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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
normally carried out through 1SO 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 1SO, also take part in the work. 1SO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC
Directives, Part 3.

Draft International Standards ‘adopted by thetechhical. committees are circulated to the
member bodies for voting. Publication as an International Standard requires approva by at
least 75 % of the member bodies casting avote.

Amendment 1 to International--Standard.1SO010303-11:1994 was prepared by Technical
Committee ISO/TC 184, Industrial automation systems and integration, Subcommittee SC 4,
Industrial data.
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I ntroduction

This document amends 1SO 10303-11:1994/Cor.2:2001; Industrial automation systems and
integration — Product data representation and exchange — Part 11: |mplementation methods:
The EXPRESS language reference manual. The amended document supercedes SO 10303-
11:1994/Cor.2:2001.

The modifications to the text of 1SO 10303-11:1994/Cor.2:2001 are of one kind. Each

modification isidentified as to which kind it represents and is marked with adiamond (¢).
The one kind of modificationis:

¢ (CHANGE): A change to the requirements of 1SO 10303-11:1994. Such a modification
affects the conformance of implementations.

All changes and additions to all clauses facilitate the development and implementation of the
SO 10303-1000 series of parts called application modules. The scope of this amendment was
driven by reguirements from the devel opment of the application modules architecture and
from the development of application modules themselves. It is expected that the changes and
additions will also be beneficial to all users of 1SO 10303-11.

Every attempt has been made to keep this amendment from invalidating any EXPRESS
schema that conforms to ISO 10303-11:1994/Cor.2:2001. This was a primary reguirement on
the amendment that limited its scope and technical content. However, several new words have
been added to the language: BASED. ON, END<SUBTY PE. CONSTRAINT,

EXTENSIBLE, GENERIC_ENTITY, RENAMED, SUBTYPE_CONSTRAINT,
TOTAL_OVER and WITH. Schemas lcontaining:these words'as EXPRESS identifiers
become invalid under this amendment.

NOTE - This amendment is limitedin scope and does hot eliminate the requirement for the next
edition of 1SO 10303-11. Thetechnical content of this'amendment’was written'to be compatible
with and places constraints on the next edition’of 1SO10303-11.
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Clause 7.2.1

+ (CHANGE) Add the new keywords EXTENSIBLE, BASED_ON, WITH,
GENERIC_ENTITY, SUBTYPE_CONSTRAINT, END_SUBTYPE_CONSTRAINT,
TOTAL_OVER and RENAMED to table 1.

Clause 7.6
¢ (CHANGE) Add anew clause 7.6 after clause 7.5 asfollows:
7.6 Lanuage version identification

The language ver sion identifier specifies the the edition of the EXPRESS Language
Reference Manua upon which aschemais based. This amendment to EXPRESS isversion 4.
When a schema contains any declaration added to EXPRESS by this amendment, the
language version identifier shall be specified.

NOTE - The genera form for the valueis"v;cc", where v is the version number of this part of 1SO
10303, as specified in annex C, and cc is the encoding of conformance class. Future versions of
this part of 1SO 10303 may specify additional values for v and cc.

EXAMPLE 14a- The following EXPRESS uses the language version identifier:

{iso standard 10303 part (11)Y ver/sion (4)}
SCHEMA configuration_control | ed_design_of _the_future;

END_SCHEMA;
Syntax:
405 | anguage_version_id = '{ iso standard 10303 part (11) version (4) }'.
302 syntax = [ |anguage_version_ id’] schema_decl { schema_decl } .
Clause 8.4

¢ (CHANGE) Replace the existing 8.4 with the following:
8.4 Constructed data types

There are two kinds of constructed data types in EXPRESS: ENUMERATI ON data types and
SELECT datatypes. These data types have similar syntactic structures and may only be used to
provide underlying representations of defined data types (see 9.1).

8.4.1 Enumeration data type

An ENUMERATI ON data type has as its domain a set of names. The names are the only valid
values of the enumeration data type. An enumeration_id is used to designate these names
that are referred to as enumeration items. An ENUMVERATI ON data type may be extensible or not.

An ENUMERATI ON datatype that is not extensible and that is not based on an extensible
ENUMERATI ON data type has as its domain the ordered set of enumeration itemsin its
declaration.

An extensible ENUVERATI ON data type has as its domain the set of the enumeration itemsin its
declaration plus the union of the sets of enumeration items comprising the domains of al
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enumeration data types based on the extensible enumeration data type. An enumeration data
type that is based on an extensible enumeration data type has as its domain the set of
enumeration itemsin its declaration plus the enumeration items specified directly, not via
extension, in the extensible enumeration data type upon which it is based. An enumeration
data type may be both an extensible enumeration data type and be based on another extensible
enumeration data type. An extensible enumeration data type is a generalisation of the
enumeration data types that are based on it. An extensible ENUMERATI ON data type is specified
using the EXTENSI BLE reserved word. An ENUVERATI ON data type based on an extensible
ENUMERATI ON data type is specified using the BASED _ON reserved word. An extensible
ENUMERATI ON may be specified without enumeration items and may be based on another
extensible ENUVERATI ON and not specify any enumeration items extending that base
ENUMERATI ON.

An extensible enumeration and its extensions define a domain that consists of
enumeration_ids. Within that domain all occurences 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.

NOTE 1 - An extensible enumeration that is extended two or more times in a single context may
have alarger domain than its extensions, in which caseit really is a generalisation.

EXAMPLE 34 - The following EXPRESS results in a single enumeration item named "red" as
both stop_light and canadian_flag extend the domain of colour.

TYPE col our = EXTENS|BLE ENUMERATION;
END_TYPE;

TYPE stop_light = ENUVERATI ON BASED ON col our W-'TH (red, yellow, green);
END_TYPE;

TYPE canadiran:/fliag=s ENUVERATI-ON:BASED -ON»coloour o W/TH (r-edpswhite);
END_TYPE;

Syntax:

201 enuneration_type = [ EXTENSIBLE ] ENUMERATION [ (( OF
enuneration_items ) | enumeration_extensi on) ]

402 enuneration_itens = ' (' enumer at i on id {0, enurreratlon id} ")’

403 enurner ati on_extensi on = BASED ON type_ref [ W TH enunerati on_ |tem; ]

Two different ENUMERATION data types may declare the same enumeration _id defined in
different domains. In this case, any reference to the enumeration_id (e.g. in an expression)
shall be pre-qualified with the data type identifier to ensure that the reference is unambiguous.
The reference then appears as: type_id.enumeration_id.

NOTE 2 - A type_id for usein pre-qualifying an enumeration_id is always defined as an
ENUMERATI ON data type.

NOTE 3 - In the previous edition of this part of 1SO 10303 the ordering of the enumeration items
defined a value ordering. In this edition of this part of 1SO 10303, no ordering is defined except as
noted in rule (d) below. This has been changed to allow for extensible enumeration data types, in
which the ordering of the extensions cannot be determined.
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Rules and Restrictions

a.  Anenumeration datatype shall only be used as the underlying data type of a defined
datatype.

b. Only enumeration data types whose underlying data types are extensible
enumerations may be extended.

c. Anenumeration extension may itself be an extensible specification if the reserved
word EXTENSI BLE is specified in the definition of the enumeration.

d. For comparison purposes, the ordering of the values of an enumeration that is not
extensible and that is not based on an extensible enumeration may be determined by
their relative position in the enumeration_id list; the first occurring item shall be less
than the second; the second less than the third, etc.

e. Thereisno ordering of the values of an extensible enumeration or an enumeration
that is based on an extensible enumeration.

f. Anenumeration that is not extensible and not based on an extensible enumeration
shall specify enumeration items as its domain.

g. Anenumeration that isnot extensible and that is based on an extensible enumeration
shall specify enumeration items that extend the domain of ‘the extensible enumeration
upon which it is based:

h. The defined data type which declares the enumeration data type shall not include a
domain (where) rule.

NOTE 4 - The above rules ensure that a defined data type names an enumeration data type, and the
defined data type is not a speciaisation of the enumeration data type.

EXAMPLE 34a- This example uses ENUMERATION data types to show how different kinds of
vehicles might travel.

TYPE car _can_nove = ENUMERATI ON OF (left, right, backward, forward);
END_TYPE;

TYPE pl ane_can_nove = ENUMERATI ON 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 acomponent. There is no connection between these two definitions of the identifier left.
A referenceto left or right, by itself, is ambiguous. To resolve the ambiguity, areference to either
of these values must be qualified by the data type name, e.g., car_can_move.left.

EXAMPLE 34b - The following example shows how an extensible enumeration may be used to
model a context dependent concept of approval. general_approval, asits name suggests, is the
most general concept of approval explicitly defining only two values. By declaring
genera_approval to be an extensible enumeration alows it to take on context dependent valuesin
schemas which declare extensions to it. If used to represent the domain of attribute then the
allowed values of the attribute are context dependent.

SCHEMA s1,;
TYPE general _approval = EXTENSI BLE ENUVERATI ON OF (approved, rejected);
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END_TYPE;
END_SCHEMA,
SCHEMA s2;
USE FROM s1 (general _approval);
TYPE domai n2_approval = EXTENSI BLE ENUMERATI ON BASED ON gener al _appr oval
W TH (pendi ng);
END_TYPE;
END_SCHEMA,
SCHEMA s3;
USE FROM S1 (general _approval);
TYPE dorai n3_approval = EXTENSI BLE ENUVMERATI ON BASED ON gener al _appr oval
W TH (cancel | ed);
END_TYPE;
END_SCHEMA,
SCHEMA s4;
USE FROM s2 (domai n2_approval);
REFERENCE FROWI;S3 y(danmirn3,_approeval );
;I’YPE SE)eCi fic_approval, =, ENUVMERATI ON BASED,ON donei n2_approval W TH
r ewor k) ;

END_TYPE;

END_SCHEMA;
In the context of schema S1.:

e general_approval hasthe domain (approved, rejected).
In the context of schema S2:

o general_approval hasthe domain (approved, rejected, pending);

¢ domain2_approval hasthe domain (approved, reected, pending).
In the context of schema S3:

e general_approval hasthe domain (approved, rgected, cancelled);

e domain3_approval hasthe domain (approved, regected, cancelled).
In the context of schema $4:

o general_approval hasthe domain (approved, rejected, pending, cancelled,
rework);

¢ domain2_approval hasthe domain (approved, rejected, pending, rework);
o domain3_approval hasthe domain (approved, rejected, cancelled);

6
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o gpecific_approval hasthe domain (approved, re ected, pending, rework).

8.4.2 Select data type

A SELECT datatype defines an underlying representation for a defined type. That underlying
representation is a generalization of the 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 datatype that is not extensible and that is not based on an extensible SELECT data
type has as its domain the union of the domains of the named datatypesinits select list.

An extensible SELECT data type has as its domain the union of the domains of the named data
typesin its select list plus the union of the domains of all select data types based on the
extensible select datatype. A select datatype that is based on an extensible select data type
has as its domain the named data typesin its select list plus the named data types specified
directly, not viaextension, in the extensible select data type upon which it is based. A select
data type may be both an extensible select data type and be based on another extensible select
datatype. An extensible SELECT datatype is specified using the EXTENSI BLE reserved word. A
SELECT data type based on an extensible SELECT datatype is specified using the BASED ON
reserved word. An extensible SELECT may be specified without a select list and may be based
on another extensible SELECT and not specify a select list extending that base SELECT.

A SELECT datatype may be constrained to have only entity instancesin its domain by using
the reserved word GENERI C_ENTP TY- In this case all" select elements must either be entity data
types or select data types whose select list only includes entity data types. If an extensible
select datatypeis constrained to be-agenerictentity /select data type, then all extensions of
that select data type:shall be generic-entity select:data'types; andshall ‘specify the

GENERI C_ENTI TY reserved word:

Syntax:

284 select_type = [ EXTENSIBLE ] [ GENERI C ENTITY ] SELECT
[( select_list | sel ect _extension ) ] .

410 select_list =" (' narred _types { ',' naned _types } ')’

409 sel ect _extensi on = BASED ON type_ ref [ WTH sel ect Ilst ].

Rules and Restrictions
a. Eachitemin the select list shall be an entity data type or a defined data type.
b. A seLECT datatype shall only be used as the underlying data type of a defined data
type.

c. Only select datatypes based on data types that are extensible selects may be
extended.

d. A select extension may itself be an extensible specification if the reserved word
EXTENSI BLE is specified in the definition of the select.

e. If thereserved word GENERI C_ENTI TY is specified then only generic-entity elements
arevalid in the select list, where generic-entity element is defined as being either an
entity data type or a select of generic-entity elements.

7
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f. A select that is not extensible and not based on an extensible select shall specify a
select list asits domain.

g. A sdlectthat isnot extensible and that is based on an extensible select shall specify a
select list that extends the domain of the extensible select upon which it is based.

NOTE - The value of a SELECT data type may be a value of more than one of the named data types
specified in the select list for that select data type.

EXAMPLE 35 - If aand 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
isanaand ab at the same time.

EXAMPLE 36 - A choice must be made among several types of thingsin a given context.

TYPE attachment _net hod = EXTENSI BLE SELECT(nail, screw);
END_TYPE;

TYPE permanent _attachnent = SELECT BASED ON attachnment _nethod W TH (gl ue,
wel d);
END_TYPE;

ENTI TY nail;
length : REAL;
head_area : REAL;
END_ENTI TY;

ENTI TY screw,
length : REAL;
pitch : REAL;

END _ENTI TY;

ENTI TY gl ue;
conposi tli‘on’/*“nat'eri‘al-“/conpasi‘ti‘on;
solvent : materi al Zconmposi‘t/bon;
END_ENTI TY;

ENTITY wel d;
conposition : material _conposition;
END_ENTI TY;

ENTI TY wal | _nounti ng;
nmounting : product;
on : wall;
using : attachnment _met hod;
END_ENTI TY;

A wall_mounting attaches a product onto awall using an attachment method. The initial
attachment method describes temporary attachment methods. These methods are then extended

to add permament attachement methods. A value of awall_mounting will have ausing attribute
that isavalue of one of nail, screw, glue or weld.

Clause 8.5

¢ (CHANGE) Add generic_entity_typeto the end of the list of datatypesin rule 211 and add
the following as the next

to last sentence of paragraph 1.

A GENERI C_ENTI TY datatype is ageneralisation of all entity data types and a subtype of the
GENERI C data type.
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Clause 8.6

¢ (CHANGE) Add adot in table 7 under the column labeled "a" in the row labeled
"Generalized Data Types"

Clause 8.6.1
¢ (CHANGE) Replace the second sentence with:

The base data types are the concrete data types and the generalized data types. The concrete
datatypes are the simple data types, the aggregation data types and the named data types. The
concrete types are potentially instantiable when used to define the domain of an attribute, the
generalized data types are not instantiable when used to define the domain of an attribute.

¢ (CHANGE) Add athird paragraph:

The generalized data types shall only be used as base data typesin an abstract entity (see
9.7.1.1).

¢ (CHANGE) Replace rule 171 with the following rule:

171 base_type = concrete_types | generalized_types .
Clause 9

¢ (CHANGE) Add "Subtype (constraint;";after “Entity; " toithellist of principle capabilitiesin
the second paragraph.

Clause 9.2

¢ (CHANGE) Replace rule 197 with:
197 entity_head = ENTITY entity_id [ ABSTRACT] [subsuper] ';'

Clause9.2.1

¢ (CHANGE) Add the following after the second sentence in the first paragraph as part of the
first paragraph:

In the case of an abstract entity whose explicit or derived attributes have GENERIC,
GENERIC_ENTITY or AGGREGATE astheir datatype, the attributes must be redeclared
with instantiable data typesin at |east one subtype of the abstract entity in order to create an
instance of the abstract entity data type.

Clause9.2.1.1

¢ (CHANGE) Replace rule 167 with:

167 attribute_decl = attribute_id | redeclared_attribute .

Clause9.2.1.2

¢ (CHANGE) Replace rule 167 with:

167 attribute_decl = attribute_id | redeclared_attribute .
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Clause9.2.3.4

¢ (CHANGE) Change "five" (1ISO 10303-11:Cor.2:2001 changed "three" to "five" and added
anew second and third list item) to "following" in the third sentence of the first paragraph and
add the following asthe last two items in the list after the first paragraph:

o if theorigina datatype of the attributes is a generic-entity datatype, then the data
type may be changed to a generic-entity select data type;

e an attribute in the supertype may be given anew identifier in the subtype. The new
attribute identifier obeys al the scope and visibility rules defined in clause 10.

+ (CHANGE) Add the following note after the list after the first paragraph:

NOTE - The declaration of a new identifier does not remove the old identifier from the name
scope. The old identifier remains available in this entity data type and any subtypes declared for
this entity datatype.

¢ (CHANGE) Add the following to the Syntax before rule 262.
406 redeclared_attribute = qualified_attribute [RENAVED attribute_id ]

¢ (CHANGE) Add the following after the last item in the list under Rules and restrictions
(1SO 10303-11:Cor.2:2001 added a new (c) and renumbered the previous (c) to (d)):

e) If the attribute is given:amew identifier then that identifier shall net’be the same as the
identifier for any attribute’in any supertype of the current entity data type.

¢ (CHANGE) Replace example 49 with the following:

EXAMPLE 49 - Some geometry systermis(use floating poimt coordinates while others work in an
integer coordinate space:

ENTI TY poi nt;
X : NUMBER,
y : NUMBER;

END_ENTI TY;

ENTI TY i nt eger _poi nt
SUBTYPE COF (point);
SELF\ poi nt. x RENAMED i nteger_x : | NTEGER
SELF\ poi nt.y RENAMED i nteger _y : | NTECER
END_ENTI TY;

Clause9.2.4

+ (CHANGE) Add the following informative note before the first paragraph:

NOTE - In order that existing schemas remain valid, the declaration of subtype/supertype
constraints within the declaration of an entity remains valid under this amendment to 1SO 10303-
11. However, its useis deprecated and its removal is planned in future editions of 1SO 10303-11.
The use of the SUBTYPE_CONSTRAINT (see 9.7) in new schema development is encouraged

Clause 9.2.6

¢ (CHANGE) Add thefollowing list item before the last list item in the list after the first
paragraph:

- aconstructed data type that is based on an extensible constructed datatypeisa
specialization of that extensible constructed data type
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