved word EXTENSIBLE is spec-
ified in its definition.

The type_ref in an enumeration_extension shall refer to an extensible enumeration type.

For comparison purposes. the ordering of the values of an enumeration data tyvpe that

is neither extensible nor extending may be determined by their relative position_ih|the
enumeration_id list; the first occurring item shall be less than the second; the second |ess
than the third, and so on.

There is no ordering of the values of an extensible enumeration or an extending enumeratjon.

An enumeration that is neither extensible nor extending shall specify ‘eriumeration items as
its domain.

An enumeration that is not extensible, but extending shall specify enumeration items that
extend the domain of the extensible enumeration upon mhich it is based.

Two different ENUMERATION data types may contain the same enumeration_id in their
sets of names. If these enumeration data types are not extensions to the same extensible
enumeration data type, their enumeration_ids describe different concepts, even thonigh
their local names may be identical. In this-Gase, any reference to the enumeration_id (for
example, in an expression) shall be qualified with the data type identifier to ensure that
the reference is unambiguous. The reférence then appears as: type_id.enumeration_ild.

NOTE 3 A type_id for use in qualifying an enumeration_id is always defined as an ENUMERAT[ION
data type.

EXAMPLE 1 This examipleé uses ENUMERATION data types to show how different kinds of vehifles
might travel.

TYPE car_can_move = ENUMERATION OF
(left,sright, backward, forward);
END_TYPE;

TYPE_plane_can_move = ENUMERATION OF
(left, right, backward, forward, up, down);
END_TYPE;

The enumeration item left has two independent definitions, one being given by each data type of
which it is a component. There is no connection between these two definitions of the identifier left.
A reference to left or right, by itself, is ambiguous. To resolve the ambiguity, a reference to either
of these values is qualified by the data type name, for example, car_can_move.left.

An extensible enumeration and its extensions define a domain consisting of enumeration_ids.
Within that domain all occurrences of the same enumeration_id designate the same value
even when the enumeration_id is specified in multiple enumeration data types contributing
to that domain.
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EXAMPLE 2 The following EXPRESS results in a single enumeration item named red as both

stop_light and canadian_flag extend the domain of colour.

TYPE colour = EXTENSIBLE ENUMERATION; END_TYPE;

TYPE stop_light = ENUMERATION BASED_ON colour WITH (red, yellow,
green); END_TYPE;

TYPE canadian_flag = ENUMERATION BASED_ON colour WITH (red,
white); END_TYPE;

The type declaration which declares the enumeration data type shall not include a domain

(where) rule.

TE 4 The above rules ensure that a defined data type names an enumeration data type, and
ined data type is not a specialization of the enumeration data type.

AMPLE 3 The following example shows how an extensible enumeration maysybe used to mod
text dependent concept of approval. general_approval, as its name suggests)is the most gen
cept of approval explicitly defining only two values. By declaring general_approval to be an
sible enumeration allows it to take on context dependent values in schemas’which declare extens
it. If used to represent the domain of an attribute, the allowed valuesvof the attribute are conf
endent.

E general_approval = EXTENSIBLE ENUMERATION OF “(approved, rejected);
_TYPE;

_SCHEMA;

£ FROM s1 (general_approval);

E domain2_approval = EXTENSIBLE ENUMERATION BASED_ON general_approval WITH (pendi
_TYPE;

_SCHEMA;

E. FROM s1 (general_approval);

PE domain3_approval = EXTENSIBLE ENUMERATION BASED_ON general_approval WITH (cancd
_T¥PE;

the
bl a
bral

ons
ext

ng) ;

1lled);

END_SCHEMA;

SCHEMA s4;

USE FROM s2 (domain2_approval);

REFERENCE FROM s3 (domain3_approval);

TYPE specific_approval = ENUMERATION BASED_ON domain2_approval WITH (rework);
END_TYPE;

32
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END_SCHEMA ;
SCHEMA s5;
USE FROM s1 (general_approval);

TYPE redundant_approval = ENUMERATION BASED_ON general_approval WITH (approved);
END_TYPE;

END_SCHEMA ;

In the context of schema s1:

—| general_approval has the domain (approved, rejected).

In the context of schema s2:

—| general_approval has the domain (approved, rejected, pending);
—| domain2_approval has the domain (approved, rejected, pending).
In he context of schema s3:

—| general_approval has the domain (approved, rejected, cancelled);

—| domain3_approval has the domain (approved, rejectedjcancelled).

In phe context of schema s4:

—| general_approval has the domain (approved;rejected, pending, cancelled, rework);
—| domain2_approval has the domain (apptoved, rejected, pending, rework);

—| domain3_approval has the domainh{dpproved, rejected, cancelled);

—| specific_approval has the domain (approved, rejected, pending, rework).

In phe context of schema s5:

—| general_approval-has the domain (approved, rejected).

—| redundant{approval has the domain (approved, rejected).

8.4.2 Select data type

A BELECT data type defines a data type that enables a choice among several named data types.
The SELECT data type is a generalization of these named data types in its domain. The defined
type for which the SELECT data type is the underlying representation, may add constraints on
its domain by declaring local rules. A SELECT data type may be EXTENSIBLE or not.

A SELECT data type that is neither EXTENSIBLE nor extending has as its domain the union of
the domains of the named data types in its select list.

An EXTENSIBLE SELECT data type has as its domain the union of the domains of the named

data types in its own select list, plus the union of the domains of all extending SELECT data
types. An EXTENSIBLE SELECT data type is specified using the EXTENSIBLE reserved word.
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©ISO 2004 All righ d 33


https://standardsiso.com/api/?name=b0ebdeb331e7a5d30bd8dba494547ac9

ISO 10303-11:2004(E)

An extending SELECT data type has as its domain the named data types in its own select list,
plus the named data types specified directly, not via extension, in the EXTENSIBLE SELECT data
type upon which it is based. An extending SELECT data type is specified using the BASED_ON
reserved word.

A SELECT data type may be both an EXTENSIBLE and an extending SELECT data type. An
EXTENSIBLE SELECT may be specified without a select list and may be based on another EX-

TE

NSIBLE SELECT and not specify a select list extending that base SELECT.

An EXTENSIBLE SELECT data type and only an EXTENSIBLE one may be constrained to have only
ENTITY instances in its domain by using the reserved word GENERIC_ENTITY. In this case, all SE-

LE
eit
LE
res

her an ENTITY data type or a SELECT of generic-entity elements. All extensions ofthat
CT data type shall be generic-entity SELECT data types and shall specify the GENERIC.ENT
erved word.

CT elements shall be generic-entity elements, where generic-entity element is defined as hding

SE-
[TY

S)

LG

ntax:

[ EXTENSIBLE [ GENERIC_ENTITY ] ] SELECT

[ select_list | select_extension ]

01 select_list = ’(’ named_types { ’,’ named_types } ’)’

00 select_extension = BASED_ON type_ref [ WITH select_list]

02 select_type

Ruiles and restrictions:

N(
Spd

Each item in the select list shall be an ENTIT¥ data type or a defined data type.
A SELECT data type shall only be used as“the underlying type of a defined data type.

A SELECT data type may be extended only if the reserved word EXTENSIBLE is specifie
its definition.

The type_ref in an select. _extension shall refer to an extensible select type.

A SELECT that is neither extensible nor extending shall specify a non-empty select list
its domain.

A SELECT that is not extensible, but extending shall specify a non-empty select list t|
extends_the' domain of the extensible SELECT upon which it is based.

TE, {Fhe value of a SELECT data type may be a value of more than one of the named data ty
cified in the select list for that SELECT data type.

[ in

as

hat

pes

EXAMPLE 1 If a and b are subtypes of ¢, and if they are related by an ANDOR expression, and if there
is a data type defined by SELECT (a,b), then it may be that the value of the SELECT data type is an a
and a b at the same time.

EXAMPLE 2 A choice must be made among several types of things in a given context.

TYPE attachment_method = EXTENSIBLE SELECT(nail, screw);
END_TYPE;

TYPE permanent_attachment = SELECT BASED ON attachment_method WITH (glue, weld);
END_TYPE;

34
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ENTITY nail;

length : REAL;
head_area : REAL;
END_ENTITY;

ENTITY screw;
length : REAL;
pitch : REAL;

END_ENTITY;

ENTITY glue;
[OMpoSition . material_composition,

bolvent : material_composition;
END_ENTITY;
ENTITY weld;

fomposition : material_composition;
END_ENTITY;

ENTITY wall_mounting;

mounting : product;

n : wall;

Bsing : attachment_method;
END_ENTITY;

A yall_mounting attaches a product onto a wall using an attachment method. The initial attachnjent
method describes temporary attachment methods. These methods are then extended to add permarent
attchment methods. A value of a wall_mounting wilkhave a using attribute that is a value of onp of
najl, screw, glue, or weld.

8.9 Generalized data types

Syntax:

223 generalized_types = aggregate_type | general_aggregation_types |
generic_entity_type | generic_type .

THe generalized data@ypes are used to specify a generalization of certain other data types, and
cafh only be used im)certain very specific contexts. The GENERIC type is a generalization] of
all| data types., Fhe AGGREGATE data type is a generalization of all aggregation data types.
THe general ageregation data type is a generalization of the aggregation data types that relaxes
solne of the\constraints normally applied to aggregation data types. A GENERIC_ENTITY data
type is a’generalization of all ENTITY data types and a subtype of the GENERIC data type. The
GHNERIC_ENTITY data type is used to constrain EXTENSIBLE SELECT data types (see . t is
also a valid parameter data type for the formal parameters i functions and procedures and for
the type representation of attributes in ABSTRACT ENTITY data type declarations. (see .
All of these data types are defined in[9.5.3

—_—

8.6 Data type usage classification
In this clause , EXPRESS data types are classified according to their nature as: simple data

types, aggregation data types, constructed data types, named data types, and generalized data
types. This subclause defines the classification of data types according to their usage.
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Data types are used in six different ways in EXPRESS:

— as the data types of the elements of aggregation data types;

— as the members of a select list in defining or extending a select data type;
— as the underlying types of data types;

— as the data types of of attributes of entity data types;

— as the data types of constants;

— as the data types of formal parameters and local variables in functions and procedures,

In jaddition, there are several special usages of entity data types, specified in [9} that“apply td no
other class of data type, and are not considered here.

Ddta types are classified according to their usage as follows:

— instantiable data types are used as representations for aggregatiomelements and as the data
types of constants;

— parameter data types are used as representations for expli¢it and derived attributes and|for
formal parameters, function results, and local variables in functions and procedures;

— underlying data types are used as representationd for defined data types;

— named data types are used as the members*of a select list — the possible representatipns
of a value of the SELECT data type.

Sofne classes of data types can be used‘in any of these ways, while others can only be used in
ceftain contexts. These distinctions are summarized in Table [

Table 7 — The use of data types

a) Instantiable data types — representation of ajg-
gregation elements and constants.

F w q b) Parameter data types — representation of gn
j.ypel ) T lél U H I—l explicit or derived attribute, a formal parametgr,
e e .ata ypes bl Il B local variable, or function result.

Ageregation Data Types (e | e | o

T PEE=N = 1

vamed atd 1ybes bl I R c¢) Underlying data types — representation of a de-
Constructed Data Types ° fined type (see[0.1)).
Generalized Data Types )

d) Named data types — possible representations of
a SELECT data type.

DOnly the defined data type from the named data types
may be used as an underlying data type.

Named data types are exactly as specified in Instantiable data types, parameter data types,
and underlying data types are defined below.
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8.6.1 Instantiable data types

Instantiable data types are used as the representations of constants, as the representations of
elements of aggregation data types, and as the representations of attributes of non-abstract

entity data types (see9.2.1)).

The instantiable data types are the simple data types, the aggregation data types, and the
named data types.

Syntax:
40— instantiable *5‘?9 = conecrete tiﬁ-pes entiti—ref
4 = = oy —Fet—

193 concrete_types = aggregation_types | simple_types | type_ref .

Ruiles and restrictions:
a)| The data type of a constant shall not be an abstract entity data typec{see 9.4)).

b)| The data type of every attribute of a non-abstract entity data-type shall be, or shalll be
redclared to be, an instantiable data type (see|9.2.1)).

8.6.2 Parameter data types

Paframeter data types are used as the representation of attributes of entity data types or as [the
representation of formal parameters to algorithms (functions and procedures). The paramgter
dafa types may also be used to represent the return types of functions and the local varialples
de¢lared in algorithms.

D

THe parameter data types are the instantiable data types and the generalized data types. That
is,[all EXPRESS data types are parameter data types (but constructed data types can only] be
us¢d as the defined data types that-are based on them).

Syntax:

66 parameter_type = generalized_types | named_types | simple_types .
23 generalized_typés)= aggregate_type | general_aggregation_types |
generic_entity_type | generic_type .

Ruyles and-xestrictions:

a)| Ady parameter type that satisfies the specifications for an instantiable type is considgred
to be an instantiable type for those usages in which an instantiable type is required.

b) Any general aggregation type (see[9.5.3.5) whose base type is an instantiable data type is
considered to be an instantiable type.

NOTE A syntactic construct such as ARRAY[1:3] OF REAL satisfies two syntactic productions —

aggregation_type and general_aggregation_type. It is considered to be instantiable no matter which
production it is required to satisfy in the syntax.

8.6.3 Underlying data types

Underlying data types are used as the representation for defined data types.
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The underlying data types are the simple data types, the aggregation data types, the constructed
data types, and the defined data types.

Syntax:

332 underlying_type = concrete_types | constructed_types .
193 concrete_types = aggregation_types | simple_types | type_ref.

9 Declarations

THis clause defines the various declarations available in EXPRESS. An EXPRESS declaratfion
crdates a new EXPRESS item and associates an identifier with it. The EXPRESSqitem rhay
be[referenced elsewhere by writing the name associated with it (see clause .
THe principal capabilities of EXPRESS are found in the following declarations:
— Type;

— Entity;

— Subtype_constraint;

— Schema;

— Constant;

— Function;

— Procedure;

— Rule.

Declarations may be either explicit or implicit. This clause describes explicit declaratigns.
Inlplicit declarations are-described in this and subsequent subclauses, along with the items gnd
cofditions under which they are established.

9.1 Typedeclaration

A type declaration creates a defined data type (see|8.3.2)) and declares an identifier to refer tq it.
of

domain of the underlying_type, further constrained by the where_clause (if present). The
defined data type is a specialization of the underlying type and is therefore compatible with the
underlying type. An exception to this is for constructed data types where the defined data type
is used to name the constructed data type and is, in fact, not a specialization of the constructed
data type even in the case of a SELECT data type constrained by a where rule.

NOTE 1 Multiple defined data types may be associated with the same representation. The names can
help the reader to understand the intent (or context) of the use of the underlying_type.
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Syntax:

327 type_decl = TYPE type_id ’=’ underlying_type ’;’ [ where_clause ] END_TYPE ’;’
332 underlying_type = concrete_types | constructed_types .

Rules and restrictions:

TYPE declarations shall not result in cyclic type definitions.

EXAMPLE 1 The following declaration declares a defined data type named person_name with an
underlying representation of STRING. The defined type person_name is then available for use as the
refresentation of attributes, local variables and formal parameters. This conveys more meaning than
sinpply using STRING.

TYPE person_name = STRING;
END_TYPE;

D¢main rules (WHERE clause)

Ddmain rules specify constraints that restrict the domain of the defined data type. The domjain
of the defined data type is the domain of its underlying representation constrained by the domain
rule(s). Domain rules follow the WHERE keyword.

Syntax:

338 where_clause = WHERE domain_rule ’;’ { domain rule ’;’ } .

Ealch domain_rule may be given a rule label;

NQTE 2 When given, rule labels may be tsed in remark tags (see [7.1.6.3) or to identify ruleg to
implementations, for example, in docunlentation, error reports, and enforcement specifications. [The
laHelling of rules for these purposes is\encouraged.

Rules and restrictions:

a)|[ Each domain rule'shall evaluate to either a logical (TRUE, FALSE or UNKNOWN) valug or
indeterminate(?)-

b)|[ The keyword SELF (see [14.5)) shall appear at least once in each domain rule. A domain tule
is evaltiated for a particular value in the domain of the underlying type by replacing epch
occurrence of SELF in the rule with that value.

N doraain rula chall ha accnrtnd swhaon +hao axvnracciny avoliiotoc 0 o voliin Af mprro. 34 ool
C €
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violated when the expression evaluates to a value of FALSE; and it shall be neither violated
nor asserted when the expression evaluates to a indeterminate (?) or UNKNOWN value.

d) The domain of the defined data type consists of all values of the domain of the underlying
type which do not violate any of the domain rules.

e) Domain rule labels shall be unique within a given TYPE declaration.

EXAMPLE 2 A defined data type could be created which constrains the underlying integer data type
to allow only positive integers.
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TYPE positive = INTEGER;
WHERE

notnegative : SELF > O;
END_TYPE;

Any attribute, local variable or formal parameter declared to be of type positive is then constrained to
have only positive integer values.

9.2 Entity declaration

An ENTITY declaration creates an entity data type and declares an identifier to refer to it.

ch attribute represents a property of an entity and may be associated with a value gn'é
ity instance. The data type of the attribute establishes the domain of possible values.

ch constraint represents one of the following properties of the entity:

limits on the number, kind and organization of values of attributes. ;Ihiese are specified
the attribute declarations.

required relationships among attribute values or restrictions on.the allowed attribute V&ﬂﬁ.tes

for a given instance. These appear in the where clause, and are referred to as domain r

required relationships among attribute values over<all’ instances of the entity data ty
These appear in:

— the uniqueness clause, where they are réferred to as uniqueness constraints,
— the inverse clause, where they are.referred to as cardinality constraints,

— global rules (see[9.6).

required relationships amofng instances of more than one entity type. These do not app
in the entity declaratioh itself, but rather as global rules (see .

entity instance ghay only be created in EXPRESS by means of an entity construd

e [9.2.6]) or a complex entity construction operator (see|12.10)).

hch

| in

eS.

pe.

car

tor

06 entity_decl
07/entity_head

04 )entity_body

yntax:

entity_head entity_body END_ENTITY ’;’
ENTITY entity_id subsuper ’;’

{ explicit_attr } [ derive_clause ] [ inverse_clause ]

[ unique_clause | [ where_clause ]

Rules and restrictions:

a)

40

Fach attribute identifier and label declared in the entity declaration shall be unique wit
the declaration.

hin
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b) A subtype shall not declare an attribute having the same identifier as an attribute of one
of its supertypes, except when a subtype redeclares an attribute inherited from of one of its

supertypes (see [9.2.3.4]).

9.2.1 Attributes

The attributes of an ENTITY data type represent the essential traits, qualities, or properties of
an entity. An attribute declaration establishes a relationship between the ENTITY data type and
the data type referenced by the attribute.

The name of an attribute represents the role played by its associated value in the context of the
EN[TITY in which it appears.

THere are three kinds of attribute:

Explicit: An attribute whose value shall be supplied by an implementdtion in ordei to
create an entity instance.

Derived: An attribute whose value is computed in some manner,

Inverse: An attribute whose value consists of the entity instances which use the entity in
a particular role.

Every attribute establishes relationships between an instance of the declaring entity data type
anfl some other instance or instances. An attribute represented by a non-aggregation data type
estlablishes a simple relationship to this data type<{An attribute represented by an aggregatlion
data type establishes both collective relationships to aggregate values and distributive relation-
ships to the elements of those aggregate valués. In addition, every attribute establishes|an
implicit inverse relationship between its base data type and the declaring entity data type.

NQTE See annex [H| for further discussion of these relationships.
9.2.1.1 Explicit attribute

A1 explicit attribute represents a property whose value shall be supplied by an implementation
in prder to create an instance. Each explicit attribute identifies a distinct property. An explicit
at{ribute declaration,creates one or more explicit attributes having the indicated domain, and
asdigns an identifier to each.

Syntax:

215 explicit_attr = attribute_decl { ’,’ attribute_decl } ’:’ [ OPTIONAL ]
parameter_type ’;’

77 attribute_decl = attribute_id | redeclared_attribute .

266 parameter_type = generalized_types | named_types | simple_types .

NOTE 1 The syntax for redeclared_attribute provides for attribute redeclaration, which is described
in[0.2.3.4]

Rules and restrictions:

a) Unless an explicit attribute is declared OPTIONAL, every instance of the entity data type
shall have a value for that attribute.
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NOTE 2 If the data type of an explicit attribute is an extensible enumeration type for which no
enumeration items are specified, the entity can not be instantiated unless some extension of the
enumeration type is declared with at least one enumeration item. If the data type of an explicit
attribute is an extensible select type for which no select element is specified, the entity can not be
instantiated unless some extension of the select type is declared with at least one named type.

b) The keyword OPTIONAL indicates that, in a given entity instance, the attribute need not
have a value. If the attribute has no value, the value is said to be indeterminate (7).

¢) An explicit attribute shall neither directly nor indirectly be declared to be of the data type
GENERIC.

NOTE 3 This is in spite of the fact that the syntax production allows such a declaration,

N(QTE 4 oOPTIONAL indicates that the attribute is always meaningful for instances of this ‘entity type,
buf that for some instances there may be no value which plays the role specified by ‘the attribfite.
OP['TONAL does not indicate that the attribute is meaningless for some instances of the ‘éntity data type.
Thee case where an attribute is meaningless for some instances is properly modelled by subtyping [see

E)

N(QTE 5 Attention must be given to references to optional attributes, particularly in rules, since they
may have no value. The EXISTS built-in function can be used to determhine whether a value is pregent
or the NVL built-in function can be used to provide a default valuedfor computation. If neither is uged,
ung¢xpected results may be obtained.

EXAMPLE The following declarations are equivalent:

ENTITY point;
¥, ¥, z : REAL;
END_ENTITY;

ENTITY point;
t : REAL;
Y : REAL;
r : REAL;
END_ENTITY;

9.2.1.2 Derived attribute

A (erived attribute wepresents a property whose value is computed by evaluating an expression.
Ddrived attribGtes are declared following the DERIVE keyword. The declaration consisty of
th¢ attribute, identifier, its representation type, and an expression to be used to compute [the
atfributesvalue.

Syntax:

200 derived_attr = attribute_decl ’:’ parameter_type ’:=’ expression ’;’
177 attribute_decl = attribute_id | redeclared_attribute .
266 parameter_type = generalized_types | named_types | simple_types .

NOTE 1 The syntax for qualified_attribute provides for attribute redeclaration, which is described
in[0.2.3.4]

The expression may refer to any attribute, constant (including SELF) or function identifier which
is in scope.
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Rules and restrictions:

a) The expression shall be assignment compatible (see [13.3)) with the data type of the at-
tribute.

b) For a particular entity instance, the value of the derived attribute is determined by evalu-
ating the expression, replacing each occurrence of SELF with the current instance, and each
occurrence of an attribute reference with the corresponding attribute value.

c) A derived attribute shall neither directly nor indirectly be declared to be of the data type
GENERIC.

NOTE 2 This is in spite of the fact that the syntax production allows such a declaration:

EXAMPLE In the following example, a circle is defined by a centre, axis and radius. In addition to tlhese
explicit attributes, there is a need to account for important properties such as the aréa’and perimdter.
This is accomplished by defining them as derived attributes, giving the values as expressions.

ENTITY circle;
fentre : point;
radius : REAL;

hXis . vector;
DERIVE
hrea : REAL := PI*radius**2;

perimeter : REAL :
END_ENTITY;

2.0%PI*radius;

9.2.1.3 Inverse attribute

If pnother entity has established a relationship with the current entity by way of an explicit
atfribute, an inverse attribute may be used to describe that relationship in the context of [the
cufrent entity. This inverse attributé.may also be used to constrain the relationship further

Inyerse attributes are declared following the INVERSE keyword. Each inverse attribute shall be
sp¢cified individually.

Cdrdinality constraints‘en the inverse relationship are specified by the bound specification|for
th¢ inverse attribute.iii the same way as they are for explicit attributes.

NQTE 1 AnueX[H provides further information on the relationship between explicit attributes pnd
invierse attributes.

A1 inverse attribute is represented by either an entity data type or a BAG or SET whose hase

tyjbeds an enti . The enti is referr he referencing enti

An inverse attribute declaration also names an explicit attribute of the referencing entity. For a
particular instance of the current entity data type, the value of the inverse attribute consists of
the instance or instances of the referencing entity data types which use the current instance in the
role specified. In case of ambiguities due to identical attribute names in the subtype/supertype
graph of the referencing entity, the name of the explicit attribute shall be preceded by the name
of the entity that originally declares the attribute.

Each of the three possible representation types for an inverse imposes certain constraints on the
relationship between the two entities.
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Bag data type: The bound specification, if present, specifies the minimum and maximum
number of instances of the referencing entity which may use an instance of the current
entity. Since a bag may contain a single instance more than once, one or more instances
may reference the current instance, and a particular instance may reference the current
instance more than once.

NOTE 2 If the inverted attribute is represented by a non-unique aggregation data type, that is, a
list or array that does not specify the UNIQUE keyword or a bag, a particular instance of the current
entity may be used more than once by a particular instance of the referencing entity.

NOTE 3 If the inverted attribute is represented by a unique aggregation data type, that is, a list

+lot acnaoifi o iy oris 1 d o £ 41
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may only be used once by a particular instance of the referencing entity.

Optionality of the inverse attribute is expressed by specifying a lower bound of (), iridicatling
that a given instance of the current entity need not be referenced by any instance of [the
referencing entity.

Set data type: As for BAG, with the additional constraint that the referencing instarjces
must be instance unique. This restriction also means that a pargicular referencing instance
can only use the current instance once in the inverted role.

NOTE 4 If the inverted attribute is represented by a uniqueaggregation data type, that is, allist
or array that specifies the UNIQUE keyword or a set, the 4nvérse adds no further constraint with
respect to uniqueness.

Entity data type: The inverse attribute contains exactly that one instance of the refer-
encing entity data type which uses the current instance in the specified role. The cardinality
of the inverse relationship is 1 : 1 in this¢ase.

4

G R G ST Y

bntax:

48 inverse_attr = attribute_decl ’:’> [ ( SET | BAG ) [ bound_spec ] OF ] entity_rf

77 attribute_decl = attribute_id | redeclared_attribute .
85 bound_spec = [’ beund_1 ’:’ bound_2 ’]’

83 bound_1 = numeric_expression .

84 bound_2 = numeric.expression .

FOR [ entity_ref ’.° ] attribute_ref ’;’

Ruiles and restrictions:

a)

Thesentity which defines the direct relationship to the current entity being declared shall
dovso as an explicit attribute.

44

The data type of the explicit attribute in the entity defining the direct relationship shall be
one of the following:

— the current entity being declared;
— a supertype of the entity being declared;
— a defined data type based on a select data type containing one of the above;

— an aggregation type whose fundamental type is one of the above.
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The entity referred to in the inverse attribute declaration may be a subtype of the entity that
declared the direct relationship, in which case the inverse attribute only contains instances
of that subtype. Subtypes referred to in this way shall not redeclare the direct attribute as
a derived attribute.

If the name of the explicit attribute in the entity defining the direct relationship is not
unique within the subtype/supertype graph of that entity, the name of the entity data type
shall be used to qualify the name of this explicit attribute following the FOR keyword.

An inverse attribute shall neither directly nor indirectly be declared to be of the data type

GENERIC.

NOTE 5 This is in spite of the fact that the syntax production allows such a declaration.
EXNAMPLE Assuming we have the following declaration for a door assembly:
ENTITY door;
handle : knob;
hinges : SET [1:7] OF hinge;
END_ENTITY;
thgn we may wish to constrain the declaration of knob such that knobs'can only exist if they are useql in
thq role of handle in one instance of a door.
ENTITY knob;
INYERSE
pens : door FOR handle;
END_ENTITY;
On the other hand, we may merely wish to spe¢ify that a knob is used by zero or one doors (it may,) for
exgmple, be either on a door or has yet tovbe attached to a door).
ENTITY knob;
INYERSE
pens : SET [0:1] OF deor FOR handle;
END_ENTITY;
9.2.2 Local rules
Lofal rulestare assertions on the domain of entity instances and thus apply to all instances of
that entity data type. There are two kinds of local rules. Uniqueness rules control the uniqueness
of pttribute values among all instances of a given entity data type. Domain rules describe other
cO n avalla Raarava 8 eSO ne 1b es- QL e h in nce o olven enti d

Each of the local rules may be given a rule label.

NOTE When given, rule labels may be used in remark tags (see|7.1.6.3) or to identify rules to imple-
mentations, for example, in documentation, error reports, and enforcement specifications. The labelling
of rules for these purposes is encouraged.
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9.2.2.1 Uniqueness rule

A uniqueness constraint for individual attributes or combinations of attributes may be specified
in a uniqueness rule. The uniqueness rules follow the UNIQUE keyword, and specify either a
single attribute name or a list of attribute names. A rule which specifies a single attribute
name, called a simple uniqueness rule, specifies that no two instances of the entity data type
in the domain shall use the same instance for the named attribute. A rule which specifies two
or more attribute names, called a joint uniqueness rule, specifies that no two instances of the
entity data type shall have the same combination of instances for the named attributes.

NOTE Comparisons are made via instance equality and not via value equality (see [12.2.2)).

Syntax:
333 unique_clause = UNIQUE unique_rule ’;’ { unique_rule ’;’ } .
334 unique_rule = [ rule_label_id ’:’ ] referenced_attribute { ’,’

280 referenced_attribute = attribute_ref | qualified_attribute .

referenced_attribute } .

Ruiles and restrictions:

EXAMPLE 1 If an entity had three attributes called;a,"b and c, we could have:

When an explicit attribute which is marked as OPTIONAE~(see(9.2.1.1)) appears in a uniq
ness rule, if the attribute has no value for a particular éntity instance, the uniqueness rul
neither violated nor asserted, and therefore the entity*instance is a member of the domj

ue-
e is
Lin.

ENTITY e;
a,b,c : INTEGER ;
UNIQUE
url : a;
ur? : b;
urd : c;
END_ENTITY;
Thiis means that two instances of the entity data type being declared cannot have the same value for a,
for|b or for c.
EXAMPLE 2 A'person_name entity might look like:
ENTITY person_name;
last : STRING;
first : STRING;
middle : STRING;

nickname : STRING;
END_ENTITY;

and it might be used as:

ENTITY employee;
badge : NUMBER;
name : person_name;

UNIQUE
url: badge, name;
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END_ENTITY;

In this example, two instances of the person_name entity could have the same set of values for the four
attributes. In the case of an employee, however, there is a requirement that badge and name together
have to be unique. Thus, two instances of employee may have the same value of badge and the same
value of name. However, no two instances of employee may have the same instance of name and the same
instance of badge since taken together this combination of instances shall be unique (see [9.6|for a method
of describing attribute value uniqueness).

9.2.2.2 Domain rules (WHERE clause)

Ddmain rules constrain the values of individual attributes or combinations of attributes for eviery
entity instance. All domain rules follow the WHERE keyword.

Syntax:

338 where_clause = WHERE domain_rule ’;’ { domain_rule ’;’ } .

Ruiles and restrictions:

a)| Each domain rule expression shall evaluate to either a logieal (TRUE, FALSE, or UNKNOWN)
value or indeterminate (7).

b)| Every domain rule expression shall include a referenee to SELF or attributes declared witjhin
the entity or any of its supertypes.

¢)| An occurrence of the keyword SELF shall.zéfer to an instance of the entity being declar¢d.

d)| The domain rule shall be asserted, when the expression evaluates to a value of TRUE} it
shall be violated when the expréssion evaluates to a value of FALSE; and it shall be neither
violated nor asserted when theJexpression evaluates to a indeterminate (?) or UNKNOWN
value.

e)| No domain rule shall'bé violated for a valid instance of the entity (in the domain).

EXAMPLE 1 A upit.vector requires that the length of the vector be exactly one. This constrhint
ca1} be specified by’

ENTITY unit>wector;

h, b, e-u"REAL;

WHERE

length_1 : ax*x2 + b**2 + c**x2 = 1.0;
END—ENTITYS

Optional attributes in domain rules
A domain rule which contains an optional attribute shall be treated this way:

Rules and restrictions:

a) When the attribute has a value, the domain rule shall be evaluated as any other domain
rule.
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When the attribute has no value, the indeterminate (?) value is used as the attribute value

in evaluating the domain rule expression. The evaluation of expressions containing the
indeterminate (?) value is addressed in clause
EXAMPLE 2 Consider this variation of example
ENTITY unit_vector;
a, b : REAL;
c : OPTIONAL REAL;
WHERE
length_1 : a**2 + bxx2 + c*x*x2 = 1.0;
END_ENTITY:
The intent of the domain rule is to ensure that a unit_vector is unitized. However, when c<héas [the
indeterminate (?7) value the domain rule always evaluates to UNKNOWN no matter what the'values ¢f a
angl b are.
The NvL standard function (see [15.18) may be used to supply a reasonable valueiwhen the optignal
attfribute is indeterminate (7). When the optional attribute has a value, the Nyb filnction returns that
value; otherwise it returns a substitute value.
ENTITY unit_vector;
, b : REAL;
: OPTIONAL REAL;
WHERE
ength_1 : a**2 + b*x2 + NVL(c, 0.0)**2 = 1.0;
END_ENTITY;
9.2.3 Subtypes and supertypes
EXPRESS allows for the specification of-entities as subtypes of other entities, where a sub-
type entity is a specialization of its supertype. This establishes an inheritance (that is, sub-
type/supertype) relationship between'the entities in which the subtype inherits the properfies
(that is, attributes and constraints) of its supertype. Successive subtype/supertype relation-
ships establish an inheritance_graph in which every instance of a subtype is an instance of| its

suj

Th

An

cldres a simpleentity data type. An entity declaration which establishes inheritance relationsh

wi
h
ad

D

ertype(s).
e inheritance graph established by subtype/supertype relationships shall be acyclic.
entity declaration which completely defines all the significant properties of that entity

itanece-graph shares characteristics of its supertype(s). A complex entity data type may hj
litional characteristics not contained within its supertype(s).

h superfypes declares a complex entity data type. A complex entity data type within anli

de-
ips

A ve

Syntax:

312 subsuper = [ supertype_constraint ] [ subtype_declaration ]

The following facts pertain to subtype/supertype relationships. These facts refer to a sub-
type/supertype graph. A subtype/supertype graph is a multiply rooted directed acyclic graph
where the nodes represent the entity types, and the edges represent the subtype/supertype re-
lationships. Following the directed SUBTYPE OF edges leads to supertypes while following the
directed SUBTYPE OF edges in the reverse leads from supertypes to subtypes.
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Rules and restrictions:

The supertype constraint, if present, shall precede the subtype constraint, if present.
A subtype may have more than one supertype.

A supertype may have more than one subtype.

A supertype may itself be a subtype of one or more other entity types. That is, paths in

the subtype/supertype graph can traverse several nodes.

The subtype/supertype relationship shall be transitive. That is, if A is a subtype of B, fnd
1

B is a subtype of C, A is a subtype of C. The entities which are supertypes of a partic
entity type shall be those entities to which it is possible to traverse, starting at'the en
type and following the SUBTYPE OF links.

A subtype shall not be the supertype of any type in the list of all its supertypes, that mes
the subtype/supertype graph shall be acyclic.

lar
ity

ns,

9.2.3.1 Specifying subtypes
Arn entity is a subtype if it contains a SUBTYPE declaration.,< The subtype declaration shall
idgntify all the entity’s immediate supertype(s). An instanc¢ of an entity data type that {s a
subtype is an instance of each of its supertypes.
Syntax:

318 subtype_declaration = SUBTYPE OF °’(’ centity_ref { ’,’ entity_ref } )’
9.2.3.2 Specifying supertypes
A1] entity is a supertype through éither an explicit or implicit specification. An entity is explicjtly
sp¢cified to be a supertypeAfiit contains an ABSTRACT SUPERTYPE declaration. An entity is
implicitly specified to be @ gupertype if it is named in a SUBTYPE declaration of at least pne

otlher entity.

Sy

hntax:

19 supertype._constraint = abstract_entity_declaration |
abstract_supertype_declaration | supertype_rule .

64 abstract_entity_declaration = ABSTRACT .

66/abstract_supertype_declaration = ABSTRACT SUPERTYPE [ subtype_constraint ]

L ded e

13 subtype_constraint = OF ’(’ supertype_expression ’)’

320 supertype_expression = supertype_factor { ANDOR supertype_factor } .

321 supertype_factor = supertype_term { AND supertype_term } .

323 supertype_term = entity_ref | one_of | ’(’ supertype_expression ’)’

263 one_of = ONEOF ’(’ supertype_expression { ’,’ supertype_expression } ’)’
322 supertype_rule = SUPERTYPE subtype_constraint .

Rules and restrictions:

All subtypes referred to in a supertype expression shall contain a subtype declaration which

identifies the current entity as a supertype.
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EXAMPLE The odd numbers are a subtype of the integer numbers, hence the integer numbers are a
supertype of the odd numbers.

ENTITY integer_number;
val : INTEGER;
END_ENTITY;

ENTITY odd_number

SUBTYPE OF (integer_number);
WHERE

not_even : 0DD(val);
END_ENTITY;

9.2.3.3 Attribute inheritance

THe attribute identifiers in a supertype are visible within the scope of the subtype (see clauseE@.
THus, a subtype inherits all of the attributes of its supertype. This allows the subtypes to spegify
either constraints or their own attributes using the inherited attribute. If &subtype has more
thfn one supertype, the subtype inherits all of the attributes from all of its-supertypes. Thik is
called multiple inheritance.

Rules and restrictions:

a)| An entity shall not declare an attribute with the samenaie as an attribute inherited fiom
one of its supertypes unless it is redeclaring the inherited attribute (see|9.2.3.4)).

b)| When a subtype inherits attributes from twd.supertypes which are themselves disjojnt,
it is possible that they have distinct attribmutes which have the same attribute identifiier.
The naming ambiguity shall be resolved\by prefixing the identifier with the name of [the
supertype entity from which each attribute is inherited.

EXAMPLE This example shows howthe entity e12 inherits two attributes named attr, and tha} to
identify which of the two attributes is\being constrained the attribute name is prefixed.

ENTITY el;
httr : REAL;

END_ENTITY;

ENTITY e2;
httr : BINARY;

END_ENTETY;

ENTITY el2
SUBTYPE OF (el,e2);

WHERE
positive : SELF\el.attr > 0.0 ; -- attr as declared in el
END_ENTITY;

A subtype may inherit the same attribute from different supertypes which in turn have inherited
it from a single supertype. This is called repeated inheritance. In this case the subtype only
inherits the attribute once; that is, there is only one value for this attribute in an instance of
this ENTITY data type.
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9.2.3.4 Attribute redeclaration

An attribute declared in a supertype may be redeclared in a subtype. The attribute remains in
the supertype, but the allowed domain of values for that attribute is governed by the redeclara-
tion given in the subtype.

The original declaration may be changed in the following general ways:

N
Th

th

the attribute may be given a different name;

the data tyvpe of the attribute may be changed to a specialization of the original data t

pe

i

(see [9.2.7);

REAL data type.
if the original data type of the attribute is a defined data type based on~a’select, the t

from the original select list, or a specialization of one of the item§ from the original se
list;

an optional attribute in the supertype may be changed-$0 a mandatory attribute in
subtype;

an explicit attribute in the supertype may be changed to a derived attribute in the subty

identifier obeys all the scope and visibility rules defined in clause for an identifier
always refers to the original attribute’in the supertype.

TE 1 The declaration of a new identifier does not remove the old identifier from the name sc
e old identifier remains available in this ENTITY data type and in any subtypes that are declared
5 ENTITY data type.

EXAMPLE 1 A NUMBER data type attribute may be changed to an INTEGER data type or {o a

ype

may be changed to either another select, which identifies a subset or specialization of it¢ms

ect

the

pe,

an attribute in the supertype may be given a new identifier in the subtype. The new

for

an attribute of the subtype whose declaration includes this redeclaration; but the identifier

pe.
for

yntax:

79 redeclared_attribute = qualified_attribute [ RENAMED attribute_id ]
75 qualified attribute = SELF group_qualifier attribute_qualifier .
32 group_qualifier = ’\’ entity_ref .

79 attribute_qualifier = ’.’ attribute_ref .

Rules and restrictions:

a)

The data type in the redeclaration shall be the same as, or a specialization of, the d

ata

type of the attribute declared in the supertype. The rules for specialization in apply.

The name of the redeclared attribute shall be given using the syntax of
qualified_attribute.

If the data type used to define the original attribute was constrained by a where rule,

the data type used to define the redeclared attribute should be constrained such that
domain of the redeclared attribute is a subset of the domain of the original attribute.
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d)

The group_qualifier in the qualified_attribute syntax shall identify either the en-
tity data type in which the attribute was originally declared, or an entity data type that
redeclares the attribute from another supertype.

If an attribute of a supertype is redeclared in two non-mutually exclusive subtypes, an
instance which contains both subtypes shall have a single value for that attribute which is

valid for both redeclarations.

If the attribute is given a new identifier, that identifier shall not be the same as the identifier

for any attribute in any supertype of the current ENTITY data type.

N(QTE 2 A WHERE rule that is specified against the original attribute remains applicable to redeclra-
tiohs of that attribute (see(9.2.3.5)).
EXAMPLE 2 Some geometry systems use floating point coordinates while others work 'in ‘an int¢ger
cogrdinate space. The concepts of GENERIC_ENTITY and RENAMED enable specifications of general [ap-
pli¢ability and specialization to domain specific uses.
ENTITY point;
x : NUMBER;
¥ : NUMBER;
END_ENTITY;
ENTITY integer_point
EUBTYPE OF (point);
PELF\point.x RENAMED integer_x : INTEGER;
BELF\point.y RENAMED integer_y : INTEGER;
END_ENTITY;
ENTITY line ABSTRACT;
tart : GENERIC_ENTITY;
bnd : GENERIC_ENTITY;
END_ENTITY;
ENTITY integer_point_line;
SUBTYPE OF (line);
BELF\line.start RENAMED ‘nteger_start : integer_point;
BELF\line.end RENAMED integer_end : integer_point;
END_ENTITY;
EXAMPLE 3 This)example shows changing of the elements in an aggregation data type to be unidue,
reduction of the fiumber of elements in an aggregation data type, and changing an optional attributg¢ to
a mhandatory one.
ENTITY\ super;
things : LIST [3:7] OF thing;

items : BAG [0:7] OF widget;

may_be : OPTIONAL stuff;
END_ENTITY;

ENTITY sub

SUBTYPE OF (super);

SELF\super.things : LIST [3:7] OF UNIQUE thing;
SELF\super.items : SET [1:10] OF widget;
SELF\super.may_be : stuff;

END_ENTITY;
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EXAMPLE 4 In the following example, a circle is defined by a centre, axis and radius. A variant of
circle is defined by the centre and two points through which it passes. These three points represent the
data by which this type of circle is defined. In addition to these data there is a need to account for the
other important traits — the radius and the axis. This is accomplished by redeclaring them as derived
attributes, giving the value as an expression.

FUNCTION distance(pl, p2 : point) : REAL;
(*"distance" Compute the shortest distance between two points *)
END_FUNCTION;

FUNCTION normal(pl, p2, p3 : point) : vector;
(*"normal" Compute normal of a plane given three points on the plane *)
END_FUNCTION;

ENTITY circle;
fentre : point;
radius : REAL;

hxis . vector;
DERIVE
hrea : REAL := PI*radius**2;

END_ENTITY;

ENTITY circle_by_points
SUBTYPE OF (circle);
P2 : point;
P3 : point;
DERIVE
BELF\circle.radius : REAL := distance(centre,p2);
BELF\circle.axis : vector := normal(centrey“p2, p3);
WHERE
pot_coincident : (centre <> p2) AND
(p2 <> p3) AND
(p3 <> centre);
|s_circle : distance(centre,pd) =
distance(centre;p2) ;

END_ENTITY;

In fhe subtype, the three defining points (centre, p2, and p3) are explicit attributes while radius, ay¥is,
angl area are derived attributes. The values of these derived attributes are computed by the expresgion
following the assignment ‘operator. The values of radius and axis are obtained by means of a functfion
call; the value of area‘is-computed in line.

9.2.3.5 Rulédnheritance

Eviery local*or global rule that applies to all instances of a supertype applies to all instance$ of
its|subtypes. Thus, a subtype inherits all the rules of its supertype(s). If a subtype has mlore
than-ene supertype, the subtype shall inherit all the rules constraining the supertypes

It is not possible to change or delete any of the rules that are associated with a subtype via rule
inheritance, but it is possible to add new rules which further constrain the subtype.

Rules and restrictions:

An entity instance shall be constrained by all constraints specified for each of its entity data
types.

NOTE 1 If the constraints specified in two (or more) entity data types conflict, there can be no valid
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instance that contains those entity data types.

EXAMPLE In the following, a graduate is a person who both teaches and takes courses. The graduate
inherits both attributes and constraints from its supertypes (teacher and student) together with the
attributes and constraints from their mutual supertype (person). A graduate, unlike a teacher, is not

allowed to teach graduate level courses.

SCHEMA s;
ENTITY person;
ss_no : INTEGER;

born : date;
DERIVE

bge : INTEGER := years_since(born);
UNIQUE

wnl : ss_no;
END_ENTITY;

ENTITY teacher
BUBTYPE OF (person);
teaches : SET [1:7] OF course;

WHERE

1d : age >= 21;
END_ENTITY;

ENTITY student
SUBTYPE OF (person) ;
takes : SET [1:7?] OF course;

WHERE
young : age >= 5;
END_ENTITY;

ENTITY graduate
SUBTYPE OF (student, teacher);

WHERE
|imited : NOT (GRAD_LEVEL IN teaches);
END_ENTITY;

TYPE course = ENUMERATION OF (...., GRAD_LEVEL,
END_TYPE;
END_SCHEMA,“v~- end of schema S

NQTE 2 If a subtype inherits mutually contradictory constraints from its supertypes, there cannof

s

£ 3 3 4 £l o4 L+ 3 4 11 ralat £+l + 1ot
a O HHRE RS taRCC O tIat SOty P a5 8y STt W vioratC-oRe- Ot CORStTatits:

9.2.4 Abstract entity data type

be

EXPRESS allows for the declaration of ENTITY data types that are not intended to be directly
instantiated and may only be instantiated through their subtypes. An ABSTRACT ENTITY data
type may declare explicit and derived attributes whose data types are generalized data types
(see . These may then be redeclared as being of an instantiable data type in subtypes of
the ABSTRACT ENTITY data type. If a subtype of an ABSTRACT ENTITY data type is itself an
ABSTRACT ENTITY data type, it need not redeclare the uninstantiable inherited attributes to
be of instantiable data types. In a subtype of an ABSTRACT ENTITY data type, that is not
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itself an ABSTRACT ENTITY data type, no inherited or directly declared attributes shall be of
an uninstantiable data type.

Type labels (see [9.5.3.4) may be used to ensure that two or more attributes whose data types
are generalized data types are the same data types at time of invocation.

Rules and restrictions:

a) An ABSTRACT ENTITY data type declaration includes the ABSTRACT keyword in the EN-
TITY data type declaration, but not the SUPERTYPE keyword (see [9.2.5.1| for ABSTRACT
SUPERTYPE ).

b)| An ABSTRACT ENTITY data type is not instantiable unless it is part of a complex EN-
TITY data type where all attributes whose data types are generalized data types have bgen
redeclared to be of an instantiable data type.

NOQTE 1 Rule @ implies that every ABSTRACT ENTITY data type satisfies the ABSTRACT SUPERTYPE

coystraint (see|9.2.5.1)).

NQTE 2 The redeclaration can occur directly in the instantiable subtyp€ior in one of its supertypes

(sep [9.2.4)).

EXAMPLE In a general approval model, we may wish to iden{ify that a collection of things may| be
approved. This model could then be used in a number of other<schemas and refined to identify the acfual
items approved.

ENTITY general_approval ABSTRACT;
npproved_items : BAG OF GENERIC_ENTITY;
Etatus : approval_status;
END_ENTITY;

9.2.5 Subtype/supertype constraints

A1 instance of an entity data type that is either explicitly or implicitly declared to be a supertype
(sge [9.2.3.2)) may also be anlinstance of one or more of its subtypes (see [H.2)).

Syntax:

319 supertype.constraint = abstract_entity_declaration |
abstract_supertype_declaration | supertype_rule .

64 abstract-entity_declaration = ABSTRACT .

66 abstract_supertype_declaration = ABSTRACT SUPERTYPE [ subtype_constraint ]

13 siibtype_constraint = OF ’(’ supertype_expression ’)’

20 supertype_expression = supertype_factor { ANDOR supertype_factor } .

LY G W L W S G Y

21 qnpnr'l'ypn_fnrfn'r = anpr'l'ypp_fp'rm { AND qnpp'r“l'ypt:\_fp'rm 3
323 supertype_term = entity_ref | one_of | ’(’ supertype_expression ’)’
263 one_of = ONEOF ’(’ supertype_expression { ’,’ supertype_expression } ’)’

322 supertype_rule = SUPERTYPE subtype_constraint .

It is possible to specify constraints on which subtype/supertype graphs may be instantiated.
These constraints may be specified in the declaration of the supertype by means of the SUPER-
TYPE clause. They may also be specified as separate rules, by means of SUBTYPE_CONSTRAINT

declarations (see .
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NOTE 1 In order that existing schemas remain valid, the declaration of subtype/supertype constraints
that use the keywords ONEOF, ANDOR, or AND within the declaration of an entity, as described in this
sub-clause, remains valid under this edition 2 of EXPRESS. However, its use is deprecated, and its
removal is planned in future editions. The use of the SUBTYPE_CONSTRAINT (see is encouraged
instead.

The meaning of a SUBTYPE_CONSTRAINT is the set of constraints stated in the
supertype_expression. A SUBTYPE_CONSTRAINT can contain any number of AND constraints

and ONEOF constraints. Each is interpreted as a separate constraint.

In addition, when it appears in the statement of some more complex constraint, each ONEOF,

A L, auu ANDUIV U)&pLUDDlUII lb llthlpthUu ad d DUb Ul lllbbdllbﬁb Ul bllU SUpCTIL bypU 111 llll;UlpLU lng

th¢ supertype_expression, the following rules apply:

— an entity data type name appearing anywhere in a supertype_expression istinterpreted
as the set of entity instances constituting the entire population of that dataytype, just as in
a global rule (see|9.6));

—{ the result of an expression in a supertype_expression is interpreted as a set of instarjces
of the supertype, as specified for ONEOF, AND, and ANDOR beloWw:

Although the final result of the supertype_expression in thé\SUBTYPE_CONSTRAINT is, th¢re-
fore, a set of entity instances, that set has no significange."/That is, the result of the whole
supertype_expression does not state any constraint because it does not necessarily includq all
indtances of the supertype, and may include instances"to which none of the stated constraints
applies.

NQTE 2 Therefore, independent constraints can e connected by ANDOR which only adds instancef to
thq (meaningless) overall result of the supertype! expression.

Arnex provides the formal approach to determining the potential combinations of sub-
type/supertype that may be instantiated under the several possible constraints that are |de-
scifibed below. That is, Annex [B] characterizes the supertype populations that satisfy the wljole
SUBTYPE_CONSTRAINT.

9.2.5.1 Abstract supertypes

EXPRESS allows)for the declaration of supertypes that are not intended to be directly|in-
stgntiated. An éntity data type shall include the phrase ABSTRACT SUPERTYPE in a supertype
comstraint for this purpose. An abstract supertype shall not be instantiated except in conjunc-
tiom with'at least one of its subtypes.

NQTE’' This implies that a schema which contains an ABSTRACT SUPERTYPE without any subtypds is
incomplete, and cannot be instantiated unless subtypes are declared in a referencing schema.

EXAMPLE In a transportation model, a vehicle could be represented as an ABSTRACT SUPERTYPE,
because all instances of the entity data type are intended to be of its subtypes (for example, land-based
or water-based). The entity data type for a vehicle must not be independently instantiated.

ENTITY vehicle
ABSTRACT SUPERTYPE;
END_ENTITY;

ENTITY land_based
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SUBTYPE OF (vehicle);

END_ENTITY;

ENTITY water_based
SUBTYPE OF (vehicle);

END_ENTITY;

9.2.5.2 ONEOF

The ONEOF constraint states that the populations of the operands in the ONEOF list are mutually

ex
in

car

81

FC L W G N

lusive; no instance of any of the populations of the operands in the ONEOF list shall app
the population of any other operand in the ONEOF list.

hntax:

63 one_of = ONEOF °’(’ supertype_expression { ’,’ supertype_expression)} ’)’

20 supertype_expression = supertype_factor { ANDOR supertype_factOor-} .
21 supertype_factor = supertype_term { AND supertype_term } .
23 supertype_term = entity_ref | one_of | ’(’ supertype_expression ’)’

Th

WT

e ONEOF constraint may be combined with the other supértype constraints to enable
iting of complex constraints. When an ONEOF constraint ‘occurs as an operand in anof]

copistraint, it represents the set of entity instances that«is the union of the populations of

op

N(

ong

EX
sull
sin

EN]
4

1

ENI

EN]

brands in the ONEOF list.

TE The phrase ONEOF (a,b,c) reads in naturalanguage as “an instance shall consist of at nf
of the entity data types a,b,c.”

AMPLE An instance of a supertype may+~be established through the instantiation of only one o
types. This constraint is declared usifg the ONEOF constraint. There are many kinds of pet, buf
ble pet can be simultaneously two orjmore kinds of pet.

[ITY pet

\BSTRACT SUPERTYPE OF ((ONEOF (cat,
rabbit,
dog,
o) );

lame : pet_name;

_ENTITY4

[ITY, cat

the
her
the

oSt

no

BUBTYPE OF (pet);

END_ENTITY;

ENTITY rabbit
SUBTYPE OF (pet);

END_ENTITY;

ENTITY dog
SUBTYPE OF (pet);

END_ENTITY;
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9.2.5.3 ANDOR

An instance of the population designated by an ANDOR expression may be an instance of either

operand population or both. Thus, ANDOR does not state a constraint.

Within a complex

constraint, the ANDOR represents the set of entity instances that is the union of the populations
of the operand expressions.

NOTE ANDOR is only used in constructing a union of populations for a more complex constraint. The
phrase b ANDOR c means “all instances of type b and all instances of type c, including any that happen
to be instances of both”.

EN]]

ENI

EN]

ENI

EN]]

ENI

9.1

AN
TH

po
lef

W
its

N(
ct

EX

riz

usly both an employee and a student.

['ITY person
BUPERTYPE OF (employee ANDOR student) ;

_ENTITY;

[ITY employee
SUBTYPE OF (person);

_ENTITY;

[ITY student
BUBTYPE OF (person);

_ENTITY;
p.5.4 AND

D states the constraint that the populations specified by the two operands shall be identi

at is, any instance of the left operand population shall also be an instance of the right oper

pulation, and any instance of the/right operand population shall also be an instance of
operand population.

hen the AND expressionotcurs as an operand in a complex constraint, it represents eithe
operand populations;.they are identical.

TE The phrageyb” AND c reads in natural language as “an instance shall consist of the types b
bgether.”

AMPLESYA person could be categorized into being either male or female, and could also be catd
bd it Being either a citizen or an alien.

Cal.
nd
the

of

hnd

go-

EN

ITY person

SUPERTYPE OF (ONEOF (male,female) AND

ONEQOF (citizen,alien));

END_ENTITY;

ENTITY male
SUBTYPE OF (person);

END_ENTITY;

ENTITY female

58
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SUBTYPE OF (person) ;

END_ENTITY;

ENTITY citizen
SUBTYPE OF (person) ;

END_ENTITY;

ENTITY alien
SUBTYPE OF (person);

EN

9.

Th

op
ex]

or

L
4

_BENITLIYS

p.5.5 Precedence of supertype operators

e evaluation of supertype expressions proceeds from left to right, with the highest precede
brators being evaluated first. Table [§] summarizes the precedence rules-for the supert

ression operators. Operators in the same row have the same precederice; and the rows
lered by decreasing precedence.

Table 8 — Supertype expression operator precedence

nce
ype
are

Precedence | Operators

1 () ONEQF

2 AND

3 ANDOR
EXAMPLE The following two expressions are not,equivalent:
ENTITY x
SUPERTYPE OF (a ANDOR b AND c);
END_ENTITY;
ENTITY x
SUPERTYPE OF ((a ANDOR b) (AND c);
END_ENTITY;
9.2.5.6 Default censtraint between subtypes
If ho supertypelconstraint is mentioned in the declaration of an entity, the subtypes (if any)
shall be mutually inclusive, that is, as if all subtypes were implicitly mentioned in an ANJOR
copstruet.
In lthe case of a supertype constraint which ig Qpp(’iﬁpd for a. subset of the th‘rvppq of that

entity, the constraint shall be as specified for those subtypes mentioned and ANDOR for the
other subtypes.

EXAMPLE The model in example [9.2.5.3]is equivalent to using the default construction, as:

ENTITY person

END_ENTITY;

ENTITY employee
SUBTYPE OF (person);
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END_ENTITY;

ENTITY student
SUBTYPE OF (person);

END_ENTITY;

9.2.6 Implicit declarations

When an entity is declared, a constructor is also implicitly declared. The constructor identifier

is

me

as

Th

tye to the point of invocation. Each attribute in this partial complex entity valile is givenl

thd
in
ing

tho camao s tho anf!f‘.} identifior Qnr:l thao ‘7101]'\1]1f}r of the construector declaration 10 tho sS4

that of the entity declaration.
e constructor, when invoked, shall return a partial complex entity value for that.éntity d

b actual parameter passed in the constructor call by a shallow copy. A shiallow copy is
which an entity instance is copied by reference, that is, the attribute @s,-d reference to

Ata
by
bne
the

tance used as an actual parameter, a simple type is value copied and aggregates have their

elgments shallow copied. The constructor shall only provide the attributes which are explicif in

a particular entity declaration.

Syntax:

205 entity_constructor = entity_ref ’(° [ expression { ’,’ expression } ] ’)’

When a complex entity instance (an instance of an entity which occurs within a subtype/super-

type graph) is constructed, the constructors foreach of the component entities shall be combihed

using the || operator (see[12.10]).

Rules and restrictions:

a)| The constructor shall have dne formal parameter for each explicit attribute declared in that
entity data type. This.does not include attributes which are inherited from supertypes fnd
are redeclared in that entity data type.

b)| The order of th¢ formal parameters shall be identical to the order of declaration of [the

explicit attxibites within the entity.

The parameter data type for each of the formal parameters shall be identical to the d
type~of the corresponding attribute.

ta

60
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is, the parentheses shall always be present).

NOTE This is different from explicitly declared functions.

1at

OPTIONAL attributes may be given the value indeterminate (?) when the implicitly defined
constructor is invoked. This represents the fact that an explicit value has not been assigned.

If within a complex entity instance there exists a subtype which contains derived attributes
redeclared from explicit attributes in a supertype, the supertype constructor shall give
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values for these redeclared attributes. These values are ignored in favour of the derived
value.

EXAMPLE Assuming the following entity declaration:
ENTITY point;
X, ¥, z : REAL;

END_ENTITY;

the implicitly declared constructor for a point can be thought of as:

FUNCTIOQON Pn*i’n'l'(v)y z RF'AT\'I'\n‘i'nf'

thq constructor then may be used when assigning values to an instance of this entity data typé.
CONSTANT

rigin : point := point(0.0, 0.0, 0.0);
ENID_CONSTANT;

9.2.7 Specialization

A ppecialization is a more constrained form of an original declaration. The following are [the
defined specializations:

D

— a subtype entity is a specialization of any of its supettypes;
— an ENTITY is a specialization of a GENERIC_ENTITY;
— an EXTENSIBLE GENERIC_ENTITY SELECETS a specialization of a GENERIC_ENTITY;

— a SELECT data type that contaihs only ENTITY data types is a specialization of a
GENERIC_ENTITY;

— the aggregation data types\are specializations of AGGREGATE;

— a SELECT of a, b, ¢-is.a specialization of a SELECT of d, e, f if a, b, ¢ are specialization$ of
d e f

— a SELECT ofia/b, ¢ is a specialization of a supertype if a, b, ¢ are subtypes of the supertyfpe;
— INTEGER and REAL are both specializations of NUMBER;

— (ANTEGER is a specialization of REAL;

— BOOLEAN is a specialization of LOGICAL;

— LIST OF UNIQUE item is a specialization of LIST OF item;

— ARRAY OF UNIQUE item is a specialization of ARRAY OF item;
— ARRAY OF item is a specialization of ARRAY OF OPTIONAL item;

— SET OF item is a specialization of BAG OF item;
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letting AGG stand for one of ARRAY, BAG, LIST or SET then AGG OF item is a specialization

of AGG OF original provided that item is a specialization of original;

letting AGG stand for one of BAG, LIST or SET then AGG [b:t] is a specialization of AGG [1
provided that b <tand [ < b<wand [ <t < wu;

:u]

letting BSR stand for one of the data types BINARY, STRING or REAL then BSR (length) is

a specialization of BSR;

BSR (short) is a specialization of BSR (long) provided that short is less than long;

9.

A

tye declarations. A SCHEMA may undergo changes.,within a development or standardizat

en)
vel
vel
of
scl
scl
tre

N(
ing

des

EX

sutffaces, and other-related data types.

EX

ing

a BINARY which uses the keyword FIXED is a specialization of variable length BINARYf;
a STRING which uses the keyword FIXED is a specialization of variable length STRING;

a constructed data type that is based on an extensible constructed data_type is a sped
ization of that extensible constructed data type;

a defined data type is a specialization of the underlying data type used to declare the defi
data type.

B Schema
ECHEMA declaration defines a common scope for a collestion of related ENTITY and other d|

[ironment. To support the capability of identifyitigra particular version of a SCHEMA a schd
sion identifier is defined. This part of ISO 10303 does not prescribe the format of the sche
sion identifier except to define it to be a string literal. No other construct defined in this
[SO 10303 makes reference to this schéma version identifier, and no method for manag
ema changes using schema version ‘identifiers is specified in this part of ISO 10303. If
emas with the same name have different schema version identifiers, they will nevertheless
ated as the same schema.

TE For schemas defined.in ISO 10303, the use of an information object identifier is specified 4
[ludes a version identifier."The meaning of the object identifer is defined in ISO/IEC 8824-1, an
cribed in ISO 10303,1 5. The use of this object identifier as a schema version identifier is encourag

AMPLE 1 Geontétry may be the name of a schema that contains declarations of points, cur

AMPL#E-2" There may be multiple versions of schemas, and the language version identifier may
luded \as well. The support_resource_schema in this example uses the information object ident

as

ial-

hed

ata
ion
ma,
ma
art
ing
WO

be

hat
1 is
bd.

es,

be
fier

Héfined in ISO/TEC 8842-1 and described in ISO 10303-1.

SCHEMA geometry_schema ’version_17;
END_SCHEMA;

SCHEMA geometry_schema ’version_2’;
END_SCHEMA;

SCHEMA support_resource_schema ’{IS0 standard 10303 part(41) object(1l) version(8)}’;
END_SCHEMA

SCHEMA support_resource_schema ’{ISO standard 10303 part(41) object(1l) version(9)}’;
END_SCHEMA;
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©ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=b0ebdeb331e7a5d30bd8dba494547ac9

ISO 10303-11:2004(E)

The order in which declarations appear within a schema declaration is not significant.

Declarations in one schema may be made visible within the scope of another schema via an

interface specification as described in clause
Syntax:
296 schema_decl = SCHEMA schema_id [ schema_version_id ] ’;’ schema_body

END_SCHEMA ’;°

298 schema_version_id = string_literal .
295 schema_body = { interface_specification } [ constant_decl ]

{ declaration | rule_decl } .

1

42 interface_specification = reference_clause | use_clause .
99 declaration = entity_decl | function_decl | procedure_decl |
subtype_constraint_decl | type_decl .

9.4 Constant
A Fonstant declaration is used to declare named constants. The scope~of a constant identifier
shall be the function, procedure, rule or schema in which the constant declaration occurs| A
named constant appearing in a CONSTANT declaration shall havelan explicit initialization [the
value of which is computed by evaluating the expression. A{named constant may appeat in
th¢ initialization of another named dependent constant. The/declaration of constants shalll be
acyclic.
NQTE The requirement for acyclic constant declaratiems is to ensure that there is always a vplid
inifialization, which does not have to be in the order of\declaration.
Syntax:

195 constant_decl = CONSTANT constant_body { constant_body } END_CONSTANT ’;°’

194 constant_body = constant_id.,J\.” instantiable_type ’:=’ expression ’;’

240 instantiable_type = concreteé_types | entity_ref
Ruiles and restrictions:
a)| The value of a-comstant shall not be modified after initialization.
b)| Any occucrence of a named constant outside the constant declaration shall be equivalent to

c)

an occlrrence of the initial value itself.

The' expression shall return a value assignment compatible with the specified base ty;re.

EXAMPLE The following are valid constant declarations:

CONSTANT
thousand : NUMBER := 1000;
million : NUMBER := thousand**2;

origin : point

point (0.0, 0.0, 0.0);

END_CONSTANT;
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9.5 Algorithms

An algorithm is a sequence of statements that produces some desired end state. The two kinds

of

Fo

algorithms that can be specified are functions and procedures.

rmal parameters define the input to an algorithm. When an algorithm is called, actual

parameters supply actual values or instances. The actual parameters shall agree in type, order,

an

d number with the formal parameters.

Declarations local to the algorithm, if required, are given following the header. These declara-
tions can be types, local variables, other algorithms, and so on, as needed.

THe body of the algorithm follows the local declarations.

9.5.1 Function

A function is an algorithm which operates on parameters and that produgésia single resulthnt
value of a specific data type. An invocation of a function (see [12.8]) in amnéxpression evalugtes
to [the resultant value at the point of invocation.

A [function shall be terminated by the execution of a RETURN (Statement. The value of fthe
expression, associated with the RETURN statement, defines the‘result produced by the functliion
call.

Syntax:

20 function_decl = function_head algorithm head stmt { stmt } END_FUNCTION °;’
21 function_head = FUNCTION function_id f3°(’ formal_parameter
{ ’;’> formal_parameter } ’)’ ] ’:’ parameter_type ’;’

18 formal_parameter = parameter_id {")’,’ parameter_id } ’:’ parameter_type .
66 parameter_type = generalized_types | named_types | simple_types .
73 algorithm_head = { declaratiow } [ constant_decl ] [ local_decl ]
99 declaration = entity_decl\|)function_decl | procedure_decl |

subtype_constraint_decl | type_decl .

Ruiles and restrictions:

a)

A ruNcTION shall specify a RETURN statement in each of the possible paths a process mhay
take when thiat function is invoked.

Each"RETURN statement within the scope of the function shall specify an expression wlich
evaluates to the value to be returned to the point of invocation.

64

The expression specified in each RETURN statement shall be assignment compatible with
the declared return type of the function.

Functions do not have side-effects. Since the formal parameters to a FUNCTION shall not
be specified to be VAR, changes to these parameters within the function are not reflected to
the point of invocation.

NOTE Local variables that are declared to be entity data types may be assigned instances from
the formal parameters. Changes to these local variables will affect the formal parameter, since the
assignment is by reference. Changes to formal parameters are not reflected to the point of invocation,
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according to the above rule, therefore great care should be taken when attempting to return these

local variables.

Functions may modify local variables or parameters that are declared in an outer sco

pe,

that is, if the current function is declared within the algorithm_head of a FUNCTION,

PROCEDURE or RULE.

5.2 Procedure

A procedure is an algorithm that receives parameters from the point of invocation and operates
on them in some manner to produce the desired end state. Changes to the parameters within a
procedure are only reflected to the point of invocation when the formal parameter is pregefled

by|the VAR keyword.

Syntax:

71 procedure_decl = procedure_head algorithm_head { stmt } END_PROCEDURE ’;’

72 procedure_head = PROCEDURE procedure_id [ ’(° [ VAR ] formal_ parameter
{’;” [ VAR ] formal_parameter } )’ ] ’;’

18 formal_parameter = parameter_id { ’,’ parameter_id } ’:’ jparameter_type .

66 parameter_type = generalized_types | named_types | simple-types .

73 algorithm_head = { declaration } [ constant_decl ] [ Iocal_decl ]

99 declaration = entity_decl | function_decl | proceduxe_decl |

subtype_constraint_decl | type_decdh\,

NG Y

RGO N T

Ruiles and restrictions:

9.

A
anfl a parameter type.-IThe name is an identifier which shall be unique within the scopg
th¢ function or procedure. A formal parameter to a procedure may also be declared as Y
(vgriable), which nieans that, if the parameter is changed within the procedure, the change sl
be|propagated tosthe point of invocation. Parameters not declared as VAR can be changed aj
bup the change-will not be apparent when control is returned to the caller.

Procedures may modify local variables orparameters that are declared in an outer scd
that is, if the current procedure is declared within the algorithm_head of a FUNCTI
PROCEDURE or RULE.

5.3 Parameters

function or procedure can_have formal parameters. Each formal parameter specifies a ng

pe,

me

of
'AR
pall
[so,

Syntax:

218 formal_parameter = parameter_id { ’,’ parameter_id } ’:’ parameter_type .

266 parameter_type = generalized_types | named_types | simple_types .

EXAMPLE The following declarations indicate how formal parameters may be declared.

FUNCTION dist(pl, p2 : point) : REAL ;

PROCEDURE midpt(pl, p2 : point; VAR result : point) ;

The generalized data types (AGGREGATE, the general aggregation data types, GENERIC, and
GENERIC_ENTITY) (see [8.5)) are used to allow generalization of the data types used to represent
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the formal parameters of functions and procedures. AGGREGATE, general aggregation data types
(see7 and generic entity data types (GENERIC_ENTITY) may in addition be used to declare
explicit or derived attributes of ABSTRACT ENTITY data types. General aggregation data types
may also be used to allow a generalization of the underlying data types allowed for the specific
aggregation data types.

9.5.3.1 Aggregate data type
An AGGREGATE data type is a generalization of all aggregation data types.
When a procedure or function which has a formal parameter that is defined as an aggregate

dapa type is invoked, the actual parameter passed shall be an ARRAY, BAG, LIST, or SETHN The
opprations that can be performed shall then depend on the data type of the actual parametier.

NOTE Type labels (see[9.5.3.4) may be used to ensure that, at the time of invocation, two or njore
patameters that are represented by AGGREGATE data types are of the same data type, ©x’that the retjurn
datga type is the same as one of the passed parameters, irrespective of the actual data.types passed.

When an explicit or derived attribute in the data type declaration of @ ABSTRACT ENTITY is
represented by an AGGREGATE data type, this attribute shall in thé-subtypes of the entity| be
de¢lared as an ARRAY, BAG, LIST, or SET.

Syntax:

171 aggregate_type = AGGREGATE [ ’:’ type_label ] OF parameter_type .
329 type_label = type_label_id | type_label_ref, .
266 parameter_type = generalized_types | named.types | simple_types .

Ruiles and restrictions:

a)| An AGGREGATE data type shall:only be used as a formal parameter type of a functior] or
procedure, or as the result type of a function, or as the type of a local variable within a
function or procedure, ot as the representation of an explicit or derived attribute infan
ABSTRACT ENTITY data_fype declaration.

b)| If an AGGREGATE data type is used as the result type of a function, or as the type of a lgcal
variable withit-a function or procedure, type label references are required for this usgge.
The type label refernces shall refer to type labels declared by the formal parameters (see

p551).

c)| If ap-AGGREGATE data type is used as the representation of an explicit or derived attribute
in‘an ABSTRACT ENTITY data type declaration, the attribute shall be redeclared to bef an

Ao A AT rorm QIR | et 4 | R N dad Jo L 4+
ARNRAT, DAL, LIo 1L, ULl oL 1T 11 UIHIT HUIIFADUSULIALL JSUDL Y PTS UL LIS TIUILY Uatd Uy PT.

EXAMPLE 1 A function is written to accept an aggregate of numbers. It shall return the same type
of aggregate passed containing the scaled numbers.

FUNCTION scale(input : AGGREGATE:intype OF REAL;
scalar: REAL): AGGREGATE:intype OF REAL;
LOCAL
result : AGGREGATE:intype OF REAL := input;
END_LOCAL;

IF SIZEOF([’BAG,’SET’] * TYPEOF(input)) > O THEN
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REPEAT i := LOINDEX(input) TO HIINDEX(input);
result := result - input[i]; -- remove the original
result := result + scalar*inputl[i]; -- insert the scaled
END_REPEAT;
ELSE
REPEAT i := LOINDEX(input) TO HIINDEX(input);
result[i] := scalar*input[i];
END_REPEAT;
END_IF;
RETURN (result) ;

END_FUNCTION;

9.¢

A

W

mdg

tye of the actual parameter.

N

pai
da

5.3.2 Generic data type
GENERIC data type is a generalization of all other data types.
hen a procedure or function is invoked with a generic parameter, the actual‘\parameter pas

y not be of GENERIC data type. The operations that can be performed.déepend on the d

TE Type labels (see [9.5.3.4)) may be used to ensure that, at the fime of invocation, two or n
ameters that are represented by GENERIC data types are of thessame data type, or that the ret
a type is the same as one of the passed parameters, irrespectivé of the actual data types passed.

sed
ta

ore
[UI'T1

S)

LahO

hntax:

31 generic_type = GENERIC [ ’:’ type_label ]
29 type_label = type_label_id | type_label_ref .

Ruiles and restrictions:

a)| A GENERIC data type shall only be used as a formal parameter type of a function| or
procedure, or as the result type of a function, or as the type of a local variable within a
function or procedure.
b)| If a GENERIC data(type is used as the result type of a function, or as the type of a ldcal
variable within ‘a-function or procedure, type label references are required for this usgge.
The type label-references shall refer to type labels declared by the formal parameters (see
9.5.3.4)).
EXAMPLIE~" This example shows a general purpose function that adds numbers or vectors.
FUNGPION add(a,b: GENERIC:intype): GENERIC:intype;
LOCAL
nr : NUMBER; -- integer or real
vr : vector;
END_LOCAL;
IF (°NUMBER’ IN TYPEOF(a)) AND (’NUMBER’ IN TYPEOF(b)) THEN
nr := atb;
RETURN (nr) ;
ELSE
IF (°THIS_SCHEMA.VECTOR’ IN TYPEOF(a)) AND
(’THIS_SCHEMA.VECTOR’ IN TYPEOF (b)) THEN
vr := vector(a.i + b.1i,
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a.j +b.j,
a.k + b.k);
RETURN (vr) ;
END_IF;
END_IF;
RETURN (?7); --"add" if we receive input that is invalid, return a no-value

END_FUNCTION;

9.5.3.3 Generic entity data type

A GENERIC_ENTITY data type is a generalization of all entity data types.

\WY
da/
th

N(

pal
ret

W

hen a procedure or function with a formal parameter that is defined to be a GENERIC_ENF
ba type is invoked, the actual parameter passed shall be an entity instance. The operati
t can be performed depend on the data type of the actual parameter.

TE Type labels (see [9.5.3.4) may be used to ensure that, at the time of invoeation, two or n
ameters that are represented by GENERIC_ENTITY data types are of the same,daba type, or that

hen an explicit or derived attribute in the data type declaration‘of“an ABSTRACT ENTIT)

[TY
p1NS

ore
the

urn data type is the same as one of the passed parameters, irrespective of the dstual data types pasged.

V' is

represented by a GENERIC_ENTITY data type, this attribute shallin the subtypes of the entity
be|declared to be a specific entity data type.
Syntax:
230 generic_entity_type = GENERIC_ENTITY [ ’:’(type_label ]
329 type_label = type_label_id | type_label ‘xef .
Rules and restrictions:
a)| A GENERIC_ENTITY data.type shall only be used as a formal parameter type of a functiion
or procedure, or as the(résult type of a function, or as the type of a local variable within
a function or proceduze, or as the representation of an explicit or derived attribute infan
ABSTRACT ENTIPY data type declaration.
b)| If a GENERIG_ENTITY data type is used as the result type of a function, or as the typ¢ of
a local variable within a function or procedure, type label references are required for this
usages~Lhe type label references shall refer to type labels declared by the formal parameters
(seey9:5.3.4)).
EX L he follg om

two instances typel and type2 of known entity data types. Declaring the formal parameter sample to

be of type GENERIC_ENTITY allows instances of any entity data types to be valid input to this function.

FUNCTION check_relating (typel : instance_of_type_1;

type2 : instance_of_type_2;
sample : GENERIC_ENTITY): BOOLEAN;

RETURN ((typel IN USEDIN(sample, ’’))

AND
(type2 IN USEDIN(sample, ’’)));

END_FUNCTION;

68
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9.5.3.4 Type labels

Type labels shall be used to relate the data type of an attribute or actual parameter at invocation
to the data types of other attributes or actual parameters, local variables, or the return type of
a function. Type labels are declared for:

— AGGREGATE, GENERIC_ENTITY, and CGENERIC data types within the formal parameter
declaration of a function or procedure. They may then be referenced by AGGREGATE,
GENERIC_ENTITY, or GENERIC data types in the formal parameter declaration or the local

variable declaration of a FUNCTION or PROCEDURE, or the declaration of the returned d
type of a FUNCTION

ata

ACCREGATE and GENERIC_ENTITY data types within the declaration of explicityer
rived attributes of abstract entities. They may then be referenced by AGGREGATE
GENERIC_ENTITY data types in the remainder of the entity data type declaration.

de-

or

S

hntax:

29 type_label = type_label_id | type_label_ref .

Riuiiles and restrictions:

a)

EX

inv

EN]

AMPLE _Vhis example indicates how type labels may be used for type compatibility check
ocation of\a function.

[ITY ‘a;

The first occurrence of a type label in the declaration of a formal parameter or an explicit

or derived attribute declares that type label; subsequent occurrences of that type label
references to the first occurrence.

The parameters passed to a functionsgr'procedure which use a reference to a type label sl
be compatible with the data type-of the parameter passed that declares the type label.

The data types of local variables and return types of functions that refer via a type labe
a parameter data type shall 'be identical to the parameter data type that declares the t
label.

The data types<6fiattributes that refer via a type label to an attribute data type shall
identical to theZattribute data type that declares the type label.

are

nall

| to
pe

be

at

END_ENTITY;

ENTITY b SUBTYPE OF (a);

END_ENTITY;

ENTITY c¢ SUBTYPE OF (Db);

END_ENTITY;
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FUNCTION test ( pl: GENERIC:x; p2: GENERIC:x): GENERIC:x;

e - declaration reference reference
END_FUNCTION;
LOCAL

v_,a : a :=a(...);

v_b @ b = a(...)|Ib(...); -- || operator is described in 12.10

v_e : c:=al..)lIbC.)IlcC..);

X T b,

END_LOCAL;
v_x := test(v_b, v_a); -- invalid v_a is not compatible with type b
v_ = test(v_a, v_b); -- invalid assignment, function will return a type'a

Further examples of type label usage are in clause

9.5.3.5 General aggregation data types

Gd
A
da

an

H similarly for array, bag and set types.

neral aggregation data types form part of the class of types called generalized data types.
oeneral aggregation data type represents a generalization™ef the corresponding aggregation
ba types (ARRAY, BAG, LIST and SET) that allows the element type to be a generalized djata
type. That is, a general_list_type is a generalizationyof the 1ist_type, as specified bel

OW

S)

NG Y N W N VY N Y S G S G Y

ntax:

24 general_aggregation_types = general array_type | general_bag_type |
genéral_list_type | general_set_type .

25 general_array_type = ARRAY [ bound_spec ] OF [ OPTIONAL ] [ UNIQUE ]
parameter_type .

85 bound_spec = ’[’ bound_1:’:" bound_2 ’]’

83 bound_1 = numeric_expxression .

84 bound_2 = numeric_exXpression .

66 parameter_type = gemeralized_types | named_types | simple_types .

26 general_bag_type_= BAG [ bound_spec ] OF parameter_type .

27 general_list.type = LIST [ bound_spec ] OF [ UNIQUE ] parameter_type .

29 general_setytype = SET [ bound_spec ] OF parameter_type .

Th
fol

owing ways:

e general ‘aggregation data type generalizes the corresponding aggregation data type in

the

70

a general array type can be specified without specifying the index values. This is done by

not specifying a bound spec for the array in the formal parameter specification;

NOTE The functions HIINDEX and LOINDEX should be used in the algorithmic part to determine

the actual indexing system of the array.

the underlying data type may be a GENERIC, GENERIC ENTITY, AGGREGATE, or general ag-
gregation data type when used as formal parameter to a function or procedure, or GENERIC
ENTITY, AGGREGATE, or general aggregation data type when used in an ABSTRACT ENTITY.

This is specified more formally below.
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Let G be the general aggregation data type, and EG be the (generalized) data type of its
elements. For a formal parameter to a function or procedure, let A be the data type of the
corresponding actual parameter; for an attribute of an abstract entity data type, let A be
the data type of the redeclared attribute of a non-abstract subtype: and in either case, let
EA be the data type of the elements of A.

— If G is a general array type, A shall be an ARRAY data type. If the index range of G is
specified, the index range of A shall be identical.

— If G is a general bag type, A shall be a BAG data type. If the bounds of G are specified,
the bounds of A shall be identical.

— If G is a general list type, A shall be a LIST data type. If the bounds of G are spegified,
the bounds of A shall be identical.

— If G is a general set type, A shall be a SET data type. If the bounds of)@ are specified,
the bounds of A shall be identical.

— If EG is any generalized data type, then EA shall conform ta"EG as specified for that
generalized data type in this subclause (9.5)).

— If EG is not a generalized data type, then EA shall b&.assignment compatible with [EG,
as specified in

EXAMPLE This example indicates how a SET may be written in a formal parameter declaration. This
coyld not be written in an attribute declaration since.the underlying type for SET does not include
GENERIC.

FUNCTION dimensions(input: SET [2:3] OF GENERIC): INTEGER;

9.5.4 Local variables

Variables local to an algorithm are declared after the LOCAL keyword. A local variable is gnly
vidible within the scope of thefalgorithm in which it is declared. Local variables may be assighed
values and may participate in’expressions.

Syntax:

52 local_decy 5"LOCAL local_variable { local_variable } END_LOCAL ’;’

53 local_yaxiable = variable_id { ’,’ variable_id } ’:’ parameter_type
[ ’:= expression ] ’;’

266 paraméter_type = generalized_types | named_types | simple_types .

Initialization of local variables

A local variable may appear in the initialization of another dependent local variable. The dec-
laration of dependent local variables shall be acyclic. If no initializer is given the indeterminate
(7) value is assigned to the local variable.

NOTE 1 The requirement for acyclic local variable declarations is to ensure that there is always a valid
initialization, which does have to be in the order of declaration.

NOTE 2 Since indeterminate (?) is compatible with all data types explicit initialization with the inde-
terminate (7) value is allowed.
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EXAMPLE The variable r_result is initialized with a value of 0.0

LOCAL
r_result : REAL := 0.0;
i_result : INTEGER;
END_LOCAL;

EXISTS(r_result) -- TRUE
EXISTS(i_result) -- FALSE assuming there has been no value assigned

9.6 Rule

Ry
the
an
da
the

les permit the definition of constraints that apply to one or more entity data types within
b scope of a schema. Local rules (these are the uniqueness constraints and domair{ xuleg in
entity declaration) declare constraints that apply individually to every instance,of &n entity
ba type. A RULE declaration permits the definition of constraints that apply cellectively to
t entire domain of an entity data type, or to instances of more than one entity data type. Qne

application of a RULE is to constrain the values of attributes that exist in different entities in a
coprdinated manner.
A rule declaration names the rule and specifies the entities affected by it.
Syntax:

291 rule_decl = rule_head algorithm_head { stmt }.whére_clause END_RULE ’;’

292 rule_head = RULE rule_id FOR ’(’ entity_ref {\’,’ entity_ref } ’)’ ’;’

173 algorithm_head = { declaration } [ constantiidecl ] [ local_decl ]

199 declaration = entity_decl | function_decl:| procedure_decl |

subtype_constraint_decls{*type_decl .

THe body of a rule consists of local declarations, executable statements and domain rules. The
endl state of a rule indicates whether-or-not some global constraint is satisfied. A rule is evalualted
by|executing the statements and-thén evaluating each of the domain rules. If a rule is violated
for] the set of instances of thelentity data types passed as parameters, the instances do pot

copform to the EXPRESS schema.

Ruiles and restrictions:

a)

b)

Each domé&in*tule shall evaluate to either a LOGICAL value or indeterminate (7).

The«expression is asserted when it evaluates to a value of TRUE; it is violated when it
evaluates to a value of FALSE; and it is neither violated nor asserted when the expresdion
eyaluates to a indeterminate (?7) or an UNKNOWN value.

72

No domain rule shall be violated for a valid collection of entity instances of the entity data
types specified in the header of the rule.

For a collection of instances to be in a valid domain, all global rules specified for that domain
must be asserted. This includes asserting rules for entity data types for which there are no
instances in the collection of instances under test.

NOTE A global rule may be written to ensure that at least one instance of a specified data type
exists. Not checking this rule due to no instances of the specified entity data type would not enforce
the required semantics.
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EXAMPLE 1 The following rule demands that there are equal numbers of points in the first and seventh

octants.

RULE point_match FOR (point);
LOCAL

first_oct ,

seventh_oct : SET OF POINT :=
END_LOCAL

first_oct := QUERY(temp <* point |

-- empty set of point (see 12.9)

0) AND
0) AND
0) );

(temp.x
(temp.y
(temp.z

WHERE

END_RULE;

EXAMPLE 2 A RULE may be used to specify joint value uniquenes for entity agtributes.

ENTITY b;

bl : C;

h2 @ d;

h3 : f;
UNIQUE

wrl : al, a2;
END_ENTITY;

ThE joint uniqueness constraint in b applies to instancesof'c and d. The following RULE further constr

thq joint uniqueness to be value-based.

RULE vu FOR (b);
ENTITY temp;

al : c;
a2 : d;
END_ENTITY;
LOCAL

: SET OF temp := [];
END_LOCAL;
REPEAT i := 1 TO SIZEQOF(b);

END_REPEAT;

WHERE

yrl : VALUE_UNIQUE(s);
END_RULES

Inpplicit declaration

>

>

>
seventh_oct := QUERY(temp <* point | (temp.x < 0) AND

y

z

b := s + temp(bliM.al, blil.a2);

< 0) AND
<0));

(temp.
(temp.

BIZEQF (first_oct) = SIZEOF(seventh_oct);

ins

Within a RULE, each population is implicitly declared to be a local variable that contains the
set of all instances of the named entity data type in the domain. This set of entity instances is

governed by the rule.

Syntax:

267 population = entity_ref

Rules and restrictions:
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References to a particular population may only be made in a global rule that references

the corresponding entity data type in the header of the rule.

EXAMPLE 3 Assuming the following declaration:

RULE coincident FOR (point);

the implicitly declared variable would be:

LOCAL
point : SET OF point;

EN

_LOCAL;

9.

Th

gr
de

{  Subtype constraints

e concepts of subtypes and supertypes are specified in The concept of subtype/supert
copistraints is specified in It is possible to specify constraints on which\subtype/supert
phs may be instantiated outside the declaration of an entity. These“may be specified

laring a SUBTYPE_CONSTRAINT.

ype
ype

Sw

NG W G WL W L W oL W S Y

hntax:

15 subtype_constraint_decl subtype_constraint_head\subtype_constraint_body
END_SUBTYPE_CONSTRAINT®’ ;°
SUBTYPE_CONSTRAINT.\subtype_constraint_id FOR
entity_ref ’;’

[ abstract_supertype 1 [ total_over ]

[ supertype.expression ’;’ ]

65 abstract_supertype = ABSTRACT SUPERTFYPE °’;°

26 total_over = TOTAL_OVER ’(’ entity_ref { ’,’ entity_ref } ’)’ ’;’

20 supertype_expression = supertype“factor { ANDOR supertype_factor } .

21 supertype_factor = supertypeterm { AND supertype_term } .

23 supertype_term = entity_réf,} one_of | ’(’ supertype_expression ’)’

63 one_of = ONEOF ’(’ supertype_expression { ’,’ supertype_expression } ’)’

16 subtype_constraint_head

14 subtype_constraint_body

Th

e SUBTYPE_CONSTRAINT is used to specify the following constraints on the possible suj

type/subtype instantiapion:

that the stpertype is abstract and should only be instantiated through its subtypes;

that<a~collection of the subtypes for the supertype provides a total coverage; that is,
total coverage is specified, an instance of any subtype of the supertype shall also be

instance of at least one of the subtypes specified in the TOTAL_OVER specification;

er-

fa

an

the relationship between some of the subtypes.

Each of these different areas will be discussed in more detail in the following subclauses. Annex B
provides the formal approach to determining the potential combinations of subtype/supertype

which may be instantiated under the several possible constraints that are described below.

74
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9.7.1 Abstract supertype constraint

The ABSTRACT SUPERTYPE declaration specified in [9.2.5.1] may also be declared in a SUB-
TYPE_CONSTRAINT.

Rules and restrictions:

An ABSTRACT SUPERTYPE is defined by a SUBTYPE_CONSTRAINT for the supertype includ-
ing the ABSTRACT SUPERTYPE keywords.

EXAMPLE In a general classification model, we may wish to identify an entity called class, which
in fhis context is instantiable. In a more specific model, we may wish to use the class ENTITY_ [but
coystrain it such that it may only be instantiated through its locally declared subtypes.

SCHEMA general_classification_model;

ENTITY class;
name : class_name;
END_ENTITY;

ENDP_SCHEMA;

SCHEMA specific_classification_model;
USE FROM general_classification_model;
ENTITY class_of_facility

BUBTYPE OF (class);

END_ENTIY;

ENTITY class_of_organization

BUBTYPE OF (class);
END_ENTITY;

BSTRACT SUPERTYPE;
NEOF (class_of _facility,-class_of_organization) ;
ENDP_SUBTYPE_CONSTRAINT;

SUiTYPE_CONSTRAINT independent_classification FOR class;

END_SCHEMA ;
9.7.2 Total.coverage subtypes

A total eoverage TOTAL_OVER constraint specifies that every instance of the supertype shall be
an|ipstance of one or more of a given set of subtypes. That is, for a given context, the domjain

fLm1“m¢“:n 41 canl 4o 4o ot NP SIS APNEDA AP EEUIIPEN S B APNIENPNETUNDO [T A S
O pe v Out}bl l/.)’ Pb pie) \/A(k\,lll.)/ p\iuou TOUUIICU OO0 U UlIIUILD Ul VIICU UQUILTIAIINS Ul UVIIU TIAIITIUU ouuu.y P\,O.

EXAMPLE 1 The concept person is totally covered by the concepts of male and female. There may
be other concepts, but each person is either male or female. Therefore, we can say that person is totally
covered by male and female.

If two or more subtype constraints specify TOTAL_OVER constraints for the same entity data type,
these TOTAL_OVER constraints are considered in  combination, this  means,
TOTAL_OVER (a,b) and TOTAL_OVER (c,d) shall both be satisfied.

Rules and restrictions:

— rights reserve
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a)

b)

c)

All subtypes specified in the one or several TOTAL_OVER constraints for a given supertype
shall be direct subtypes of that supertype.

Instances of other subtypes, however those subtypes are defined or constrained, shall also
be instances of one or more of the subtypes named in the TOTAL_OVER specification.

Since a supertype may have more than one context, it may also have more than one TO-
TAL_OVER constraints.

EXAMPLE 2 The following specifies that each person is either a male or a female. The example says

noth
bo
fe

ENTITY person;
hame : personal_name;
END_ENTITY;

ENTITY male
BUBTYPE OF (person);

ENTITY female
BUBTYPE OF (person);

ENTITY employee
SUBTYPE OF (person);

SUBTYPE_CONSTRAINT person_sex FOR\person;
ABSTRACT SUPERTYPE;

TOTAL_OVER (male, female)g
END_SUBTYPE_CONSTRAINT;

9.7.3 Overlapping-subtypes and their specification

ale and can not be instantiated independently.

END_ENTITY;

END_ENTITY;

END_ENTITY;

ing about the relationship between male and female, and it is possible to create an instance that is

dale Cl S e [1e SUDTYpPE employee Slla always DE COINDINed W € COIICEDP O ale 1nd

Two or more difest subtypes of a particular supertype may be allowed to have overlapping
indtantiations{0r a particular context. The SUBTYPE_CONSTRAINT specification may be used to

sp¢cify howr a particular group of direct subtypes are related.

9.7.3.1." ONEOF

The

ONEOF constraint specified in [9.2.5.2] may be declared in a SUBTYPE_CONSTRAINT.

EXAMPLE An instance of a supertype may be established through the instantiation of only one of its
subtypes. This constraint is declared using the ABSTRACT and ONEOF constraints. There are many kinds
of pet, but no single pet can be simultaneously two or more kinds of pet.

ENTITY pet
name : pet_name;

END_ENTITY;

76
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SUBTYPE_CONSTRAINT separate_species FOR pet;
ABSTRACT SUPERTYPE;
ONEQF (cat, rabbit, dog, ... );
END_SUBTYPE_CONSTRAINT;

ENTITY cat
SUBTYPE OF (pet);

END_ENTITY;

ENTITY rabbit
SUBTYPE OF (pet);

END_ENTITY;

ENTITY dog
EUBTYPE OF (pet);

END_ENTITY;
9.7.3.2 ANDOR

THe ANDOR constraint specified in [9.2.5.3| may be declared in a SUBTYPE_CONSTRAINT.

EXAMPLE A person could be an employee who is taking night’ classes and who may, therefore

simpultaneously both an employee and a student.

ENTITY person

END_ENTITY;

SUBTYPE_CONSTRAINT employee_may_be_student FOR person;
employee ANDOR student;

ENDP_SUBTYPE_CONSTRAINT;

ENTITY employee
SUBTYPE OF (person);

END_ENTITY;

ENTITY student
BUBTYPE OF (person);

END_ENTITYS

9.7.3.3." AND

The AND constraint specified in [9.2.5.4] may be declared in a SUBTYPE_CONSTRAINT.

be

EXAMPLE A person could be categorized into being either male or female, and could also be cate-

gorized into being either a citizen or an alien.
ENTITY person;
END_ENTITY;

SUBTYPE_CONSTRAINT no_mixing FOR person;
SUPERTYPE OF

©ISO 2004 — All rights reserved
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(ONEOF (male, female) AND
ONEOF (citizen, alien));

END_SUBTYPE_CONSTRAINT;

ENTITY male
SUBTYPE OF (person) ;

END_ENTITY;

ENTITY female
SUBTYPE OF (person);

EN

EN]

ENI

EN]]

ENI

1(

ite
de

be

inf]

Ce
sc
E3
Th
Th

Fo
de
de

_BENTLILY,

[ITY citizen
BUBTYPE OF (person);

_ENTITY;

[TTY alien
EUBTYPE OF (person);

_ENTITY;

)  Scope and visibility

In in other parts of the schema (or in other schenias). Some EXPRESS constructs implic
lare EXPRESS items, attaching identifier§to them. In those areas where an identifier
leclared item may be referenced, the declared item is said to be visible. An item may

referenced where its identifier is visible. For the rules of visibility, see [10.2] For furt]
prmation on referring to items using/their identifiers, see [12.7]

rtain EXPRESS items defihe a region (block) of text called the scope of the item. T
pe limits the visibility of identifiers declared within it. Scopes can be nested; that is,
(PRESS item which establishes a scope may be included within the scope of another it
ere are constraints-onAvhich items may appear within a particular EXPRESS item’s sca
ese constraints aréwtsually enforced by the syntax of EXPRESS (see annex .

each of theitems specified in Table [J] the following subclauses specify the limits of the sc
ined, if &ny, and the visibility of the declared identifier both in general terms and with spe
ails.

EXPRESS declaration creates an identifier whieh can be used to reference the declajed

tly
for
nly
her

his
an

pe.

hpe
ific

The following are the general rules which are applicable to all forms of scope definition allowed
within the EXPRESS language; see Table [J] for the list of items which define scopes.

Rules and restrictions:

2)

b)

78

All declarations shall exist within a scope.

Within a single scope an identifier may be declared, or explicitly interfaced (see clause[11]),
once only. An entity or type identifier which has been explicitly interfaced into the current
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Item

Scope

Identifier

alias statement
attribute
constant
enumeration
entity

function
parameter
procedure

mgq

10

Th
ite

query expression
repeat statement
rule

rule label

schema

subtype constraint
type

type label
variable

Q.....b%h..’....h

NOTE 1 The identifier is an implicitly declared variable
within the defined scope of the declaration;
NOTE 2 The variable is only implicitly declared when an
increment control is specified.

NOTE 3 An implicit variable deglaration is made for all
entities which are constrained by'‘the rule.

once.

The scopes shall be correctly nested, that is, scopes shall not overlap. (This is forced

the syntax of the language:.)

maximum permitted depth of nesting is not specified by this part of ISO 10303 but imj]
ntations of EXPRESS parsers may specify a maximum depth of scope nesting.

.2 Visihility rules

msS-which declare identifiers.

schema via two, or more, routes whieh share the same initial declaration is counted d

e visibility rules for identifiers are described below. See Table 9] for the list of EXPRH

nly

by

—_—

e_

SS

Rules and restrictions:

a)

b)

c)

An identifier is visible in the scope in which it is declared. This scope is called the local

scope of the identifier.

If an identifier is visible in a particular scope, it is also visible in all scopes defined within

that scope, subject to rule @

An identifier is not visible in any scope outside its local scope, subject to rule @

©ISO 2004 — All rights reserved
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d) When an identifier ¢ visible in a scope P is re-declared in some inner scope @ enclosed
within P, then:

If the ¢ declared in P refers to a named data type or a type label and the ¢ declared in
(@ does not refere to a named data type or a type label, then both the i declared in P
and the 7 declared in ) are visible in Q.

Otherwise; only the i declared in scope @ is visible in ) and any scopes declared
within (). The i declared in scope P is visible in P and in any inner scopes which do

not re-declare 3.

EX

COJj

SCHEMA example;

]

|

]

TYPE enum = ENUMERATION OF (e, f, g );

The built-in constants, functions, procedures and types of EXPRESS are considered pd
declared in an imaginary universal scope. All schemas are nested within this scdpe: '
identifiers which refer to the built-in constants, functions, procedures, types of EXPRE
and schemas are visible in all scopes defined by EXPRESS.

Enumeration item identifiers declared within the scope of a defined data type are vis

ble

wherever the defined data type is visible, unless this outer scope contains a declaration of

the same identifier for some other item.

NOTE If the next outer scope contains a declaration of the samelidentifier, the enumeration it
are still accessible, but have to be prefixed by the defined dagafype identifier (see [12.7.2)).

P111S

Declarations in one schema are made visible to ifeins in another schema by the interface

specification (see clause [11)).

AMPLE The following schema shows examplestof identifiers and references which are allowed
ding to the above rules.

CONSTANT
b : INTEGER := 1 ;
c : BOOLEAN := TRUE ;

END_CONSTANT;

END_TYPE;

ENTITY entity?;

ac-

a : INTEGER;
WVHERE
wrli™a > 0 ; --"entityl.wrl" obeys rule (a): a is visible in local scope
wr2: a <> b ; --"entityl.wr2" obeys rule (b): b is visible from outer scope
END—ENTITYS

ENTITY entity2;

c : REAL; --"entity2.c" obeys rule (c) constant c invisible here

END_ENTITY;

ENTITY d;

attrl : INTEGER;
attr2 : enum;

WHERE
wrl: ODD(attrl); --"d.wrl" obeys rule (d) ODD is visible anywhere
wr2: attr2 <> e; --"d.wr2" obeys rule (e) e is visible outside the scope
80 ©ISO 2004 — All rights reserved
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END_ENTITY; --"d.wr2" defined by the type enum

END_SCHEMA;
10.3 Explicit item rules

The following subclauses provide more detail on how the general scoping and visibility rules
apply to the various EXPRESS items.

10.3.1 Alias statement

Se¢ [13.2] for the definition of the ALIAS statement.

Visibility : The implicitly declared identifier in an alias statement is visible in the scgpedefihed
by|that alias statement.

Scope : An alias statement defines a new scope. This scope extends fromcthe keyword AIjlAS
to the keyword END_ALIAS which terminates that alias statement.

10.3.2 Attribute

Viksibility : An attribute identifier is visible in the scope of %he entity in which it is declared
anfl all subtypes of that entity.

10.3.3 Constant

Visibility : A constant identifier is visible in<the scope of the function, procedure, rulg or
scllema in which it is declared.

10.3.4 Enumeration item
Viksibility : An enumeration item-identifier is visible in every scope where the defined data
type in which the enumerationiitem is declared is visible, unless this outer scope contains a
de¢laration of the same identifier for some other item.
10.3.5 Entity

Viksibility : An.entity identifier is visible in the scope of the function, procedure, rule or schgma

in which it is deelared. An entity identifier remains visible, under the conditions defined in[1{).2]
within inn€r scopes which redeclare that identifier.

Scope': An entity declaration defines a new scope. This scope extends from the keyword ENT|TY

t 1 ] J o lLialot 3 4+ R R fid ] 1 43 Addoazlo ot A 1 3
O T1e I\Uy WUILU LIND_LINTTITIYT WILIUITD UCILIIIIIIAUCS U1IAat Ullblb)/ eCraration—zoorrouresaecrarea—11 a

supertype of an entity are visible in the subtype entity through inheritance.

NOTE The scope of the subtype entity is not considered to be nested within the scope of the supertype.

Declarations : The following EXPRESS items may declare identifiers which are visible within
the scope of an entity declaration:

— attribute (explicit, derived and inverse);

— rule label (unique and domain rules);
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EXAMPLE 1 The attribute identifiers batt in the two entities do not clash as they are declared in two

different scopes.

ENTITY entityl;
aatt : INTEGER;
batt : INTEGER;

END_ENTITY;

ENTITY entity2;

a : entityl;
batt : INTEGER;
END_ENTITY;

EXAMPLE 2 The following specification is illegal because the attribute identifier aatt is both ifthér
angl declared within the scope of illegal (see|9.2.3.3). The rule label 1lab in the two entities do'not c
sinfe they are in separate scopes; a valid instance of illegal, ignoring the error with attribute ag

obg¢ys both domain rules.

ENTITY may_be_ok;
juantity : REAL;
hatt : REAL;
WHERE

END_ENTITY;
ENTITY illegal

hatt : INTEGER;
batt : INTEGER;

WHERE
lab : batt < 0;
END_ENTITY;

10.3.6 Function

Visibility : A function identifier is visible in the scope of the function, procedure, ruld
schema in which it is declaréd)

Scope : A function,declaration defines a new scope. This scope extends from the keywi
FUNCTION to the keyword END_FUNCTION which terminates that function declaration.

Dé¢clarations. i The following EXPRESS items may declare identifiers which are visible wit]
th¢ scope of a'function declaration:

— (constant;

lab : quantity >= 0.0;

BUBTYPE OF (may_be_ok);

ted
ash
Itt,

or

brd

hin

— entity;

— enumeration;
— function;

— parameter;

— procedure;

82
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— type;
— type label;

— wvariable.

EXAMPLE The following is illegal, as the formal parameter identifier parm is also used as the identifier

of a local variable.

FUNCTION illegal(parm : REAL) : LOGICAL;
LOCAL

QTD TN
ar oItV

END_LOCAL;

END_FUNCTION;

10.3.7 Parameter

in [which it is declared.
10.3.8 Procedure

ibility : A procedure identifier is visible in the scopelof the function, procedure, rulg
schlema in which it is declared.

pe : A procedure declaration defines a new scope. This scope extends from the keyw
CEDURE to the keyword END_PROCEDURE which terminates that procedure declaration.

clarations : The following EXPRESS items may declare identifiers which are visible wit
thé¢ scope of a procedure declaration:

— constant;

— entity;

—{ enumeration;
—{ function;

— parameter;

ibility : A formal parameter identifier is visible in the scope of the function or procedure

or

brd

hin

—{ “procedure;

— type;

— type label;

— variable.

10.3.9 Query expression

See for the definition of the QUERY expression.
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Visibility : The implicitly declared identifier in a query expression is visible in the scope defined

by

that query expression.

Scope : A query expression defines a new scope. This scope extends from the opening paren-
thesis ‘(" after the keyword QUERY to the closing parenthesis ‘)’ which terminates that query
expression.

10.3.10 Repeat statement

See [[3.9] for the definition of the REPEAT statement.

Vi

Vis

Sc
to

10

Vi

N

Sc
thd

sibility : The implicitly declared identifier in an increment-controlled repeat statemen
ible within the scope of that repeat statement.

ope : A repeat statement defines a new scope. This scope extends from the keyword REPH
the keyword END_REPEAT which terminates that repeat statement.

.3.11 Rule
sibility : A rule identifier is visible in the scope of the schema,in which it is declared.
TE The rule identifier may be used by implementations or in-ademark tag (see(7.1.6.3

ope : A rule declaration defines a new scope. This scepe extends from the keyword RULH
b keyword END_RULE which terminates that rule declatration.

Dé¢clarations : The following EXPRESS items.may declare identifiers which are visible wit]

thd

b scope of a rule declaration:
constant;
entity;
enumeration;
function;
procedure;

rule lakel;

type;

b is

LAT

to

hin

variable.

EXAMPLE The following is illegal, since the identifier point of the entity affected by the rule, which

is i

mplicitly declared as a variable inside the rule, is also explicitly declared as a local variable.

RULE illegal FOR (point);
LOCAL

point : STRING;
END_LOCAL;

END_RULE;

84
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10.3.12 Rule label

Visibility : A rule label is visible in the scope of the entity, rule or type in which it is declared.

NOTE The rule label may be used by implementations or in a remark tag (see(7.1.6.3
10.3.13 Schema

Visibility : A schema identifier is visible to all other schemas.

NOTE A conformant implementation may provide a scoping mechanism which allows a collection of

scHemas to be treated as a scope.

Scope : A schema declaration defines a new scope. This scope extends from the)keywi
SCHEMA to the keyword END_SCHEMA which terminates that schema declaration.

De¢clarations : The following EXPRESS items may declare identifiers whi¢hyare visible wit
thé¢ scope of a schema declaration:

— constant;

— entity;

— enumeration;

— function;

— procedure;

—{ rule;

— subtype constraint;

—1 type.

EXAMPLE The following schema is illegal on two counts. The identifier adef has been imported
thg USE clause but hag\been redeclared as the name of a type. In the second case, the name fdef
be¢n used as the identifier for two declarations (which happen to be an entity and a function, altho
thq item type isSirrelevant).

SCHEMA ineorrect;
USE FROM another_schema (adef);

brd

hin

via
has
ligh

FORCTION fdef(parm — NUMBER) + INTEGER;]
END_FUNCTION;

TYPE adef = STRING;
END_TYPE;

ENTITY fdef;
END_ENTITY;
END_SCHEMA ;

©ISO 2004 — All rights reserved
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10.3.14 Subtype constraint

Visibility : A subtype constraint identifier is visible in the scope of the schema in which it is
declared.

NOTE The subtype constraint identifier may be used by implementations or in a remark tag (see[7.1.6.3

Scope : A subtype constraint extends the scope of the entity for which it is declared. This scope
extension extends from the keyword SUBTYPE_CONSTRAINT to the keyword
END_SUBTYPE_CONSTRAINT which terminates that subtype constraint declaration.

10.3.15 'T'ype
Visibility : A type identifier is visible in the scope of the function, procedure, rule©Or-schgma
in (which it is declared. A type identifier remains visible, under the conditions defined in [1{).2]

within inner scopes which redeclare that identifier.

Scope : A type declaration creates a new scope. This scope extends frem)the keyword TYPE
to [the keyword END_TYPE which terminates that type declaration.

De¢clarations : The following EXPRESS items may declare identifiers which are visible witlhin
thé¢ scope of a type declaration:

— enumeration;

— rule label (domain rule);

10.3.16 Type label

Visibility : A type label is visible in the scope of
— the entity and all subtypes of'\thiat entity,

— the function, or

—{ the procedure

in which it is declaned. It is implicitly declared by its first appearance in the scope. For functipns
anfl procedures{ the first appearance shall be in the formal parameter specification, and a type
lahjel thus deglared may be referenced elsewhere in the formal parameter specification or in [the

lodal declarations of the function or procedure. If it is declared in a function, the type label rhay
be|referenced in the result type specification of the function.

10.3.17 Variable

Visibility : A variable identifier is visible in the scope of the function, procedure, or rule in
which it is declared.

11 Interface specification

This clause specifies the constructs which enable items declared in one schema to be visible in
another. There are two interface specifications (USE and REFERENCE), both of which enable
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item visibility. The USE specification allows items declared in one schema to be independently
instantiated in the schema specifying the USE construct.

An entity instance is independent if it does not play the role described by an attribute of any
other entity instance. ROLESOF (see for an independent entity instance will return an
empty set. An entity data type that was either declared locally within or USE’d by the schema
may be instantiated independently or play the role described by an attribute of an entity within
the schema.

An entity that is either explicitly REFERENCE’d or implicitly interfaced shall only be instantiated
to play the role described by an attribute of an instantiation of an entity in the schema.

Syntax:

242 interface_specification = reference_clause | use_clause .

A foreign declaration is any declaration (such as an entity) which appears’in’a foreign schqma
(ahy schema other than the current schema).

A Jfurther distinction between the two forms of interface is that ‘the USE specification applies
toonly named data types (entity data types and defined data types), while the REFERENCE
spé¢cification applies to all declarations except rules and schémias.

A foreign EXPRESS item may be given a new nameginrthe current schema. The EXPRHSS
itein shall be referred to in the current schema byZthe new name if given following the| As
keyword.

11f.1 Use interface specification

A1] entity data type or defined data type declared in a foreign schema is made usable by way ¢f a
USE specification. The USE specification gives the name of the foreign schema and optionally [the
names of entity data types or defined data types declared therein. If there are no named_types
sp¢cified, all of the named datastypes declared within or USE’d by the foreign schema are treafted
as [if declared locally.

Syntax:

336 use_clausens USE FROM schema_ref [ ’(’ named_type_or_rename
{ ’,’ named_type_or_rename } ’)’ ] ’;’
259 named_type_or_rename = named_types [ AS ( entity_id | type_id ) ]

11L2 Reference interface Qpnniﬂr\afinn

A REFERENCE specification enables the following EXPRESS items, declared in a foreign schema,
to be visible in the current schema:

— Constant;
— Entity;

— Function;

©ISO 2004 — All rights reserved 87


https://standardsiso.com/api/?name=b0ebdeb331e7a5d30bd8dba494547ac9

ISO 10303-11:2004(E)

— Procedure;

Type.

The REFERENCE specification gives the name of the foreign schema, and optionally the names
of EXPRESS items declared therein. If there are no names specified, all the EXPRESS items
declared in or USE’d by the foreign schema are visible within the current schema.

Syntax:

2 ] PR N | 2a
7 Jd

281 reference_clause = REFERENCE FROM schema_ref [ ’(’ resource_or_rename
L
U

> resouarceor—remame—g 0

88 resource_or_rename = resource_ref [ AS rename_id ]

89 resource_ref = constant_ref | entity_ref | function_ref | procedure_ref |
type_ref .

84 rename_id = constant_id | entity_id | function_id | procedure_id | type.id .

RH
in

of

11

If
scli

EX

US]

RE]

tre]

W
or
ma

EX

FERENCE'd foreign declarations are not treated as local declarations, and-therefore cannot
lependently instantiated, but may be instantiated to play the role described by an attrib
hn entity in the current schema.

.3 The interaction of use and reference

hn entity data type or defined data type is both USE!d and REFERENCE’d into the cury
ema, the USE specification takes precedence.

AMPLE 1 The statements
E FROM s1 (al);
FERENCE FROM s1 (al);

ht al as a local declaration.

hen a named data type is USE’d into the current schema, that named data type may be US
REFERENCE’d from. the current schema by another schema (that means, USE specificati
y be chained befween schemas).

AMPLE 2 _Given the following two schema declarations:

SC

EMA si3
NTITY e1l;
ND-ENTITY;

be
ute

ent

E'd

DI1S

END_SCHEMA?

SCHEMA s2;
USE FROM s1 (el AS e2);
END_SCHEMA ;

the following specifications are equivalent.

SCHEMA s3; SCHEMA s3;

USE FROM s1 (el AS e2); USE FROM s2 (e2);

END_SCHEMA ; END_SCHEMA ;
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Since REFERENCE does not treat the EXPRESS items REFERENCE’d as local it is not possible

to

11

chain REFERENCE’S.

.4 Implicit interfaces

A foreign declaration may refer to identifiers which are not visible to the current schema. Those
EXPRESS items referred to implicitly are required for a full understanding of the current
schema, but they are not visible to EXPRESS items declared in the current schema. Each
implicitly interfaced item may in turn refer to other EXPRESS items which are not visible in
the current schema; those EXPRESS items also are required for a full understanding of the
current schema.

EX

AMPLE Implicitly interfaced items, and chaining of implicit interfaces.

SCHEMA s1;

1

i

]

i

|
ENI

TYPE t1 = REAL;

END_TYPE;

ENTITY el;
a : ti;
END_ENTITY;

ENTITY e2;
al : el;

END_ENTITY;
_SCHEMA:

SCHEMA s2;

I
|

|
ENI

Th|
im
be

int

In
im

REFERENCE FROM s1 (e2);

ENTITY e3;
a3 : e2;
END_ENTITY;
_SCHEMA;

e entity e2 is used as the data type of the attribute a3. Since e2 requires el in its definition, e
plicitly interfaced by s¢hema s2. However since el has not been explicitly interfaced in s2, el can
specifically mentionédywithin s2. Similarly el requires t1 in its definition; t1 is therefore implid
brfaced by schema-s2.

the followinig' subclauses the word interfaced will be used to mean USE’d, REFERENCE’d
plicitly interfaced.

11

1l is
not
itly

or

4.1 * Constant interfaces

When a constant is interfaced, the following are implicitly interfaced:

any defined data types used in the declaration of the interfaced constant;
any entity data types used in the declaration of the interfaced constant;
any constants used in the declaration of the interfaced constant;

any functions used in the declaration of the interfaced constant.

©ISO 2004 — All rights reserved
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11

4.2 Defined data type interfaces

When a defined data type is interfaced, the following are implicitly interfaced:

any defined data types used in the declaration of the interfaced type, including the extensible
defined data types that this interfaced type may extend using the BASED_ON keyword, but
excluding any of the selectable items if the interfaced type is a SELECT type, also excluding
those selectable items of select types that this interfaced type may be based on;

any constants or functions used in the declaration of the representation of the interfaced
defined data type;

11

W

any constants or functions used within the domain rules of the interfaced defined data’type;

any defined data types represented by a SELECT data type whose selection list\contains the
interfaced defined data type.

EXAMPLE Implicit interface to a defined data type via a SELECT data type.

SCHEMA s1;
TYPE sell = SELECT (el,tl);
END_TYPE;

TYPE t1 = INTEGER;
END_TYPE;

ENTITY eil;

END_ENTITY;
END_SCHEMA;

SCHEMA s2;
REFERENCE FROM s1 (t1);
END_SCHEMA ;

Schema s2 contains angsexplicit reference to t1, and since sell is represented by a SELECT wlhich
contains t1, sell is sgmplicitly referenced.

4.3 Entity data type interfaces
hen an entity data type is interfaced, the following are implicitly interfaced:

all entity data types which are supertypes of the interfaced entity data type;

90

NOTE The subtypes of the interfaced entity data type, whether or not they appear in a SUPERTYPE
OF expression, are not implicitly interfaced as a result of this interface.

all rules referring to the interfaced entity data type and zero or more other entity data
types, all of which are either explicitly or implicitly interfaced in the current schema;

all subtype constraints for the interfaced entity data type;

any constants, defined data types, entity data types or functions used in the declaration of
attributes of the interfaced entity data type;
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any constants, defined data types, entity data types or functions used within the domain

rules of the interfaced entity data type;

any defined data types represented by a SELECT data type which specifies the interfaced

entity data type in its selection list.

Subtype/supertype graphs may be pruned as a result of only following the SUBTYPE OF links
when collecting the implicit interfaces of an interfaced entity data type. The algorithm used to
calculate the allowed instantiations of the resulting pruned subtype/supertype graph is given in
annex

11

W

11

W

11

W

4.4 Function interfaces
hen a function is interfaced, the following are implicitly interfaced:

any defined data types or entity data types used in the declaration of parameters for
interfaced function;

any defined data types or entity data types used in the declaration-of the returned type
the interfaced function;

any defined data types or entity data types used in the deglaration of local variables wit]
the interfaced function;

any constants, functions or procedures used within the interfaced function.
4.5 Procedure interfaces

hen a procedure is interfaced, the following are implicitly interfaced:

any defined data types or entity data types used in the declaration of parameters for
interfaced procedure;

any defined data types or entity data types used in the declaration of local variables wit]
the interfaced precedure;

any constants, functions or procedures used within the interfaced procedure.
4.6 Rule interfaces

hen. & rule is interfaced, the following are implicitly interfaced:

the

for

hin

the

hin

— any defined data types or entity data types used in the declaration of local variables within

11

the interfaced rule;

any constants, functions, or procedures used within the interfaced rule.

.4.7 Subtype constraint interfaces

When a subtype constraint is interfaced, nothing is implicitly interfaced.

©ISO 2004 — All rights reserved

91


https://standardsiso.com/api/?name=b0ebdeb331e7a5d30bd8dba494547ac9

ISO 10303-11:2004(E)

The constraints specified in the interfaced subtype constraint are reformed upon interfacing so
as not to allow any complex entity data type to be instantiated in the current schema that was
not allowed in the foreign schema (see annex |C]).

12 Expression

Expressions are combinations of operators, operands and function calls which are evaluated to
produce a value.

Syntax:

16 expression = simple_expression [ rel_op_extended simple_expression ]

83 rel_op_extended = rel_op | IN | LIKE .

82 rel_op = ’<? | > | <=2 | >=7 | <> | =2 | 0> | 0=y

05 simple_expression = term { add_like_op term } .

25 term = factor { multiplication_like_op factor } .

17 factor = simple_factor [ ’**’ simple_factor ]

06 simple_factor = aggregate_initializer | entity_constructor |
enumeration_reference | interval | query_ekpression |

T N W G W oG T N W e W N Y

( [ unary_op 1 ( °(’ expression ’)’ | primary ) )
331 unary_op = ’+’ | ’-? | NOT .
269 primary = literal | ( qualifiable_factor { qualifief, })
257 multiplication_like_op = ’%’ | /> | DIV | MOD | 4ND" | °||°
168 add_like_op = ’+’ | -’ | OR | XOR .

Solne operators require one operand and other opéerators require two operands. Operators wlich
require only one operand shall precede that operaind. Operators which require two operands shall
be|written between those operands. This clause defines the operators and specifies the data types
of the operands which may be used with.éach operator.

THere are seven classes of operators:
a)| Arithmetic operators accépt number operands and produce number results. The data type
of the resulting value/of-an arithmetic operation depends upon the operator and the data

types of the operamds-(see [12.1]).

b)| Relational opérators accept various data types as operands and produce LOGICAL (TRUE,
FALSE or UNKNOWN) results.

c)| BINARY“Operators accept BINARY operands and produce BINARY results.

d) [ @OGICAL operators accept LOGICAL operands and produce LOGICAL results.

e) STRING operators accept STRING operands and produce STRING results.

f) Aggregate operators combine aggregate values with other aggregate values or with individ-
ual elements in various ways and produce aggregate results.

g) Component reference and index operators extract components from entity instances and
aggregate values.

Evaluation of an expression is governed by the precedence of the operators which form part of
the expression.
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Expressions enclosed by parentheses are evaluated before being treated as a single operand.
Evaluation proceeds from left to right, with the highest precedence being evaluated first. Ta-

ble specifies the precedence rules for all of the operators of EXPRESS. Operators in the
same row have the same precedence, and the rows are ordered by decreasing precedence.

Table 10 — Operator precedence

Precedence | Description Operators

1 Component references | [ ] . \

2 Unary operators + - NOT

3 Exponentiation *k

4 Multiplication/Division | * / DIV MOD AND | |

5 Addition/Subtraction |- + OR XOR

6 Relational =<><=>=<> :=: :<>: IN LIKE
NOTE |1 is the complex entity construction operator.

A operand between two operators of different precedence is bouné-fo the operator with [the
higher precedence. An operand between two operators of the same, precedence is bound to [the
ong on the left.

—

EXAMPLE —10 %2 is evaluated as (—10) * *2 resulting insthe value 100. 10/20 x 30 is evaluateq as
(19/20) * 30 resulting in the value 15.0.

12.1 Arithmetic operators

Arjthmetic operators which require one operand are identity (+) and negation (-). The operand
shall be of numeric type (NUMBER, INTEGER or REAL). When the operator is +, the resulp is
eqpal to the operand, when the operator is -, the result is the negation of the operand. When
th¢ operand is indeterminate (7) the'result is indeterminate (?) irrespective of which opergtor
is fised.

THe arithmetic operators (which require two operands are addition (+), subtraction (=), mylti-
plifation (*), real division'(/), exponentiation (**), integer division (D1v), and modulo (M{D).
THe operands shall.be-6f numeric type (NUMBER, INTEGER or REAL).

THe addition, ‘sttbtraction, multiplication, division and exponentiation operators perform [the
mgthematical‘operations of the same name. With the exception of division they produce| an
infeger résult if both operands are of data type INTEGER, a REAL result otherwise (subject
to |neithér operand evaluating to indeterminate (7)). Real division (/) produces a real regult
(subject to neither operand evaluating to indeterminate (?7)).

Modulo and integer division produce an integer result (subject to neither operand evaluating to
indeterminate (?)). If either operand is of data type REAL, it is truncated to an INTEGER before
the operation; thus, any fractional part is lost. If a and b are integers, it is always true that
(a DIV b)*b + c*(a MOD b) = a, where c=1 for b>=0 and c=-1 for b<0. The absolute value
of a MOD b shall be less than the absolute value of b. The sign of a MOD b shall be the same as
the sign of b.

If any operand to an arithmetic operator is indeterminate (?), the result of the operation shall
be indeterminate (7).
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Real number rounding

Rounding, when necessary, shall be determined from the precision p (either stated explicitly for
a REAL type or an implementation limit as specified in annex [Ef) using the following algorithm:

a) convert the number representation to exponential format with all leading zeros removed;

b) set the digit pointer k to point at the digit p places to the right of the decimal point.

c) if the value of the real is positive, do the following:

and all digits after. Goto step [¢

d)| if the value of the real is negative, do the following:

and all digits after. Goto step [e}

e)| set the digit pointer k to k — 1.

f) | if the digit at & is in the range 0..9, goto step @

g)| if the digit at k has the value 10, add 1t@the digit at k — 1, set the digit at k to 0. G

step
h)| the number is now rounded.

NQTE The effect of this rounding mechanism is to round 0.5 to 1 and -0.5 to 0.

EXAMPLE This example §hows the effect of defining the number of significant digits in the frac

patt of a real number, that\is, its precision.

LOCAL

listance REAL(6) ;
x1, y1, z1Us+ REAL;
¥2, y2,.z2 : REAL;

— if the digit at k is in the range 5..9, add 1 to the digit at £ — 1, ignore the digit. g

— if the digit at k is in the range 0..4, ignore digit at k and all digits aftery Goto stey

— if the digit at k is in the range 6..9, add 1 to the digit at k£ £1, ignore the digit 4

— if the digit at & is in the range 0..5, ignore digit at k<nd all digits after. Goto stef

oto

ion

END_LOCALs
x1]:=/0.; y1 := 0.; z1 :=0.;
x2 := 10.; y2 = 11.; z2 := 12.;

distance := SQRT((x2-x1)**2 + (y2-yl)**2 + (22-z1)*%*2);

distance is computed to a value of 1.9104973...e+1 but has an actual value of 1.91050e+1 since the

specification calls for six digits of precision; thus, only six significant digits are retained.

12.2 Relational operators

The relational operators consist of value comparison operators, instance comparison operators,
membership (IN) and string match (LIKE). The result of a relational expression is a LOGI-
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CAL value (TRUE, FALSE or UNKNOWN). If either operand evaluates to indeterminate (?) the
expression evaluates to UNKNOWN.

12

.2.1 Value comparison operators

The value-comparison operators are:

equal (=);

not equal (<>);

Th
tol
an
va,
ati

12

Th

mdg

N(

greater than (>);
less than (<);
greater than or equal (>=);

less than or equal (<=).

ese operators may be applied to numeric, logical, string, and binary operands. These opd
s may also be applied to enumeration items declared in enumetations that are not extens
l that are not based on extensible enumerations. In addition, = and <> may be applied

bns or enumerations based on extensible enumerations»*See [2.11]

- two given values, a and b, a <> b is equivalent\to NOT (a = b) for all data types. If a
re neither aggregation nor entity data types;in addition:

one of the following is TRUE: a < bx&)= bora > b

a <= b is equivalent to (a < P)NOR (a = b)

a >= b is equivalent to (&8> b) OR (a = b)
.2.1.1 Numeric comparisons

e value comparisen operators, when applied to numeric operands, shall correspond to
thematical érdéring of the real numbers.

TE Psecision specifications are not considered when comparing two real numbers.

EX

ra-
ble
to

ues of aggregate and entity data types and enumeration‘items declared in extensible enunper-

nd

the

AMPLE Given:

a : REAL(3)
b : REAL(5)

1.23
1.2300;

the expression a = b evaluates to TRUE.

12

.2.1.2 Binary comparisons

To compare two binary values, compare the bits in the same position in each value, starting
with the first (leftmost) pair of bits, then the bits at the second position, and so on, until an
unequal pair is found or until all bit pairs have been examined. If an unequal pair is found, the
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binary value containing the 0 bit is less than the other binary value. No additional comparison
is needed. If no unequal pair is found, the binary value which is shorter (using the BLENGTH
function) is considered less than the other binary value. If both binary values are of the same

length and all pairs are equal, the two binary values are equal.
12.2.1.3 Logical comparisons
Comparisons of two LOGICAL (or BOOLEAN) values shall observe the following ordering:

FALSE < UNKNOWN < TRUE.

1212.1.4 String comparisons

To|
wi

compare two string values, compare the characters in the same position in each value, Start
h the first (leftmost) pair of characters, then the pair at the second position, and so on, u
unequal pair is found or until all character pairs have been examined. If‘d unequal [
is found, the string value containing the lesser character (as defined by the-ISO/IEC 10
ocfet values for the characters) is considered less than the other stringhvalue. No additig
comparison is needed. If no unequal pair is found, the string value that is shorter (using
LENGTH function) is considered less than the other string value. If both string values are of
saine length and all pairs are equal, the two string values are equal:

an

12.2.1.5 Enumeration item comparisons

Vallue comparison of enumeration items in an enumeration that is not extensible and that is
baged on an extensible enumeration is based on theirrelative positions in the declaration of

enjmeration data type. See rule (d)) in

Fo
on
va

values whose data type is an extensible enumeration type or an enumeration type ba
an extensible enumeration type, only comparison for equal or unequal is defined. Two s
ues are equal if they represent théxsdme enumeration item, and unequal otherwise.

1212.1.6 Aggregate value comparisons

Th

eq
12

e value comparison gperators which are defined for aggregate values are equal (=) and
hal (<>). Two aggregate values can be compared only if their data types are compatible,

111

aggregatescomparisons shall check the number of elements in each of the operands;
VEOF (a)8&> SIZEOF(b), the aggregates are not equal. The aggregate comparisons comp
elements of the aggregate value using value comparisons. If any of the element comparis
luate to FALSE, the aggregate comparison evaluates to FALSE. If one or more of the elem

ing
ntil
air
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nal
the
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sed
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not
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if
are
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ent

Aing

comparisons all evaluate to TRUE, the aggregate comparison evaluates to UNKNOWN. Otherwise

the aggregate comparison evaluates to TRUE.

The definition of aggregate equality depends on the aggregate data types being compared.

of b at the same position, that is, a[i] = b[i] (12.6.1]);

b at the same position;

96

two arrays a and b are equal if and only if each element of a is value equal to the element

two lists a and b are equal if and only if each element of a is value equal to the element of
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— two bags or sets a and b are equal if and only if each element VALUE_IN a occurs the same
number of times VALUE_IN b and each element VALUE_IN b also occurs the same number of
times VALUE_IN a.

12.2.1.7 Entity value comparisons

Two entity instances are equal by value comparison if their corresponding attributes are value
equal. Since entity instances may have attributes which are represented by entity data types,
it is possible for instances to be self referential, in which case the entity instances are equal by
value comparison if all the attributes which are represented by simple data types have the same
values and the same attributes in both entity instances are self referential

Mgre precisely, suppose two instances 1 and r are to be compared. If1 :=: r 1 = r. Qtherwiise,
mgke the following definitions:

— Define an ordering on the population of instances under consideration(\In practice this
population will be finite, so an ordering can be constructed.

— For the purposes of this discussion, define an aggregate indexing-eperator which obseifves
this ordering such that for any aggregate agg and for any indiees i and j, the conditiion
i < j is equivalent to the condition aggl[i] < agglj].

— Define a reference path to be a sequence of one or mote attribute or index references. [ To

apply a reference path s to an instance i, writecg(i). s(i) is evaluable if no referejce
other than the last one produces indeterminate (%).

THen the value of 1 = r is determined by thedfirst of the following conditions which holds:

a)| If TYPEOF(1) <> TYPEOF(r), 1 = r'i$'FALSE.

b)| If there is a reference path s such that exactly one of s(1) and s(r) is evaluable, 1 = f is
FALSE.

c) | If there is a referencé path s such that both s(1) and s(r) produce simple type valjes,
and if s(1) <> s(x),'1 = r is FALSE.

d)| If there is a€eference path such that both s(1) and s(r) produce either entity type values
or are decldared to be select data types, and if TYPEOF (s(1))<>TYPEOF (s(r)), then 1l # r
is FALSE!

e) | If\there is a reference path s such that NOT EXISTS(s(1)) or NOT EXISTS(s(r)),1 = fis
ENKNOWN

f) Otherwise, 1 = r is TRUE.

EXAMPLE 1 The algorithm outlined below is one possible implementation of the value comparison
test described above. This algorithm is given for illustrative purposes and is not intended to prescribe
any particular type of implementation.

Let 1 and r be variables of type GENERIC within this algorithm.

a) Initialise 1 to be the left hand entity instance and r be the right hand entity instance.
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b) If the instances are the same instance, that is, 1 :=: r, the expression evaluates to TRUE.

¢) Initialise an empty list plist to contain ordered pairs of entity instance identifiers.

NOTE 1 The representation of instance identifiers is implementation specific.

d) Compare 1 and r using the deep equal algorithm specified below.

e) The expression evaluates to the value returned by the deep equality algorithm.

Déep equality algorithm

a) [ If 1, r or both are indeterminate (?) the algorithm returns UNKNOWN.

b)| If TYPEOF(1) <> TYPEOF(r), the algorithm returns FALSE.

¢) | If 1 and r are not entity instances, the algorithm returns 1 = r, using the appropriate equality {
d)| If 1 and r are the same entity instance, this is, 1 :=: r, the algorithm tefurns TRUE.

e) | If the pair of instances (1, r) appears in plist, the algorithm returns TRUE.

f) | If the pair (1, r) does not appear in plist, do the following;

1)

2)

EXAMPLE 2 _“Bhe local variables 11 and i2 are of type loop_of_integer and when assigned as in
exgmple they~afe not value equal.

ENTITY Xoop_of_integer;

| LG

Add the pair (1, r) to plist.

For each of the attributes a defined for 1 andc) compare 1.a and r.a using the deep equ4
algorithm, lettingl = l.aandr = r.a.

NOTE 2 This is the recursive call.

If the deep equality algorithm. for~any of the attributes in step returns a FALSE result,
result of the current invocatiop'of the algorithm is FALSE. Otherwise, if the algorithm rety
UNKNOWN for any of the attributes, the result of this invocation is UNKNOWN. Otherwise,
result of this call is TRUE:

NOTE 3 This ensures that if any of the comparisons are FALSE the result is FALSE. If
comparisons are.TRUE , the result is TRUE. When any comparison is UNKNOWN and all of
comparisons‘aré TRUE the result is UNKNOWN.

est.

lity

the
ns
the

all
her

Lhis

: INTEGER;

next

. loop_oI_integer;

END_ENTITY;

LOCAL

i1, i2 :

loop_of_integer ;

END_LOCAL;

il := loop_of_integer(5,loop_of_integer(3,SELF));

98
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i2 := loop_of_integer(3,loop_of_integer(5,SELF));

IF i1 = i2 THEN -- evaluates to false

Entity value comparison can be applied to entity instances and to group-qualified (see
entity instances. For entity instances, the attributes of all subtypes and supertypes of the
instances under consideration shall be compared. For group-qualified entity instances, only
those attributes which are declared as attributes in the entity declaration for the entity data
type named in the group qualifier shall be compared (this does not include inherited attributes
which are redeclared in the specified entity data type).

12.2.2 Instance comparison operators

THe instance comparison operators are:

instance equal (:=:);

instance not equal (:<>:).

Th

enf

ese operators may be applied to numeric, logical, string, binary,\enumeration, aggregate
ity data type operands. The two operands of an instance cémparison operator shall be d

type compatible. See

Fo

Th

mgq

(al :

two given operands, a and b, (a :<>: b) is equivalent to NOT (a :=
e instance comparison operators when applied to numeric, logical, string, binary and ¢
ration data types are equivalent to the cortésponding value comparison operators. That
b) is equivalent to (a = b) and (@ :<>: b) is equivalent to (a <> b) for these d

types.

12

Th
no
seq

Al
SI

L2.2.1 Aggregate instance eomparison

e instance comparison opetators which are defined for aggregate values are equal (:=:)
b equal (:<>:). Two aggregate values can be compared only if their data types are compati

M2.111

aggregate comparisons shall check the number of elements in each of the operands;
VEOF (a) <>, SIZEOF (b), the aggregates are not equal. The aggregate comparisons comp

nd
ta

: b) for all data types.

nu-
is,
ta

wnd

if
are

th¢ elements)of the aggregate value using instance comparisons. If any of the element c¢m-
parisons-evaluate to FALSE, the aggregate comparison evaluates to FALSE. If one or morg of
thd the

rer

b element comparisons for a particular aggregate comparison evaluate to UNKNOWN and

Otherwise the aggregate comparison evaluates to TRUE.

The definition of aggregate instance equality depends on the aggregate data types being com-
pared.

two arrays a and b are equal if and only if each element of a is the same instance as the
element of b at the same position, that is, a[i] : b[i] (12.6.1));

two lists a and b are equal if and only if each element of a is the same instance as the
element of b at the same position;

— rights reserve
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— two bags a and b are instance equal if and only if each element IN a occurs the same number

of times IN b and each element IN b also occurs the same number of times IN a;

— two sets a and b are instance equal if and only if each element in a is IN b and each element

in b is also IN a;

— A bag is instance equal to a set if and only if each element in the set occurs only once IN

the bag, and the bag contains no elements which are not in the set.

EXAMPLE Instance comparison of two arrays.

LO
ENI
IF
12

Th

CAL

nl, a2 : ARRAY [1:10] OF b;

_LOCAL;

(a1 :=: a2) THEN ...

.2.2.2 Entity instance comparison

e entity instance equal (:=:) and entity instance not equal (:g>3) operators accept

conpatible entity instances and evaluate to a LOGICAL value.

a
me
en

U

:=: b evaluates to TRUE if a evaluates to the same entity inistance as b; that is, the imj
ntation dependent identifiers are the same. It evaluatesto FALSE if a evaluates to a differ
ity instance than b. It evaluates to UNKNOWN if eithér operand is indeterminate (7).

less otherwise noted, entity instance comparisofishall be used when two entity instances

conpared such as during aggregate comparisonsand UNIQUE rule checking.

EX
mg

EN]

SU

ENI

EN]

AMPLE All children have mothers butsgome children may have brothers or sisters. This could
delled by

[ITY child
TYPE OF (person);
other : female; -- we_aré not interested in more than one generation

father : male;

_ENTITY;

[ITY sibling

SUBTYPE OF (child);

WH]

biblings :\SET [1:7] sibling;

ERE
-- make sure that the current entity instance
-- is not one of its siblings

not

WO

ent

are

be

identical: STZEQF ( QUERY ( j <* siblings | i :=: SELF ) ) = 0;

-- make sure that each of the siblings shares either a mother
-- or a father with the current entity instance

same_parent : SIZEOF ( QUERY ( i <* siblings |

( i.mother :=: SELF.mother ) OR
( i.father :=: SELF.father ) ) =
SIZEOF ( siblings ));
END_ENTITY;
100 ©ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=b0ebdeb331e7a5d30bd8dba494547ac9

ISO 10303-11:2004(E)

12.2.3 Membership operator

The membership operator IN tests an item for membership in some aggregate and evaluates

to a LOGICAL value. The right-hand operand shall evaluate to a value of an aggregation d

ata

type, and the left-hand operand shall be compatible with the base type of this aggregate value.

e IN agg is evaluated as follows:

a) if either operand is indeterminate (?7) the expression evaluates to UNKNOWN;

b) if there exists a member agg[i] such that e :=: aggl[i], the expression evaluates to TRUE;

c)| if there exists a member aggl[i] which is indeterminate (?) the expression evaluates
UNKNOWN;

d)| otherwise the expression evaluates to FALSE.

NOTE The function VALUE_IN (see [15.28]) may be used to determine whether or/niot an element o
aggregation has a specific value.

Mqddeller-defined membership testing may be specified via a pair of functions;-called for example my_eq|
(sep the note in |8.2.5) and my_in, as shown in the following pseudo-codé;

FUNCTION my_in(c:AGGREGATE OF GENERIC:gen; v:GENERIC:gen): LOGICAL;
*"my_in" Returns UNKNOWN if v or c is indeterminate® (7)

Else returns TRUE if any element of c has the<’wvalue’ v

Else returns UNKNOWN if any comparison is UNKNOWN

Otherwise returns FALSE *)

LOCAL
result : LOGICAL;
wnknownp : BOOLEAN := FALSE;
END_LOCAL

IF| ((NOT EXISTS(v)) OR (NOT EXISTS(c)) THEN

RETURN (UNKNOWN) ; END_IF;

REPEAT i := LOINDEX(c) TO HIINDEX(c);

result := my_equal(v, c[ilD)y

[F (result = TRUE) THEN
RETURN(result); END_IF;

[F (result = UNKN@WN) THEN
unknownp := TRUE; END_IF;

END_REPEAT;

IF | (unknownp) “THEN

RETURN (UNKNOWN) ;

EL$E

RETURNAFALSE) ;

END (IF ;

to

an

ial

-

EN LN amT AN
_LTUNU1I1IUI

=

This could, for example, be used as:

LOCAL

v : a;

c : SET OF a;
END_LOCAL;

IF my_in(c, v) THEN ...
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12

.2.4 Interval expressions

An interval expression tests whether or not a value falls within a given interval. It contains
three operands, which shall be compatible (see . The operands shall be of a type that has
a defined ordering, that is, the simple types (see , and defined data types whose underlying
types are either simple types or enumeration types.

Syntax:
243 interval = ’{’ interval_low interval_op interval_item interval_op
interval_high ’}’
246 interval Jow = simple expression
47 interval_op = ’<’ | <=’

NG T N T N

45 interval_item = simple_expression .
44 interval_high = simple_expression .

Nd

is o

(i
(41

Aspuming interval_item is evaluated only once in the seeond expression.

Th

op
FA

EX
LO
|

ENI

IF
12

Th
be

Interval_low interval_op interval_item interval_op interval_high }

iterval_low interval_op interval_item) AND

TE The interval expression

emantically equivalent to

hiterval_item interval_op interval_high)

e interval expression evaluates to a LOGICAL‘which has the value TRUE if both relatig
brations evaluate to TRUE. It evaluates to“FALSE if either relational operation evaluates
LSE, and it evaluates to UNKNOWN if aify) operand is indeterminate (7).

AMPLE The following tests if thevalue of b is greater than 5.0 and less than or equal to 100.0
CAL
: REAL := 20.0;
_LOCAL;
{ 5.0 < b <= 100.0/} THEN -- evaluates to TRUE

2.5 Like operator

e IAKE operator compares two string values using the pattern matching algorithm descri

nal
to

bed
nd

owand evaluates to a LOGICAL value. The left operand is the target string. The right oper

is the pattern string.

The pattern matching algorithm is defined as follows. Each character of the pattern string is
compared to the corresponding character(s) of the target string. If any pair of corresponding
characters does not match, the match fails and the expression evaluates to FALSE.

Certain special characters in the pattern string may match more than one character in the target
string. These characters are defined in Table All corresponding characters must be identical
or match as defined in Table for the expression to evaluate to TRUE. If either operand is
indeterminate (?) the expression evaluates to UNKNOWN.

102
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When any of the special pattern matching characters is itself to be matched, the pattern shall
contain a pattern escape sequence. A pattern escape sequence shall consist of the escape char-
acter (\) followed by the special character to be matched.

EXAMPLE 1 To match the character @, the escape sequence \@ is used.
The following examples illustrate these pattern matching characters

EXAMPLE 2 If a := >\AAAA’; the following hold:

a LIKE ’\\AAAA® --> TRUE
T EIRE—- A FAESE
a LIKE *\\A7AA’ --> TRUE
a LIKE °\\!'\\AAA’ --> TRUE
a LIKE ’\\&’ --> TRUE

a LIKE ’\$’ --> FALSE

EXAMPLE 3 Ifa :

’The quick red fox’;, the following holds:
a LIKE ’$$$$° --> TRUE

EXAMPLE 4 Ifa :

’Page 407’ ; the following holds:
a LIKE ’$x° --> TRUE
12.3 Binary operators

In|addition to the relational operators, defined in [12.2.1.2] two further operations are defihed
forl BINARY data types: indexing ([ 1) and comtatenation (+) .

12.3.1 Binary indexing
THe binary indexing operator takes two operands, the binary value being indexed and [the
index specification, and evaluates to a binary value of length (index_2 - index_1 + 1). The

requlting binary value is equivalent to the sequence bits at position index_1 through index_2
indlusive. If a binary value.éf length one is required, only index_1 need be specified. An inflex

Table 11 — Pattern matching characters

Character | Meaning
¢ Matches any letter
- Matches any upper case letter
Matches any character
Matches remainder of string
Matches any digit
Matches a substring terminated by a space character
or end-of-string
* Matches any number of characters
\ Begins a pattern escape sequence
! Negation character (used with the other characters)

®“ H (N

NOTE The negation character (!) may be used before any character, not
just the pattern matching characters, to match any character other than
the negated character.
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of 1 indicates the leftmost bit.

Syntax:

239 index_qualifier = ’[’ index_1 [ ’:’ index_2 ] ’]1°
237 index_1 = index .

236 index = numeric_expression .

238 index_2 = index .

Rules and restrictions:

a)| index_1 shall evaluate to a positive integer or indeterminate (?) value.

b)| 1 < index_1 < BLENGTH( binary value ), otherwise indeterminate (?7) is returned.

c)| index_2, when specified, shall evaluate to positive integer or indeterminatey(?) value.
d)| The index_1 < index_2 < BLENGTH(binary value), otherwise indeterminate (?) is returred.

e)| If either index_1 or index_2 evaluate to an indeterminate (7)¥value, indeterminate (7)) is
returned.

f) | If the expression being indexed evaluates to indetermingbe«(?), indeterminate (?) is returred.
EXAMPLE 1 The fourth bit of a binary called image could“be examined by

image := %01010101

IF image[4]=%1 THEN ...-- evaluate to\TRUE
IF image[4:4]=)1 THEN ... --equivalent expression

EXAMPLE 2 The fourth through tenth bits of a binary called image could be examined by

IF image[4:10]1=%1011110<THEN ...
12.3.2 Binary concatenation operator

THe binary concateration operator (+) is a binary operator which combines two binary values
together. Bothroperands shall evaluate to a binary values, and the expression evaluates tp a
bigary value ¢entaining the concatenation of the two operands with the first operand appeailing
on|the lefti It either of the operands evaluates to indeterminate (7), the expression evaluates to
indeterminate (7).

—

EXAMPTLE —Binary vatues may be concatenated as {01iows:

image := %101000101 + %101001 ;
(* image now contains the binary %101000101101001 *)

12.4 Logical operators

The logical operators consist of NOT, AND, OR and XOR. Each produces a logical result. The
AND, OR and XOR operators require two logical operands, and the NOT operator requires one
logical operand. If either of the operands evaluates to indeterminate (?), that operand is dealt
with as if it were the logical value UNKNOWN.
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The NOT operator requires one logical operand (to the right of the NOT operator) and evaluates
to the logical value as shown in Table

Table 12 — NOT operator

Operand Value

Result Value

TRUE
UNKNOWN
FALSE

FALSE
UNKNOWN
TRUE

1214.2 AND operator

THe AND operator requires two logical operands and evaluates to a logical valuenas showrl

Table The AND operator is commutative.

Table 13 — AND operator

Operandl Value

Operand2 Value

Result Valte

TRUE
TRUE
TRUE
UNKNOWN
UNKNOWN
UNKNOWN
FALSE
FALSE
FALSE

TRUE
UNKNOWN
FALSE
TRUE
UNKNOWN
FALSE
TRUE
UNKNOWN
FALSE

TRUE
UNKNOWN
FALSE
UNKNOWN
UNKNOWN
FALSE
FALSE
FALSE
FALSE

124.3 OR operator

Th

Taple The OR operatof 15"commutative.

e OR operator requires two.logical operands and evaluates to a logical value as shown

Table 14 — OR operator

Operandl Value

Operand2 Value

Result Value

TRUE TRUE TRUE
TRUE UNKNOWN TRUE
TRUE FALSE TRUE
UNKNOWN TRUE TRUE
UNKNOWN UNKNOWN UNKNOWN
UNKNOWN FALSE UNKNOWN
FALSE TRUE TRUE
FALSE UNKNOWN UNKNOWN
FALSE FALSE FALSE

12.4.4 XOR operator

in

n

The XOR operator requires two logical operands and evaluates to a logical value as shown in
Table The XOR operator is commutative.
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12.5 String operators

In addition to the relational operators defined in [12.2.1.4] and [12.2.5] two further operations are
defined for STRING types: indexing ([ 1) and concatenation (+) .

12.5.1 String indexing

The string indexing operator takes two operands, the string value being indexed and the index
specification, and evaluates to a string value of length (index_2 - index_1 + 1). The resulting
string value is equivalent to the sequence of characters at position index_1 through index_2
inclusive. If a string value of length one is required. only index_1 need be specified. An index
of [l indicates the leftmost character.

Syntax:

39 index_qualifier = ’[’ index_1 [ ’:’ index_2 ] ’]°
37 index_1 = index .

36 index = numeric_expression .

38 index_2 = index .

Ruiles and restrictions:

a)| index_1 shall evaluate to a positive integer or indeterminate (indeterminate (7)) value
b)[ 1 < index_1 < LENGTH( string value ), otherwise indeterminate (?) is returned.

¢)| index_2, when specified, shall evaluate to positive integer or indeterminate (7) value.
d)| The index_1 < index_2 < LENGTH(.stping value ), otherwise indeterminate (?) is returrjed.

e)| If either index_1 or index_2 evaluate to an indeterminate (?) value, indeterminate (7) is
returned.

f) | If the expression being-indexed evaluates to indeterminate (?), indeterminate (?) is returrjed.
EXAMPLE 1 The seventh character of a string called name could be examined by
IF name[7]="Q0125FE1" THEN ... —-- assuming ISO 10646 representation

IF name[?:%]="00125FE1" THEN ... -- equivalent expression

Table 15 — XOR operator

Operandl Value | Operand2 Value | Result Value
TRUE TRUE FALSE
TRUE UNKNOWN UNKNOWN
TRUE FALSE TRUE

UNKNOWN TRUE UNKNOWN

UNKNOWN UNKNOWN UNKNOWN

UNKNOWN FALSE UNKNOWN
FALSE TRUE TRUE
FALSE UNKNOWN UNKNOWN
FALSE FALSE FALSE
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EXAMPLE 2 The seventh through tenth characters of a string called name could be examined by

12

IF name[7:10]=’Some’ THEN ...

.5.2 String concatenation operator

The string concatenation operator (+) is a string operator which combines two strings together.
Both operands shall evaluate to a string value, and the expression evaluates to a string value
containing the concatenation of the two operands with the first operand appearing on the left. If
either of the operands evaluates to indeterminate (?), the expression evaluates to indeterminate

(7).

EXAMPLE String values may be concatenated as follows:
nafe := ’ABC’ + ’ ’ + ’DEF’ ;
(*|name now contains the string ’ABC DEF’ *)

12

Th

(<::

htional operators equal (=), not equal (<>), instance equal{:=7), instance not equal (:<p:

rel
an

N
agy

12

TH
in

of

.6 Aggregate operators

e aggregate operators are indexing ([ ]), intersection (*), union{#), difference (=), sul
), superset (>=) and QUERY. These operators are defined in the following subclauses.

A

1 IN, defined in are also applicable to all aggregate values.

TE Several of the aggregate operations require implicité¢emparisons of the elements contained wif
regate values; instance comparison is used in all such ¢ases.

6.1 Aggregate indexing

set
[he

hin

the
Vpe

S}

NG T N W N T N

e aggregate indexing operator takes two-operands, the aggregate value being indexed and
lex specification, and evaluates to, a-single element from the aggregate value. The data t
the element selected is the base(®ype of the aggregate value being indexed.

yntax:

39 index_qualifier = %[’ index_1 [ ’:’ index_2 ] ’]’
37 index_1 = index\.

36 index = numerigc/expression .

38 index_2 =/index .

RlIlleS and restrictions:

a)

b)

c)

d)

index_2 shall not be present; it is only possible to index a single element from an aggregate

value.

The index_1 shall evaluate to an integer value.

LOINDEX( aggregate value ) < index_1 < HIINDEX( aggregate value ), otherwise indeter-

minate (?) is returned.

If the type of the aggregate value is an ARRAY or a LIST, the expression evaluates to the

element of the aggregate value at the position indicated by index_1.
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If the type of aggregate value is a BAG or a SET, for each index_1 between LOINDEX ( ag-
gregate value ) and HIINDEX ( aggregate value ), the expression shall evaluate to a different
element of the aggregate value.

Repeated aggregate index on the same aggregate value with the same index_1 shall result
in the same element being returned only if the aggregate value has not been modified. If
the aggregate value has been modified for aggregation data types BAG or SET the results
of repeated aggregate index on the modified aggregate value are unpredictable.

If either index_1 or index_2 evaluate to an indeterminate (?) value, indeterminate (?) is
returned.

h)

EX

val

FUNCTION set_product(a_set : SET OF INTEGER) :INTEGER;

LO

1
ENI
B

]

B
ENI

On

12

Th

va
rey

If the expression being indexed evaluates to indeterminate (?7), indeterminate (?) is refurrjed.

AMPLE Indexing for bags and sets may be used to iterate over all of the values in\the aggregate
ue.

CAL

result: INTEGER := 1;

_LOCAL;

REPEAT index := LOINDEX(a_set) TO HIINDEX(a_set);
result := result * a_set[index];

FND_REPEAT;

RETURN (result) ;
_FUNCTION;

exit from the REPEAT statement, result holdsthe product of all of the integers in a_set.
6.2 Intersection operator
e intersection operator (*) acceptsjtwo aggregate value operands and evaluates to an aggregate

ue. The allowed operand types and corresponding result type are given in Table The
ulting aggregate value is-implicitly declared as an aggregate whose type is as specified in

Taple [16| with bounds of [0y.7]. The base data types of the operands shall be compatible (see

2]

ag

If
ap

If

E}. If the intersection’ of the two operands contains no elements, the size of the resulfling
bregate value shalkbe zero.

pither of théOperands is a set, the result shall be a set which contains each element wlich
pears INdogth of the operands.

IN

both. the operands are bags and a particular element e occurs m times IN one bag and n tifnes
the’other (where m is less or equal to n). the result shall contain m occurrences of e. If eiJEer

of the operands evaluates to indeterminate (7), the expression evaluates to indeterminate (7).

Table 16 — Intersection operator — operand and result types

First operand | Second operand | Result
Bag Bag Bag
Bag Set Set
Set Set Set
Set Bag Set
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12.6.3 Union operator

The union operator (+) accepts two operands, one of which must be an aggregate value, and
evaluates to an aggregate value. The allowed operand types and the corresponding result type
are given in Table The union operation is determined by the first condition in the following
that holds:

a) If the left-hand operand is a bag value and the right-hand operand is a bag, list or set value
whose elements are compatible with the base type of the bag, the result is the left-hand
operand plus all the elements of the right-hand operand.

b)| If the left-hand operand is a set value and the right-hand operand is a bag, list or set \vdlue
whose elements are compatible with the base type of the set, the resulting set is_produfed
by initially setting the result to be the left-hand operand, for each element of the right-hjnd
operand which is not IN the result adding that element to the result set.

c)| If both operands are compatible lists, the resulting list is the left-hand ‘0perand, with [the
right-hand operand appended to the end.

NOTE 1 The resulting list may contain duplicate elements, even if the’operands are both decldred
as LIST OF UNIQUE.

d)| If one of the operands (E) is type compatible with the_base type of the other operand (A),
the operand E is added to A as follows:

— If A is a set value, the resulting set is A, with E added to the set only if E is not IN [A.

— If A is a list value, the resulting list<is A, with E inserted at position 1 if E was [the
left-hand operand and at position)SIZEOF(A+1) if E was the right-hand operand.

NOTE 2 The resulting list\imay contain duplicate elements, even if the list operand was
declared as LIST OF UNIQUE.

— If A is a bag value,(the resulting bag is A, with E added.

e) | If either of the operands evaluates to indeterminate (7), the expression evaluates to inde-
terminate (7).

1216.4 Difference operator

THe difference operator (=) accepts two operands, the left-hand operand of which must bel an
aggregate value, and evaluates to an aggregate value. The allowed operand types and [the
corresponding result type are given in Table The resulting aggregate value contains the
elements of the first operand except for those elements of the second operand. That is, for each
element of the second operand that is IN the first operand that element is removed from the first
operand. The resulting aggregate value is implicitly declared as an aggregate whose type is as
specified in Table [I§ with bounds of [0..7]. The base type of the operands shall be compatible
(see . The data type of the returned aggregate value shall be the same as that of the first
operand. If both the operands are bags and a particular element e occurs m times IN the first
operand and n times IN the second operand, the result shall contain m-n occurrences of e if m
is greater than n, and no occurences of e if m is less than or equal to n. If the second operand
contains elements not in the first operand, these elements are ignored and do not form part

ISO 2004 — All rights reserved 109
© g


https://standardsiso.com/api/?name=b0ebdeb331e7a5d30bd8dba494547ac9

ISO 10303-11:2004(E)

Table 17 — Union operator — operand and result types

of [the resulting aggregate value. If either of the operands<evaluates to indeterminate (?),

First operand | Second operand Result
Bag Bag Bag
Bag Element Bag

Element Bag Bag
Bag Set Bag
Bag List Bag
Set Set Set
Set Element Set

Element Set Set
Set Bag Set

Set List Set
List List ListT

Element List List2

List Element List®

NOTE 1 First element of the second list follows the last

element of the first list.

NOTE 2 New element becomes first in resultant list.
NOTE 3 New element becomes last in resultant lis#

expression evaluates to indeterminate (7).

EX

evd

Table 18 — Difference operator,— operand and result types

First operand | Second operand | Result
Bag Bag Bag
Bag Set Bag
Bag Element Bag
Set Set Set
Set Bag Set
Set Element Set

12{6.5  Subset operator

If A is asbag of integers [1,2,1,3],

luates to\M ,2,3] which is equivalent to [2,1,3].

the

The subset operator (<=) accepts two operands as defined in Table and evaluates to a LOGICAL.
The expression evaluates to TRUE if and only if, for any element e which occurs n times IN the
first operand, e occurs at least n times IN the second operand. The expression evaluates to

UNKNOWN if either operand is indeterminate (?7) and evaluates to FALSE otherwise.

The operands shall be of compatible types (see [12.11]).
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Table 19 — Subset and superset operators - operand types

First operand | Second operand
Bag Bag
Bag Set
Set Bag
Set Set

.6.6 Superset operator

TH
LO|
tin)
ev

Th
b
12

TH
ag
1o
oril

by

ies IN the second operand, e occurs at least n times IN the first operand. The expresq
luates to UNKNOWN if either operand is indeterminate (?7) and evaluates to FALSE-otherw

e operands shall be of compatible types (see [12.11])).
b=a shall be exactly equivalent to a <= b.
6.7 Query expression

e QUERY expression applies a logical_expression individually against each element of
bregate value, and evaluates to an aggregate value which contains the elements for which
bical_expression evaluates to TRUE. This has the effect of resulting in a subset of
cinal aggregate value where all of the elements eofithe subset satisfy the condition expres
the logical expression.

e superset operator (>=) accepts two operands as defined in "lable |[I9[ and evaluates tp a
GICAL. The expression evaluates to TRUE if and only if, for any element e which dcguils n

ion
ise.

an
the
the
sed

Sy

254 logical_expression = expression .

hntax:

77 query_expression = QUERY ’(’ sariable_id ’<x*’ aggregate_source ’|’
logical-expression ’)’
70 aggregate_source = simple_expression .

Rules and restrictions:

a)

expression.

The variable’_id is implicitly declared as a variable within the scope of the query expfes-
sion.
NOEE This variable does not have to be declared elsewhere, and it does not persist outside|the

d)

The aggregate_source shall evaluate to an aggregate value (ARRAY, BAG, LIST or SET).

If the aggregate_source evaluates to indeterminate (?), the expression returns indetermi-
nate (7).

The third operand (logical_expression) shall be an expression which evaluates to a
LOGICAL result.

FElements are taken one by one from the source aggregate and replace the variable_id in the
logical_expression. The logical_expression is then evaluated. If logical_expression
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evaluates to TRUE the element is added to the result; otherwise, it is not. If the
logical_expression evaluates to indeterminate (7), that element is not a member of the result-
ing aggregate. This is repeated for every element of the source aggregate. The result aggregate
value is populated according to the specific kind of aggregation data type:

Array: The result array has the same base type and bounds as the source array but the
array elements are OPTIONAL. Each element is initially indeterminate (7). Any element in
the source for which logical_expression evaluates to TRUE is then placed at the corre-
sponding index position in the result.

Bag: The result bag has the same base tvpe and upper bound as the source bag. The
lower bound is zero. The result bag is initially empty. Any element in the source for wlich
logical_expression evaluates to TRUE is then added to the result.

List: The result list has the same base type and upper bound as the source list. The
lower bound is zero. The result list is initially empty. Any element in the-source for wlich
logical_expression evaluates to TRUE is then added to the end of theresult. The onder
of the source list is preserved.

Set: The result set has the same base type and upper bound as-the source set. The loper
bound is zero. The result set is initially empty. Any elefient in the source for wHich
logical_expression evaluates to TRUE is then added to\the result.

NQTE If the aggregate source is an empty aggregation thenthat empty aggregation is the result.
EXAMPLE 1 Assuming colour is a defined type whiCh~has as its underlying type an ENUMERATION

whiich includes pink and scarlet. The following could be used to extract from an array of colours those
whiich are either pink or scarlet.

LOCAL

folours : ARRAY OF colour;

reds : ARRAY OF OPTIONAL colour;
END_LOCAL;

redls := QUERY ( element <% _colours | ( element = pink ) OR
( element scarlet ) ) ;

EXAMPLE 2 THisyrule uses a query expression to examine all instances of entity type point. [The
resplting set corté@ins all instances of point located at the origin.

RULE twospoints_at_origin FOR (point);

WHERE

BIZEOF (QUERY (temp <* point | temp = point(0.0,0.0,0.0))) = 2;
END_RULE;

This example shows use of three implicit declarations. The first is the variable point which is implicitly
declared as the set of all point instances by the rule header. The second is the variable temp which holds
successive elements of the aggregate value point during evaluation of the query expression. The third is
the constructor point resulting from its entity declaration.

12.7 References

When an item visible in the local scope is to be used locally, the item shall be referred to by the
identifier declared for that item.
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12.7.1 Simple references

A simple reference is simply the name (identifier) given to an item in the current scope.
The items which can be referred to in this manner are:

— Attributes within an entity declaration®;

— Constants™;

—  Elements from an enumeration type*:

—{ Entities**;

— Functions*;

— Local variables within the body of an algorithm*;
— Parameters within the body of an algorithm*;

—{ Procedures;

— Rules;

— Schemas within an interface specification;

— Types.

THose items marked (*) may be referenced in this manner within an expression. Entities (marked
)| may be referenced either as constructor (see(9.2.6]), or as a local variable in a global rule (see

o).

EXAMPLE Valid simple references

line (* entity-type *)
Circle  (x entity-type *)
RED (* epumeration item *)

z_depth (x{attribute *)
12.7.2 Prefixed references

In [thé case where the same name for an enumeration item is declared in more than one defiped

datatype visible in the same scope (see clansel10Q) the ennmeration item name shall be prefiked

with the identifier of its defined data type in order to uniquely identify it. The prefixed reference
is the defined data type name followed by a full stop (. ), followed by the enumeration item name.

EXAMPLE This example shows how the enumeration item red is uniquely identified for use as
stop_signal.

TYPE traffic_light = ENUMERATION OF (red, amber, green);
END_TYPE;

TYPE rainbow = ENUMERATION OF
(red, orange, yellow, green, blue, indigo, violet);
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END_TYPE;
stop_signal : traffic_light := traffic_light.red;

ink_colour : rainbow := blue;
12.7.3 Attribute references

The attribute reference (.) provides a reference to a single attribute within an entity instance.
The expression to the left of the attribute reference shall evaluate to an entity instance or a partial
complex entity value. The identifier of the attribute to be referenced is specified following the
fulf—stop <=7~

Syntax:

179 attribute_qualifier = ’.’ attribute_ref .

Atgribute referencing returns the value of the specified attribute within the entity instancg or
partial complex entity value when used within an expression. If the expression to the left of the
atfribute reference evaluates to indeterminate (?), the attribute referénce expression evalugdtes
to indeterminate (7). If the expression to the left of the attribute reference evaluates to a pargial
complex entity value then the attribute name to the right of the attribute reference shall odcur
within the entity declaration for that partial complex entity data type. If the declared typ¢ of
th¢ expression to the left of the attribute reference is an entity data type then the attribute ngme
to [the right of the attribute reference shall be declared“in that entity data type, a supertyp¢ or
subtype of that entity data type. If the declared type of the expression to the left of the attribute
reference is a select data type, then the attribute name specified to the right shall be declared
in pn entity named in the select list or within:a&“supertype or subtype of an entity named within
the select list If the specified attribute is not present in the entity instance or partial complex
entity value, indeterminate (7) is returmed. If two or more attributes are found with the sgme
nafe then the reference is ambiguousidnd indeterminate (?7) is returned.

NQTE In the situation where ambiguous may occur it is recommended that the group reference quallfier
belused to limit the scope of theyreference.

EXAMPLE This example)shows the use of attribute referencing.
ENTITY point;

X, ¥, z : REAL;

END_ENTITY;

ENTITY, coloured_point
SUTTYPE OF (point);

1

— =BT

END_ENTITY;

PROCEDURE foo;

LOCAL
first : point := point(1.0, 2.0, 3.0);
second : coloured_point := point(1.0,2.0,3.0)||coloured_point(red) ;
x_coord : REAL;

END_LOCAL;

x_coord := first.x; —--"foo" the value 1.0
IF first.colour = red THEN (*"foo" colour is a valid reference since that
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attribute is present in the subtype
coloured_point, however, in this case the
attribute reference will return
indeterminate (?) since it is not present
in this instance. *)

IF second.colour = red THEN --"foo" TRUE since colour is a valid reference

12.7.4 Group references

The group reference (\) provides a reference to a partial complex entity value within a complex
entity instance. The expression to the left of the group reference shall evaluate to a complex

ent Y TStat 3 sieaners y—crata 4 SASER, . Pa a o ] r—rattre—to—e—retererrceql is

sp¢cified following the reverse solidus (\).

Syntax:

232 group_qualifier = ’\’ entity_ref .

A proup reference returns the partial complex entity value corresponding to the named en
dafa type within the complex entity instance being referenced when ised within an expressi
If phe expression to the left of the group reference evaluates tocindeterminate (?7), the gr
reference expression evaluates to indeterminate (7). If the declated type of the expression to
left of the group reference is an entity data type then the&ntity name specified to the righ
th¢ group reference shall be an entity in the same subtype/supertype graph as that entity d
type. If the declared type of the expression to the left-of the group reference is a select d
tyie, then the entity name specified to the right shall occur in the select list or be an entity
th¢ same subtype/supertype graph of an entity data named within the select list. If the speci
entity data type is not present in the complexentity instance being referenced, indetermin
(7] is returned. A group reference may he-further qualified with an attribute reference. In {
usage, the group reference specifies the scope of the attribute reference.

NQTE This usage is required when\a' complex entity instance type has multiple attributes with
sathe name or when a select data type contains multiple entities with attributes having the same na

Ruiles and restrictions:

A group reference which is not further qualified with an attribute reference shall appeai
an operand.6f either the entity value comparison operator (=) or the complex entity insta|
constructers (1 1).

EXAMPLET This example shows how group referencing may be used for value comparison.
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ENTITY E1

ABSTRACT SUPERTYPE;
attribl : REAL;
attrib2 : REAL;
attrib3 : REAL;

END_ENTITY;

ENTITY E2

SUBTYPE OF (E1);
attribA : INTEGER;
attribB : INTEGER;
attribC : INTEGER;
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END_ENTITY;

LOCAL
a : E1
b : E2;
END_LOCAL;

-- build complex instances of a and b
-- using the complex entity instance construction operator

:= E1(0.0,1.0,
:= E1(0.0,1.0,

.0)11E2(1,2,3);
.0)11E2(3,2,1);

NN

a\}
(*

*)

EX
daf

EN]]
ENI
EN]]

af
ENI

EN]]
ENI

TY]
ENI

LO

ENI

SUBTYPE OF (fool);

- test the values in a and b over
- those attributes declared in E1

E1 = b\E1l -- TRUE

equivalent to

(a.attribl = b.attribl) AND
(a.attrib2 = b.attrib2) AND
(a.attrib3 = b.attrib3)
AMPLE 2 This example shows how group referencing may $¢used to specify a particular en|
a type to be looked in for an attribute name.
[ITY fool;
httr : REAL;
_ENTITY;
[ITY foo2

tr2 : BOOLEAN;
_ENTITY;

[ITY t;
httr : BINARY;
_ENTITY;

E crazy=SELECT(f0e2,t);
_TYPE;

CAL
1 crazyy
_LOCRLs

IF

ity

JTHIS . FOO22 IN TYPEQE(yr) THEN -—- this ensures that 11nprar1-ir‘+nh'ln results
—-- are not caused (sometimes called a guard).
v\fool.attr := 1.5; -- assigns 1.5 to the attr attribute of v
-- since attr is defined in fool the group
-- reference has to use fool.

END_TIF;

12

.8 Function call

The function call invokes a function. It consists of a function identifier possibly followed by an
actual parameter list. The number, type and order of the actual parameters shall agree with the
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formal parameters defined for that function. A function call expression evaluates to the return
value of the function when the actual parameters are substituted for the formal parameters in
the function declaration.

NOTE The actual parameters for a function may evaluate to indeterminate (7). The function should
correctly handle such values, and may itself return an indeterminate value.

A function invocation extends the instance space. Any instances created during the evaluation of
the function shall be uniquely identifiable throughout the entire population of known instances.
Normally, an instance so created is not known outside of the creating invocation, and, in partic-
ular, is not a part of the instance population under consideration. The exception to this rule is
wHen such an insfance 1s refurned as, or within, the result of the function call. In this casg, [the
indtance remains known at the point of invocation. If an instance is in this way returned 0 [the
schlema level (that is, as the value of a derived attribute or constant), the instance is €pnsidgred
as |a part of the population under study.

Syntax:

219 function_call = ( built_in_function | function_ref ) [ actual_ parameter_list ]
167 actual_parameter_list = ’(’ parameter { ’,’ parameter } ’)%
364 parameter = expression .

Ruiles and restrictions:

The actual parameters passed shall be assignment ‘compatible with the formal parametgrs.
EXAMPLE An example of function call usage.

ENTITY point;
¥, ¥, 2 : number;
END_ENTITY;

FUNCTION midpoint_of_line(l:1line) :point;

END_FUNCTION;

IF |midpoint_of_line(L506) .x = 9.0 THEN ...

-- using the attribute reference

—-- operator directly on the result
END_IF;

12.9 Aggregate initializer

Al aggregate initializer is used to establish a value of type AGGREGATE OF GENERIC that may be
assigned to an ARRAY, BAG, LIST or SET. Square brackets enclose zero or more expressions which
evaluate to values of a data type compatible with the base data type of the aggregate. When
there are two or more values, commas shall separate them. A sparse array may be initialized
using indeterminate (?7) to represent the missing values. An aggregate initializer expression
evaluates to an aggregate value containing the values specified as elements. The number of
elements initialized shall agree with any bounds specified for the aggregation data type.

When the aggregate initializer is used which contains no elements, it is establishing an empty
bag, list or set (this construct cannot be used to initialize empty arrays).
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Syntax:
169 aggregate_initializer = ’[’ [ element { ’,’ element } ] ’]°
203 element = expression [ ’:’ repetition ]

287 repetition = numeric_expression .

EXAMPLE 1 Given the declaration

a : SET OF INTEGER;

a value may be assigned as:
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a:=1[1, 3, 6, 9¥x8, -12 ] ; -- 9%8 is an expression = 72

hen a number of consecutive values are the same, a repetition may be applied: Thi
resented by two expressions separated by the ‘-’ character. The expression tothe left of
on is the value to be repeated. The expression to the right of the colon, the;repetition, gi
e number of times the left-hand value is to be repeated. This expression, shall evaluate to n|

bative integer value, and is evaluated once prior to initialization. If-the repetition evalug
p aggregate.
AMPLE 2 Given the following declaration
BAG OF BOOLEAN ;
e two following statements are equivalent

= [ TRUE:5 ];
= [ TRUE, TRUE, TRUE, TRUE, TRUE ],

.10 Complex entity instance construction operator

e complex entity instanceseanstruction operator (||) constructs an instance of a comy
ity by combining the partial complex entity values. The partial complex entity values 1
combined in any order, A complex entity instance construction operator expression evalug
either a partial complex entity value or a complex entity instance. A partial complex en
ba, type may only)occur once within one level of an entity instance construction operg
bression. A partial complex entity value may occur at different levels if these are nested, t
if a partialicomplex entity value is being used to construct a complex entity instance wh
ys the rglé of an attribute within partial complex entity value being combined to form

complex entity instance. If either of the operands evaluates to indeterminate (?), the express

eV

lGates to indeterminate (7). See annex [B]for further information on complex entity instan
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indeterminate (?) then the element expression to the left of the €olon is not initialized into
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If an entity instance or a part of an entity instance (via a group reference) is used as the operand
of a complex entity constructor then a shallow copy (see(9.2.6)) of that instance or its attributes
are used.

EXAMPLE Given:

ENTITY a
ABSTRACT SUPERTYPE;

al : INTEGER;

END_ENTITY;
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ENTITY b SUBTYPE OF (a);
bl : STRING;
END_ENTITY;

ENTITY c SUBTYPE OF (a);
cl : REAL;
END_ENTITY;

Then the following complex entity instances may be built.
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LOCAL
vl : a ;
Y2 : c ;
END_LOCAL;
¥2 := a(2) || c(7.998e-5); -- this is of type a&c
yi1 := v2 || b(’abc’); -- this is of type a&b&c
y1 := v2\a || b("00002639"); -- this is of type a&b
yi := vl || v2; -- this is invalid since it would be of 'type a&b&a&c

NQTE The first assignment to vl copies the instance created by the e0miplex instance construction

op¢rator, this instance contains the value of v2, not the v2 instance.

12.11 Type compatibility

THe operands of an operator shall be compatible with the data type(s) required by the operagor.
THe data types of both operands of certain operaters’shall also be compatible with each other;
th¢se cases have been identified earlier in this clause. Data types may be compatible withput

b

D

— the data types are the same;

ng identical. Data types are compatible whén one of the following conditions holds:

— one data type is a subtype or. specialization of the other (including defined data types wlich

based on extensible data types);

use a defined data type as\the underlying data type and constructed data types that [are

— both data types_@te-array data types with compatible base data types and identical bouilds;

— both data_typés are list data types with compatible base data types.

— both data types are either bag or set data types with compatible base data types.

EXAMPLE Given the following definitions:

TYPE natural = REAL;
WHERE SELF >= 0.0;
END_TYPE;

TYPE positive = natural;
WHERE SELF > 0.0;
END_TYPE;

TYPE bag_of_natural = BAG OF natural;
END_TYPE;

©ISO 2004 — All rights reserved

119


https://standardsiso.com/api/?name=b0ebdeb331e7a5d30bd8dba494547ac9

IS

O 10303-11:2004(E)

TYPE set_of_up_to_five_positive = SET [0:5] OF positive;
END_TYPE;

the following are compatible data types:

Given Is compatible with

REAL INTEGER, REAL, NUMBER, natural, positive

natural REAL, NUMBER, natural, positive

positive REAL, NUMBER, natural, positive

bag_of_natural BAG OF REAL, BAG OF NUMBER, BAG OF natural,
BAG OF positive, SET OF REAL, SET OF NUMBER,

SET OF natural, SET OF positive, bag_of_natural,

S¢

set_of_up_to_five_positive
t_of_up_to_five_positive | BAG OF REAL, BAG OF NUMBER, BAG OF natural,
BAG OF positive, SET OF REAL, SET OF NUMBER,
SET OF natural, SET OF positive, bag_of_natural,
set_of_up_to_five_positive

12
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tye is the data type itself.
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.12 Select data types in expressions

hen verifying a schema a level 2 parser shall identify type compatibility of operands
brators in expressions. An expression involving a SELECT dat&_type may only be valid
tain data specified in the select list, and not valid for other data types in the select list.
b following rules are specifically for for these data types.

e data type returned by an expression containingZoperands whose declared type is a se
ba type is a select data type which contains all thie'return types from valid expressions poss
m the specified operands.

e non-select data types of a select datastype are the non-select data types of each data t
the select list of the select; the nonysglect data type of a data type which is not a select d|

L12.1 Select data types-in unary expressions

is covers the operatoers -, +, NOT and the QUERY expression.

if all of the{mon-select data types in the select list of the declared type of the operand
valid i the context of the expression, the expression is valid and should return a v
result;

nd
for
So

| clause [12] has identified the valid data types in expressiohs)ignoring the SELECT data types;

ect
ble

Vpe
ta

is subclause specifie§ the handling of select data types in expressions with a single operand.

are

lid

i’some but not all of the non-select. data types in the select list of the declared type of

the

12

operand are valid in the context of the expression, the expression is valid but may produce

errors if values from those types which are invalid are evaluated in the expression;

when none of the non-select data types in the select list of the declared type of the operand
are valid in the context of the expression, the expression is invalid and will always return

an invalid result.

.12.2 Select data types in binary expressions

This subclause specifies the handling of select data types in expressions with two operands.
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if for each non-select data type in the select list of the declared type of the left operand there
exists a valid expression with each non-select data type in the select list of the declared

type of the right operand, then the expression is valid and should return a valid result;

if some but not all of the non-select data types in the select list of the declared type of the
left operand are valid in the context of the expression and at least one one non-select data
type of the right operand, the expression is valid but may produce errors if values from

those types which are invalid are evaluated in the expression;

when none of the non-select data types in the select list of the declared type of the left
operand are valid in the context of the expression and any of the non-select data types of

12,12.3 Select data types in ternary expressions

Th

Th

is flealt with in the context of select data types as if it were two separate expressions which

A

Z

13 Executable statements

the right operand, the expression is invalid and will always return an invalid result.

e only EXPRESS expression that contains three operands is the interval expression. ]

Ded together.

ecutable statements define the actions of functionsy procedures, and rules. These statemgd
only on variables local to a FUNCTION, PROGEPURE or RULE. They are used to define

is subclause specifies the handling of select data types in expressions with ¢hree operands.

his
are

nts
the

logic and actions required to support the definition of constraints, these are, WHERE claises
anfl RULEs. These statements do not affect the entity instances within the domain as defineq in
clquse |l The executable statements are hull, ALIAS, assignment, CASE, compound, ESCAPE,| IF,
précedure call, REPEAT, RETURN, and(SKIP.

Syntax:

309 stmt = alias_stmt J.\assignment_stmt | case_stmt | compound_stmt | escape_stmt ||
if_stmt | .nu¥l_stmt | procedure_call_stmt | repeat_stmt | return_stmt |
skip_stmt..

Exiecutable statements can appear only within a FUNCTION PROCEDURE or RULE.
13.1  Null (statement)
Arn-execentablestatement—which—eonsistsselely—ofa—semicolonis—ealeda—nulstatement— No
action occurs as a result of a null statement.
Syntax:
260 null_stmt = ’;’
EXAMPLE The following is a potential use of the null statement.
IF a = 13 THEN
; —— this is a null statement.
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ELSE
b :=5 ;
END_IF ;

13.2 Alias statement

The ALIAS statement provides a local renaming capability for qualified variables and parameters.

Syntax:

174 alias_stmt = ALIAS variable_id FOR general_ref { qualifier } ’;’ stmt { stmt }

END ALTAS °:°

A
4

28 general_ref = parameter_ref | variable_ref .

W
pri
FO
N(

EX
thd

EN]

ENI

thin the scope of an ALIAS statement, variable_id is implicitly declared toroe'an apyj
ately typed variable which holds the value referenced by the qualified identifier following
R keyword.

TE The visibility rules for variable_id are described in [10.3.1

AMPLE Assuming there is an entity data type point with attributes x,y,z, ALIAS may be use

function calculate_length to reduce the length of the returned expression.
[ITY line;

tart_point,

end_point : point;

_ENTITY;

FUNCTION calculate_length (the_line : line)’: real;

AL
4

|
ENI
ENI

13
13
Th
ex]

st4
an

[AS s FOR the_line.start_point;
\LIAS e FOR the_line.end_point;
RETURN (SQRT((s.x - e.x)**2 +- (8'y - e.y)**2 + (s.z - e.z)*x2)) ;
END_ALIAS;
_ALIAS;
_FUNCTION;

.3 Assignment
L3.1 Assignment statement
e assignment statement is used to assign an instance to a local variable or parameter. If

ression-t6 the right of the assignment statement is an entity instance then the assignm
tenderit assigns a reference to that entity instance to the local variable or parameter. Afters

the

] in

the
ent

1ch

assignment changes to the local variable or parameter are reflected in the original instaijce.

An assignment statement may also be used to copy values to a local variable or instance, when
they are declared to be non-entity data types. The data type of the value assigned to the variable
shall be assignment compatible with the variable or parameter.

NOTE 1

variable or parameter.

122

An assignment statement cannot be used to create a value copy of an instance in a local
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Syntax:

176 assignment_stmt = general_ref { qualifier } ’:=’ expression ’;’
228 general_ref = parameter_ref | variable_ref .

EXAMPLE The following are valid assignments.

LOCAL
a, b : REAL ;
P : point;
END_LOCAL ;

13

Fo

N
or

a)

b)

Th

cofnpatible if any of the following hold true:

b
* a;

1]
o N -
o=

3.2 Assignment compatibility

a value to be assigned to a derived attribute, local variable, or parameter, two conditi
st be met:

parameter.

the resultant data type of the expression to be assighed must be type compatible with
data type of the variable;

the resultant value evaluated from the expression must satisfy all constraints defined
the data type of the variable.

e data type of the expression to beassigned and the data type of the variable are said to

the types are the same;

for the variablebeing assigned to;

the declared-data type of the variable being assigned to is a defined data type wh
fundanrerital data type is a select data type, and the expression evaluates to a value

datastype which is assignment compatible with one, or more, of the data types specifie
the ‘domain of the select data type (including items added to that domain by other se

D11S

TE 1 In the following text the term ‘variable’ is used to mean ong of derived attribute, local variaple,

the

for

be

the expression evaluates to a type that is a subtype or specialization of the type declajred

ose
fa
[ in
ect

data types based on the select data type).

The fundamental type of a defined type is the fundamental type of the underlying type,

and the fundamental type of a type other than a defined type is the type itself.

the variable is represented by a defined type whose fundamental type is a simple type and

the expression evaluates to a value of this simple type.

the variable is represented by an aggregation data type and the expression is an aggregate
initializer the elements of which, if any, are assignment compatible with the base type of

the aggregation data type.
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— if the object being assigned to is qualified, the following hold for the different qualifiers:

Attribute qualified:

— The declared type of the expression to the left of the attribute reference shall be
either an entity data type or a select data type defined using at least one entity
data type. The attribute named to the right of the attribute reference shall occur
in either the entity data type or an entity in the same subtype/supertype graph
as that entity data type.

— Ifthe expression to the left of the attribute reference evaluates to an instance that

contains the specified attribute and that attribute has a value, the original ydlue
is replaced by the expression to the right of the assignment statement, unless the
object being assigned to is further qualified, in which case the further gualificatjion
is used.

— If the expression to the left of the attribute reference evalmatés to an instajnce
that contains the specified attribute and that attribute has an indeterminate|(?)
value (due to it being optional or not yet set), the expression to the right of fthe
assignment statement is given to that attribute, unless'the object being assighed
to is further qualified, in which case it is in errorx

Group qualified:

— The declared type of the expression 4o the left of the group reference shall| be
either an entity data type or a selectdata type defined using at least one enfity
data type. The entity name specified to the right of the group reference shall be
an entity in the same subtype/supertype graph as the entity data type.

— If the expression to thedeft of the group reference evaluates to an instance that
contains the entity namie specified to the right of the group reference, the onigi-
nal partial complex entity value is replaced by the expression to the right of [the
assignment statemient, unless the object being assigned to is further qualified| in
which case the further qualification is used.

Element qualified:

— $he declared type of the expression to the left of the element qualifier shall] be
one of (ARRAY, BINARY, LIST or STRING) or a select type defined using one of fthe
previous types. The index_1 value shall evaluate to an integer.

124
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a value, before assignment can be made to its elements.

— If the expression to the left of the element qualifier evaluates to an ARRAY and
{LOINDEX(left) <= index_1 <= HIINDEX(left)} then:

a) if there is an element already in the array at that position, the expression to
the right of the assignment statement replaces the original value in the array
at that position, unless the object being assigned to is further qualified in
which case the further qualification is used on the original element;
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b) if there is an indeterminate (7) value in the array at that position that is

not

further qualified, the expression to the right of the assignment statement is

inserted into the array at that position.

If the expression to the left of the element qualifier evaluates to a BINARY and

{1 <= index_1 <= BLENGTH(left)} then the expression to the right of the
signment statement replaces the bit in the binary at that position.

as-

If the expression to the left of the element qualifier evaluates to a LIST and

{1 <= index_1 <= SIZEOF(left)} then the expression to the right of the
signment statement replaces the element in the list at that position. unless

as-
the

object being assigned to is qualified in which case the further qualification isluded.

If the expression to the left of the element qualifier evaluates to a STRING
{1 <= index_1 <= LENGTH(left)} then the expression to the right of the
signment statement replaces the character in the string at that position.

Range qualified:

— The declared type of the expression to the left of tlie range qualifier shall be

wnd

as-

D1e

of (BINARY or STRING) or a select type defined ausinig one of the previous types.

Both index_1 and index_2 shall evaluate to ifiteger values.

The expression to the left of the element¢qualifier shall be initialized, that is, hj
a value, before assignment can be mad@jto its elements.

If the expression to the left of thie element qualifier evaluates to a BINARY

{1 <= index_1 <= index_2}~AND (index_2 <= BLENGTH(left)) then the
pression to the right of the*assignment statement replaces the elements origin;
between index_1 and index_2.

NOTE 2 1If BLENGTH(right) <> (index_2 - index_1 + 1) then BLENGTH(left)
be changed by this-assignment.

If the expression to the left of the element qualifier evaluates to a STRING
{1 <=.4ndex_1 <= index_2} AND (index_2 <= LENGTH(left)) then the exj
sion-to)the right of the assignment statement replaces the elements originally
tween index_1 and index_2.

NOTE 3 If LENGTH(right) <> (index_2 - index_1 + 1) then LENGTH(left) wil
changed by this assignment.

aAve

nd
ex-
WLy

will

wnd
res-

be-

be

— If the object being assigned to 1s qualified and 1s not dealt with in the above cases, 1t 1S in

error.

If the expression evaluates, in a level 4 compliant parser, to a type that is a generalization of
the type declared for the variable being assigned to, the assignment statement is said to be
not invalid. This implies that there may be valid assignments using this assignment statement,
when the actual values returned from the expression obey the rules specified above, however,
unpredictable results will occur if the actual values returned by the expression are not compatible
using the rules defined above.
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Those partial complex entity instances that are not valid complex entity instances (see annex
cannot be assigned to parameters or variables, nor can they be passed as actual parameters to
functions or procedures. This does not restrict the assignment of valid complex entity instances.

13.4 Case statement

The CASE statement is a mechanism for selectively executing statements based on the value
of an expression. A statement is executed depending on the value of the selector. The case
statement consists of an expression, which is the case selector, and a list of alternative actions,
each one preceded by one or more expressions which are the case labels. The evaluated type
of the case label shall be compatible with the type of the case selector. The first occurring

cas
th
sel
the
(7

Caq

e label that is value equal to the case selector is selected and the statements associated\w
t label are executed. Value equality comparisons that result in UNKNOWN or FALSE-are
beted. At most, one case-action is executed. If the selector evaluates to indeterminate
n the OTHERWISE clause, if present, is executed. If a case label evaluates to indetermin
, value equality returns UNKNOWN and the statement shall not be executed DIf none of
e labels evaluates to the same value as the case selector:

if the OTHERWISE clause is present, the statement associated with~\OTHERWISE is execuf

executed.

ith
not

(7)
ate
the

ed;

if the OTHERWISE clause is not present, no statement assoeiated with the case action is

e N

bntax:

91 case_stmt = CASE selector OF { case_action} [ OTHERWISE ’:’ stmt ]
END_CASE ’;°

99 selector = expression .

89 case_action = case_label { ’,’ casellabel } ’:’ stmt .

90 case_label = expression .

Ruiiles and restrictions:

The type of the evaluated value of the case labels shall be compatible with the type of
evaluated value of the case selector.

the

EXAMPLE A simple case statement using integer case labels.
LOCAL
h : INTEGER ;
X : REAL ;
END_LOCAL ;
a =3 ;
x := 34.97 ;
CASE a OF
1 : x = SIN(x) ;
2 1 x := EXP(x) ;
3 : x := SQRT(x) ; -- This is executed!
4, 5 : x := LOG(x) ;
OTHERWISE : x := 0.0 ;
END_CASE ;
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13.5 Compound statement

The compound statement is a sequence of statements delimited by BEGIN and END. A compound
statement acts as a single statement.

NOTE A compound statement does not define a new scope.

Syntax:

192 compound_stmt = BEGIN stmt { stmt } END ’;’

EX

BE

|
ENI

13

st4

N(
loog

AMPLE A simple compound statement.

EIN

h = a+tl ;

[F a > 100 THEN
a :=0 ;
FND_IF;

>

.6 Escape statement

ESCAPE statement causes an immediate transfer to the_statement following the REPI
tement in which it appears.

p may be terminated.

TE This is the only way a REPEAT which according/to the repeat control would be in an infif

LAT

lite

81

ntax:

14 escape_stmt = ESCAPE ’;’

Riuiiles and restrictions:

EX

RE]

]

An ESCAPE statement.shall only occur within the scope of a REPEAT statement.
AMPLE The ESCGAPE statement passes control the statement following the END_REPEAT if a <
PEAT UNTIL_(&=1);

Zl;'.(a <-0)" THEN

ESCAPE;
END- IF ;

END_REPEAT; -- control transferred to here, after END_REPEAT

13.7 If ... Then ... Else statement

The IF... THEN...ELSE statement allows the conditional execution of statements based on an
expression of type LOGICAL. When the logical_expression evaluates to TRUE the statement
following THEN is executed. When the logical_expression evaluates to FALSE UNKNOWN or
indeterminate (7), the statement following ELSE is executed if the ELSE clause is present. If the
logical_expression evaluates to FALSE UNKNOWN or indeterminate (?), and the ELSE clause
is omitted, control is passed to the next statement.
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Syntax:

END_IF 73’

254 logical_expression = expression .

233 if_stmt = IF logical_expression THEN stmt { stmt } [ ELSE stmt { stmt } ]

EXAMPLE A simple IF statement.

IF a < 10 THEN
c :=c+1;
ELSE

4

T— C o

END_IF;

13.8 Procedure call statement

The procedure call statement invokes a procedure. The actual parameters provided with the fall

shall agree in number, order and type with the formal parameters defined for’that procedurg.

Syntax:

264 parameter = expression .

270 procedure_call_stmt = ( built_in_procedure | procedure~ref )
[ actual_parameter_list ] ’;°
167 actual_parameter_list = ’(’ parameter { ’,’ parameter } ’)’

Rules and restrictions:

EXAMPLE A call of the built-in procedire INSERT.

INPERT (point_list, this_point:, here );

13.9 Repeat statement

The actual parameters passed shall be assignment-compatible with the formal parametgrs.

THe REPEAT stateménd is used to conditionally repeat the execution of a sequence of state-
mgnts. Whether th€repetition is started or continued is determined by evaluating the confrol

copdition(s). Ehe*tontrol conditions are:

— finite-teration;

while a condition is TRUE;

— until a condition is TRUE.

Syntax:

286 repeat_stmt = REPEAT repeat_control ’;’ stmt { stmt } END_REPEAT ’;’

285 repeat_control = [ increment_control ] [ while_control ] [ until_control ]
235 increment_control = variable_id ’:=’ bound_1 TO bound_2 [ BY increment ]

183 bound_1 = numeric_expression .
184 bound_2 = numeric_expression .

234 increment = numeric_expression .

128
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These controls can be used in combination to specify the conditions that terminate the repetition.

These conditions are evaluated as follows to control the iterations:

a)

Upon entering the REPEAT statement, if the increment control is present, the increment
control statement is evaluated as described in [13.9.11

The WHILE control expression, if present, is evaluated. If the result is TRUE (or no WHILE
control exists), the body of the REPEAT statement is executed. If the result is FALSE,

UNKNOWN or indeterminate (?), the execution of the REPEAT statement is terminated.

EX

statement. The statement iterates until either the desired tolerancé is achieved, or one hundred cy

wh)

RE]

ENI

13

TH
va,
va
of
va,
wh

When the execution of the body of the REPEAT statement is complete, any UNTIL cdn
expression is evaluated. If the resulting value is TRUE the iteration stops and the exeeut
of the REPEAT statement is complete. If the result is FALSE or UNKNOWN the control of
REPEAT statement is returned to the increment control. If no UNTIL control is.present,
control of the REPEAT statement is returned to the increment control.

If increment control is present, the value of the loop variable is incremented by incremg
If the loop variable is between bound_1 and bound_2, including.the bounds themsel
control passes to above, otherwise the execution of the REREAT statement is terminaf

AMPLE This example shows how more than one controlling~¢ondition can be used in a REP

ichever occurs first; that is, iteration stops when the solutien, does not converge fast enough.
PEAT i:=1 TO 100 UNTIL epsilon < 1.E-6;

epsilon = ...;
_REPEAT;

9.1 Increment control

e increment control causes the.body of the repeat statement to be executed for succes
ues in a sequence. Upon-entry to the repeat statement, the implicitly declared varia
riable_id, of type number, is set to the value of bound_1. After each iteration, the vg
variable_id is set 0 variable_id + increment. If increment is not specified, the defd
ue of one (1) is used. If variable_id is between bound_1 and bound_2 (including the g
ere variable 4d-= bound_2), the execution of the repeat statement proceeds.

rol
ion
the
the

nt.
es,

ed.

EAT
les,

ive
ble
lue
ult
ase

S)

1

bntax:

35 imerement_control = variable_id ’:=’ bound_1 TO bound_2 [ BY increment ]
83 bound_1 = numeric_expression .

84-bound 2 = numeric_expression

234 increment = numeric_expression .

Rules and restrictions:

a)

b)

The numeric_expressions representing the bound_1, bound_2 and increment shall eval-

uate to numeric values.

The numeric_expressions representing the bounds and the increment are evaluated once

on entry to the REPEAT statement.
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c)

If any of the numeric_expressions representing the bounds or the increment have the value
indeterminate (7), the REPEAT statement is not executed.

Upon first evaluation of the increment control statement the following conditions are checked
for:

— if increment is positive and bound_1 > bound_2, the REPEAT statement is not exe-

cuted;

— if increment is negative and bound_1 < bound_2, the REPEAT statement is not exe-

cuted;

13.9.2 While control

— if increment is zero (0), the REPEAT statement is not executed;

— if none of the above are true, the REPEAT statement is executed until\the valug of

variable_id is outside the bounds specified or one of the other REPEAT control stgte-
ments, if present, terminates the execution.

The loop variable is initialized to bound_1 at the beginning of the-first iteration cycle and
incremented by increment at the beginning of each subsequentcycle.

The body of the REPEAT statement shall not modify thé value of the loop variable.

The REPEAT statement establishes a local scope dn\which the loop variable variablefid
is implicitly declared as a number variable. Thms any declaration of variable_id in [the
surrounding scope is hidden within the REPEAR statement, and the value of the loop varigble
is not available outside the REPEAT statemeiit.

THe WHILE control initiates and confinues the execution of the body of the REPEAT statemient

wlile the control expression is TRUE. The expression is evaluated before each iteration.

If fhe WHILE control is predent and the expression evaluates to FALSE, UNKNOWN or indeterminlate

(7], the body is not exécuted.

Syntax:

DG

39 while_control = WHILE logical_expression .
54 logital_expression = expression .

Riules and restrictions:

a)

b)

The logical_expression shall evaluate to a LOGICAL value.

The logical_expression is re-evaluated at the beginning of each iteration.

13.9.3 Until control

The UNTIL control continues the execution of the body of the REPEAT statement until the control
expression evaluates to TRUE. The expression shall be evaluated after each iteration.

130
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If the UNTIL control is the only control present, at least one iteration shall always be executed.

Syntax:

335 until_control = UNTIL logical_expression .
254 logical_expression = expression .

Rules and restrictions:

a) The logical_expression shall evaluate to a LOGICAL value.

b)| The logical_expression is re-evaluated at the end of each iteration.

13.10 Return statement

THe RETURN statement terminates the execution of a FUNCTION or PROCEDURE. A RETURN
stgtement within a function shall specify an expression. The value prodduced by evaluating
this expression is the result of the function and is returned to the peint of invocation. The
expression shall be assignment-compatible with the declared returt~{ype of the function.| A
RETURN statement within a procedure shall not specify an expresSion.

Syntax:

290 return_stmt = RETURN [ ’(’ expression ’)’ ] ’;J

Ruiles and restrictions:

The RETURN statement shall only oceur in a PROCEDURE or FUNCTION.

EXAMPLE Assorted RETURN statements.

RETURN(50) ; (* from\a function *)
RETURN (work_point) ; (* from a function *)
RETURN ; (k_from a procedure *)

13.11 Skip statement

A BKIP statement causes an immediate transfer to the end of the body of the REPEAT statemient
in which ité@ppears. The control conditions are then evaluated as described in [13.9

Syntax:

306 skip_stmt = SKIP 75”7

Rules and restrictions:

The SKIP statement shall only occur in the scope of the REPEAT statement.

EXAMPLE The SKIP statement passes control to the END_REPEAT statement which causes the UNTIL
control to to be evaluated.

REPEAT UNTIL (a=1);
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IF (a < 0) THEN

SKIP;

END_IF;

. —— statements here are missed if a < O

END_REPEAT;

14 Built-in constants

EXPRESS provides several built-in constants, which are defined here.

N(
be

14

CO
log

TE The built-in constants are considered to have exact values, even though such a value miglit
representable on a computer.

.1 Constant e

arithm function (In). Its value is given by the following mathematical formula:

o0
e = St
=0

14.2 Indeterminate
THe indeterminate symbol (?7) stands for an\ambiguous value. It is compatible with all d
types.

N(
set
tyx

14

FA
thd

14

P

—

TE The most common use of indeterminate (?) is as the upper bound specification of a bag, lis
This usage represents the notion that the size of the aggregate value defined by the aggregation d
e is unbounded.

.3 False

.SE is a LOGICAlL-gonstant representing the logical notion of falsehood. It is compatible W
BOOLEAN andWLOGICAL data types.

4 Pi

iSCayREAL constant representing the mathematical value 7, the ratio of a circle’s circumfere

not

NST_E is a REAL constant representing the mathematical value e, the\base of the natyral

ata

L or
ata

ith

ce

to

1ts diameter.

14.5 Self

SELF refers to the current entity instance or type value.

declaration, a type declaration or an entity constructor.

NOTE SELF is not a constant, but behaves as one in every context in which it can appear.

132

SELF may appear within an entity
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14.6 True

TRUE is a LOGICAL constant representing the logical notion of truth. It is compatible with the
BOOLEAN and LOGICAL data types.

14.7 Unknown

UNKNOWN is a LOGICAL constant representing that there is insufficient information available to
be able to evaluate a logical condition. It is compatible with the LOGICAL data type, but not
with the BOOLEAN data type.

Al
Al

pal

Th

all

15

FU

Th

P4

Reésult : The absolute value of V. Thereturned data type is identical to the data type of V|

EX

15

FU

Th

P4

} Built-in functions
functions (and mathematical operations in general) are assumed to evaluateto exact resy
built-in functions will return an indeterminate (?) result if passed an.indeterminate

Fameter unless explicitly specified otherwise in the description of the fufi¢tion.

e prototype for each of the built-in functions is given to show the type of the formal paramet
1 the result.

.1 Abs - arithmetic function
NCTION ABS ( V:NUMBER ) : NUMBER;
e ABS function returns the absolute value of a\number.

rameters : V is a number.

AMPLE ABS ( -10 ) -->410

.2 ACos - arithmetic function

NCTION ACOS ( V:NUMBER ) : REAL;

e ACOS function returns the angle given a cosine value.

rameters : V is a number which is the cosine of an angle.

Reésilt : The angle in radians (0 < result < ) whose cosine is ¥

[ts.

ers

Conditions : —1.0<V<1.0

EXAMPLE ACOS ( 0.3 ) --> 1.266103...

15

.3 ASin - arithmetic function

FUNCTION ASIN ( V:NUMBER ) : REAL;

The ASIN function returns the angle given a sine value.
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Parameters : V is a number which is the sine of an angle.

Result : The angle in radians (-7/2 < result < 7/2) whose sine is V.
Conditions : —1.0<V<1.0

EXAMPLE ASIN ( 0.3 ) --> 3.04692...e-1

15.4 ATan - arithmetic function

FUNCTION ATAN ( V1:NUMBER; V2:NUMBER ) : REAL;

THe ATAN function returns the angle given a tangent value of V, where V is givenby

expression V = V1/V2.
Pgrameters :
a)| V1is a number.

b)| V2 is a number.

is fr/2 or -7/2 depending on the sign of V1.

Conditions : Both V1 and V2 shall not be zero.

EXAMPLE ATAN ( -5.5, 3.0 ) --> -1.071449.\. .

15.5 BLength - binary function

FUNCTION BLENGTH ( V:BINARY ) .. (INTEGER;

THe BLENGTH function returnstthe number of bits in a binary.

Pgqrameters : V is a binary value.

Rgsult : The returnied value is the actual number of bits in the binary value passed.

EXAMPLE Usé¢ of the BLENGTH function.

Rg¢sult : The angle in radians (-7/2 < result < 7/2) whose tangent is V. If V2 is zero, the regult

the

LOCAL
1 :ANUMBER;
x HBINARY := 701010010 ;
END_LOCAL;
n := BLENGTH ( x ); -- n is assigned the value 8

15.6 Cos - arithmetic function
FUNCTION COS ( V:NUMBER ) : REAL;
The cos function returns the cosine of an angle.

Parameters : V is a number which is an angle in radians.
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Result : The cosine of V (-1.0 < result < 1.0).
EXAMPLE c0S ( 0.5 ) --> 8.77582...E-1
15.7 Exists - general function
FUNCTION EXISTS ( V:GENERIC ) : BOOLEAN;
The EX1STS function returns TRUE if a value exists for the input parameter, or FALSE if no value

exists for it. The EXISTS function is useful for checking if values have been given to OPTIONAL
attributes, or if variables have been initialized.

Pdqrameters : V is an expression which results in any type.

Rgsult : TRUE or FALSE depending on whether V has an actual or indeterminates(?) value.

EXAMPLE 1IF EXISTS ( a ) THEN ...
15.8 Exp - arithmetic function
FUNCTION EXP ( V:NUMBER ) : REAL;
THe EXP function returns e (the base of the natural logarighm' system) raised to the power V.
Pd4rameters : V is a number.

Rgsult : The value eV.

EXAMPLE EXP ( 10 ) --> 2.202646...E+4

15.9 Format - general function

FUNCTION FORMAT (N:NUMBER; &:STRING) : STRING;

THe FORMAT returns a fotmatted string representation of a number.
P4rameters :

a)| Nis a number (integer or real).

b)| F is.&string containing formatting commands.

Reésult - A string representation of N _formatted m‘rﬂnrding to F Pnn‘ndihg is npp]ipﬂ to lthe

string representation if necessary.

The formatting string contains special characters to indicate the appearance of the result. The
formatting string can be written in three ways:

a) The formatting string can give a symbolic description of the output representation.
b) The formatting string can give a picture description of the output representation.
c¢) When the formatting string is empty, a standard output representation is produced.
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15.9.1 Symbolic representation
The general form of a symbolic format is [sign]width[.decimals]type.

— sign indicates how the sign of the number is represented. If sign is either not specified or
specified as a minus (=), the first character returned is a minus for negative numbers and
a space for positive numbers (including zero). If sign is specified as a plus (+), the first
character returned is a minus for negative numbers, a plus for positive numbers and a space
for zero.

— width gives the total number of characters in the returned string. This shall be an integer
number greater than two. If the width is specified with a preceding zero, the rettiwrhed
string will contain preceding zeros, otherwise preceding zeros are suppressed. If the wampber
to be formatted requires more characters than specified by width, a string with the’numper
of characters required by the format is returned.

— decimals gives the number of digits that are returned in the string<to the right of [the
decimal point. If specified, the decimals shall be a positive integer ntmber. If decimalf is
not specified, the decimal point and following digits are not returned in the string.

Ul

—| type is a letter indicating the form of the number being repfésented in the string.
— if type is I, the number shall be represented as _an integer and;

— decimals shall not be specified;

— the width specification shall be at-least two;

— if type is F, the number shall bérepresented by a fixed point real and;
— the decimals, if spetified, shall be at least one;
— if the decimal®@\is not specified, the default value of two shall be assumed;
— the width specification shall be at least four;

— if typeds)E, the number shall be represented by an exponential real and;
—~decimals shall always be specified for a type E;

— the decimals specification shall be at least one;

— the width specification shall be at least seven (7);

— a zero prefixed width will result in the first two characters of the mantissa being
0.;

— the exponent part shall be a minimum of two characters with an explicit sign;
— the displayed ‘E’ shall be in uppercase.
NOTE Table |20 shows how formatting affects the appearance of different values.
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Table 20 — Example symbolic formatting effects

15

In

Th

Th

N

Number Format Display | Comment

10 +71 ’ +10’ | Zero suppression

10 +071 +000010’ | Zeros not suppressed

10 10.3E |’ 1.000E+01’

123.456789 | 8.2F 7 123.46°

123.456789 | 8.2E ’1.23E+02’

123.456789 | 08.2E ’0.12E+02’ | Preceding zero forced

9.876E123 |8.2E ’9.88E+123’ | Exponent part is 3 characters
and width ignored

32.777 61 ’ 33’ | Rounded

9.2 Picture representation

the picture format each picture character corresponds to a character in the’returned stri
e characters used are given in Table

Table 21 — Picture formatting characters

# (hash mark)

, (comma)

. (dot)

+ - (plus and minus)
() (parentheses)

represents adigit

a separator

a sepatrator
represents the sign
represents negation

e separators ‘.’

and ‘,” are used as follows:

if the ‘" appears in the format strihg before the ‘.’ the ‘,
and the ‘. represents the decimial character;

if the ‘> appears in the format string before the ¢,’, the ‘.
and the °,” represents the/decimal character;

" represents a grouping chara

)

represents a grouping chara

if only one separator appears in the format string, this represents the decimal charactet.

y other characteér is displayed without change.

TE Table 22| shows how formatting affects the appearance of different values.

Table 22 — Example picture formatting effects

ng.

ter

ter

Number | Format Display | Comment

10 ### T 10’

10 (###) > 10’ | parentheses ignored
-10 (###) '(10)

7123.456 | ### #4## . #4# |’ 7,123.46° | USA notation
7123.456 | ### . ##4 ,## |’ 7.123,46’ | European notation
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15.9.3 Standard representation

The standard representation for an integer number is ’>7I°. The standard representation for a
real number is >10.1E’. See the description of symbolic representations above.

15.10 HiBound - arithmetic function
FUNCTION HIBOUND ( V:AGGREGATE OF GENERIC ) : INTEGER;

The HIBOUND function returns the declared upper index of an ARRAY or the declared upper
bound of a BAG, LIST or SET.

Pdqrameters : V is an aggregate value.

Re¢sult :

a)| When V is an ARRAY the returned value is the declared upper index.

b)| When V is a BAG, LIST or SET the returned value is the declared-upper bound; if there [are
no bounds declared or the upper bound is declared to be indetérminate (?) indetermirfate
(?) is returned.

EXAMPLE Usage of HIBOUND function on nested aggregate valués.
LOCAL

b : ARRAY[-3:19] OF SET[2:4] OF LIST[0:7] OFINTEGER;
b1, h2, h3 : INTEGER;

END_LOCAL;
0 [-3] [11[1] := 2; -- places a‘value in the list
h1 := HIBOUND(a); -— =19\(upper bound of array)
h2 := HIBOUND(a[-3]); -- = 4 (upper bound of set)
b3 := HIBOUND(a[-3][1]); =~~\= ? (upper bound of list (unbounded))

15.11 Hilndex - arithmetic function
FUNCTION HIINDEX A* V:AGGREGATE OF GENERIC ) : INTEGER;

THe HIINDEX function returns the upper index of an ARRAY or the number of elements in a BAG,
LI4T or SET:

Pgrameters : V is an aggregate value.

Result :

a) When V is an ARRAY, the returned value is the declared upper index.

b) When V is a BAG, LIST or SET, the returned value is the actual number of elements in the
aggregate value.

EXAMPLE Usage of HIINDEX function on nested aggregate values.
LOCAL
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a : ARRAY[-3:19] OF SET[2:4] OF LIST[0:?] OF INTEGER;
hi, h2, h3 : INTEGER;

END_LOCAL;
a[-3][1]1[1] := 2; —-- places a value in the list
hl := HIINDEX(a); -- = 19 (upper bound of array)
h2 := HIINDEX(a[-31); -— = 1 (size of set) -- this is invalid with respect
-- to the bounds on the SET
h3 := HIINDEX(a[-3][1]); -- = 1 (size of list)

15.12 Length - string function

FUNCTION TENGTH ( V-STRING ) - TNTEGER:

THe LENGTH function returns the number of characters in a string.
Pgrameters : V is a string value.

Rgsult : The returned value is the number of characters in the string and shall be greater than
or lequal to zero.

EXAMPLE Usage of the LENGTH function.

LOCAL
n : NUMBER;
x1 : STRING := ’abc’;
¥2 : STRING := "0000795E00006238";
END_LOCAL;
n := LENGTH ( x1 ); -- n is assigned the-value 3
® := LENGTH ( x2 ); -- n is assigned the-value 2

15.13 LoBound - arithmetic function
FUNCTION LOBOUND ( V:AGGREGATE OF GENERIC ) : INTEGER;

THe LOBOUND function returns the declared lower index of an ARRAY, or the declared lower
bound of a BAG, LIST of SET.

Pdqrameters : V4sian aggregate value.

Re¢sult :

a)[ When V is an ARRAY the returned value is the declared lower index.

b) When V is a BAG, LIST or SET the returned value is the declared lower bound; if no lower
bound is declared, zero (0) is returned.

EXAMPLE Usage of LOBOUND function on nested aggregate values.

LOCAL
a : ARRAY[-3:19] OF SET[2:4] OF LIST[0:7] OF INTEGER;
hil, h2, h3 : INTEGER;

END_LOCAL;

h1 := LOBOUND(a); -- =-3 (lower index of array)
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h2
h3 :

LOBOUND (a[-31) ; _
LOBOUND (a[-3][1]); --

2 (lower bound of set)
0 (lower bound of list)

15.14 Log - arithmetic function
FUNCTION LOG ( V:NUMBER ) : REAL;
The LOG function returns the natural logarithm of a number.

Parameters : V is a number.

Rgsult : A real number which is the natural logarithm of V.
Conditions : V> 0.0

EXAMPLE 1L0G ( 4.5 ) --> 1.504077...E0

15.15 Log2 - arithmetic function

FUNCTION LOG2 ( V:NUMBER ) : REAL;

THe LOG2 function returns the base two logarithm of a number,
Pd4rameters : V is a number.

Regsult : A real number which is the base two loggrithm of V.
Conditions : V> 0.0

EXAMPLE L0G2 ( 8 ) --> 3.00...E0

15.16 LoglO0 - arithmetic function

FUNCTION LOG10 ( V:NUMBER ) : REAL;

THe LOG10 function returns the base ten logarithm of a number.
P4rameters : ANis a number.

Regsult : Areal number which is the base ten logarithm of V.

Conditions : V> 0.0

EXAMPLE 1L0G10 ( 10 ) --> 1.00...EO

15.17 Lolndex - arithmetic function

FUNCTION LOINDEX ( V:AGGREGATE OF GENERIC ) : INTEGER;
The LOINDEX function returns the lower index of an aggregate value.

Parameters : V is an aggregate value.
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Result :

a)

b)

When V is an ARRAY the returned value is the declared lower index.

When V is a BAG, LIST or SET, the returned value is 1 (one).

EXAMPLE Usage of LOINDEX function on nested aggregate values.

LOCAL
a : ARRAY[-3:19] OF SET[2:4] OF LIST[0:7] OF INTEGER;
hil, h2, h3 : INTEGER;

END—EO6CAL
1 := LOINDEX(a); -- =-3 (lower bound of array)
h2 := LOINDEX(a[-3]); -- =1 (for set)
h3 := LOINDEX(a[-3][1]); -- = 1 (for list)
15.18 NVL - null value function
FUNCTION NVL(V:GENERIC:GEN1; SUBSTITUTE:GENERIC:GEN1) :GENERIC:GEN1;
THe NVL function returns either the input value or an alternate valie in the case where the in
hap a indeterminate (7) value.
Pgrameters :
a)| Vis an expression which is of any type.
b)|[ SUBSTITUTE is an expression which shall\not evaluate to indeterminate (7).

R¢sult : When V is not indeterminate(7), that value is returned. Otherwise, SUBSTITUT

ref]

EN]

WHI

ENI

urned.

AMPLE The NVL function-js*used to supply zero (0.0) as the value of Z when Z is indetermiy

[ITY unit_vector;

X, vy : REAL;
% : OPTIONAL~REAL;

FRE

x**2 + y%*2 + NVL(z, 0.0)**2 = 1.0;

_ENTITY;

1!

put

1S

late

J9 0Odd - arithmetic function

FUNCTION ODD ( V:INTEGER ) : LOGICAL;

The oDD function returns TRUE or FALSE depending on whether a number is odd or even.

Parameters : V is an integer number.

Result : When V MOD 2 = 1 TRUE is returned; otherwise FALSE is returned.

Conditions : Zero is not odd.
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EXAMPLE 0DD ( 121 ) --> TRUE

15.20 RolesOf - general function

FUNCTION ROLESOF ( V:GENERIC_ENTITY ) : SET OF STRING;

The ROLESOF function returns a set of strings containing the fully qualified names of the roles
played by the specified entity instance. A fully qualified name is defined to be the name of the
attribute qualified by the name of the schema and entity in which this attribute is declared (that

is,

P4

Rgsult : A set of string values (in upper case) containing the fully qualified names of

att
en|

W
if

na

EX
fur]

SCHEMA that_schema;

EN]

ENI

EN]

ENI

ENI

SCHEMA this_schema;

US]

CONSTANT

ENI

EN]

¥, ¥, z : REAL;

>SCHEMA .ENTITY.ATTRIBUTE’).

rameters : V is any instance of an entity data type.

ributes of the entity instances which use the instance V. If V is indeterminate (?) then
pty set is returned.

hen a named data type is USE’d or REFERENCE’d, the schema and themame in that schel
enamed, are also returned. Since USE statements may be chained, all the chained schd
nes and the name in each schema are returned.

AMPLE This example shows that a point might be used as thé centre of a circle. The ROLE
ction determines what roles an entity instance actually playse

'ITY point;
_ENTITY;
[ITY line;
tart,

end @ point;

_ENTITY;

_SCHEMA;
E. FROM that_schemag (point,line);
rigin :{ppint := point(0.0, 0.0, 0.0);

_CONSTANT;

[ITY circle;

the
an

na,
ma

centre : point;

axis . vector;

radius : REAL;
END_ENTITY;

LOCAL
p : point := point(1.0, 0.0, 0.0);
c : circle := circle(p, vector(1l,1,1), 1.0);
1 : line := line(p, origin);

END_LOCAL;

142
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>THIS_SCHEMA.CIRCLE.CENTRE’ IN ROLESOF(p) THEN -- true
;fHIS_SCHEMA.LINE.START’ IN ROLESOF(p) THEN -- true
;%HAT_SCHEMA.LINE.START’ IN ROLESOF(p) THEN -- true
;fHIS_SCHEMA.LINE.END’ IN ROLESOF(p) THEN -- false

15.21 Sin - arithmetic function

FUNCTION SIN ( V:NUMBER ) : REAL;

Th

P4

e SIN function returns the sine of an angle.

rameters : V is a number representing an angle expressed in radians.

Rgsult : The sine of V (-1.0 < result < 1.0).

EX

15

FU

Th

P4

AMPLE SIN ( PI ) --> 0.0

.22  SizeOf - aggregate function

NCTION SIZEOF ( V:AGGREGATE OF GENERIC ) : INTEGER);

e SIZEOF function returns the number of elements in.an aggregate value.

rameters : V is an aggregate value.

Re¢sult :

a)

b)

EX

LO
1

3

ENI

When Vis an ARRAY the returnedvalue is its declared number of elements in the aggregaf]
data type.

When V is a BAG, LIST O SET, the returned value is the actual number of elements in
aggregate value.

AMPLE Use of the_81ZEOF function.

CAL

p : NUMBER;

F : ARRAY2:5] OF b;
_LOCAL;

ion

the

1

hpL = SIZEQE (y\; —— n is nqqignnd the wvalue 4

15.23 Sqrt - arithmetic function

FUNCTION SQRT ( V:NUMBER ) : REAL;

The SQRT function returns the non-negative square root of a number.

Parameters : V is any non-negative number.

Result : The non-negative square root of V.
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Conditions : V> 0.0

EXAMPLE SQRT ( 121 ) --> 11.0

15.24 Tan - arithmetic function

FUNCTION TAN ( V:NUMBER ) : REAL;

The TAN function returns the tangent of of an angle.

Parameters : V is a number representing an angle expressed in radians.

Rg¢sult : The tangent of the angle. If the angle is n7/2, where n is an odd integer, indetetmin

(7
EX
15
FU
Th
thd

LO|
SE

type.

N(
val
val

dif]

P4

Rgsult : The contents of the returned SET of STRING values are the names (in upper case

all
th

an
Sp

a)

is returned.

AMPLE TAN ( 0.0 ) --> 0.0
.25 TypeOf - general function
NCTION TYPEOF ( V:GENERIC ) : SET OF STRING;

e TYPEOF function returns a SET of STRING that contains thenames of all the data types t|
parameter is a member of. Except for the simple datasypes (BINARY, BOOLEAN, INTEG

GICAL, NUMBER, REAL, and STRING) and the aggregation'data types (ARRAY, BAG, LIST,

r), these names are qualified by the name of the schema that contains the definition of

TE 1 The primary purpose of this function isit0 check whether a given value (variable or attrih
ue) can be used for a certain purpose, for example, to ensure assignment compatibility between
ues. It may also be used if different subtypes or specializations of a given type have to be treg
erently in some context.

rameters : V is a value of any, type.

types that the valueg¥is a member of. Such names are qualified by the name of the schd
t contains the defimition of the type (?SCHEMA.TYPE’) if it is neither a simple data type
aggregation datatype. It may be derived by the following algorithm (which is given here
pcification pdrposes rather than to prescribe any particular type of implementation):

The «estlt set is initialized by using both the type name that V belongs to (by declarati
aidd{ if these are different also the type name that the instance of V represents, includ

ate

hat

wnd
the

ute
two
ted

of
ma
or
for

=

bn)
ing

their schema names if the type names are named data types, and applying the follow

ing

144

rules:

NOTE 2 When the actual parameter to TypeOf was a formal parameter to some function being
evaluated, the “type to which V belongs (by declaration)” is the type declared for the original actual
parameter, or the result data type for the actual parameter expression as specified in clause and

not the type declared for any formal parameter for which it has been substituted.

— If Vis an aggregate value, the type name is just the name of the aggregation data type

(ARRAY, BAG, LIST, SET), not anything else.

— If V is an enumeration data type based on another enumeration data type, add

the
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— If V evaluates to indeterminate (?), an empty SET is returned.

names of the enumeration data types reached by traversing the BASED_ON relationships
from the current enumeration data type.

If V is an extensible enumeration data type, recursively add the names of the enumer-
ation data types which are extensions to V.

NOTE 3 The two last items in the list above are true for an extensible enumeration data type
that is based on another enumeration data type.

b)| Repeat until the SET stops growing:

1)

Repeat for all names in the result SET:

if the current name is the name of a simple data type: skip;

if the current name is the name of an aggregation data typée (ARRAY, BAG, LI
SET): skip;

if the current name is the name of an enumeration data type: skip;

if the current name is the name of a select_data type: the names of all the ty
(with the schema name) in the select listywhich are actually instantiated b,
are added to the result SET. (This may, be more than one, as the select list 1
contain names of types that are compatible subtypes of a common supertype
specializations of a common generalization.);

if the current name is the ndame of any other sort of defined data type: the n4g
of the type referenced bythis type definition including the schema name, wh
necessary, is added to-the result SET. If the referenced type is an aggregation d
type, this is just the name of the aggregation data type;

if the curremt 'wame is the name of an entity: the names of all those subty
(including-the schema name, where necessary) actually instantiated by V, if 4
are added to the result SET.

Repedt4or all names in the result SET:

if the current name is the name of a subtype: the names of all its supertypes
added to the result SET.

ST,

pes
y V
hay

or

me
ere
Ata

pes
1y,

are

if the current name is the name of a specialization: the names of all its general-

izations are added to the result SET.

Repeat for all names in the result SET:

select list, do the following:

i) add the name of the select data type to the list;
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ii) if the select data type is based on another select data type, add the names of
the select data types reached by traversing the BASED_ON relationships from

the current select data type;

iii) if the select data type is an extensible select data type, recursively add

the

names of the select data types that are extensions to the current select data

type.

4) Repeat for all names in the result SET:

— if the current name has been brought into its schema by means of REFERENCE or

schema is added to the result SET. Since USE statements may be chained,
name in all chained schemas qualified by the schema names are also added to
SET.

Return result SET.

[ evaluates to indeterminate (?), TYPEOF returns an empty SET.

TE 4 This function ends its work when it reaches an aggregation data type. It does not provide
brmation concerning the base type of the aggregate value. If needed, this information can be colle
applying TYPEOF to legal elements of the aggregate value.

AMPLE 1 In the context of the following schema

SCHEMA this_schema;

]

|

]

ENI

thd

TY]
TY]

TYPE

mylist = LIST [1 : 20] OF REAL;
END_TYPE;

LOCAL
1st : mylist;
END_LOCAL;

_SCHEMA;
following conditions are TRUE:

EOF (1s3)
EOF «Ist [17])

[’THIS_SCHEMA.MYLIST’, ’LIST’]
[’REAL’, ’NUMBER’]

E

USE: the name in the interfaced schema qualified by the name of the interfaged

the
the

the
ted

AMPIE 2 The effects of USE or REFERENCE are shown based on the previous mmmp]pv

SCHEMA another_schema;
REFERENCE FROM this_schema (mylist AS hislist);

1st : hislist;

END_SCHEMA ;

In this context, the following statement is TRUE:

TYPEOF (1st) = [’ANOTHER_SCHEMA.HISLIST’, ’THIS_SCHEMA.MYLIST’, ’LIST’]

146
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15.26 UsedIn - general function

FUNCTION USEDIN ( T:GENERIC ENTITY ; R:STRING) : BAG OF GENERIC_ENTITY ;

The USEDIN function returns each entity instance that uses a specified entity instance in a
specified role.

Parameters :

2)

T is any instance of any ENTITY data type.

b)

in
Axj

W
arg
ing
en

If

EX
the
pai

EN]]
ENI
EN]
1
ENI

(*

R is a STRING that contains a fully qualified attribute (role) name as defined in [15.20

Regsult : Every entity instance that uses the specified instance in the specified role is‘retur
in fp BAG.
empty BAG is returned if the instance T plays no roles or if the role R issnot found.

hen R is an empty STRING, every usage of T is reported. All relationships directed towar

examined. When the relationship originates from an attribute with the name R, the en
tance containing that attribute is added to the result BAGs Note that if T is not used,
pty BAG is returned.

pither T or R are indeterminate (7), an empty BAG is=¢turned.
AMPLE This example shows how a rule might be&used to test that there must be a point use
centre of a circle at the origin. Note that this exAmple uses the QUERY expression (see [12.6.7)) as

ameter to the SIZEOF function.

[ITY point;

X, Vv, z : REAL;

_ENTITY;

[ITY circle;
fentre : point;

hxis . vector;
radius : REAL;
_ENTITY;

example" (This rule finds every point that is used as a circle
tentre, and then it ensures that at least one of the points lies
bt the“origin. *)

hed

d T
ity
an

|l as
the

RULE example FOR (point);

LOCAL
circles : SET OF circle := []; -- an empty set of circle
END_LOCAL;
REPEAT i := LOINDEX(point) TO HIINDEX(point);
circles := circles +
USEDIN(point[i],’THIS_SCHEMA.CIRCLE.CENTRE’);
END_REPEAT;
WHERE R1 : SIZEQF(
QUERY ( -- start query
at_zero <* circles | -- get all points
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(at_zero.centre = point(0.0, 0.0, 0.0)) -- at 0,0,0

) >=1; -- at least one
END_RULE;

15.27 Value - arithmetic function
FUNCTION VALUE ( V:STRING ) : NUMBER;

The VALUE function returns the numeric representation of a string.

Pdrameters: V is a string confaining either a real or infeger literal (see 7o)

Regsult : A number corresponding to the string representation. If it is not possible to)interpret
th¢ string as either a real or integer literal, indeterminate (?) is returned.

EXAMPLE Some results from calling VALUE with different parameters.

VALUE ( ’1.234° ) --> 1.234 (REAL)
VALUE ( °20° ) --> 20 (INTEGER)
VALUE ( ’abc’ ) --> 7 null

15.28 Value_in - membership function
FUNCTION VALUE_IN ( C:AGGREGATE OF GENERIC:GEN;)V:GENERIC:GEN ) : LOGICAL;

THe VALUE_IN function returns a LOGICAL value dépending on whether or not a particular vglue
is § member of an aggregation.

P4qrameters :
a)| Cis an aggregation of any type.

b)| Vis an expression that is\assignment compatible with the base type of C.
Reésult :
a) | If either V o 0 is indeterminate (7), UNKNOWN is returned.

b)| If anylelement of C has a value equal to the value of V, TRUE is returned.

c) | At any element of C is indeterminate (7), UNKNOWN is returned.

d) Otherwise FALSE is returned.
EXAMPLE The following test ensures that there is at least one point which is positioned at the origin.
LOCAL

points : SET OF point;

END_LOCAL;

IF VALUE_IN(points, point(0.0, 0.0, 0.0)) THEN ...
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15.29 Value_unique - uniqueness function
FUNCTION VALUE_UNIQUE ( V:AGGREGATE OF GENERIC) : LOGICAL;

The VALUE_UNIQUE function returns a LOGICAL value depending on whether or not the elements
of an aggregation are value unique.

Parameters : V is an aggregation of any type.

Result :

a)| If Vis indeterminate (?7), UNKNOWN is returned.

b)| If any any two elements of V are value equal, FALSE is returned.
c)| If any element of V is indeterminate (?), UNKNOWN is returned.
d)[ Otherwise TRUE is returned.

EXAMPLE The following test ensures that each point in a set is at a different position (by definifion
thdy are distinct, that is, instance unique).

IF|VALUE_UNIQUE(points) THEN ...

16 Built-in procedures
EXPRESS provides two built-in procedures;both of which are used to manipulate lists. The
procedures are described in this clause. Built-in procedures will not be performed if pasgsed
an|indeterminate (?7) parameter, unlesg explicitly specified otherwise in the description of [the
procedure.

THe procedure head for each is\given to show the data types of the formal parameters.
16.1 Insert

PRPCEDURE INSERT_ (VAR L:LIST OF GENERIC:GEN; E:GENERIC:GEN; P:INTEGER );

THe INSERT proeedure inserts an element at a particular position in a LIST.

P4qrameters :

h PR | QR ] 1ot 1l ] e 4 1 . VEDRDA |
a L 15 UIIT LIS 1T vValuUl 111IUU WILIUILD all TITIIITIIU 15 U DT 11I5TIL UTU.

b) E is the instance to be inserted into L. E shall be compatible with the base type of L, as
indicated by the type labels in the procedure head.

c) P is an INTEGER giving the position in L at which E is to be inserted.

Result : L is modified by inserting E into L at the specified position. The insertion follows the
existing element at position P, so when P = 0, E becomes the first element.

Conditions : 0 < P < SIZEOF (L)
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16.2 Remove

PROCEDURE REMOVE ( VAR L:LIST OF GENERIC; P:INTEGER );

The REMOVE procedure removes an element from a particular position in a LIST.
Parameters :

a) L is the LIST value from which an element is to be removed.

b) _P is an INTEGER giving the position of the element in L to be removed

Reésult : L is modified by removing the element found at the specified position P.

Conditions : 1 < P < SIZEQOF(L)
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Annex A

(normative)
EXPRESS language syntax

This annex defines the lexical elements of the language and the grammar rules which these
elements shall obey.

NOTE This syntax definition will result in ambiguous parsers if used directly. It has been written to
convey information regarding the use of identifiers. The interpreted identifiers define tokens which are
references to declared identifiers, and therefore should not resolve to simple_id. This requires a parser
developer to provide a lookup table. or similar, to enable identifier reference resolution and return

the

req
of

A

Th

symtax rules, no white space or remarks shall appear within the text matched by a single syn

rul

Al

Th

N(
sert]
sy
or

uired reference token to a grammar rule checker. This approach has been used to aid the implemen
barsers in that there should be no ambiguity with respect to the use of identifiers.

1 Tokens

e following rules specify the tokens used in EXPRESS. Except where explicitly stated in

e in the following subclauses: [A.1.7] [A.1.2| [A.T.3] and [A.1.5

1.1 Keywords

is subclause gives the rules used to represent the keywords of EXPRESS.

TE This subclause follows the typographical convention stated in [6.1] that each keyword is re
ted by a syntax rule whose left-hand side is that keyword in uppercase. Since string literals in
tax rules are case-insensitive, these keywords may\bé given in a formal specification in upper, 19
mixed case.

ABS = ’abs’ .
ABSTRACT = ’abstract’
ACOS = ’acos’

AGGREGATE = ’aggregate’
ALIAS = ’alias’

AND = ’and’

ANDOR = ’andor’

ARRAY = ’array?}

AS = ’as’

ASIN = ’asdny

© 00 NO O WN B+~ O

|0 ATAN =~atan’

|1 BAG<=\"Dbag’

|2 BASED_ON = ’based_on’
| 3”BEGIN = ’begin’

ors

the

tax

hre-
the
wer

4 D Tar Aoz 13 2
19 DINARI = D1IIdLly

15 BLENGTH

’blength’

16 BOOLEAN = ’boolean’
17 BY = ’by’

18 CASE = ’case’

19 CONSTANT = ’constant’

20 CONST_E = ’const_e’
21 COS = ’cos’

22 DERIVE = ’derive’
23 DIV = ’div’

24 ELSE = ’else’
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25
26
27
28
29

30
31
32
33
34
35

7
8
9

40
41
42
43
44
45
46
47
48
49
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END = ’end’

END_ALIAS = ’end_alias’
END_CASE = ’end_case’
END_CONSTANT = ’end_constant’
END_ENTITY = ’end_entity’

END_FUNCTION = ’end_function’
END_IF = ’end_if’

END_LOCAL = ’end_local’
END_PROCEDURE = ’end_procedure’
END_REPEAT = ’end_repeat’
END_RULE = ’end_rule’

PO END_SCHEMA = end_schema
END_SUBTYPE_CONSTRAINT = ’end_subtype_constraint’

END_TYPE = ’end_type’
ENTITY = ’entity’

ENUMERATION = ’enumeration’
ESCAPE = ’escape’

EXISTS = ’exists’
EXTENSIBLE = ’extensible’
EXP = ’exp’

FALSE ’false’

FIXED = °>fixed’

FOR = ’for’

FORMAT = ’format’

FROM = ’from’

FUNCTION = ’function’

GENERIC = ’generic’
GENERIC_ENTITY = ’generic_entity’
HIBOUND = ’hibound’

HIINDEX = ’hiindex’

IF = ’if’

IN = ’in’ .

INSERT = ’insert’
INTEGER = ’integer’
INVERSE = ’inverse’

LENGTH = ’lengthl
LIKE = ’1like’

LIST = ’list”
LOBOUND =9”Lobound’
LOCAL ={local’

LOG =\’log’
LOGIO = ’logl0’
LAG2 = ’log2’

LOGICAL = ’logical’

(o))
©

70
71
72
73
74
75
76
77
78

152

LOINDEX = ’loindex’

MOD = ’mod’

NOT = ’not’
NUMBER = ’number’
NVL = ’nvl’

0DD = ’odd’

OF = ’of’

ONEOF = ’oneof’
OPTIONAL = ’optional’
OR = ’or’
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79 OTHERWISE = ’otherwise’

PI = ’pi’ .

PROCEDURE = ’procedure’
QUERY = ’query’

REAL = ’real’

REFERENCE = ’reference’
REMOVE = ’remove’
RENAMED = ’renamed’
REPEAT = ’repeat’
RETURN = ’return’
ROLESOF = ’rolesof’

RULE = ’rule’
SCHEMA = ’schema’
SELECT = ’select’
SELF = ’self’

SET = ’set’

SIN = ’sin’
SIZEQOF = ’sizeof’
SKIP = ’skip’
SQRT = ’sqrt’

STRING = ’string’

100 SUBTYPE = ’subtype’

101 SUBTYPE_CONSTRAINT = ’subtype_constraint’
102 SUPERTYPE = ’supertype’

103 TAN = ’tan’

THEN = ’then’

TO = ’to’

106 TOTAL_OVER = ’total_over’

107 TRUE = ’true’

108 TYPE = ’type’

TYPEOF = ’typeof’

|0 UNIQUE = ’unique’

|1 UNKNOWN = ’unknown’

|2 UNTIL = ’until’

|3 USE = ’use’

USEDIN = ’usedin(

|5 VALUE = ’value’

|6 VALUE_IN = 2value_in’ .

|7 VALUE_UNIQUE' = ’value_unique’
|8 VAR = ’Yar’

|9 WHERE ’where’

T e e T e e = =SSN
S

[y
3

O_WHILE ’while’
121" WITH = ’with’
122 X0R = ’xor’

A.1.2 Character classes

The following rules define various classes of characters which are used in constructing the tokens

in[AT3l

123 bit = °0’ | ’1°
124 dlglt = 20’ | 110 I 19 | ' 3? | 40 | 5 I ’6? | 7 | 87 | 9
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125 digits = digit { digit } .
126 encoded_character = octet octet octet octet

127 hex_digit = digit | ’a’ | b’ | ’c’ | ’d’ | e’ | £’ .
128 letter = ’a’ | b | e | ’q° | rg? | 1f | 7g; | ‘h? | 140 | :j) | 'k | 10 |
‘m’ | ‘n? | ’0? | 7p: | ;q: | rr? | ’g? | LRV | ‘u? | 2 | ‘w? | rx? |
Jy) | Yz
129 lparen_then_not_lparen_star = ’(’> { ’(° } not_lparen_star { not_lparen_star } .
130 not_lparen_star = not_paren_star | ’)’
131 not_paren_star = letter | digit | not_paren_star_special .
132 not_paren_star_quote_special = 17 | 2" | ¢ | 2§ | Y | & | 2+ | 2,0 |
)y | [ | 7/) I 2. | PN | 1K | )=) I 10 |
AN NS A B I B A G R —— i
){J | JlJ I ’}) I 1~
183 not_paren_star_special = not_paren_star_quote_special | ’’7°’
134 not_quote = not_paren_star_quote_special | letter | digit | *(C | ?)’ | 7#°
185 not_rparen_star = not_paren_star | ’(’
186 octet = hex_digit hex_digit
187 special = not_paren_star_quote_special | >’ | ?)’ | x> | 222
188 not_rparen_star_then_rparen = not_rparen_star { not_rparen_star~} ’)’ { ’)’ } .

A 1.3 Lexical elements

THe following rules specify how certain combinations of ¢haracters are interpreted as lexjcal
elgments within the language.

139 binary_literal = ’%’ bit { bit } .

140 encoded_string_literal = ’"’ encoded_Character { encoded_character } ’"’
141 integer_literal = digits

142 real_literal = integer_literal |

( digits ’.° [,digits ] [ ’e’ [ sign ] digits ] )

143 simple_id = letter { letter-jrdigit | °_° } .

144 simple_string literal = \g £ ( \q \q ) | not_quote | \s | \x9 | \xA | \xD } \q|.

AlJl.4 Remarks
THe following rules-specify the syntax of remarks in EXPRESS.

145 embedded’remark = ’(*’ [ remark_tag ] { ( not_paren_star { not_paren_star } ) |

lparen_then_not_lparen_star | ( ’*° { ’%°> } ) |

not_rparen_star_then_rparen | embedded_remark } ’x)°

146-remark = embedded_remark | tail_remark .

147 ~femark tag = "> remark ref { ’ ’> remark ref } 24>

148 remark_ref = attribute_ref | constant_ref | entity_ref | enumeration_ref |
function_ref | parameter_ref | procedure_ref | rule_label_ref |
rule_ref | schema_ref | subtype_constraint_ref | type_label_ref |
type_ref | variable_ref

149 tail_remark = ’--’ [ remark_tag ] { \a | \s | \x9 | \xA | \xD } \n .

A.1.5 Interpreted identifiers

The following rules represent identifiers that are known to have a particular meaning (this is, to
be declared elsewhere as types or functions or others).
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NOTE

It is expected that identifiers matching these syntax rules are known to an implementation.

How the implementation obtains this information is of no concern to the definition of the language. One
method of gaining this information is multi-pass parsing: the first pass collects the identifiers from their
declarations, so that subsequent passes are then able to distinguish a veriable_ref from a function_ref,

for example.

150 attribute_ref = attribute_id .

151 constant_ref = constant_id .

152 entity_ref = entity_id .

153 enumeration_ref = enumeration_id .
154 function_ref = function_id .

155 parameter_ref = parameter_id .

procedure_ref = procedure_id .
rule_label_ref = rule_label_id .
rule_ref = rule_id .

schema_ref = schema_id .

T
© 0 < o

subtype_constraint_ref = subtype_constraint_id .
type_label_ref = type_label_id .

type_ref = type_id .

variable_ref = variable_id .

I o S ST
Wk O

>

2 Grammar rules

THe following rules specify how the previous lexical elements/niay be combined into construct

5 of

EXPRESS. White space and/or remark(s) may appear-between any two tokens in these rufles.

THe primary syntax rule for EXPRESS is syntax.

164 abstract_entity_declaration = ABSTRACT-{

165 abstract_supertype = ABSTRACT SUPERTYPE ’;’

166 abstract_supertype_declaration = ABSTRACT SUPERTYPE [ subtype_constraint ]

167 actual_parameter_list = ’(’ parameter { ’,’ parameter } ’)’

168 add_like_op = ’+’ | ’-’ | OR:JUXOR .

169 aggregate_initializer = ’[? [ element { ’,’ element } ] ']’

170 aggregate_source = simple_expression .

171 aggregate_type = AGGREGATE [ ’:’ type_label ] OF parameter_type .

172 aggregation_types~=.array_type | bag_type | list_type | set_type .

173 algorithm_head (= { declaration } [ constant_decl ] [ local_decl ]

174 alias_stmt =CADTAS variable_id FOR general_ref { qualifier } ’;’ stmt { stmt }
END_ALIAS ’;°

175 array_typé = ARRAY bound_spec OF [ OPTIONAL ] [ UNIQUE ] instantiable_type .

176 assignment_stmt = general_ref { qualifier } ’:=’ expression ’;’

177 attribute_decl = attribute_id | redeclared_attribute .

178 attribute_id = simple_id .

1T9-attribute_qualifier = ’.’ attribute_ref

180 bag_type = BAG [ bound_spec ] OF instantiable_type .

181 binary_type = BINARY [ width_spec ]

182 boolean_type = BOOLEAN .

183 bound_1 = numeric_expression .

184 bound_2 = numeric_expression .

185 bound_spec = ’[’ bound_1 ’:’ bound_2 ']’

186 built_in_constant = CONST_E | PI | SELF | ’?7°

187 built_in_function = ABS | ACOS | ASIN | ATAN | BLENGTH | COS | EXISTS | EXP |
FORMAT | HIBOUND | HIINDEX | LENGTH | LOBOUND | LOINDEX |
LOG | LOG2 | LOG10 | NVL | ODD | ROLESOF | SIN | SIZEOF |
SQRT | TAN | TYPEOF | USEDIN | VALUE | VALUE_IN |

©ISO 2004 — All rights reserved

155


https://standardsiso.com/api/?name=b0ebdeb331e7a5d30bd8dba494547ac9

ISO

188
189

190
191

192
193
194
195
196

I = =
©

NN NN N
INENJUN S o)

NN NN NN NN N NN
SIS N © ® < O O

NN NN

NN
~ o

10303-11:2004(E)

VALUE_UNIQUE .

built_in_procedure = INSERT | REMOVE .

case_action = case_label { ’,’ case_label } ’:’ stmt

case_label = expression .

case_stmt = CASE selector OF { case_action } [ OTHERWISE ’:’ stmt ]
END_CASE ’;°

compound_stmt = BEGIN stmt { stmt } END ’;°

concrete_types = aggregation_types | simple_types | type_ref
constant_body = constant_id ’:’ instantiable_type ’:=’ expression ’;’
constant_decl = CONSTANT constant_body { constant_body } END_CONSTANT ’;’
constant_factor = built_in_constant | constant_ref

_ —Td—

constructed_types = enumeration_type | select_type

declaration = entity_decl | function_decl | procedure_decl |

subtype_constraint_decl | type_decl

derived_attr = attribute_decl ’:’ parameter_type ’:=’ expression ’’
derive_clause = DERIVE derived_attr { derived_attr } .

domain_rule = [ rule_label_id ’:’ ] expression .

element = expression [ ’:’ repetition ]

entity_body = { explicit_attr } [ derive_clause ] [ invers§e;clause ]

[ unique_clause ] [ where_clause ]

entity_constructor = entity_ref ’(’ [ expression { ’;’‘“expression } ] ’)°
entity_decl = entity_head entity_body END_ENTITY ’4™

entity_head = ENTITY entity_id subsuper ’;’

entity_id = simple_id .

enumeration_extension = BASED_ON type_ref [ WITH enumeration_items ]
enumeration_id = simple_id .

enumeration_items = ’(’ enumeration_id { ’,’ enumeration_id } ’)’
enumeration_reference = [ type_ref 2\” ] enumeration_ref
enumeration_type = [ EXTENSIBLE ](ENUMERATION [ ( OF

enumerationiitems ) | enumeration_extension ]
escape_stmt = ESCAPE ’;’
explicit_attr = attribute_decl { ’,’ attribute_decl } ’:’> [ OPTIONAL ]
parametexr_type ’;’
expression = simple_expression [ rel_op_extended simple_expression ]
factor = simple_facdtor [ ’#**’ simple_factor ]
formal_parameter( =) parameter_id { ’,’ parameter_id } ’:’ parameter_type .
function_call«="( built_in_function | function_ref ) [ actual_parameter_list ]

function.decl = function_head algorithm_head stmt { stmt } END_FUNCTION ’;’
functiofizhead = FUNCTION function_id [ ’(° formal_parameter
{ ’;’ formal_parameter } ’)’ ] ’:’ parameter_type ’;’
function_id = simple_id .
generalized_types = aggregate_type | general_aggregation_types |
generic_entity_type | generic_type

224
225
226
227
228
229

230
231

156

general_aggregation_types = general_array_type | general_bag_type |
general_list_type | general_set_type

general_array_type = ARRAY [ bound_spec ] OF [ OPTIONAL ] [ UNIQUE ]
parameter_type

general_bag_type = BAG [ bound_spec ] OF parameter_type

general_list_type = LIST [ bound_spec ] OF [ UNIQUE ] parameter_type

general_ref = parameter_ref | variable_ref

general_set_type = SET [ bound_spec ] OF parameter_type

generic_entity_type = GENERIC_ENTITY [ ’:’ type_label ]
generic_type = GENERIC [ ’:’ type_label ]
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232 group_qualifier = ’\’ entity_ref
233 if_stmt = IF logical_expression THEN stmt { stmt } [ ELSE stmt { stmt } ]
END_IF ’;°

234 increment = numeric_expression .

235 increment_control = variable_id ’:=’ bound_1 TO bound_2 [ BY increment ]

236 index = numeric_expression .

237 index_1 = index .

238 index_2 = index .

239 index_qualifier = ’[’ index_1 [ ’:’ index_2 ] ’]°

240 instantiable_type = concrete_types | entity_ref

241 integer_type = INTEGER .

242 IMTeTTace_SpeciTITatIon = ToTIeToNCe_CIause | USe_CIause

243 interval = ’{’ interval_low interval_op interval_item interval_op
interval_high ’}’

244 interval_high = simple_expression .

245
246
247
248
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interval_item = simple_expression .

interval_low = simple_expression .

interval_op = ’<’ | ’<=’

inverse_attr = attribute_decl ’:’ [ ( SET | BAG ) [ bound_spec JOOF ] entity_rdf
FOR [ entity_ref ’.’ ] attribute_ref ’;’

inverse_clause = INVERSE inverse_attr { inverse_attr } .

list_type = LIST [ bound_spec ] OF [ UNIQUE ] instantiable_type

literal = binary_literal | logical_literal | real_diteral | string_literal

local_decl = LOCAL local_variable { local_variable } END_LOCAL °’;’

local_variable = variable_id { ’,’ variable_id\h ’:’ parameter_type
[ >:=’ expression ] ’;’

logical _expression = expression .

logical_literal = FALSE | TRUE | UNKNOWN °

logical _type = LOGICAL .

multiplication_like_op = ’*’ | ’/? 4\DIV | MOD | AND | ||’

named_types = entity_ref | type_xed

named_type_or_rename = named_types [ AS ( entity_id | type_id ) ]

null_stmt = ’;° .

number_type = NUMBER .

numeric_expression =(simple_expression .

one_of = ONEOF ’ (’ (supertype_expression { ’,’ supertype_expression } ’)’
parameter = expression .

parameter_id =-simple_id .

parameter_type = generalized_types | named_types | simple_types
population = entity_ref

precisidn.'spec = numeric_expression .

primaxy) = literal | ( qualifiable_factor { qualifier } )

procedure_call_stmt = ( built_in_procedure | procedure_ref )
[ actual_parameter_list ] ’;°

271
272

273
274

275
276
277

278

procedure_decl
procedure_head

procedure_head algorithm_head { stmt } END_PROCEDURE ’;’

PROCEDURE procedure_id [ ’>(’ [ VAR ] formal_parameter

{ ;> [ VAR ] formal_parameter } )’ ] ’;’

procedure_id = simple_id .

qualifiable_factor = attribute_ref | constant_factor | function_call |

general_ref | population .

qualified_attribute = SELF group_qualifier attribute_qualifier .

qualifier = attribute_qualifier | group_qualifier | index_qualifier .

query_expression = QUERY ’(’ variable_id ’<*’ aggregate_source ’|’
logical_expression ’)’

real_type = REAL [ ’(’ precision_spec ’)’ ]
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279 redeclared_attribute = qualified_attribute [ RENAMED attribute_id ]

280 referenced_attribute = attribute_ref | qualified_attribute
281 reference_clause = REFERENCE FROM schema_ref [ ’(’ resource_or_rename
{ ’,’ resource_or_rename } ’)’ ] ’;’
282 rel_op = <’ | > | <=2 | >=2 | <> | =2 ] > | =2
283 rel_op_extended = rel_op | IN | LIKE .
284 rename_id = constant_id | entity_id | function_id | procedure_id | type_id .
285 repeat_control = [ increment_control ] [ while_control ] [ until_control ]
286 repeat_stmt = REPEAT repeat_control ’;’ stmt { stmt } END_REPEAT °’;’
287 repetition = numeric_expression .
288 resource_or_rename = resource_ref [ AS rename_id ] .
289 TESSOUICe_Ter = CONSTant_Ter | entity_Ter | IfUncTion_rer | procedure_rer 1 |
type_ref

D0 return_stmt = RETURN [ °(° expression )’ ] 7;° .

b1 rule_decl = rule_head algorithm_head { stmt } where_clause END_RULE ’}¥
D2 rule_head = RULE rule_id FOR ’(’ entity_ref { ’,’ entity_ref } ’)2.'7%y°
p3 rule_id = simple_id .

b4 rule_label_id = simple_id .

D5 schema_body = { interface_specification } [ constant_decl ]

{ declaration | rule_decl } .

SCHEMA schema_id [ schema_version_id ] ’;% schema_body
END_SCHEMA ’;°

297 schema_id = simple_id .

P8 schema_version_id = string_literal

299 selector = expression .

N NDNNDNDDN

N

D6 schema_decl

N

w

1 select_list = ’(’ named_types { ’,’ named“types } ’)’

2 select_type = [ EXTENSIBLE [ GENERIC_ENTITY ] ] SELECT [ select_list
| select_extension ]

3 set_type = SET [ bound_spec ] OFxinstantiable_type

4 sign = ’+’ | =’

5

6

SIO select_extension = BASED_ON type_ref [ WITH Select_list ]

w

simple_expression = term {,add-like_op term }
simple_factor = aggregate_imitializer | entity_constructor |
enumerationh_reference | interval | query_expression |
( [ ymary_op 1 ( >’ expression ’)’ | primary ) )
307 simple_types = bindry_type | boolean_type | integer_type | logical_type |
numper_type | real_type | string_type .
3$8 skip_stmt = SKIP)’;’
309 stmt = alias-Stmt | assignment_stmt | case_stmt | compound_stmt | escape_stmt |
ifostmt | null_stmt | procedure_call_stmt | repeat_stmt | return_stmt |
skip_stmt

W w ww

|0 string_literal = simple_string literal | encoded_string literal .
String_type = STRING [ width_spec ]
| 2 subsuper = [ supertype_constraint ] [ subtype_declaration ]
313 subtype_constraint = OF ’(’ supertype_expression ’)’
314 subtype_constraint_body = [ abstract_supertype ] [ total_over ]
[ supertype_expression ’;’ ] .
315 subtype_constraint_decl = subtype_constraint_head subtype_constraint_body
END_SUBTYPE_CONSTRAINT ’;°
SUBTYPE_CONSTRAINT subtype_constraint_id FOR

w w w
-~

316 subtype_constraint_head

entity_ref ’;’
317 subtype_constraint_id = simple_id .
318 subtype_declaration = SUBTYPE OF °’(’ entity_ref { ’,’ entity_ref } ’)’

319 supertype_constraint = abstract_entity_declaration |
abstract_supertype_declaration | supertype_rule
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320
321
322
323
324
325
326
327
328
329

W W ww w
W N -

W
ey

388

340
341
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supertype_expression = supertype_factor { ANDOR supertype_factor } .
supertype_factor = supertype_term { AND supertype_term } .

supertype_rule = SUPERTYPE subtype_constraint .

supertype_term = entity_ref | one_of | ’(’ supertype_expression ’)’

syntax = schema_decl { schema_decl } .

term = factor { multiplication_like_op factor } .

total_over = TOTAL_OVER ’(’ entity_ref { °,’ entity_ref } ’)° ’;’

type_decl = TYPE type_id ’=’ underlying type ’;’ [ where_clause ] END_TYPE ’;’
type_id = simple_id .

type_label = type_label_id | type_label_ref

B0 type_lapbel_1d = simple_id .

unary_op = ’+’ | ’-’ | NOT .

underlying_type = concrete_types | constructed_types .
unique_clause = UNIQUE unique_rule ’;’ { unique_rule ’;’ } .
unique_rule = [ rule_label_id ’:’ ] referenced_attribute { ’,’

referenced_attribute } .
until_control = UNTIL logical_expression .
use_clause = USE FROM schema_ref [ ’(’ named_type_or_rename

{ ’,’ named_type_or_rename } ’)’ 1 ’;’
variable_id = simple_id .
where_clause = WHERE domain_rule ’;’ { domain_rule ’;’ & .

while_control = WHILE logical_expression .

width = numeric_expression .
width_spec = ’(’ width ’)’ [ FIXED ]

Cross reference listing

THe production on the left is used in the prod@ttions indicated on the right.

0 ABS | 187

1 ABSTRACT | 164165 166
2 ACOS | \187

3 AGGREGATE [-171

4 ALIAS | 174

5 AND | 257 321
6 ANDOR | 320

7 ARRAY | 175 225
8 AS | 259 288
9 ASIN | 187

|0 ATAN | 187

|1 BAG | 180 226 248
|2 BASED>ON | 209 300
|3 BEGIN | 192

| 4-BINARY | 181

15 BLENGTH [ 187

16 BOOLEAN | 182

17 BY | 235

18 CASE | 191

19 CONSTANT | 195
20 CONST_E | 186
21 COS | 187
22 DERIVE | 201
23 DIV | 257
24 ELSE | 233
25 END | 192
26 END_ALIAS | 174
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27 END_CASE | 191
28 END_CONSTANT | 195
29 END_ENTITY | 206
30 END_FUNCTION | 220
31 END_IF | 233
32 END_LOCAL | 252
33 END_PROCEDURE | 271
34 END_REPEAT | 286
35 END_RULE | 291
36 END_SCHEMA | 296
37 END_SUBTYPE_CONSTRAINT | 315
38 END_TYPE | 327
O ENTITY 207
40 ENUMERATION | 213
41 ESCAPE | 214
42 EXISTS | 187
43 EXTENSIBLE | 213 302
44 EXP | 187
45 FALSE | 255
46 FIXED | 341
47 FOR | 174 248 292 316
48 FORMAT | 187
49 FROM | 281 336
50 FUNCTION | 221
b1 GENERIC | 231
b2 GENERIC_ENTITY | 230 302
53 HIBOUND | 187
b4 HIINDEX | 187
b5 IF | 233
b6 IN | 283
b7 INSERT | 188
b8 INTEGER | 241
b9 INVERSE | 249
50 LENGTH | 187
1 LIKE | 283
52 LIST | 227 250
53 LOBOUND | 187
54 LOCAL | 252
55 LOG | 187
56 LOG10 | 187
57 1L0G2 | 187
58 LOGICAL | 256
59 LOINDEX | 187
TO MOD | 257
T1 NOT | 331
T2 NUMBER | 261
T3 _NVD | 187
T1470DD | 187
75 OF | 171 175 180 191 213 225 226 227 229 248 250
303 313 318
76 ONEOF | 263
77 OPTIONAL | 175 215 225
78 OR | 168
79 OTHERWISE | 191
80 PI | 186
81 PROCEDURE | 272
82 QUERY | 277
83 REAL | 278
84 REFERENCE | 281
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85 REMOVE | 188
86 RENAMED | 279
87 REPEAT | 286
88 RETURN | 290
89 ROLESOF | 187
90 RULE | 292
91 SCHEMA | 296
92 SELECT | 302
93 SELF | 186 275
94 SET | 229 248 303
95 SIN | 187
96 SIZEQF | 187
§7SKIP —308
8 SQRT | 187
9 STRING | 311
100 SUBTYPE | 318
101 SUBTYPE_CONSTRAINT | 316
102 SUPERTYPE | 165 166 322
103 TAN | 187
104 THEN | 233
105 TO | 235
106 TOTAL_OVER | 326
107 TRUE | 255
108 TYPE | 327
109 TYPEQOF | 187
110 UNIQUE | 175 225 227 250 333
111 UNKNOWN | 255
112 UNTIL | 335
113 USE | 336
114 USEDIN | 187
115 VALUE | 187
116 VALUE_IN | 187
117 VALUE_UNIQUE | 187
118 VAR | 272
119 WHERE | 338
120 WHILE | “339
121 WITH [©209 300
122 XOR | 168
123 bit | 139
124 digit | 125 127 131 134 143
125 digits | 141 142
126 encoded_character | 140
127 hex_digit | 136
128 letter | 131 134 143
129 lparen_then_not_lparen_star | 145
130 not_lparen_star | 129
181 _fiet_paren_star | 130 135 145
1327 not_paren_star_quote_special | 133 134 137
133 not_paren_star_special | 131
134 not_quote | 144
135 not_rparen_star | 138
136 octet | 126
137 special |
138 not_rparen_star_then_rparen | 145
139 binary_literal | 251
140 encoded_string_literal | 310
141 integer_literal | 142
142 real_literal | 251
143 simple_id | 178 197 208 210 222 265 273 293 294 297 317
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328 330 337
144 simple_string literal | 310
145 embedded_remark | 145 146
146 remark |
147 remark_tag | 145 149
148 remark_ref | 147
149 tail_remark | 146
150 attribute_ref | 148 179 248 274 280
151 constant_ref | 148 196 289
1562 entity_ref | 148 205 232 240 248 258 267 289 292 316 318 323 326
163 enumeration_ref | 148 212
1564 function_ref | 148 219 289
1955 Pparameter_ret —1287228
1$6 procedure_ref | 148 270 289
157 rule_label_ref | 148
1$8 rule_ref | 148
1%9 schema_ref | 148 281 336
160 subtype_constraint_ref | 148
161 type_label_ref | 148 329
162 type_ref | 148 193 209 212 258 289 300
163 variable_ref | 148 228
164 abstract_entity_declaration | 319
165 abstract_supertype | 314
166 abstract_supertype_declaration | 319
167 actual_parameter_list | 219 270
168 add_like_op | 305
169 aggregate_initializer | 306
170 aggregate_source | 277
171 aggregate_type | 223
172 aggregation_types | 193
173 algorithm_head | 220 271 29&
174 alias_stmt | 309
175 array_type | 172
176 assignment_stmt | 309
177 attribute_decl | 2007215 248
178 attribute_id | 60 177 279
179 attribute_qualifier | 275 276
180 bag_type | 172
181 binary_type | 307
182 boolean_type | 307
183 bound_1 | 185 235
184 bound_2 | 185 235
185 bound_spec | 175 180 225 226 227 229 248 250 303
186 built_ifi»constant | 196
187 builtiin_function | 219
188 built_in_procedure | 270
189 <Case_action [ 191
190" case_label | 189
191 case_stmt | 309
192 compound_stmt | 309
193 concrete_types | 240 332
194 constant_body | 195
195 constant_decl | 173 295
196 constant_factor | 274
197 constant_id | 151 194 284
198 constructed_types | 332
199 declaration | 173 295
200 derived_attr | 201
201 derive_clause | 204
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202 domain_rule | 338

203 element | 169

204 entity_body | 206

205 entity_constructor | 306

206 entity_decl | 199

207 entity_head | 206

208 entity_id | 1562 207 259 284
209 enumeration_extension | 213

210 enumeration_id | 153 211

211 enumeration_items | 209 213

212 enumeration_reference | 306

213 enumeration_type | 198
2f4—escape_stmt =309

215 explicit_attr | 204

216 expression | 176 190 194 200 202 203 205 253 254 264 290 299, 306
217 factor | 325

218 formal_parameter | 221 272

219 function_call | 274

220 function_decl | 199

221 function_head | 220

292 function_id | 154 221 284
223 generalized_types | 266

224 general_aggregation_types | 223

225 general_array_type | 224

226 general_bag_type | 224

227 general_list_type | 224

228 general_ref | 174 176 274
229 general_set_type | 224

280 generic_entity_type | 223

231 generic_type | 223

232 group_qualifier | 275 276

233 if_stmt | 309

284 increment | 235

285 increment_control | 285

286 index | 287238

287 index_1 | \289

238 index_2 [* 239

239 index_qualifier | 276

240 instantiable_type | 175 180 194 250 303
241 integer_type | 307

242 interface_specification | 295

243 interval | 306

244 interval shigh | 243

245 intervalxitem | 243

246 interval_low | 243

247 ingexval_op | 243

248 Anverse_attr | 249

249 dnverse_clause | 204

250 list_type | 172

251 literal | 269

252 local_decl | 173

253 local_variable | 252

254 logical_expression | 233 277 335 339
255 logical_literal | 251

256 logical_type | 307

257 multiplication_like_op | 325

258 named_types | 259 266 301
259 named_type_or_rename | 336

260 null_stmt | 309
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261 number_type | 307

262 numeric_expression | 183 184 234 236 268 287 340
263 one_of | 323

264 parameter | 167

265 parameter_id | 155 218

266 parameter_type | 171 200 215 218 221 225 226 227 229 253
267 population | 274

268 precision_spec | 278

269 primary | 306

270 procedure_call_stmt | 309

271 procedure_decl | 199

272 procedure_head | 271

273 procedure_1id 156272282
274 qualifiable_factor | 269

275 qualified_attribute | 279 280

216 qualifier | 174 176 269
217 query_expression | 306

278 real_type | 307

279 redeclared_attribute | 177

280 referenced_attribute | 334

281 reference_clause | 242

282 rel_op | 283

283 rel_op_extended | 216

284 rename_id | 288

285 repeat_control | 286

286 repeat_stmt | 309

287 repetition | 203

288 resource_or_rename | 281

289 resource_ref | 288

290 return_stmt | 309

291 rule_decl | 295

292 rule_head | 291

293 rule_id | 158 292

294 rule_label_id | 1575202 334
295 schema_body | 296

296 schema_decl | “324

297 schema_id [©159 296

298 schema_version_id | 296

299 selector | 191

300 select_extension | 302

301 select_list | 300 302

302 select_type | 198

303 set_type | 172

304 sign | 142

305 simple_expression | 170 216 244 245 246 262
306 simple_factor | 217

307 simple_types | 193 266

308 skip_stmt | 309

309 stmt | 174 189 191 192 220 233 271 286 291
310 string_literal | 251 298

311 string_type | 307

312 subsuper | 207

313 subtype_constraint | 166 322

314 subtype_constraint_body | 315

315 subtype_constraint_decl | 199

316 subtype_constraint_head | 315

317 subtype_constraint_id | 160 316

318 subtype_declaration | 312

319 supertype_constraint | 312
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320 supertype_expression | 263 313 314 323
321 supertype_factor | 320

322 supertype_rule | 319

323 supertype_term | 321

324 syntax |

325 term | 305

326 total_over | 314

327 type_decl [ 199

328 type_id | 162 259 284 327
329 type_label | 171 230 231

330 type_label_id | 161 329

331 unary_op | 306

3P UNdeTIVInE_Type =327

333 unique_clause | 204

334 unique_rule | 333

335 until_control | 285

386 use_clause | 242

387 variable_id | 163 174 235 253 277
388 where_clause | 204 291 327

339 while_control | 285

340 width | 341

341 width_spec | 181 311
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Annex B

(normative)
Determination of the allowed entity instantiations

For a particular subtype/supertype graph there may be a large number of complex entity data
types and simple entity data types which may be instantiated. This annex will show how these
are identified for a general subtype/supertype graph declaration.

NOTE To illustrate some of the following, consider the set of natural numbers [1,2,3,...]. This
may be partitioned in many different ways:

In
as
nu

di

=
<

otler partial complex entity data types. A partial complex entity data type may be a comyl

enf
ent

Th

J1 Formal approach

set

Even numbers and odd numbers: [2,4,6,...] and [1,3,5,7,.. ]
Prime numbers: [2,3,5,7,...]

Numbers divisible by 3: [3,6,9,12,.. ]

Numbers divisible by 4: [4,8,12,16,...]

. XPRESS terms, the natural numbers could be modelled as a supertype,and/the other sets of num}
bubtypes. It can readily be seen that while some of these subtypes are ‘non-overlapping (such as
mbers and odd numbers) others do have some members in common({guch as the subtypes ‘Numl
isible by 3’ and ‘Numbers divisible by 4’ have the members [12,24;...] in common).

y group of entity data types related by subtype/supertype relationships may be considere
otentially instantiable subtype/supertype graph.” These groups of entity data types are ca
tial complex entity data types in this forndal approach. A partial complex entity data t
y contain a single entity data type since,a single entity data type is potentially instantia
partial complex entity data type is denoted by the names of the entity data types compos
separated by the & character. Partial complex entity data types may be combined to f{

ity data type, but full evalttation is required before this is known for certain. A comy
ity instance is an instanceé of a complex entity data type and represents an object of inter

e following identitiesshold for any partial complex entity data type:

ALA=A
that is, asparticular entity data type will occur only once within a given partial comp
entitydata type;

A&B = B&A

€ers
[ven
ers

| as
led
pe

le.
ing
rm
lex
lex
PSt.

lex

Fhot 1o +1hn oo o £ oortio]l oo Ty ity dodbo dor e 30 aoa s b ol
tHat1S—tH e S roupP g o Partiar—tompPrexX— ettty ottty pesis—tcommutattve;

A&(B&C) = (A&B)&C = A&B&C

that is, the grouping of partial complex entity data types is associative; the parentheses
indicate evaluation precedence which, in this case, makes no difference to the evaluation.

An evaluated set is defined to be a mathematical set of partial complex entity data types which
is denoted by partial complex entity data types separated by ’,” enclosed within square brackets.
An empty evaluated set is denoted by [].

Two operators can be used to combine a partial complex entity data type and an evaluated set:

166
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A+ [B1,B2] = [B1,B2]+ A= [A, Bl, B2]

The + operator adds the partial complex entity data type to the evaluated set as a new
member of the evaluated set. The same partial complex entity data type shall not occur
more than once within a single evaluated set.

A&[B1, B2] = [B1, B2]&A = [A&B1, A& B2)
The & operator adds the partial complex entity data type to all the partial complex entity
data types within the evaluated set. It is therefore distributive over evaluated sets.

Evaluated sets may be combined by the same two mechanisms:

Evi

Th

pluated sets may be filtered using the / operator to create a new evaluated set:

hluated sets may be differenced(using the - operator to create a new evaluated set:

e following ideéntities hold for any evaluated set:

[Al, A2] + [B1, B2] = [Al, A2, B1, B2]
An evaluated set can be formed which contains all of the elements of two combified spts.
This is the union of the two sets.

[Al, A2]&[B1, B2] = [A1&B1, A1& B2, A2& B1, A2& B2]
An evaluated set can be formed by repeated application of the distripution rule for &|for
each element of the first evaluated set over the second evaluated set.

[A, A& B, A&C, A&B&D, B&C, D|/A = [A, A& B, A&C{A&B& D]
The new evaluated set contains only those elements“in the original evaluated set wHich
contain the given partial complex entity data type:

[A, A& B, A&C, A&B&D, B&C, D]/|B, D] = 14&B, A&B& D, B&C, D]
The new evaluated set can be formed by repeated filtering of the first evaluated set by epch
partial complex entity data type in the second evaluated set and combining the results uding
+.

[Al, A2, B1, B2] — [A2,B1] = [Al, B2]
An evaluated set can(be formed which contains all the elements in the first evaluated|set
except for those in(thé second evaluated set.

[A, BI<)[B, 4]
Evalnated sets are order-independent.

M A Bl=14 Bl
T = SR

A particular complex entity data type will appear only once in any given evaluated set.

[A,[B,C]] = [A, B,(C]
Evaluated sets may be nested.

B.2 Supertype and subtype constraint operators

Using the formalism above, it is possible to rewrite the restrictions defined in EXPRESS super-
type expressions and subtype constraints in terms of evaluated sets. The reductions described in
to are applied recursively until no supertype term (ONEOF, AND, or ANDOR) remains.
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These reductions alone do not completely describe the full meaning of the supertype expression
or subtype constraints, in particular the ONEOF and TOTAL_OVER clauses. This requires the full

algorithm given in

B.2.1 OneOf

The ONEOF list reduces to an evaluated set containing the ONEOF selections, that is,
ONEOF(A, B,...) — [A,B,..]

B.2.2 And

THe AND operator is equivalent to the & operator and acts upon partial complex entity diata
tyes or evaluated sets to produce a partial complex entity data type or an evaluated |set.

A AND B — [A&B]

A AND ONEOF(B1, B2) — A&[B1, B2] = [A&B1, A& B2]
ONEOF (A1, A2) AND ONEOF(B1, B2) — [Al, A2|&[B1, B2] =
[Al&B1, A1&B2, A2&B1, A2& B2|

B.R.3 AndOr

THe ANDOR operator generates an evaluated set which contains each of the operands separafely
anfl the operands combined using the & operator. ANDOR-acts upon partial complex entity diata
types or evaluated sets.

A hNDOR B —> [A, B, A& B]

A ANDOR ONEOF(B1, B2) — [A, [B1, B2|, A&|B1, B2]] = [A, B1, B2, A& B1, A& B2]
ONEOF (A1, A2) ANDOR ONEOF(B1, B2) —, [[Al, A2],[B1, B2],[Al, A2]&[B1, B2]] =
[Al, A2, B1, B2, A1&B1, A1&B2, A2&31,"A2& B2)

B.2.4 Precedence of operators

THe evaluation of evaluated\sets proceeds from left to right, with the highest precedence bding
evaluated first as specified™in [9.2.5.5)

EXAMPLE The expression below evaluates as follows:
A ANDOR B AND.€ 3— [A, [B&C], A&[B&C]]| = [A, B&C, A&B&C)

B3 Intérpreting the possible complex entity data types

THe interpretation of the supertype expressions and subtype constraints with additional infor-
md t1om ax'rqﬂqlf\]a from the Aoﬁlqrad cf?‘nnfurﬂ’ allows the dﬂ‘Yﬂ]f\pDY’ of an WYDRFSS schemd to

determine the complex entity data types that would be instantiable given those declarations. To
enable this determination the evaluated set of complex entity data types for the subtype/super-
type graph may be generated. For this purpose the following terms are defined:

Multiply inheriting subtype: A multiply inheriting subtype is one which identifies two
or more supertypes in its subtype declaration.

Root supertype: A root supertype is a supertype that is not a subtype.

The evaluated set R of complex entity data types is computed by the following process:
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Identify all entity declarations which form the subtype/supertype graph.

NOTE 1 This may require multiple iterations in cases with complex subtype/supertype graphs.

For each supertype i in the subtype/supertype graph within which a supertype constraint

is declared, construct a SUBTYPE_CONSTRAINT of the form:

SUBTYPE_CONSTRAINT i_superconstraint FOR 1i;
<supertype_constraint> ;
END_SUBTYPE_CONSTRAINT;

replacing <supertype_constraint> with the supertype constraint declared in the_ent
Consider this constraint as part of the schema for the purposes of this algorithm. Ignore
supertype expression in the entity declaration that was the basis for the subtype censtr
for the purposes of this algorithm.

NOTE 2 This step converts supertype constraints declared in the ~éitity to equiva
SUBTYPE_CONSTRAINT declarations.

For each supertype i in the subtype/supertype graph, identify all data types j1, j2, ...
in the subtype/supertype graph that are defined as subtypes of i, but do not occur in
SUBTYPE_CONSTRAINT defined for ¢ in the schema or generated in step (]E[), and consty
a SUBTYPE_CONSTRAINT of the form:

SUBTYPE_CONSTRAINT i_othersubtypes FOR ij;
j1 ANDOR j2 ANDOR ... ANDOR jk;
END_SUBTYPE_CONSTRAINT;

Consider this constraint as part of the)schema for the purposes of this algorithm.

For each supertype ¢ in the subtype/supertype graph, identify all SUBTYPE_CONSTRA
scl, sc2, ... sck that have+7 in their FOR clause. At this point, the parts of subt
constraints that contain tetal coverage or abstract restrictions are ignored. Combine
subtype expressions szi-ef these constraints into a single SUBTYPE_CONSTRAINT sti of
form: (szl ANDOR/SZ2 ANDOR sz3 ... ANDOR szk ).

For each supertype i in the subtype/supertype graph, generate the evaluated set that rey
sents the constraints between its immediate subtypes by applying the reductions in

ity.
the
int

ent

7k
hny
uct

NT

Vpe
the
the

re-

wnd

the identities in to the SUBTYPE_CONSTRAINT sti given by step @ above. Combie 14

with<the result using the & operator. If ¢ is not defined as an ABSTRACT SUPERTYPE in
ENTMTY declaration or in any SUBTYPE_CONSTRAINT of ¢, add ¢ to the result using +.

its
all

this set F; .

For each root supertype r in the subtype/supertype graph, expand E, as follows:

1) For each subtype s of r, replace every occurrence of s (including those within partial
complex entity data types) in E, with Ej, if available, and apply the reductions in

and the identities in [B1l

2)  Recursively apply step to each s, expanding subtypes of s until leaf entities
reached (for which no Ej are available).
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NOTE 3 This recursion must terminate, since there are no cycles in the subtype/supertype

graph.

Combine root sets. Create R =), E, = Ey + Er9 + ..., that is, R is the union of the sets
produced in step @

For each supertype s in R, for each total coverage subtype constraint ¢, to , ... t; defined
for s:

)

Define ¢ to be: (t; ANDOR t3 ... ANDOR ).

2)

3)

For all immediate subtypes s; of s not in ¢y, to , ... t; replace each occurrence of\sf

R by the expression derived from (s; and ¢) using the definitions in

Reduce R according to the reductions in and the identities in

For each multiply inheriting subtype m, do the following:

1)

"

For each of its immediate supertypes s, generate the set R/m/s'which contains exa
those complex data types in R that include both m and .

Generate the evaluated set of supertype comibinations permitted by
P, = R/m/s1&R/m/s2& ..., that is, combine the evaluated sets produced in s

using &.

Generate the evaluated set of supertypé.combinations that may not include all
supertypes of m, X,,, = > . R/m/s, that'is, union together the evaluated sets produ

in step (il)).

Put R= (R — Xm) + Pp.

For each SUBTYPE_CONSTRAINT expression k (including those generated in steps (]ED
(h))) of the form ONEOEfSY, Sa, .. .), do the following:

1)

2)

3)

For each pair(of ‘subexpressions S;, S; controlled by k (i < j), compute the sef
combinatiehs-disallowed by ONEOF(S;, S;): D;’ = [S;&S;]. Reduce D}’ according
the reddctions in [B.2l and the identities in [B.1l

Set P = > Di’j, that is, Dy is the union of the sets computed in step .

Put R=R— (R/Dy).
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For each SUBTYPE_CONSTRAINT expression k (including those generated in steps (]ED and
) of the form S AND S5 , do the following:

1)

Compute the set of required combinations dictated by k, Qi = [S1&S2]. Reduce
according to the reductions in and the identities in [B.1

Qk

For each entity data type ¢ named in k, compute the set of invalid entity combinations

containing i that are disallowed by k, D = R/i — R/(Qy /).

Set D, =5, D,i, that is, Dy is the union of the sets computed in step (k2.
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4) Put R=R - Dy.

1)  The final evaluated set R is the evaluated set for the input subtype/supertype graph.

EXAMPLE 1 In this example, only the entity supertype and subtype declarations are given, as this is

all the information required to interpret the possible complex entity data types.

SCHEMA example;

ENTITY p;
END_ENTITY;

SUBTYPE_CONSTRAINT p_subs FOR p;
TOTAL_OVER(m, £);

ONEOF (m, f) AND ONEOF(c, a);
END_SUBTYPE_CONSTRAINT;

ENTITY m SUBTYPE OF (p);
END_ENTITY;

ENTITY f SUBTYPE OF (p);
END_ENTITY;

ENTITY c¢ SUBTYPE OF (p);
END_ENTITY;

ENTITY a SUBTYPE OF (p);
END_ENTITY;

BSTRACT SUPERTYPE;
NEOF (1, i);
ENDD_SUBTYPE_CONSTRAINT;

SUITYPE_CONSTRAINT no_li FOR a;

ENTITY 1 SUBTYPE OF (a);
END_ENTITY;

ENTITY i SUBTYPE OF (a);
END_ENTITY;

END_SCHEMA;
Thiis schema isxépresented by EXPRESS-G in figure

Thie potential complex entity data types can be determined as follows:

—| “The above EXPRESS already gives us all of the entity declarations and complete supertype

pressions as required in steps (a), (b)), and (c).
— Applying step @ gives:

SUBTYPE_CONSTRAINT stp FOR p;
TOTAL_OVER(m, f);

( (ONEOF(m, f) AND ONEOF(c, a)) );
END_SUBTYPE_CONSTRAINT;

SUBTYPE_CONSTRAINT sta FOR a;
(ONEOF(i,1));
END_SUBTYPE_CONSTRAINT;
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........ S b

(ABS)

*no_li

Figure B.1 — EXPRESS-G diagram of schema for example [1| on page

—| Applying step (ED gives:
E, — [p&m&e, p&km&a, p& f&e,p& f&a, p
E, — [a&l,a&i]

—| Applying step @ expands the declarations ofcthie root entities, in this case p. The resulting set|is:
E, = [p&mé&ec,p&m&a&lip&méadi, p&f&e, p& f&a&l, p& f&adei, p]

—| Combining the root sets in step gives:
R = [p&mé&e,p&mé&alil, p&m&adei, p& f&e, p& f&a&el, p& f&akei, p)

—| Applying step to the-TOTAL_OVER constraint gives:

— TOTAL_OVER(m, f):
sp = [p&m,p&f]
Replicing all occurrences of p that do not include m or f gives:

R = [p&mé&ec, p&m&a&il, p&em&alei, p& f&ee, p& f&akel, p& f &alei, p&em, p& f]

— TTere are no Multiply IMheriting subtypes, So Step (i) 1S not Tequired.
— Applying step (EI) to each ONEOF constraint gives:

— ONEOF(m, f):
Dy? = [m&f]

Removing D; from R according to step leaves R unchanged. Thus, we are left with:
R = [p&mé&ec, p&m&a&il, p&em&a&ei, p& f&e, p& f&akel, p& f&alei, p&em, p& f]
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— ONEOF(c, a):

Dy? = [c&a]
Dy = [c&a]

Removing Ds from R according to step leaves R unchanged. Thus, we are left with:

R = [p&mé&e, p&em&alil, p&em&ealei, p& f&e, p&e f&akel, p&e f&akei, p&em, p& f]

— OoNEOF(l, i):

Th
bed

res

Dy° = [I&i]
Dy = [l&i]

Removing D3 from R according to step leaves R unchanged. Thus, we are-léft with:

R = [p&mé&ec, p&m&a&il, p&em&a&ei, p& f&e, p& f&akel, p& f &a&id, p&em, p& f]

Applying step to each AND constraint gives:
— ONEOF(m, f) AND ONEOF(c, a):

Q1 = [m&e,m&a, f&cyf&al

D' = [p&m)]
D = [p&f]
Ds =
Dy =.

D, = [p&m,p&f]

Removing D; from R according to step changes R to:

R = [p&i&e, p&em&ealil, p&em&alei, p& f&e, p& f&akil, p& f&a ki

According to step (I; the result is thus:

B~= [p&mé&e, p&em&a&l, p&emb&ealei, p& f&ee, p& f&akel, p& f&akei)

is example; ‘although apparently arbitrary, could have been made more realistic if the entities

n given-more descriptive names. For instance, if instead of p, m, f, ¢, a, 1, and i the entities

pectively called, person, male, female, citizen, alien, legal_alien, and illegal_alien.

had

yere

With this mterpretation, reading ol a Iew oI the 1tems 11 the IInal evaluated set gives:

A person who is male and a citizen.
A person who is a male alien and who is an illegal_alien.

A person who ....

In addition the TOTAL_OVER constraint ensures that evaluated sets calculated by any other schema
which extends this subtype/supertype graph shall also include either male or female for valid instances
of person.
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EX
by

SCHEMA diamond;

EN]]
ENI

SU

ENI

EN]
ENI

EN]
ENI

EN]]
ENI

ENI

9|

Figure B.2 — EXPRESS-G diagram of schema for example 2| on page

AMPLE 2 This example demonstrates that ONEOF is a global ‘Constraint that cannot be overridl
multiple inheritance.

[ITY a;
_ENTITY;

TYPE_CONSTRAINT a_subs FOR a;
NEQF (b, c);
_SUBTYPE_CONSTRAINT;

[ITY b SUBTYPE OF (a);
_ENTITY;

[ITY ¢ SUBTYPE OF 1a);
_ENTITY;

[ITY d SUBTYPE OF (b, c);
_ENTITY;

_SCHEMA ;

den

Th

Th

174

is is represented by EXPRESS-G in figure
e potential complex entity data types can be determined as follows:

The above EXPRESS already gives us all of the entity declarations and complete supertype
pressions required in steps @ and .

Step creates:

SUBTYPE_CONSTRAINT b_othersubtypes FOR b;
d;

ex-
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END_SUBTYPE_CONSTRAINT;
SUBTYPE_CONSTRAINT c_othersubtypes FOR c;
ENgiSUBTYPE_CONSTRAINT;
— Step @ creates:
SUBTYPE_CONSTRAINT sca FOR a;

ONEOF (b, c);
END_SUBTYPE_CONSTRAINT;

SYBTYPE—CONSTRATHT—Scb—FOR—b3
d;
END_SUBTYPE_CONSTRAINT;

SUBTYPE_CONSTRAINT scc FOR c;
d;

END_SUBTYPE_CONSTRAINT;

—| Applying step @ gives:

[a&b, a&ee, a]
E, — [b&d,]

[c&d, c]

[d]

—| Applying step @ expands the declarations of the todt’ entities, a. The resulting sets are:
E, = [a&b&dia&ed, akcked, a&ee, a]

—| Combining the root sets in step givyes:
RBN=7 [a&b&ed, akeb, adecded, abee, a)

—| Applying step (i) to each multiply inheriting subtype gives the following results:

— For entity d:

Ch = [a&bd&ed]
CS = [a&eckd

Py = [a&bd&ed&(]
Xy = [a&b&d, adec&d)

The new set R = (R — Xg4) + Py is then: [a&b, a&c, a, a&b&d&c]
— Applying step @ to each ONEOF constraint gives:

— ONEOF(b, ¢):

D? = [b&]
Dl = [b&c]

Removing D; from R according to step removes the following elements from R:
[a&b&d&c].
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Thus, we are left with:

R = [a&b,ake,d]
— There are no supertype expressions that use AND, so step @ is not required.
— According to step , the result is thus:

R = [a&b,ake, d]

EXAMPLE 3 This example shows the effect of applying constraints to a complex structure that contains
at least one of each possible type of constraint. This example is not expected to model any useful concept
and is used purely to demonstrate the algorithm.

SCLEMA complex;

ENTITY a;
END_ENTITY;

ENTITY b SUBTYPE OF (a);
END_ENTITY;

ENTITY c SUBTYPE OF (a);
END_ENTITY;

ENTITY 4 SUBTYPE OF (a);
END_ENTITY;

ENTITY f SUBTYPE OF (a, z);
END_ENTITY;

ENTITY k SUBTYPE OF (d);
END_ENTITY;

ENTITY 1 SUBTYPE OF (d, y);
END_ENTITY;

ENTITY x SUBTYPE OF (2);
END_ENTITY;

ENTITY y SUBTYPE OF (z);
END_ENTITY;

ENTITY z;
END_ENTITYy,

NEQF(b, c) AND d ANDOR f;

AIRTUDE A

AMQATRA T
ENJJ_OUDJ. ITEL_CVUNOIIVARINI,

SUETYPE_CONSTRAINT a_subs FOR a;

SUBTYPE_CONSTRAINT d_subs FOR d;
ABSTRACT;
ONEOF (k, 1);
END_SUBTYPE_CONSTRAINT;

END_SCHEMA ;
This is represented by EXPRESS-G in figure

The potential complex entity data types can be determined as follows:
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Figure B.3 — EXPRESS-G diagram of schema for example [3] @n)page [176|

—| The above EXPRESS explicitly specifies all of the entity declaraticns and complete supertlype
expressions as required in steps @ and @

—| Step creates:

SUBTYPE_CONSTRAINT z_othersubtypes FOR z;
f ANDOR y ANDOR x;
END_SUBTYPE_CONSTRAINT;

SUBTYPE_CONSTRAINT y_othersubtypes FOR/y;
1;
END_SUBTYPE_CONSTRAINT;

Step @ creates:

SUBTYPE_CONSTRAINT stz EOR z;
f ANDOR y ANDOR x;
END_SUBTYPE_CONSTRAINT;

SUBTYPE_CONSTRAINT sty FOR y;
1;
END_SUBTYPE_CONSTRAINT;

SUBTYRE_CONSTRAINT sta FOR a;
ONEOF (b, c) AND d ANDOR f£;
END_SUBTYPE_CONSTRAINT;

SUBTYPE_CONSTRAINT std FOR d;
ABSTRACT;
ONEQF (k, 1);
END_SUBTYPE_CONSTRAINT;

— Applying step @ gives:

E, — [a,a&b&d,a&b&ed& f,alcled, a&c&d& f, ale f]
[d&ck, d&l]
[

f&a&ykez, f&a&ez, f&y&z, f&z, c&ybz, 2&z, y& 2z, 2]

Ed—>

E, —
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— Applying step @ expands the declarations of the root entities, a, z. The resulting sets are:

E, = la,a&b&d&k,alb&ed&el, a&eb&ed& f&k, a&cb&ed& f&l, a&c&d&ck, a&cled&l,
a&ecded& f&k, akec&ed& &1, ade f]

[f&l&x&eybez, f&l&ybez, f&a&y&ez, f&abez, f&y&ez, f&z, &a&yez, &y&z,
x&ybez, &z, y&z, 2]

E.

— Combining the root sets in step gives:

R = [a,a&b&d&k, a&cb&ed&il, abebd&edde f&k, a&ebded&e f&l, a&ec&d&ek, adecded&l,
a&c&d& f&k. a&c&d& f&1. a& f. f&I&x&y&ez. f&l&y&z. [&a&y&z. f&a&z. f&y&z
f&z,1&ab&eybez, 1&y&z, v&y&ez, x&ez, y& z, 2]

—| There are no total coverage subtype constraints, so step is not required.
—| Applying step (i) to each multiply inheriting subtype gives the following results:

— For entity f:

Ct = [a&b&ed&k& f, abeb&ed&l& f, alecled&ck& f, adockd&elde f1a& f]
C; = [f&l&abylez, f&l&y&ez, falylez, flakz, f&y&xfz]

Pr = [a&kb&d& f&k&z, akeb&edd f&k&r&z, abebleddef &k&l&ybez, adeb&ed& f&k&y&z,
a&eb&ed& f& k&l &ax&y&z, a&eb&ed& f&k&a&spy& 2, a&eb&ed&e f&l&e 2, a&eb&ed& f&l&x ez,
a&eb&ed& f&l&y&ez, akeb&ed&e f&l&x&ey&ez, a&ec&edde f&k&ez, akecked&e f&k&x ez,
a&ec&ed& f&k&l&y&ez, adocked&e f& k& &z, adeckede f& k&l & r&yde 2,

a&c&d& f&k&r&y&z, akec&ed&af&l& 2, a&oc&ed& f&l&ax& z, a&c&ed& f&l&y&ez,
a&ec&d& f&l&ax&oy&ez, a& f&zTa&k f&a&ez, ake f&l&y&ez, a&e f&y&ez, a&e f&l&x&eylyz,
a& f&r&ydez]

Xi = [a&b&d& f&E, a&b&edlef&l, a&c&ed& f&k, a&c&ed& f&l, a& f, f&l&a&y&z,

f&l&y&ez, f&a&y&s, f&a&z, f&y&z, f&2]

The new set R = (Ry— Xy) + Py is then: [a, a&b&d& f&k& 2z, a&b&ed& f&k&x&z,
a&eb&ed& f&k&I&y&ez, aleb&ed& f&k&ybez, alebded&e f& k&l &x&ey&ez,

a&eb&ed& f&k&3&y&e 2, akeb&ed& f&lé&ez, a&eb&ed& f&l&a ez, a&eb&ed& f&l&y&e 2,
a&eb&d& f&I& &y z, a&eb&ed&ek, a&eb&ed&il, a&c&ed&e f& k& z, akecked& f& k& a2,
a&ec&ed& f&ek&l&eydez, adocked&e f& k& y&ez, adeckede f& k&l & x&yde z,
a&c&d& f& k& &yl z, akeckd& f&l& 2z, a&c&d& f&l&x& z, a&c&ed& f&I&y& 2,
a&cded& f&l&a&y&ez, adec&d&k, adec&d&l, ak f& 2, a& f&r &z, a& f&i&y&z,

a& f&y&z, a& f&l& &y z, ak f&a&y&z, 1&x&y&z, I&y&z, t&y&z, 2& z, y& 2, 2]

= For entity [:

Cl = [a&b&ed& f&k&l&ydez, abeb&ed&e f&k&l&exdoydez, akeb&ed& f&l& 2,
ad&eb&ed&e f&l&x&ez, adebded&e f&l&eydez, abebded&s f&l&ex ey z, abebded&il,
a&ec&ed& f&k&I&y&ez, akecked& f& k&I & x&y&ez, akecked& f&l& 2, a&ec&ed& f&l&ade z,
a&ec&ed& f&l&ydez, akecked& f&l&r&eybez, adec&ed&el]

C! = |a&b&d& f&k&l&ydez, aleb&d& f&k&lI&r&y&z, a&bded& f&i&y& 2,
a&eb&ed& f&l&cx&eybez, adocded&e f&k&l&ydez, adecdedds f&k&il&r&eydez,
alec&ed& f&l&y&ez, alecked& f&l&x&ey&ez, a&e f&l&y&ez, ale f&l&x&eybez, 1&x &yl
1&y&z]
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P = [a&b&c&edd f&k&l&y&z, a&bdec&d& f&k&l&x&eydez, a&eb&eck f&i&ydez,
a&b&ec& f&l&x&eydez, alebded& f&k&l&y&ez, adebdedd f& k&l & x&eydez,
a&eb&ed& f&l&eydez, abebled&s f&l& &y z, abeb&ed&el&ex&eydez, a&eb&ed&el&eydez,
adec&ed& f&k&l&ydez, adecdedde f&k&l&exeydez, abecked& f&i&ydez,
a&ecdedde f&l& eyl z, a&ecked&el&xbeydez, adec&ed&el&eyde 2]

X = [a&b&d& f&Ek&I&y&z, adebdedd f&k&l&x&eydez, abebbed& f&I& 2,
a&eb&d& f&l&xé&z, a&eb&d& f&l&y& 2, a&eb&ed& f&l&x&y& z, a&eb&ed&l,
a&ec&ed& f&k&I&y&e 2, akecked& f&E&I&x&y&e 2, akecked& f&l& 2, a&ec&ed& f&l&x ke z,
alec&ed& f&l&y&ez, adecked& f&l&x&ey&e 2, a&ec&ed&l, a&e f&l&ybez, a& f&l& &y z,
&x&ybez, 1&y&z]

The new set R = (R — X;) + P, is then: [a, a&b&c&d& f&k&l&y&z,

a&eb&ecded&e f&k&el&eaxdeybez, adebdecks f&l&eydez, abebdeck f&l&xeydez,

a&b&edd&e f&k&l&ydez, a&eb&edd&s f& k&l&x&ey&ez, aleb&ed&e f&k&ex&ez, a&ebdedde f&Kk&y&ez,
a&eb&ed&e f&k&x&eydez, a&cbdedde f &k z, a&eb&ed&s f &l&ydez, adebded& f&l& 3 &gl z,
a&eb&ed&ek, adeb&ed&l&er&eydez, abeb&ed&el&eydez, a&ecked&e f&k&l&x &y z,

a&ec&ed& f&k&l&y&ez, alecked&e f&l&y& z, a&ec&ed & f&l&x&eye 2, a&ec&edbf & k& &z,
a&ec&d& f&k&y& z, a&ec&ed& f&k&er&ey&ez, abecked&e f& k& 2, alec&ed&ok,
a&ec&ed&l&reydez, abecked&eldeydez, ade f&z, a& f&xdez, ak f&y&erale f&exdeydez,
x&eydez, bz, y&z, 2]

—| Applying step @ to each ONEOF constraint gives:

— ONEOF(b, ¢):

Di?  =2[b&e]
D1 = [b&:c]

Removing D; from R according to step removes the following elements from R:
[a&b&c&ed& f&k&l&y&z, a&eblecded&f &k&l&ax&eydez, abebleck f&iI&y& z,
a&eb&eck f&l&x&eydez]

Thus, we are left with:

R = J[a,a&b&d& f&k&I&y& 2z, aleb&d& f&k&l&x&y& z, aleb&edd f&k& a2,
a&b&d&f &K&y& z, a&eb&ed& f& k& x &y z, akeb&ed&s f& k& z, a&eb&ed&e f&l&y&e 2,
a&eb&dd& f&l&x&eylez, a&eb&ed&ek, a&eb&ed&il&x &y z, a&eb&ed&el&yée 2,
a&e&d& f& k&I &x&y&z, a&c&d& f&E&I&y& 2, a&cked& f&I&y& z,
a&c&ed&e f&l&xdeybez, abecked& f&k&exdez, adecdedde f&k&ey&ez,
a&ec&d& f& k& x&y&ez, a&ec&ed&e f& k& z, akec&ed&ck, akec&ed&el &y z,
a&ec&ed&l&y&ez, e f&z, ake f& &z, a& f&y&z, ade f&a&eydez, x&eybez, x&ez, y&ez, 3]

<= ONEOF(k, 1):

Dy = [k&l]
Dy = [k&I]

Removing Dy from R according to step removes the following elements from R:
[a&b&ed& f&k&l&ysez, adeb&ed& f&k&l&xb&eydez, adec&ed& f&k&l&ye 2,
a&c&ed& f&k&l&xd&eydez]

Thus, we are left with:

R = [a,a&b&d& f&k&x&ez, a&eb&edde f&k&ydez, akeb&ed& f& k& x&ybez,
a&eb&ed& f& k& z, a&cb&ed&e f&l&eyde z, abebded&s f&l&x ey z, aleb&ed&ck,
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a&eb&d&l&x&ey& z, a&eb&ed&l&ye z, a&ec&ed& f&l&y&ez, abecked& f&l&x &y z,
a&c&ed& f&k&x&oz, alecedde f&k&y&ez, alec&edde f&k&x&eydez, abeckd&e f& k& z,
a&ec&ed&ck, a&ecded&l&ereydez, abecked&elé&eybez, a&e f&z, ak f& &z, ade f&ydez,
a& f&x&ybez, x&y&z, &z, y& 2, 2]

— Applying step to each AND constraint gives:

— ONEOF(b, ¢) AND d:

b&ed, c&ed)

Dy =

[
-
i = |
[
Dy = |

Removing D; from R according to step leaves R unchanged. Thus, we-are left with:

R = [a,a&b&d& f&k&x&z, a&eb&edde f&kd&eydez, akeb&ed& f&k&xb&eydez,
a&b&d& f& k& 2z, a&eb&d& f&l&y&ez, a&eb&ed&s f &l&x&eydiz Yyaleb&ed&ek,
a&eb&d&l&x&eydz, a&eb&ed&el&eyde 2, a&oc&ed& f&l&eyses, alocked& f&l&x &y z,
adec&ed&e f&k&exdez, akecded& f& k& ydez, akec&ed& f&k& &y z, abeckedd f& k& 2,
a&ec&ed&ck, a&ecded&l&exeydez, abecked&elé&eybeiad f&z, a& f& &z, ade f&ydez,
a& f&a&ybez, x&ey&ez, &z, y& 2, 2]

—| According to step (I}, the result is thus:

R = [a,a&b&d& f&k&x&z, a&eb&d& f&k&ydez, a&eb&ed& f&k&xd&eydez,
a&eb&edde f &k z, akeb&edd@of &cl&eyde 2, a&ebbed&e f &l &eydez, adeb&ed&ek,
a&eb&ed&l&ex&eydez, 6&b&ed&el&eydez, adec&edde f&l&eydez, adecked& f&il&x&eydez,
a&ec&d& f& k& vdez; akec&ed& f&k&y&ez, akecked& f& k& r&ey&ez, a&cked& f& k& 2,
a&ec&ed&k, a&efd&l&x&ey&z, akec&ed&l&ey&ez, a&e f &z, a& f&x&ez, ake f&y&ez,
a& f&r&ybez, c&y&z, v&z, y& 2z, 2]
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Annex C

(normative)
Instance limits imposed by the interface specification

When complex subtype/supertype graphs are interfaced, the valid complex entity data types
are computed by extending the rules given in clause |11 and annex By specifying only those
entities which are required in the current schema, a subtype/supertype graph defined in one or
more other schemas may pruned for use within the current schema.

This annex gives the rules required to resolve the subtype/supertype graphs where one or more
enfity data types, originaily i

€ grapi, fave not peen intertaced. €56 TISSINg entity,
types leave holes in the supertype expressions. Such holes are denoted by <> in thisCant

Th

TH
scli
ent

TH
schi

e following reductions are used to remove these holes from a supertype expressions
ONEOF(A, <>,...) — ONEOF(A4,...)
ONEOF(<>) —<>
ONEOF(A) — A
A AND <>— ONEOF(A4, A)
A ANDOR <>— A
TOTAL_OVER(A, <>,...) — TOTAL_OVER(A;5)

TOTAL_OVER(<>) —<>

e treatment of AND is to ensure thateritity data types which are constrained in the origi
ema to be combined, are not allowed to exist in this schema (ensured by ONEOF(A,A)) if
ity data types they were to be cembined with are not interfaced.

e evaluated set of valid domplex entity data types for a schema which interfaces with of]
emas is computed by-the following algorithm:

Generate the demplete entity pool for the current schema. The complete entity pool cons
of the following:

1) allentities defined in the current schema;

ata
ex.

nal
the

her

Ists

2)  all entities USE’d or REFERENCE’d into the current schema;

b)

3) all entities implicitly interfaced into the current schema.

NOTE 1 The complete entity pool may contain more than one entity with the same name (in

the

case of implicit references from multiple schemas), or it may include the same entity under different
names (in the case of USE FROM ...AS). In the former case, the entity pool contains each of the
identically-named entities, while in the latter case the entity pool contains only the single entity,
despite its multiple names.

For each supertype in the entity pool, prune the supertype expression to remove all refer-
ences to entities not in the entity pool. Repeatedly apply the reductions above to remove
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the holes thus introduced, producing a valid supertype expression referring only to entities
in the entity pool.

Compute the evaluated set according to the algorithm in annex starting with step (]ED and
applying the reductions specified in the first two paragraphs of this annex to the constraints

generated in steps (]ED, , and specified in

A complex entity data type in the evaluated set which contains at least one locally declared or
USE’d entity may be independently instantiated. A complex entity data type which does not
contain any such entity cannot be independently instantiated in the current schema.

NQTE 2 If there is an explicitly interfaced entity which is not contained in any complex entity data
tyge in the resultant evaluated set, this entity cannot be instantiated at all. It is likely that.such an
enflity has been interfaced in error.

EXAMPLE 1 The schema example (see example [l|on page in annex [B) is used te,demonstratethe
algorithm.

SCHEMA test;

USE FROM example (1);

REFERENCE FROM example (m, c);

END_SCHEMA;

The potential complex entity data types are determined as follogs:

—| The entity pool is I, m, c,a,p: I, m, and c are explicitly\interfaced, a and p are implicitly interfgced

because they are in the supertype chain of [.

Pruning the supertype expression for p and reducing it (step E[) gives:

ONEOF(m, f) AND ONEOF(c, a)
ONEOE(m, <>) AND ONEOF(c, a)
ONEOF(m) AND ONEOF(c, a)

m AND ONEOF(c, a)

Similarly, for a weAfind:
ONEOF(l, 1)
ONEOF (I, <>)
ONEOF (1)
l

h R 1 , . 1 h] 1 . 13 n Vi
III VIS CasC, UIIC SUPCILYy pPC CXPICSSIOILS al'C alITaldy COIIPICLC, 45 TCHUIICU DYy SLCP w

— Applying the evaluated set algorithm in step gives the evaluated set R = [c&m&p, a&l&m&p).

The complex entity data type a&l&mé&p contains the explicitly USE’'d entity [, and so can be
independently instantiated. c&mé&p, on the other hand, cannot be independently instantiated in

the current schema.

EXAMPLE 2 Assuming the following schemas are available:

SCHEMA s1;
ENTITY el SUPERTYPE OF (ell ANDOR el2); END_ENTITY;

182
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ENTITY ell SUBTYPE OF (el);
ENTITY el2 SUBTYPE OF (el);
END_SCHEMA ;

SCHEMA s2;

USE FROM s1
ENTITY e211
ENTITY e212
END_SCHEMA;

SCHEMA s3;
USE FROM s1

(el1 AS
SUBTYPE
SUBTYPE

(el2 as

£);
0F (£);
OF (£);

g);

END_ENTITY;
END_ENTITY;

END_ENTITY;
END_ENTITY;

ISO 10303-11:2004(E)

EN
EN
ENI
Th|
s1
s2

s3

If 5

SCHEMA test;

US]
US}
ENI

Th|

TTY 32T
[ITY e322
_SCHEMA ;

E FROM s2
E FROM s3
_SCHEMA;

SUBTYPE
SUBTYPE

(e211);
(e322);

OF <&
OF (g);

END_ENTITY;
END_ENTITY;

e evaluated sets for these schemas are as follows:

[el,el&ell, el&el2, el&ellé&el?]
[e1& f,el& f&e211, el& f&e212, el& f&e211&e212]

[e1&g, e1&g&e321, el&g&e322, el&gd&re321&e322]

chema test is defined as below:

e potential complex entity data types are determined as follows:

Pruning the supertype éxpression for el and reducing it (step |b)) gives:

ell ANDOR el2
f ANDOR ¢

The entity pool is e211,e322, f, gi€li €211 and e322 are explicitly interfaced, f, ¢ and el |are
implicitly interfaced because they are in the supertype chain of €211 and e322. f and g are renajnes
of ell and el2 respectively, se_ell and el2 are effectively members of the entity pool.

for f wé find:
e211 ANDOR €212
e211 ANDOR <>
e211

for g we find:

€321 ANDOR €322
<> ANDOR €322
e322

— In this case, the supertype expressions are already complete, as required by step .
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Applying the evaluated set algorithm in step gives the evaluated set
R =lel,el&f,el&g, el& f&g, el& f&e21], el& f&g&e2ll, el&g&e322, el& f&g&e322,
el& f&g&e211&e322].

The complex entity data types el&f&e21l, el&f&g&e21l, el&g&eed22, el& f&g&e322, and
el& f&gé&re211&e322 contain one of the explicitly USE'd entity €211 or €322, and so can be inde-
pendently instantiated. On the other hand, el, el& f, el&g, and el& f&g cannot be independently
instantiated in the current schema.

184
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Annex D

(normative)

EXPRESS-G: A graphical subset of EXPRESS

D.1 Introduction and overview

EXPRESS-G is a formal graphical notation for the display of data specifications defined in the
EXPRESS language. The notation supports a subset of the EXPRESS language.

EXPRESS-G supports the following:

—{ wvarious levels of data abstraction;
—{ diagrams spanning more than one page;
— diagrams using minimal computer graphics capabilities.

EXPRESS-G is represented by graphic symbols forming a diagram.._The notation has tHree
types of symbols:

Definition: symbols denoting simple data types, named-data types, constructed data types
and schema declarations;

Relationship: symbols describing relationships,which exist among the definitions;

Composition: symbols enabling a diagrami*to be displayed on more than one page.

EXPRESS-G supports simple data typés, named data types, relationships and cardinality.
EXPRESS-G also supports the notation for one or more schemas. It does not provide any
support for the constraint mechanisms provided by the EXPRESS language.

N(QTE EXPRESS-G may be fised as a data specification language in its own right; there is no reqyire-
ment to have an associated EXPRESS specification.

EXAMPLE Figure and Figure show an EXPRESS-G diagram for the single EXPRHESS
schema given in the €ample in on page The graphical diagram is divided to illustrate the usp of
myltiple pages.

Thee principdl glements of the diagram show that a person has certain defining characteristics, including
a flrst namhie;*a last name, an optional nickname, date of birth, and a description of their hair. A perfon
is dither male or female. A male may have a female wife; in which case the female has a male husbdnd.
A pérson may have children who are also persons.

D.2 Definition symbols

The definitions of data types and schemas within a diagram are denoted by boxes which enclose
the name of the item being defined. The relationships between the items are denoted by the
lines joining the boxes. Differing line styles provide information on the kind of definition or
relationship.
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Th
lin|
in

Th
da

I
children S[0:7] ! hair o, ™ i_r_t} £>e_ -
(INV) parents S[0:2] | Lo
I
Vi
person birth_date
| first_name
I
E last_name Aﬁ%ﬁﬂ
: I
imickname _____________________
DER) age
(ER) INTEGER ||

o o

male N INVY hasband 8 0]

Figure D.1 — Complete entity level diagram of thie ‘€xample in on page [24]
(Page 1 of 2)

(mm—mm - A 133
255 (1) O date | 1] o INTEGER | |

(Page 2 of 2)

2.1 Symbol for simpletdata types

e symbol for an EXPRESS simple data type is a rectangular solid box with a double vert
b at the right end Sfthe box. The name of the data type is enclosed within the box, as shq

Figure [D.3]

2.1.1 Symbols for generalized data types

e symbol for the EXPRESS GENERIC_ENTITY data type is the same as for EXPRESS sim
L4-types. The name of the data type is enclosed within the box as shown in figure [D.4]

Figure D.2 — Complete entity levelrdiagram of the example in on page [242

186

CBINARY |

|[BOOLEAN || [ LOGICAL || | STRING ||

| NUMBER || [INTECER || | REAL ||

Figure D.3 — Symbols for EXPRESS simple data types

cal
W
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| GENERICENTITY |]

Figure D.4 — Symbol for EXPRESS generic_entity data type

Figure D.5 — Symbols for EXPRESS constructed data types

2.2 Symbols for constructed data types

Th
da

Th

left.

pre

TH
at

N
ve

G.

E3
of

type name is written within the dashed box representing the SELECT or ENUMERATION, inst

of

D

EX

Azl

type representation, thé abbreviated form or both. The implementor of an EXPRESS-G edit

to

ipure'\P.6 — Abbreviated symbols for the EXPRESS constructed data types wli

e symbols for the constructed data types of EXPRESS, SELECT and ENUMERATION)
bhed boxes. The name of the data type is enclosed within the box as shown in Figure [D.]

e symbol for a SELECT data type consists of a dashed box with a double vertical line at
If the select data type is a GENERIC_ENTITY SELECT data type, thedata type nam
ceded by a superscripted asterisk (*) symbol.

e symbol for an ENUMERATION data type consists of a dashed box with a double vertical
the right. EXPRESS-G does not provide for the representation’ of the enumerated list.

TE The ENUMERATION data type symbol resembles the siniple’data type symbols, having a sec
tical bar at the right, since simple and ENUMERATION data types are atomic data types in EXPRE

(PRESS only allows the SELECT and ENUMERATTON data types to be used as a representat
h defined data type. EXPRESS-G provides@n abbreviated notation whereby the defined d

the data type name, and the defined data type symbol is not given, as seen in Figure
p.4)).

AMPLE The two diagrams in Figure [D.7] are equivalent:
implementation of an EXPRESS-G editing tool may use the full form of constructed d

1 shall indicate whieh of these forms is used using annex [E]

rr-————"—-—-—7—7=—7=—=—— DL T
[ a_select ! I an_enumeration !
L | [

used as the representation of defined data types

are

the
b 1S

ine

bnd
S5S-

ion
ata
pad
see

ta
ing

len

_____________________

Figure D.7 — Example of alternative methods for representing an enumeration

data type
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_____________ [y |

anemum  ——d (EX) ENUMERATION | |

Th
sh

Th
sh

TH
SU

E3

__________________

Figure D.9 — Symbol for EXPRESS defined data type

{2.2.1 Extensible constructed data types

tensible constructed data types are denoted in EXPRESS-G by-placing the characters

ire [D-§]

2.3 Symbols for defined data types

e symbol for a defined data type consists of a dashed box enclosing the name of the TYPE

wn in Figure

2.4 Symbols for entity data types

e symbol for an entity data type consists of a solid box enclosing the name of the ENTITY

wn in Figure

2.5 Symbols for subtype_constraints

e symbol for a SUBTYPE_CONSTRAINT is an ellipse enclosing the name of
BTYPE_CONSTRAINT/ as shown in Figure

2.6 Symbels for functions and procedures

LPRESS-G does not support any notation for either FUNCTION or PROCEDURE definitig

EX

losed in parentheses, that is (EX), before the name of the constructed data type as showi in

as

as

the

11S.

188

an_entity

Figure D.10 — Symbol for an EXPRESS entity data type

Figure D.11 — Symbol for an EXPRESS subtype_constraint
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a_schema

Figure D.12 — Symbol for a schema

Normal line

_____________ Dashed line

Thick line

Figure D.13 — Relationship line styles

DJ2.7 Symbols for rules

EXPRESS-G does not support any notation for a RULE definition. The naes of entities that
ar¢ parameters in a RULE may be flagged with an asterisk (see|D.5.3)).

DJ2.8 Symbols for schemas

THe symbol for a SCHEMA (Figure|D.12)) is a rectangular solidbox with the name of the SCHEMA
in phe upper half, which is divided from the lower half of sthe*box by a horizontal line. The lower
half of the symbol is empty.

DJ3 Relationship symbols
Ddfinition symbols are connected by lines of various styles as shown in Figure [D.13]

A yelationship for an OPTIONAL attribute of an entity data type is presented as a dashed line.
A pchema-schema reference is presented as a dashed line. A dashed line shall also be drgwn
between the ellipse of the SUBRYPE_CONSTRAINT and the constrained supertype entity box|An
inljeritance relationship (thatyis, a subtype and supertype relationship) is presented as a tlfick
ling. The extension of one_¢onstructed data type by another is also presented as a thick line.
Al] other relationships ‘are presented as normal width solid lines.

Rdlationships are hidirectional, but one of the two directions is emphasized. If an entity A has
anfexplicit attribite that is entity B, the emphasized direction is from A to B. In EXPRESStG,
the¢ relationship is marked with an open circle in the emphasized direction, in this case, at the B
en(l of theldine. For an inheritance relationship, the emphasized direction is toward the subtype,
that iSy)the circle is at the subtype end of the line. For the extension of constructed data types,
the_emphasized direction is toward the constructed data type that is hased on the extensible
data type (that is, the circle is at the end of the line that is attached to the constructed data
type that is based on the extensible constructed data type).

EXAMPLE Relationship directions are illustrated in Figure which is an incomplete rendition of
the EXPRESS code given in the example in [J-2] on page 243] The diagram consists of six entity data
types, three defined data types and several simple data types. Entity super has two subtypes, namely
sub_1 and sub_2. Entity sub_2 has an attribute that is a select data type called choice, selecting
between an entity data type named an_ent and the defined data type name. The entity data type an_ent
has the integer data type as its attribute, while name is a string data type.

The entity data type sub_1 has the entity data type from_ent as an attribute. From_ent has to_ent
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igure D.14 — Partial entity level diagram illustrating relationship directions fr¢
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e ] d w2 | O choice |

| sub_1 | | INTEGER | |C> an_ent I name \

from_ent |- ———————————— C 1 to_ent OL strings :

Q
REAL ]

the example in on page (Page 1 of 1)

reference onto
( pagestref# (#.4, ...) —O this page

réference onto
—< page##, ref#f name ) ahother page

Figure D.15 — Composition symbols: page references

an optional attribute and the real data typelas a required attribute. In turn, the entity data f
| ent has a defined data type called string§ias a required attribute, and strings is a list (not sh
liagram) of string data type.

TE 1 Although the example diagrams show only straight relationship lines, lines may follow
h (they may, for example, be_curved).

TE 2 It may not always_ e convenient to lay out a diagram without some of the relationship 1
ssing each other. The meéans of distinguishing crossing points is left to the author of the diagram

4 Composition symbols

aphical ¥epresentations can span more than one page. Each page is numbered. The syml
achieving inter-page references are provided in Figure

A

ype
Wi

Any

nes

ols

kchema mayv reference definitions from another schema. The symbols for inter-schema. re

er-

ences are shown in Figure [D.16]

D.

4.1 Page references

When there is a relationship between definitions on separate pages, the relationship line on the
two pages is terminated by a rounded box. The rounded box contains a page number and a
reference number, as shown in Figure The page number is the number of the page where
a referenced definition occurs. The reference number is used to distinguish between multiple
references on a page. The composition symbol on the page where the reference origina
contains the name of the referenced definition. The rounded reference box on the referenced

190
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| s
' definition REFERENCE’d
h schema.de from another schema

I rename |
L e e - J
— definition USE’d
schema.def
N > from another schema
rename

Figure D.16 — Composition symbols: inter-schema references

pa

N(

N
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thd

en

solid rectangular box. If the definitionis renamed, the new name may be placed within the

be

Nd

D

EX
schi
da

inf]

4.2 Inter-schema references

be may contain a parenthesized list of the page numbers where references originated:

TE The use of page referencing is shown in Figure and Figure The rounded box lab¢]
b from the person indicates that the definition is to be found on page 2 of the diagram as referend
page 2 of the diagram as shown in Figure the rounded box symbol reference’into date indic
t this definition is referenced from another definition on another page of thendiagram. The nun]
losed in parentheses indicates that the referencing item is to be found on{page 1 of the diagram.

er-schema references are indicated by a rounded box énclosing the name of the definit
hlified by the schema name, as shown in Figure

finitions accessed from another schema via an EXFPRESS REFERENCE statement are enclo
a dashed rectangular box. If the definition isttenamed, the new name may be placed wit]
b box below the rounded box.
finitions accessed from another schemha via an EXPRESS USE statement are enclosed b
ow the rounded box.

TE The use of inter-schemal references is shown in Figure [D.24]
5 Entity levelldiagrams

(PRESS-G_may be used to represent the definitions, and their relationships, within

ba typesysubtype constraints, and relationship symbols, together with role and cardina)
prmafion as appropriate to represent the contents of a single schema.

ema. Thi§»type of diagram may consist of simple data types, defined data types, enti

[led
e 5.
htes
ber

ion

sed
hin

y a
DOX

D1

lity

D.

2.1 HKRole names

In EXPRESS an attribute of an entity data type is named for the role of the data type being
referenced when an instance participates in the relationship established by the attribute. The
text string representing the role name may be placed on the relationship line connecting the
entity data type symbol to its attribute symbol. These role names shall be consistent with the
scope and visibility rules as defined in
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5.2 Cardinalities

5.3 Constraints

ing the name of-the thing with an asterisk (*) symbol. The following rules apply:

values*A[1:3] REAL I

Ffigure D.17 — Complete entity level diagram of the example in onh page [24]
(Page 1 of 1)

e attributes of entity and defined data types can be represénted by aggregation data ty|
ese are, LIST, SET, BAG, and ARRAY). In EXPRESS-G{ an aggregation is indicated on
htionship line for the attribute, following the attribute name. Only the first letter of
bregation data type (that is, A, B, L, or S) is used,and the OF is omitted. Exceptionally, if
GREGATE data type is used, this is indicated on'the relationship line for the attribute by us
empty pair of square brackets ([]) rather thait‘a letter. If an aggregation is not specified,
dinality is one for a required relationship_aid zero or one for an optional attribute.

TE The EXPRESS given in the exaniple in [J.2] on page is fully displayed using EXPRES
Figure The components of a SELECT type are not role-named.

(PRESS-G provides-no-methods for defining constraints, other than cardinalities. The f
t something is constrained within an EXPRESS data specification may be denoted by 1

if an entity-is a parameter in an EXPRESS RULE, the name of the entity may be prece
by an“asterisk;

pes
the
the

an
ing
the

act

led

ifyan attribute of an entity is constrained by either a UNIQUE clause or a WHERE claluse

192

within the entity, the name ol the attribute may be preceded by an asterisk;

if a defined type is constrained by a WHERE clause, the name of the defined type may be

preceded by an asterisk;

if an aggregation data type is constrained by a UNIQUE keyword, the first letter of
aggregation may be preceded by an asterisk.

the
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S I

i an_extension ! 11 (EX) extextension |
[ L

Figure D.18 — Extensible select data type diagram

5.4 Constructed and defined data types

S a

rel
na

Azl

N

A

na
de
rej

N(

Th

SELECT data fype is represented hy the select data type symbol (see Figure [D.A) ph
htionship and data type definition for each of the selectable items. No cardinality obx
e is specified for the relationships.

ENUMERATION data type is represented solely by its symbol (see Figure [D.5]).

TE 1 EXPRESS-G does not provide a mechanism for noting the enumeratjen_items.

Hefined data type is represented by the type definition symbol (see-Eigure enclosing
ne of the definition, the representation data type definition, and ‘a-relationship line from
ined data type definition to the representation data type definition. The cardinality of

resentation may be placed on the relationship.

TE 2 A defined data type representation can be seen in-he strings type in Figure [D17]

e extension relationship between an extensible ¢énstructed data type and a constructed d

type based on it is denoted by a thick line linking the extensible data type to its extensi

Si
ex|
lin|
en

N

in

E3
thd

In

jce there may be more than one extensionnto an extensible data type, the link linking
ensible data type to its extensions maychranch. The extensible data type may have mult
bs leading to its extensions. The endjof the line connected to the extensible data type hasg
l style. The end of the line connected to the extension is signified by an open circle.

TE 3 Two extensions to an.extensible select data type, one of which is itself extensible, can be

igure

5.5 Entity data-types

(PRESS-G usSes the solid box symbol (see Figure |D.10)) for ENTITY definitions. The nam
e entity datatype is enclosed by the box.

EXPRESS-G an ENTITY may:

ole

the
the
the

ta
ns.
the
ple

no

cen

b of

IS £ L Lica 3o 14 L
T lJ(lllU Ul All Clt\./‘)/ CIIU TIIIICT TUAIIUT 61@P1L7
have explicit attributes;
have derived attributes;

have inverse attributes.

Each explicit or derived attribute in an EXPRESS entity gives rise to a relationship in the
corresponding EXPRESS-G diagram. The role name of the attribute may be placed on the
relationship line, together with the cardinality which follows the attribute name. A derived
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attribute is distinguished from an explicit attribute by preceding the name of the attribute by
the characters DER enclosed in parentheses, that is, (DER).

In the case where there is an inverse attribute defined for an attribute, the name and cardinality
of the attribute is placed on the opposite side of the relationship line to the attribute name of
which it is an inverse. The name is preceded by the characters INV enclosed in parentheses, that
is, (INV).

An inverse may not be the direct (simple) inverse of an explicit attribute. The entity referred to
in the inverse attribute declaration may, among others, be a subtype of the entity that declared
the direct relationship. Other indirect inverse relationships are described in [9.2.1.3] For such
indirect inverse relationships the following rules shall apply:

— An inverse attribute is denoted by a normal line linking the entity in which the invérse
attribute is defined, and the entity (or composition symbols for page or inter’schema refer-
ences representing the entity) that represents the target of the inverse attribuite. The target
of an inverse attribute may be the entity declaring the explicit attribute) for which thik is
an inverse, or a subtype of that entity.

— The end of the line connected to the entity that contains the inverse attribute is signified
by an open circle.

— The end of the line connected to the target entity has\io’end style.

— The name of the original explicit attribute and the entity that the attribute is declared ih is
placed adjacent to the line within parenthesis<in the form ” (entity_name.attribute_namg¢)”.

— The characters INV enclosed in parentheses, that is, (INV), are placed before the nam¢ of
the inverse attribute, which is also plased adjacent to the line.

— If the inverse attribute is constrained either by a where rule or a unique rule, the attribute
name is preceded by a superscripted asterisk (*).

— If the attribute is defined-by an aggregation data type, the aggregation data type is denofted
as given in following the attribute name.

—{ If the inverse dttribute is a redeclared attribute, it shall include the characters RT enclosedl in
parentheses) that is, (RT), before the (INV) characters. If in this redeclaration the attribute
is renamed; the new attribute name follows the original name, these being separated by [the
greatérthan symbol (>).

NQTE,I Typical entity level diagrams are shown in Figure and Figure

NOTE 2 The indication of domain rules applied to attributes can be seen on the roles husband and
maiden-name in Figure

NOTE 3 An example of entities constrained by rules is shown for the male and female entities in

Figure [D.1]
Subtype/supertype

The entities forming an inheritance graph are connected by thick solid lines. The circled end
of the relationship line denotes the subtype end of the relationship. When a supertype is
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(ABS)
sc_entity

I
I
I
A2

an_entity

Figure D.19 — Symbol for denoting an ABSTRACT SUPERTYPE if the abstract
constraint is defined within a SUBTYPE_CONSTRAINT

(AE)

an_entity

Figure D.20 — Symbol denoting an ABSTRACT ENTIFFY

ABSTRACT, the characters ABS, enclosed in parentheses, that is,((ABS), precede the namg of
th¢ entity within the entity symbol box. If the ABSTRACT SUPERTYPE constraint is declalred
in |a SUBTYPE_CONSTRAINT, the symbol (ABS) shall precede ‘the name of the corresponding
SUBTYPE_CONSTRAINT within the ellipse symbol for the SUBTYPE_CONSTRAINT, as shown] in

fighre

When an entity is declared to be ABSTRACT (not ah*ABSTRACT SUPERTYPE, but an ABSTRACT
ENTITY), the characters AE, enclosed in parentheses, that is, (AE), precede the name of [the
enfity within the entity box symbol as shownn figure

EXPRESS-G provides a limited notatien for indicating the logical structure of an inheritance
gragph. The ONEOF relation may Mberindicated by a branching relationship line from the [su-
pertype to each of its subtypes that are in a ONEOF relationship to each other, together with
th¢ digit 1 being placed at the-branching junction. If the ONEOF relation is defined by a SpPB-
TY[PE_CONSTRAINT, an asterisk shall precede the name of the SUBTYPE_CONSTRAINT in [the
ellipse symbol for the SGBTYPE_CONSTRAINT.

THe AND relation1ta@y be indicated by a branching relationship line from the supertype to epch
of jts subtypesshat are in a AND relationship to each other, together with the character & bding
plgced at the\branching junction. If the AND relation is defined by a SUBTYPE_CONSTRAINT,
an|asteriskushall precede the name of the SUBTYPE_CONSTRAINT in the ellipse symbol for [the
SUBTYPE-CONSTRAINT.

—

The TOTAL_OVER consftraint 1s presenfed In connection with the symbol for the
SUBTYPE_CONSTRAINT as part of which it has been defined (see figure . A dashed line
shall be drawn between the ellipse of the SUBTYPE_CONSTRAINT and the constrained supertype
entity box; this line style shall be used independent of the existence of a TOTAL_OVER constraint.
Normal width solid lines shall be drawn between the ellipse of the SUBTYPE_CONSTRAINT and
the entity boxes of the subtypes that provide the total coverage for the supertype. All these
lines shall end with unclosed arrows at the entity boxes of the supertype and the subtypes
that are included in the constraint. Instead of ending in entity boxes, the lines from a SUB-
TYPE_CONSTRAINT may end in composition symbols for page and inter-schema references.
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Figure D.21 — Example of the TOTAL_OVER coverage constraint

super

(ABS) ™7
*so_sub2 sub3 sub4

Figure D.22 — Complete entity level diagraim of the inheritance graph from thie
example in on page (Page 1 of 1)

EXAMPLE The following model is displayed in Figure [D:21]

ENTITY person;
END_ENTITY;

ENTITY male SUBTYPE OF_ (person);
END_ENTITY;

ENTITY female SUBTYPE OF (person);
END_ENTITY;

SUBTYPE_CONSTRAINT gender FOR person;
TOTALUBVER (male, female);

NEOF(female, male);
END_SUBTYPE_CONSTRAINT,;

NOTE 4 TFigure provides an EXPRESS-G diagram of the example in [J.3] on page showing
sub2 as being an ABSTRACT SUPERTYPE.

NOTE 5 The diagram in Figure shows that the entities sub1l, sub2 and sub5 are subtypes of
the supertype super. An instance of super possibly has no subtypes because it is not ABSTRACT. The

entities sub3 and sub4 are subtypes of the supertype sub2. The entities sub3 and sub4 are in a ONEOF
relationship to each other.

EXPRESS permits the redeclaration of supertype attributes within a subtype, provided the
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Figure D.23 — Complete entity level diagram of the example in on page [245
showing attribute redeclarations in subtypes (Page 1 of 1)

N
fope loc / soom-surface
e
bounds
L[1:7]
(ABS)
loop < *sc_1dop
1
vloop eloop.
bound bound L[1:7]
start
——————— O——————— ]
C geom.point ) loc vertex edge lOC—C geom.curwj
O——F ~—
node finish

>l

igure D.24 — Complete entity level diagram of the top schema of example (1| dn
page illustrating.inter-schema references (Page 1 of 1)

redeclared attribute is a specialization of the supertype attribute type. If the attribute redegla-
raflion also includes a rename of the attribute, the new name follows the original name, the fwo
belng separated by tlfe greater than symbol (>). In EXPRESS-G a redeclared attribute is gep-
redented in the sam@manner as its supertype attribute, but with the addition of the characters
RT|(redeclared €ypé€) enclosed in parentheses, that is, (RT), before the name of the attributgq.

NQTE 6 . Kigure[D.23]illustrates some of the forms of attribute redeclaration, as given in the EXPRESS
exgmpleinfl-4 on page[245] Entity sub_a redeclares the attribute attr from its supertype to be a subtype
of {tg~supertype attribute. Entity sup_b has an optional attribute of type NUMBER. In its subtype, fhat

rad asttributo of PEAT tuna
Fea—atsat —RAA—pe-

is leddclared-to-be-arequi
teddelared—to-be-arogui

D.5.6 Inter-schema references

When a definition in the current schema refers to a definition in another schema, the inter-schema,
reference symbol is used and contains the qualified name of the definition.

NOTE Figure shows a entity level diagram of a single schema. The EXPRESS source for this
diagram is given as example [I] on page [245] The complete diagram consists of two schemas, top and
geon (see Figure , and some of the top schema entities have attributes that use definitions in the
geom schema. Since a entity level diagram only consists of those things defined in a single schema, the
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Figure D.25 — Complete schema level diagram of example [1| on page (Page 1

of 1)
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resentation of the top schema in this example requires the inter-schema references shown.
6 Schema level diagrams
schema, level diagram consists of the representation of multiple schemas and\their interfa

e contents of an EXPRESS-G schema level diagram are limited to_theé schemas compris
b diagram and the schema interfaces. The following are included:

schemas that refer to another schema by means of USE;
schemas that refer to another schema by means of REFERENCE;

names of the things that are referenced or used.

e USE interface is presented by a normal.width relationship line from the using schema
b used schema, with an open circle denoting the used schema. The REFERENCE interfac
wn by a dashed relationship line from*the referencing schema to the referenced schema, w
open circle denoting the referenced schema.

finitions that are used or referenced may be shown as a list of names adjacent to the reley
htionship line, and connegted to the relationship line by a line with an arrowhead adjacen
1 pointing at the relationship line. The rename of a definition is indicated by following
oinal name of the definition by a greater than (>) sign and the rename.

TE 1 A diagram~with two schemas is shown in Figure The top schema has an interfac

geom schema/~In particular, the top schema references the surface and uses the curve and po
initions freny'the geom schema. The point definition is renamed node in the top schema.

h schemia level diagram extends over more than one page and the schema interfaces cross

€S.

ing

to
b 1S
th

—

Ant
to
the

E to
int

the

pa

bé-houndaries, the page referencing symbols are used.

NOTE 2 Example [2| on page [246] gives the EXPRESS source code for an abbreviated version of a
schema level diagram. The EXPRESS-G schema diagram for this example is shown in Figure

D.7 Complete EXPRESS-G diagrams

In EXPRESS-G a complete diagram is one that, within the limits of the EXPRESS-G nota-
tion, accurately represents all the definitions, relationships and constraints using either an entity
level or schema level diagram.
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Figure D.26 — Complete schema level diagram of example 2| on page (Page 1

7.1 Complete entity level diagram

ipgrams that present a complete diagram of a single schema have contents-defined by
owing rules:

nf"l)

Each page shall have a title starting with the words: Complete €ntity level diagram of |..

Each page is numbered in the form Page X of N, wheresN“is the total number of pa
forming the diagram, and X is the particular page number;

All entity data types, defined data types, and simple type symbols used within the six
schema are displayed;

Schema symbols do not appear;

All relationships, attribute names, and cardinalities are displayed;

All attributes, including explieityderived and inverse attributes are displayed;

All inheritance (that is, subtype and supertype) relationships are displayed;

All ABSTRACT SURPERTYPE constraints are marked;

All ONEOF subtype relations are marked;

All definifions used or referenced from another schema are presented by the rounded

symbolss together with the surrounding rectangular boxes of the appropriate style (solid
used-definitions and dashed for referenced definitions);

the

zes

gle

hox
for

ATy Tename IS presented in tie Televant iNter-ScNeimna Teterence symbor;

All entities that are constrained by a RULE are marked with an asterisk (*);
All attributes that are constrained are marked with an asterisk (*);

All defined types that are constrained are marked with an asterisk (*);

All aggregation types that are constrained are marked with an asterisk (*);

All ABSTRACT ENTITY declarations are marked;

©ISO 2004 — All rights reserved

199


https://standardsiso.com/api/?name=b0ebdeb331e7a5d30bd8dba494547ac9

IS
q)

r)

Al
di

o

O 10303-11:2004(E)

All TOTAL_OVER constraints are marked;

All relationships between extensible constructed data types and their extensions are
played;

All the new and old names of attributes renamed during redeclaration are displayed;
All GENERIC_ENTITY SELECT constraints are displayed;

All GENERIC_ENTITY data types used within the schema are displayed.

dis-

entity-entity relations not marked with an inverse attribute are interpreted to have a

relption, except that it is not a ONEOF relation.

DJ7.2 Complete schema level diagram
Dihgrams that present a complete schema level diagram have contents defined by the follow
rules:

N(
vall
ma
ab
dia

” .,
of ...7”;

forming the diagram, and X is the particular page number;
All schemas used are displayed;
Entity, type, and simple symbols shall-not be displayed;

All schema-schema relationshipsy 'USE and REFERENCE, are displayed;

line, this is interpréted to mean that the entire schema is used or referenced.

TE When deyeloping models or displaying diagrams, it is useful to be able to display diagram
ying levels of abstraction. For example, not all attributes are given on the diagram, or role na

tractionnbe/agreed and documented before development starts. Further, it is recommended that
oramstitles reflect the abstractions being used.

ar-

nality of zero or more. No logical structuring can be inferred from an unmarked(subtype

—

ng

Each page is titled, with the title starting with the words: / Cemplete schema level diagifam

Each page is numbered in the form Page X of Ni'where N is the total number of pgges

The names of all definitions that are either used or referenced are attached to the relevint
relationship line, togéther with any renames. If no names are attached to a relationghip

b at
mnes

y not be shown. This is outside the scope of EXPRESS-G, but it is recommended that the levdl of

the
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Annex E

(normative)
Protocol implementation conformance statement (PICS)

Is this implementation an EXPRESS language parser/verifier? If so, answer the questions

provided in

Is this implementation an EXPRESS-G editing tool? If so, answer the questions provided in
E2

PRt m e = P P i |

oL LAPFRULSS 1Iallguage parser

&=

For which level is support claimed:

[] Level 1 — Reference checking;
[] Level 2 — Type checking;

E Level 3 — Value checking;
L

Level 4 — Complete checking.

(Npte: In order to claim support for a given level, all lower levels must also be supported.)

What is the maximum integer value [integer_literal]?: =\~ ... ... . il :
What is the maximum real precision [real literal]?: » ~ ... .. ... ..o :
What is the maximum real exponent [real literall?: ... ... . :
W

(hat is the maximum string width (characters) [sim- ........................... :
ple_string literal]?:

What is the maximum string \fwidth (octets) [en- .......... .. ... ..., :
cqded _string_literal]?:

What is the maximum binary width (bits) [binary literal]?: — ............ .. ... ........ :

Dp you have a limit on the mumber of unique identifiers which ........................... :
atle declared? If so, whatlis) your limit?:

Dp you have a limitcon’the number of characters used as an ........................... :
identifier? If so, what is your limit?:

Dp you have a/litdit on the scope nesting depth? If so, whatis .......... .. .. ... ... ... :
ygur limit?:

Dp youSimiplement the concept of multiple name scopes in .................. ... .... :
whichisehema names may occur? If so, what are these scopes
cqlled?:

How do you represent the standard constant ‘77 ............... ... ...
[built_in_constant]?:

E.2 EXPRESS-G editing tool
For which level is support claimed:

[ ] Level 1 — Symbol checking;
[ ] Level 2 — Complete checking.
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(Note: In order to claim support for a given level, all lower levels must also be supported.)

Do you have a limit on the number of unique identifiers which ...........................:
are declared? If so, what is your limit?:

Do you have a limit on the number of characters used as an ...........................:
identifier? If so, what is your limit?:

Do you have a limit on the number of symbols per page of the ........... .. ... ... .....:
model? If so, what is your limit?:

Do you have a limit on the number of pages available to a ...........................:
model? If so, what is your limit?:

Dp you implement the concept of multiple name scopes in .................... ol :
which schema names may occur? If so, what are these scopes
cdlled?:

Dp you implement the full form of constructed data type rep- ..............0 % oo .. :
resentation, the abbreviated form or both forms?:
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